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A 

SYSTEM 
Or 

CHEMISTRY. 

BOOK IV. 

OF VEGETABLES. 

VEGETABLES are too well known to require any defie. 
hition. They are perhaps the most numerous class of bo.,  
dies belonging to this globe of ours; the species already 
known amounting to no less than 30,000, and very consi-
derable additions are daily making to the number. But it 
is not my intention in this place either to enumerate, to 
describe, or to classify plants. These tasks belong to the 
botanist, and have been successfully accomplished by the 
zeal, the singular address, and the indefatigable labour, of 
Linnaeus and his followers. 

It is the business of the chemist to analyse vegetables, to 
discover the substances of which they are composed, to ex-
amine the nature of these substances, to investigate the 
manner in which they are combined, to detect the processes 
by which they are formed, and to ascertain the chemical 
changes to 'which plants, after they have ceased to vegetate, 
are subject. Hence a chemical investigation of plants com-
prehends under it four particulars : 1. An account of the 
different substances found in the vegetable kingdom. 2. An 
account of the composition and properties of the different 
parts of vegetables ; as the leaves, the bark, the seed, &c. 
These must be composed of combinations of tie various 
substances described under the first head. S. ArPaccount 

VOL. IV, 

   
  



2 	 INGREDIENTS OF PLANTS. 

Book Iv. of the vegetation of plants, as far as it can be illustrated by 
1/4-v-I  chemistry. 4. An account of the changes which plants un- 

dergo after they cease to vegetate. These different heads 
shall form the subject of the four following chapters. 

CHAP. I. 

OF THE INGREDIENTS OF PLANTS. 

Chap. I. 	THE substances hitherto found in the vegetable kingdom, 
L-v-I  all of them at least which ha% e been examined with any de-

gree of accuracy, may be reduced under five heads : I. Sub-
stances soluble in cold water. II. Substances insoluble in 
cold water, but partially soluble in hot water, at least in 
certain states. III. Substances which melt when heated (if 
not already fluid) and which burn like oils. They are in-
soluble in water; but most of them are soluble in alcohol. 
IV. Substances neither soluble in water, alcohol, nor ether, 
and which have a fibrous or woody texture. V. Substances 
which belong to the mineral kingdom, which occur only in 
small quantity in vegetables and may therefore be looked 
upon as extraneous or foreign. The following table exhi-
bits a view of the different vegetable substances hitherto 
discovered, arranged under their respective heads: 

I. 1. Acids. 	 5. Starch. 
2. Sugar. 	 6. Indigo. 
3. Sarcocoll. 	 7. Gluten. 
4. Gum. 	 8. Pollenin. 
5. Mucus. 	 9. Fibrin. 
6. Jelly. 	 III. 1. Fixed oil. 
7. Ulmin. 	 2. Wax. 
8. Colouring principles. 	3. Volatile oil. 
9. Bitter principles. 	4. Camphor. 

10. Nicotin. 	 5. Birdlime. 
1 1 . Extractive. 	 6. Resins. 
12. Emetin. 	 7. Guaiacum. 

JI. 1. Morphia. 	 8. Balsams. 
2. Asparagin. 	 9. Gum-resins. 
3. rasin. 	 10. Caoutchouc. 
4. Dian 

   
  



ACIDS. 

IV. 1. Cotton. 	 V. 1. Acids. 	 Chap. I. 
2. Suber. 	 2. Alkalies. 	 •-•-•,--1  
:3. Medullin. 	 3. Earths. 
4. Fungin. 	 4. Metals. 
5. Lignin. 

The properties of these different substances form the sub-
ject of the following sections : 

. SECT. I. 

OF ACIDS. 

THE combustible or vegetable acids found ready formed 
in plants are the following : 

1. Acetic. 	 8. Sorbic. 
2. Oxalic. 	 9. Benzoic. 
3. Tartaric. 	 10. Hydrocyanic. 
4. Citric. 	 11. Kinic. 
5. Moroxylic. 	12. Gallic. 
6. Boletic. 	 13. Tannin. 
7. Malik. 

1. Acetic acid is easily detected by its peculiar odour, Acetic. 
and by the compounds which it forms with the alkalies and 
earths. It has been found by Vauquelin in the sap of dif-
ferent trees which he examined, and likewise in the acid 
juice of the cicer arietinum, which consists of oxalic acid, 
malic acid, and a little acetic acid.* Scheele obtained it 
from the sambucus nigra.t 

It has been found also in the following plants : 
Phoenix dactilifera.$ 	Rhus typhinus.II 
Gallium verum.§ 

2. Oxalic acid is easily detected and distinguished by the oxalic. 
following properties : It decomposes all calcareous salts, and 
forms with lime a salt insoluble in water. It readily crys-
tallizes. Its crystals are quadrilateral prisms. It is totally 
destroyed by heat. 

* Jour. de Phys. lii. 362. 	 + Ann. de ChirO.,yi. 13. 
Fourcroy, as quoted by John, Chemische tabellen der i:!anzentast"--  

1ysen, p. 53. 	Schrader, Ibid. 	fl John, .  
B 2 

   
  



4 	 INGREDIENTS OF PLANTS. 

Book IV. 	Oxalic acid was first detected in vegetables by Scheele. 
Plants con- 
taining it. the oxalis acetosella, oxalis corniculata, and different species 

of rumex ; and likewise in the geranium acidum. In t1 ;e 
root of rhubard Scheele found it in the state of oxalate of 
lime; and Deyeux, Dispan, and Vauquelin, have observed 
it uncombined in the liquid which exudes from the cicer pa-
rietinum. Scheele detected the presence of oxalate of limo 
in a variety of roots and barks besides rhubarb. He re-
duced the substances to be examined to powder or thin 
slices, digested them for two hours in diluted muriatic acid, 
and dropped ammonia in excess into the filtered solution. 
If the oxalate was present, the liquid became gradually 
milky, and deposited it. The following is his table of the 
roots and barks from which he obtained this salt : 

I. ROOTS. 

Alkana. 	Vincetoxicum. 	Saponaria. 
Apium. 	Lapathum. 	Scilla. 
Bistorta. 	Liquiritia. 	Sigellum salomonis. 
Carlina acaulis. 	Mandragora. 	Tormentilla. 
Curcurna. 	Ononis. 	Valeriana. 
Dictamnus aibus. Iris florentina. 	Zedoaria. 
Reniculum. 	Iris nostras. 	Zengiber. 
Gentiana rubra. 

Tartaric. 

II. BARKS. 

Berberis. 	Cassia caryophyllata. Quassia. 
Cassia fistularis. China. 	 Quercus. 
Canella alba. 	Culilavan. 	Simaruba. 
Cinntimomum. Frangula. 	Lignum sanctum)  
Cascarilla. 	Fraxinus. 	Ulmus. 

Oxalic acid has been found likewise united to potash, 
lime, or magnesia, in 

Spinacea oleracea. t 
Lichnis dioica. t 
Atropa belladonna. 

3. Tartaric acid is known by the following properties : 
When a little potash is cautiously dropped into a solution 

* Crell's 	iii. 2. English Trans. 
BracAnot, John, Chemische tabellen der Pflanzenanalyseni  p. 
Melandre, John, ibid. p. 54. 

   
  



ACIDS. 	 5 
containing it, common tartar is formed, and precipitates to Chap. I. 
the bottom. Tartaric acid does not decompose the sul- 
phate, nitrate, or muriate of lime. Tartrate of lime is in- 
soluble in water. Tartaric acid crystallizes. Its crystals 
are long slender prisms. It is destroyed by heat. 

Tartaric acid has been found in the following, vegetable Plants COR- 

substances: 	 aining it. t  

Pulp of the tamarind. 
The juice of grapes. 

Rhus tYphinum.t 
Vaccinium oxyccos.t 
Rheum rapouticum.§ 
Morus alba.11 
Rhus corearia.** 
Pinus sylvestris. t 
Pinus abies. fi 
Pinus larix. t 
Sium sisarum. ft 
Triticum repens. 
Leontodon taraxicum. II 

Citric acid is distinguished by the following properties : oat°. 
It does not form tartar when potash :is added to it. With 
lime it forms a salt insoluble in water, which is decomposed 
by sulphuric, nitric, and muriatic acids. It readily crys- 
tallizes. It is destroyed by heat. 

Citric acid has been found unmixed with other acids in Plants con- 
the following vegetable substances: It 	 twining it. 

The juice of oranges and lemons. 
The berries of vaccinium oxycoccos, cranberry. 
	vitis idea, red whortleberry. 
Prunus padus, birdcherry. 
Solanum dulcamara, nightshade. 
Rosa canina, hip. 

It occurs mixed with other acids in many other fruits. 
Citrate of lime exits also in the onion. 

Vauquelin, Ann. de Chim. v. 92. 	f John, ibid. p. 50, 
Crell's Annalen, 1787, p. 537. 

Ilindbeim, ibid. 1788, ii. 42. 	 lIennbstadt. 
" Tronnnsdorf and Gren, John, ibid. 50. 
fit Margraaf, John, ibid. p. 54. 

Scheele, Crell's Journ, ii, 8. Eng. Traps. 
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6 	 INGREDIENTS OF PLANTS. 

Book 1V. 5. Moroxylic acid has been hitherto found only in the 

Moray bark of the moms alba, or white mulberry. For its lic. charac-
teristic properties I refer to vol. ii. p. 143. 

6. Boletic acid has been hitherto found only in the bole
tu,s pseudo igniarius. For its characters I refer to vol. ii. p. 
147. 

7. Malic acid is known by the following properties : it 
forms with lime a salt soluble in water, which is decomposed 
by citric acid. It does not form tartar with potash. It is 
incrystallizable. Heat destroys it. 

Malic acid has been found by Scheele * in the fruits of 
the following plants, which contain no other acid : 

Apples. 
Berberis vulgaris, barberry. 
Prunus domestica, plum. 
	spinosa, sloe. 
Sambucus nigra, elder. 
Sorbus aucuparia, roan or service. 

Plants eon- In the following fruits he found nearly an equal quantity 
ta.ining ci- of malic and citric acids : t the and 

Ribes grossularia, gooseberry. 
rubrum, .currants 

Vaccinium myrtillus, bleaberry. 
Crategus aria, beam. 
Prunus cerasus, cherry. 
Fragaria vesca, strawberry. 
Rubus chammmorus, clouclberries, evrochs. 

idxus, raspberry. 
Malic acid has also been found in the agave americana, t 

and in the pulp of tamarinds. § In the first of these it is 
mixed with tartaric acid ; in the second with tartaric and 
citric acids. Vauquelin has lately detected it in the state of 
malate of lime, in the following plants : 

Sempervivum tectorum. 
Sedum album, acre, telephium. 
Arum maculatum. 
Different species of crassula and mesembrianthemum.0 

* Scheele, Crell's Jour. ii. 8. Tng. Trans. 	 i- 
Hoffindii of Weimar. 	§ Vauquelin, Ann. de Chim. v. 92. 

11 Vauquelin, Arm. de Chim. xXXY-153. 

Bolctic. 

Mali c. 

Plants con-
taining it. 

   
  



ACIDS. 
	 7 

It has been found likewise in the following plants chiefly Chap.1. 
combined with lime or potash: 
Bromelia ananas. * 

°!'l ata. graveolens. t 
Delphinium elatum. 
Portulaca oleracea. 
Eupatorium cannabinum. 
Nicotiana rustica. 
Mirabilis Jalappa. 
Tropceolum majus. 
Ricinus communis. 
Trifolium melilotus.  

Rubia tinctorum. 
Reseda luteola. 
Staphylea pinnata. 
Sambucus ebul us. 
Chrerophyllum sylvestre. 
Acttea spicata. 
Brionia alba. 
Syringa vulgaris. 
Valeriana officinalis. 
Spinacea oleracea. 

8. Sorbic acid was discovered by Mr. Donovan, in the Sorbic. 
berries of the pyrus aucuparia, where it was accompanied 
with malic acid. He found it along with the same acid in 
apples, plums, barberries, and sloes. According to Mr. 
Donovan's observations, whenever any other acid besides 
malic is present, no sorbic acid whatever can be detected. 
Thus raspberries and gooseberries contain no sensible 
quantity of sorbic acid, citric and malic acids existing in 
these fruits together. For the characters of sorbic acid, see 
vol. ii. p. 180. 

9. Benzoic acid is distinguished by its aromatic odour, Benzoic. 
and its volatility on the application of a very moderate heat. 
It has been found hitherto only in a few vegetable sub- 
stances, to which the French chemists have confined the 
term balsam. These are, benzoin, balsam of tole, storax, &c. 
It has been detected likewise in the following plants : 

Cicer arietinum. Origanum majorana4 
Salvia sclaxea.§ 	 Fungi.tt 
Epidendron vanilla. II 

10. The smell and the property of forming Prussian blue Hydrocp 
with the oxygenized salts of iron are sufficient to characterize anic. 

* Adet, Ann. de Chim. xxv. 32. 
t Braconnot, Ann. de Chim. lxv. 277. To him likewise we are in- 

debted, for all the other plants contained in the table. 
Gottling, as quoted by John, Tabellen, p. 52. But he thinks that 

GOttling mistook camphor for benzoic acid. 
§ Braconnot, Ann. de Chim. lxv. 285. 	11 John, Tabellen$  p. 5$. 
*4' Proust, Ann. de Chim. xxxvi. 273, and xlix. 181. -• 
ft Ibid. 
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8 	 INGREDIENTS OF PLANTS. 

Book IV. the hydrocyanic acid. Ever since Scheele pointed out the me-
thod of procuring this acid in a separate state, the similarity 
between its smell and the odour of bitter almonds, peach-
blossoms, and other vegetable substances, did not fail to be 
remarked : but it was not till about the year 1802 that 
Bohn observed a similarity between the taste of hydrocyanic 
acid and the water distilled from bitter almonds; and that 
when this water was mixed with potash, it acquired the 
property of precipitating iron solutions blue. These results 
were confirmed soon after by SchrEeder, who succeeded also 
in obtaining prussian-blue, by the same means, from the 
distilled waters of laurocerasus leaves and peach-blossoms. 
When lime is added to the concentrated waters of these 
substances, there is formed a prussiate of lime; for when 
the liquid is mixed with a salt of iron, prussian-blue preci-
pitates the instant that another acid is added. When these 
waters are distilled off pure potash, a prussiate of potash 
remains, and even crystallizes. The water that comes over 
contains no hydrocyanic acid. When distilled with am-
monia, no prussian ley is obtained.* 

This discovery was soon after verified by the experiments 
of Gehlen, Bucholz, and Vauquelin. Bucholz found that 
hydrocyanic acid was contained in the essential oil of bitter 
almond's, and that it could be separated by means of fixed 
alkalies, but not by ammonia.t Vauquelin obtained hydro-
cyanic acid by distilling water off the kernels .of apricots in 
a water bath. The liquid, when mixed with sulphate of 
iron, and a little ammonia added, yields a precipitate only 
partially soluble in sulphuric acid. The residuum is green, 
but becomes blue when boiled. Hence Vauquelin supposes 
that the hydrocyanic acid in these bodies is in a peculiar 
state.t Schrxder has since obtained hydrocyanic acid from 
the flowers of the sloe (prunus spinosa,) and the leaves of 
the bay-leaved willow (salix pentancra.) § It cannot be 
doubted that almost all the bitter-tasted kernels contain this 
acid. 

Kinic. 	11. Kinic acid has been hitherto found only in the bark 
of the cinchona qfficinalis, where it occurs combined with 
lime. For its characters, see vol. ii. p. 168. 

	

Jour. dq'Phys. lvi. 224. 	+ Geblen's Jour. i. 78. 

	

t Ann. de Chan. xlv. 206. 	§ Gehletes Jour. i, 394. 

   
  



ACIDS. 	 a 
12. Gallic acid is known by the following properties: 

with the red oxide of iron it produces a black colour. It 
crystallizable. 	Heat destroys it. 	It has been found in 
great number of plants, chiefly in the bark. 	The following 
table, drawn up by Mr. Biggin,* will serve to show the re-
lative proportions of this acid in different plants : 

Elm 	  7 	Sallow 	  
Oak cut in winter 	 8 	Montain ash ..... 

Chap. I. 
is ."7:r")  
a 

8
8 ta 

 Plants
nz 

 c
l
o
t
ur
. 

 

Horse chesnut 	 6 Poplar 	  8  
Beech 	  	 7 Hazel 	 

	

 	 9 
Willow (boughs) 	 8 Ash 	  10 
Elder 	  4 Spanish chesnut 	 10 
Plum-tree 	 8 Smooth oak 	 10 
Willow (trunk) 	 9 Oak cut in spring 	 10 
Sycamore 	 
Birch . 	 

6 Huntingdon or Lei- } 
cester willow 	10 

Cherry-tree 	 8 Sumach 	  14 

13. Tannin, like most other vegetable substances, seems Spe ciesof 
to be susceptible of different modifications. The following tannin. 

 

are the different species of tannin which have been hitherto 
noticed. 

(1). Tannin from nutgalls. This is the common species From nut. 
described in this Work under the name of tannin. It pre- galls. 

 

cipitates iron black, and forms a firm insoluble brown pre-
cipitate with glue. The bark of oak, and most other as-
tringent trees in this country, are supposed at present to 
contain this species of tannin. 

(2). The tannin which constitutes so large a proportion of Catechu, 
catechu forms the second species. Its peculiar nature was 
first observed by Proust. It was afterwards more particu- 
larly examined by Davy. It forms with iron an olive- 
coloured precipitate. 

(3). The tannin of kino constitutes a third species. This Lino, 
substance is obtained from different vegetables. It was 
originally imported, as is supposed, from Africa ; but at 
present the common kino of the shops is, according to Dr. 
Duncan, an extract from the coccoloba urifera, or sea-side 
grape, and is brought chiefly from Jamaica. But the finest 
lOno is the product of different species of eucalyptus, par- 

* Nicolson's Jour. iii. 394. 

   
  



10 	 INGREDIENTS OF PLANTS. 

Book IV. ticularly the resinifera or brown gum tree of Botany Bay.* 
It is an astringent substance of a dark-red colour, and very 
brittle. It dissolves better in alcohol than water. The 
solution in the latter liquid is muddy; in the former trans 
parent, and a fine crimson if sufficiently diluted. It throws 
down gelatine of a rose-colour, and forms with salts of iron 
a deep-green precipitate, not altered by exposure to the air. 
These properties, first observed by Dr. Duncan, and after-
wards by Vauquelin, show that it contains abundance of 
tan, but in a particular state.t 

Sumach, 	(4). The fourth variety of tannin is contained in sumach. 
This is a powder obtained by drying and grinding the shoots 
of the Thus coriaria ; a shrub cultivated in the southern parts 
of Europe. The tan, which it contains in abundance, 
yields a precipitate with gelatine, which subsides very 
slowly, and remains in the state of a white magma without 
consistence. 

kustic. 	(5). The fifth variety, according to Proust, is Lobe found 
in the wood of the morus tinctoria, or old fustic as the Bri-
tish dyers term it. This wood gives out an extract both to 
alcohol and water, which yields a precipitate with gelatine. 
A solution of common salt is sufficient to throw it down.t 

Tannin affects particularly the bark of trees; but it exists 
also in the sap and in the wood of a considerable number, 
and even in the leaves of many. It is very seldom that it 
exudes spontaneously; yet this seems to be the case with a 
variety of kino from Botany Bay, which I have lately ex-
amined.§ 

It has been ascertained by Mr. Biggindi that when the 
barks of trees are examined at different seasons they vary 
in the quantity of tan: The quantity varies also with the 
age and size of the trees.** The greatest proportion of tan 
is contained in the inner bark.tt The epidermis usually 
contains none. 

The following table exhibits the proportion of solid matter 
extracted by water from different vegetable substances, and 
the quantity of tan contained hi that solid matter, as ascer—
tained by the experiments of Davy. 

* Nicolson's Jour. vi. 234. 
I Proust. Ann. de Chim. xlii. N. 
g Phil. Tran. 1798, p. 299. 

+ Davy, ibid. 

+ Ann. de Chim. xlvi. 321. 
§ Annals of Philosophy, i. 163. 

** Davy, ibid. 1803. 
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SUGAR. 

Solid 
One ounce of 	 Grains. 

White inner bark of old oak 	 108 
111 

Matter. 

89 	OP 

43 
41 
34 
61 

.. 

Tan. 
G rains. 

• . 
.. 	oil 

•• 

.. • • 

.. .. 
• . • • 
•• • 

• •• • • 

Chap. I. 
"---v---)  

72 Table of 
77  t

t
h
a
e
y 
 Tr 

ta
n
; 

 

63 inn in 
79 plants. 

19 
14  
16 
29 
21 

.....4----- 	young oak . 	 
chesnut 	 Spanish 

Leicester 	117 willow 	 
Coloured or middle bark of oak . 	 

Spanish chesnut 
Leicester willow 

Entire bark of oak 	  
Spanish chesnut 	 35 • . 	..• 

Leicester willow 	 71 . • • • 35 
elm 	 13 
common willow 	 

— .. .. 
11 

Sicilian sumach 	  165 . . 78 
Malaga sumach 	  156 • • • • 73 
Souchong tea. 	  -- .... 48 
Green tea 	  - .00. 41 
Bombay catechu 	 
Bengal catechu 	  
Nutgalls 	  180=  . • ..• :. .. .• 99;632117  

SECT. II. 

OF SUGAR. 

SUGAR, which at present forms so important an article History. 
in our food, seems to have been known at a very early 
period to the inhabitants of India and China ; but Europe 
probably owes its acquaintance with it to the conquests of 
Alexander the Great. The word saccharon occurs in 
Pliny and Dioscorides.t They describe it a white brittle 
solid, which exuded spontaneously from a species of reed. 
From the description, it does not appear that the sugar 
known to the ancients was similar to our sugar; but their 
account is so imperfect that little can be collected from it.t 

• Lib. xii. c. 8. 
t De Medica Materia, lib. ii. c. 104, or, in some copies, c. 74. 
I See Beckman's Historia Sacchari. Cornmentationes Soo. Reg, 

gottingensis, 1782, vol. v. p. 56. 

   
  



12 	 INGREDIENTS OF PLANTS. 

Book IV. For ages after its introduction into the West, it was used 
'The--)  only as a medicine ; but its consumption gradually in-

creased; and during the time of the Crusades, the Vene-
tians, who brought it from the East, and distributed it tc.> 
the northern parts of Europe, carried on a lucrative com-
merce with sugar. It was not till after the discovery of 
America, and the extensive cultivation of sugar in the West 
Indies, that its use in Europe, as an article of food, became 
general.* 

Sugar was formerly manufactured in the southern parts 
of Europe; but at present almost the whole of our sugar is 
produced in the East and West Indies. The plant from 
which it is procured is the arundo saccharifera or sugar cane. 
Other plants indeed contain it; but not in such abundance. 
In North America, however,.it is extracted from the acer 
sacchatinum or sugar maple, but in too small quantity for 
exportation. Attempts have been lately Made to extract it 
from the beet. 

manntac- 	1. The method of making sugar practised in Indostan is 
ture of su- 
gar in In- exceedingly simple, and requires little or no expensive 
lostan, 	apparatus. The soil chosen is a rich vegetable mould, in 

such a situation that it can be easily watered from the river. 
About the end of May, when the soil is reduced to the 
state of soft mud, either by rain or artificial watering, slips 
of the cane, containing one or two joints, are planted in 
rows about four feet from row to row, and eighteen inches 
asunder in the rows. When they have grown to the height 
of two or three inches, the earth round them is loosened. 
In August small trenches are cut through the field to drain 
off the rain, if the season prove too rainy ; and to water the 
plants, if the season prove too dry. From three to six 
canes spring from each slip set. When they are about 
three feet high, the lower leaves of each cane are carefully 
wrapped round it; and then the whole belonging to each 
slip are tied to a strong bamboo eight or ten feet high, and 
stuck into the earth in the middle of them. They are cut 
in January and February, about nine months after the time 
of planting. They have now reached the height of eight or 
ten feet, and the naked cane is from an inch to an inch and 

* See Falconer's Sketch of the history of Sugar, Manchester Memoirs, 
iv. 291 and Nlozeley's History of Sugar. 

   
  



SUGAIt. 	 la  
a quarter in diameter. They have not flowered. When Chap. I. 
this happens, the juice loses much of its sweetness. The ‘ Y"1  
newly cut canes are put through the rollers of a mill, and 
their juice collected into large iron boilers, where it it; 
boiled down smartly to a proper consistence, the scum 
being carelessly taken off. The fire is then withdrawn, and 
the liquid by cooling becomes thick. It is then stirred 
about with sticks till it begins to take the form of sugar, 
when it is put in mats made of the leaves of the palmira 
tree (barassusflabelliformis), and the stirring continued till it 
is cold.* This process yields a raw or powdered sugar; 
but it is clammy, and apt to attract moisture from the 
atmosphere, because the acids in the juice have not been 
removed. By the addition of quicklime to the juice, in the 
proportion of about three spoonfuls to every 14 gallons, the 
sugar loses this property. The impure sugar prepared by 
this method is called jag-ary. Every three quarts of juice, 
or every six pounds, yields about one pound of sugar. From 
an acre of ground about 5000 pounds of sugar, and conse-
quently about 30,000 pounds ofjuice, are obtained. 

2. In the West India islands the raising of sugar is much In the west 
more expensive, and the produce much less, owing to the Indies. 
high price of labour ; or, which is the same thing, to the 
nature of the labourers, and to the inferiority of the soil. 
The juice extracted by passing the cane twice between iron 
rollers is received in a leaden bed, and thence conducted 
into a receiver. Here it cannot be allowed to stand above 
20 minutes without beginning to ferment. Therefore, as 
soon as collected, it is run into a flat copper cauldron, 
called a clarer, capable of holding 400 gallons or more. 
Here it is mixed with a quantity of lime. The maximum 
used is a pint of lime to every hundred gallons ; but in 
general much less will serve. Fire is immediately applied, 
and the juice heated to the temperature of 140°. The fire 
is then extinguished. A thick viscid scum forms upon the 
toli, which remains unbroken, and the clear liquid is drawn 
off from under it by a cock or syphon, and introduced into 

' See Dr. Roxburgh's Account of the Hindoo method of cultivating 
the Sugar Cane, Repertory, ii. 425, Second Series.; and Tannant's Indian 
Recreations, ii. 31. 
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Book IV. a large copper boiler. Here it is boiled briskly ; the scum, 
"me-1  as it forms, being continually removed by large scummers. 

When the bulk of the liquid is sufficiently diminished, it is 
introduced into a second boiler, and the boiling and scum.,  
ming continued as before; lime-water being sometimes 
added, if the liquid does not appear clear. From the second 
copper it passes into a third; and from that to a fourth, 
where the very same process is continued. This last copper 
is called the teacke. When by continued evaporation it 
has become sufficiently concentrated, which is judged of by 
its viscidity, it is withdrawn from the fire, and introduced 
into the cooler. This is a wooden vessel about 11 inches 
deep, seven feet long, and from five to six wide. As it 
cools it crystallizes or grains, forming an irregular mass 
separated from the uncrystallized syrup or melasses. From 
the cooler it is taken and put into empty hogsheads, having 
holes in the bottom; through each hole the stalk of a 
plantain leaf is thrust, long enough to rise above the top of 
the hogshead. Through these holes the melasses drain 
into a receiver. In about three weeks the sugar becomes 
tolerably dry and fair, and the process is finished. The 
sugar in this state is sent to Britain, under the name of 
muscovado or raw sugar.4' A gallon of the raw juice yields 
at an average about a pound of raw sugant 

In the French 'West India islands the process is some-
what different. From the cooler the inspissated juice is 
poured into conical-shaped pots with the point undermost. 
As soon as it has become solid, a plug is withdrawn from 
the point of the cone, and the melasses suffered to drain. 
When no more will drop, a stratum of clay moistened with 
water is laid upon the top of the sugar. The water from 
this, slowly penetrating the sugar, carries down the remains 
of the melasses. Sugar treated in this way is called deed 
sugar. The process is said to have been discovered by 
accident. A hen having her feet dirty had gone over a pot 
of sugar, and the sugar under her tread was found wh4er 
than elsewhere. By claying, the sugar loses about one-
third of its weight; but a considerable portion of the loss 

+I- Edwards's History of the West Indies, ii. 222. 
4 Ibid. p. 224. 
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may be obtained by boiling down the juice that runs off. Cup. I. 
The process is not considered as • so profitable in the "'-vim  
British islands as the one which is usually followed.* 

3. In North America the farmers procure sugar for their IAT1 No.ri  "11 nmeca.. 
own use by a still simpler process, from the sap of the acer 
saccharinum, or sugar maple tree, which abounds in the 
woods. It reaches maturity in about 20 years, and is then 
from two to three feet in diameter. In February, March, 
and April, the tree is bored with an auger to the depth of 

 about inch, and in an ascending direction. The hole is 
then deepened to two inches. A wooden spout is intro-
duced into the hole to direct the flow. The sap flows 
from four to six weeks. When it ceases on the south side, 
the north side is bored. This process does not injure the 
tree; but on the contrary improves it. An ordinary tree 
yields in good seasons from 20 to 30 gallons of sap ; 
from which are made from five to six pounds of sugar; 
or every forty pounds of sap yields about a pound of sugar; 
so that it is not one-sixth so rich as the East-India sugar 
cane. 

The sap ought never to be kept longer than twenty-four 
hours after it is procured from the tree. It is improved by 
straining through a cloth. It is put into large flat kettles, 
mixed usually with quicklime, white of egg, and new milk. 
A spoonful of slacked lime, the white of one egg, and a pint 
of new milk, is sufficient for fifteen gallons of sap. A little 
butter is added to prevent the sap from boiling over. When 
boiled down sufficiently, it is allowed to grain, or form into 
small crystals, which constitute raw sugar, and then purified 
in the usual manner.* 

4. The raw sugar imported into Europe is still farther Refining of 
purified. It is dissolved in water, mixed with lime, clarified sugar.  
by means of bullock's blood, boiled down to a proper con-
sistency, scumming off the impurities as they rise to the top, 
and then poured into unglazed conical earthen vessels, 
where it is allowed to grain. The point of the cone is 
undermost, and perforated to allow the impurities to sepa-
rate. The base of the cone is covered with moist clay; the 

4' Edwards's History of the West Indies, ii. 232. 
Soo Dr. Rwas Account of the Sugar Maple Tree, Amer, Trans. 

iii. 64. 

   
  



16 	 INGREDIENTS OF PLANTS. 
Book V. water of which gradually filters through the sugar, and dish 
"—v---1  places a quantity of impure liquid. The sugar thus puri- 

fied is called loaf sugar. When redissolved and treated in 
the same way a second time, it is called refined sugar. This 
process appears to have been first practised by the Venetians. 

Now refin- 5. In the East Indies, where they make very pure sugars  
et! in In- their process is remarkably simple and economical, but dostan. 

tedious. An account of this process, as practised about 
Asks and Barampour, has been given by Mr. Anderson, 
surgeon of the Madras establishment. The cane juice is 
first strained, and then boiled with a little lime to the pro-
per consistency for graining. It is afterwards put into 
small earthen pots with mouths six inches wide, and allowed 
to remain at least a month : sometimes six or eight months. 
A hole is then made in the bottom of the pots, and the 
liquid syrup suffered to run off from the crystallized sugar. 
The sugar is put upon a cloth and squeezed, being occa-
sionally moistened with water, the better to remove the 
remains of the syrup. It is then dissolved in water, and 
boiled a second time to the proper consistency; milk and 
some water being added from time to time in order to 
clarify it, and the scum being removed as it rises. 
It is poured into small wide-mouthed pots, suffered 
to crystallize, and a hole bored in the bottom of the 
pots to allow the remains of the syrup to run off. To 
whiten the sugar, the tops of the pots are covered with the 
leaves of the creeping vine; and these are renewed every day 
for five or six days. When pure sugar candy is wanted, 
the sugar thus obtained is dissolved in water again, and the 
same process of boiling with milk and scumming is repeated. 
When poured into pots, thin slices of bamboo are intro-
duced, which prevents it from running into lumps, and in-
duces it to form large crystals.* 

Theory of 	6. According to Dr. Higgins, who went to the West 
sugar-rnak-  Indies on purpose to examine the manufacture of sugar, the 

juice of the sugar cane contains a great number of bodies; 
but the most important of them (not reckoning sugar and 
water) are those which he calls herbaceous matter and Inelas-
ses acid. Concerning the nature of these substances nothing 
very precise is known; but the great object of the manufac- 

Phil. Mag. xxi. 272. 
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turer is to remove them, as they impede the crystallizing of Chap. I, 

• the sugar. The herbaceous matter* is partly held in solution 
by the water, partly by the carbonic acid. When the 

Lliquid is heated to 140°, the carbonic acid is disengaged, 
and the herbaceous matter separates in flakes of an olive-
green colour. This produces the scum. Lime facilitates 
the separation, partly by abstracting the carbonic acid, and 
partly by forming an insoluble compound with the herba-
ceous matter. Hence its use in the first part of the process. 
It is called temper by the manufacturers. Too much is 
injurious in the first part of the process. It redissolves 
the herbaceous matter, or at least deepens the colour of the 
syrup.t 

The nature of the melasses acid is not better known than 
that of the herbaceous matter .; but it combines with the 
sugar, and forms nn uncrystallizable. syrup. Lime is neces-
sary in the last part of the process to remove this acid; it 
combines with it, and the compound runs off with the 
syrup during the graining of the sugar. This acid is no 
doubt that which exists in unripe canes, and the quantity of 
it of course diminishes as the cane improves in quality. I 
have been informed by my friend Dr. Clarke of Dominica, 
that the quantity of lime necessary is much less when the 
canes are rich and ripe than when green or lodged, or 
when they have been cut some time before they are bruised 
in the mill: and that he has known the juice of rattoon 
rich canes boiled down into permanent crystals of sugar 
without the assistance of any lime. He .substituted potash 
instead of lime ; but found that the sugar obtained by this 
method was liable to deliquesce. Soda made the grain 
firmer, but smaller than usual. These facts would lead to 
a suspicion that the melasses acid is either the acetic or the 
citric. Dr. Clarke's experiments should exclude the oxalic, 
tartaric, and malic acids. 

These observations of Dr. Clarke agree very well with 
the account of Dutrone, who made a very great number of 

* This is probably a different substance from any that we know at 
present. It seems to possess many properties in common with gluten. 
Dr. Higgins says that it agrees in its properties with the dregs of refined 
indigo. 

t See Higgins' Observations, Phil. Mag. xxiv. 308. 
t Ibid. 

VOL. IV. 
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Book Iv. experiments on sugar cane juice, and was very well ac-
1/4-7\e--1  quaintcd with its properties. According to him it chiefly 

consists of sugar, extractive, and two different kinds of 
fecula, which are precipitated by lime. lIc endeavours to 
prove that unaltered juice contains no acid, and his expe-• 
riments are sufficient to convince us that the quantity of 
acid is at least very minute.* 

Dutrone's experiments were performed before vegetable 
chemistry had made nearly the progress which it has now 
reached. Hence it is difficult, from his description, to re-
cognise the substances which he found in sugar-cane juice. 
But this loss has been supplied by the experiments of 
Proust. Living in Spain where the sugar cane is still cul-
tivated, he had an opportunity of examining its juice. 
He found it to contain gluten or green fecula, gum, ex-
tractive, malic acid, sulphate of lime, and two species of 
sugar ; namely, common sugar, and a species which is in-
capable of crystallizing, and can only be exhibited in the 
state of syrup, and which, for that reason, he calls liquid 
sugar. The quantity of acid was very minute, and pro-
bably in a warmer climate than Spain its quantity would 
be still smaller.t 

According to Dutrone sugar-canes give about half their 
weight of juice, the specific gravity of which varies from 
1'033 to P106. It is at first opaque, but when the feculent. 
matter has precipitated, it becomes transparent, and of a 
green colour. When allowed to stand for some time it 
runs into acidity, but if the feculent matter be removed it 
undergoes the vinous fermentation. 

Properties. 	7. Sugar procured pure by the preceding methods has a 
very strong sweet taste, but no smell. Its colour is white; 
and when crystallized it is somewhat transparent. It has 
often a considerable degree of hardness; but it is always 
so brittle that it can be reduced without difficulty to a very 
fine powder. When two pieces of sugar are rubbed 
against each other in the dark, a strong phosphorescence 
is visible. 

Sugar is not altered by exposure to the atmosphere, ex-
cepting only that in damp air it absorbs a little moisture. 

Historie de la Canne. Premiere Pattie, chap. vi. and vii. 
-$ Ann. de Chia]. Iva. 148. 

3 • 
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8. It is exceedingly soluble in water. At the tempera- Chap. I. 
ture of 48°  water, according to Mr. Wenzel, dissolves its "'""\c"--' 

ia 
 own weight of sugar.* The solvent power of water in- n

Solubility  

creases with its temperature; when nearly at the boiling 
point, it is capable of dissolving any quantity of sugar 
whatever. Water thus saturated with sugar is known by 
the name of syrup. 

Syrup is thick, ropy, and very adhesive ; when spread Syrup. 
thin upon paper, it soon dries, and forms a kind of varnish, 
which is easily removed by water. Its specific caloric, ac-
cording to the experiments of Dr. Crawford, is 1.086. 
When syrup is sufficiently concentrated, the sugar which 
it contains may be obtained in crystals. The syrup is 
boiled down till it is thick, poured immediately into pans, 
and kept in a stove or room, heated so as not to be sup-
ported by animals for any length of time. The crystals Crystals. 
concrete upon small sticks placed in the pans for that pur-
posed- The primitive form of these crystals is a four-sided 
prism, whose base is a rhomb, the length of which is to 
its breadth as 10 to 7, and whose height is a mean propor-
tion between the length and breadth of the base. The 
crystals are usually four or six-sided prisms, terminated by 
two-sided, and sometimes by three-sided summits. t From 
the experiments of Berzelius they are composed of 

Real sugar 100 
Water ... 	5.6 

105.6 § 
9. The specific gravity of very white sugar, according specific  

to the experiments of Fahrenheit, is 1.6065; II according to gravity. 
Hassenfratz, it is 1.1005."' 

10. Sugar, as' far is known, is not acted upon by oxygen 
gas. The effect of the simple combustibles on it has not 
been tried ; but it does not appear to be great. Azotic gas 
nor the metals have no sensible action on it. 

11. From the recent experiments of chemists it appears, 
that sugar is capable of combining with and neutralizing 
both acids and alkalines bodies. 

* Verwandschaft, p. 308. 	+ Lewis, Neuman's Chemistry, p. 329. 
Gillot, Ann. de Chim. xviii. 317. § Annals of Philosophy, v. 264. 
Phil. Trans, 1724, vol. xxxiii. p. 114. 	Ann. do Chum. xxviii. 

c2 

   
  



.20 	 INGREDIENTS OF PLANTS. 

Book W. 	Sulphuric acid and muriatic acid act upon it with con- 
siderable energy, charcoal is evolved, and much of the 

Aciion of sugar destroyed, the remainder loses the power of crys-uids on. 
tallizing.  

Nitric acid 'dissolves it with an effervescence, occasioned 
by the evolution of nitrous gas, and converts it into malic 
and oxalic acids. Four hundred and eighty grains of sugar, 
treated with six ounces of nitric acid, diluted with its own 
weight of water, and cautiously heated, separating the 
crystals as they formed, yielded 280 grains of oxalic acid. 
So that 100 parts of sugar yield by this treatment 58 parts 
of oxalic acid.-1- When liquid chlorine is poured upon 
sugar in powder, it is dissolved, and inunediately converted 
into malic acid ; and the chlorine is converted into com-
mon muriatic acid.T 

Oxalic, acetic, and tartaric acid, deprive sugar of the 
property of crystallizing, or at least the crystals are soft and 
ill defined.§ 

Of time. 

	

	12. When lime is added to a solution of sugar in water, 
and the mixture boiled for some time, a combination takes 
place. The liquid still indeed retains its sweet taste ; but 
it has acquired also a bitter and astringent one. A little 
alcohol added to the solution produced a precipitate in 
white flakes, which appeared to be a compound of sugar 
and lime. Sulphuric acid precipitated the lime in, the 
state of sulphate, and restored the original taste of the 
sugar. When the compound of sugar and lime was eva-
porated to dryness, a semitransparent tenacious syrup re- 
mained, which had a rough bitter taste, with a certain 
degree of sweetness.II 

Of sron- 	From the experiments of Mr. William Ramsay, it ap- 
tian. 	pears that sugar facilitates and increases • the solubility of 

lime and strontian, and forms a combination with them. 
But barytes seems to act with more energy, and to occasion 
a partial decomposition of the sugar. For on endea-
vouring to dissolve it in syrup it was constantly con- 

* Vogel, Ann. de Chin. lxxi. 93. 
+ Cruickshanks, Itollo on Diabetes, p. 460. 

Chenevix, Ann. de China. xxviii. 193. 
§ Vogel, Ann. de China. lxxi. 95. 

Cruickshanks, Rollo on Diabetes, p. 460. 
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vetted into a carbonate, and very little in consequence Chap. I. 
dissolved.* 

The fixed alkalies combine with sugar, and form corn- Of alkalies, 
.pounds not unlike those which have been just described. 
Potash destroys the sweet taste of syrup more completely 
than lime; but when it is neutralized by sulphuric acid, 
and the sulphate precipitated by alcohol, the sweet taste is 
completely restored. When alcohol is agitated with the 
compound of sugar and potash dissolved in water, it 
refuses to unite with it, but swims on the top in a state of 
purity.t 

When a solution of sugar is digested on oxide of lead, 
the oxide is gradually dissolved, but after a certain inter-
val of time a light white powder makes its appearance. 
This powder is a compound of sugar and oxide of lead. 
It is white, light, tasteless, and insoluble in water. Ac-
cording to Berzelius to whom we are indebted for our 
knowledge of it,t its constituents are as follows : 

Sugar 	 41.71 .... 100 
Oxide of lead . 	58'26 . . . . 139'6 

100'00 
13. Sugar is soluble in alcohol, but not in so large a pro- Of alcohol. 

portion as in water. According to 'Wenzel, four parts of 
boiling alcohol dissolve one of sugar. 5S But this proportion is 
surely too great. Lewis could only dissolve one part of sugar 
in 12 of boiling rectified spirits, and Margraff in 16 parts. 
When the solution is set aside for a few days, the sugar 

	

separates in elegant crystals. 	Sugar unites readily with 
oils, and renders them miscible with water. A moderate 
quantity of it prevents, or at least retards, the coagulation 
of milk; but Scheele discovered that a very large quantity of 
sugar causes milk to coagulate.** 

14. The hydrosulphurets, sulphurets, and phosphurets Of sulphts-
of alkalies and alkaline earths, seem to have the property refs, &a. 
of decomposing sugar, and of bringing it to a state not very 
different from that of gum. Mr. Cruickshanks introduced 

Ncholson's Jour. xviii. 9. 
t Cruickshanks, Rollo on Diabetes, p. 460. 

	

- Annals of Philosophy, v. 263. 	4 Verwandtschaft, p. 305. 
II Lewis, Newman's Chemistry, p. 329. Marwaff, Opupc. i. 217. 
*. Scheele, ii. 32. Dijon Trans. 
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Book IV. a quantity of syrup into a jar standing over mercury, anti 
1 /4—v ' then added about an equal quantity of phosphuret of lime. 

Phosphureted hydrogen gas was immediately extricated. 
In eight days the syrup was withdrawn : it had lost its 
sweet taste, and acquired a bitter and astringent one. 
From this solution alcohol threw down white flakes, very 
much resembling those of mucilage separated from water 
by the same liquid.] A little sugar was dissolved in alco-
hol, and phosphuret of lime added to it. No apparent 
action took place. The mixture, after standing in the 
open air for some days, was evaporated and water added. 
No gas was disengaged, as the phosphuret had been con-
verted into a phosphate. The liquid being filtered and 
evaporated, a tenacious substance remained, much resem-
bling gum arabic. Its taste was bitter, with a slight de-
gree of sweetness. It did not seem soluble in alcohol. It 
burned like gum. 

Similar experiments were made by this ingenious che-
mist with the sulphurets. The sweet taste of the sugar was 
destroyed; but on account of the solubility of the different 
products, the nature of the change could not be ascertained. 

Action of 	15. When heat is applied to sugar it melts, swells, be- 
heat. 	comes brownish-black, emits air bubbles, and exhales a 

peculiar smell, known in French by the name of carome4. 
At a red heat it instantly bursts into flames with a kind of 
explosion. The colour of the flame is white with blue 
edges. 

When sugar is distilled in a retort, there comes over a 
fluid which, at first, scarcely differs from pure water ; by 
and by it is mixed with what was formerly called pyromu-
cous acid, and is now known to be a compound of oil and 
acetic acid ;§ afterwards some empyreumatic oil makes its 
appearance, and a bulky charcoal remains in the retort. 
This charcoal very frequently contains lime, because lime 
is used in refining sugar; but if the sugar, before being 
submitted to distillation, be dissolved in water, and made 

* This is the taste of phosphuret of lime. 
+ Rollo on Diabetes, p. 452. 	Cruickshanks, ibid. 
§ Schrickel, in his dissertation De Salibus Saccharinis, published in 

1776, endeavoured to show that pyromucous acid was a mixture of vine-
gar, oxalic and tartaric acids. Fourcroy and Vauquelin have proved 
more lately that it is merely acetic acid united to a. little oil. 
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to crystallize by evaporation in a temperature scarcely Chap. I. 
higher than that of the atmosphere, no lime whatever, nor ..""Ne•m' 
any thing else, except pure charcoal, will be found in the 

aetort. During the distillation, there comes over a consi-
derable quantity of carbonic acid and carbureted hydrogen 
gas. 	Sugar therefore is decomposed by the action of 
heat; and the following compounds are formed from it: 
Water, acetic acid, oil, charcoal, carbonic acid, carbureted 
hydrogen gas. The quantity of oil in a separate state is 
inconsiderable; by far the most abundant product is pyro-
mucous acid. Sugar indeed is very readily converted into 
pyromucous acid; for it makes its appearance always when-
ever syrup is raised to the boiling temperature. 

We are indebted to Mr. Cruikshanks for the most pre-
cise set of experiments on the decomposition of sugar by 
heat. Four hundred and eighty grains of pure sugar were 
introduced into a coated retort, and heated gradually to 
redness. The products were, 

Pyromucous acid with a drop or two of oil.. 270 grains. 
Charcoal..     120 
Carbureted hydrogen, and carbonic acid gas 90 

430 

The pyromucous acid required about 75 grains of a solu-
tion of potash to saturate it ; and when thus neutralized, no 
ammonia was disengaged. 	Hence sugar contains no 
note, unless we suppose a very minute portion to be present 
in the pyromucous acid ; and even this is not likely. The 
charcoal burns away without leaving any residue. Hence 
sugar contains no earth nor fixed alkali. The proportion 
of the gaseous products was 119 ounce measures of carbu-
reted hydrogen, and 41 ounce measures of carbonic acid 
gas. t 

These experiments are sufficient to show us, that sugar Constitu- 
is composed entirely of oxygen, carbon, and hydrogen. It eats. 
is of 'course a vegetable oxide. Lavoisier endeavoured to 
determine its constituents experimentally ; but at that 
time pneumatic chemistry had made too little progress to 
permit him to approach very near the truth. More lately 

* Scopoli and Morveau, Encyc. Meth. Chico. i. 269. 
t Rollo on Diabetes, p. 452. 
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Book Iv. Gay-Lussac and Thenard have analysed sugar by burning 
a determinate quantity of it with chlorate of potash, and as-
certaining the proportion of carbonic acid gas formed.* 
Berzelius has repeated this analysis with some modifications,. 
and with his accustomed precision.t The following table 
exhibits the results of these experiments : 

Gay Lussac 
and Thenard. 

Bcrzclius. 
e— 

xyg en.... 50.63 	. . 5147 . . 49:11 /4"--015 • • 49'0873 
Carbon .. 	42.47 	. . 	41.48 . . 44.200 . . 44'115 
Hydrogen.. 	6.90 	.. 7.05 .. 	6'785 . . 	6'802 

100.00 100.00 100.00 100.00 
If we consider the compound of sugar and oxide of lead 

formed by Berzelius as composed of one atom sugar and one 
atom oxide of lead, then the weight of an atom of sugar will 
be 10.03 ; for 139.6 : 100 :: 14 : 10.03. The proportions of 
constituents which will agree best with this weight and 
with the preceding analyses are 

Five atoms oxygen .. = 5 .. 	49.4 
Six atoms carbon 	 = 4.5 .. 	44'5 
Five atoms hydrogen 	 = 0.625 .. 	6'1 

Atom of sugar. 	 = 10'125 100'0 
If Berzelius' saccharate of lead be a compound of 2 atoms 

sugar and 1 atom oxide of lead, then the weight of an atom 
of sugar will be only 5. But as thiA weight could not be 
so nearly reconciled to the analyses above stated, I am dis-
posed to consider the saccharate of lead as a compound of 
1 atom of sugar and 1 atom of oxide of lead. On that sup-
position the weight of an atom of sugar must be 10'125. 

Species. 

	

	16. From the experiments of different chemists, espe- 
cially of Proust and Goettling, it appears that there are 
different species of sugar found ready prepared in the vege-
table kingdom, distinguished from each other by the figure 
of their crystals, and other variations in their properties, 
The species hitherto examined are six in number; namely, 
common sugar, liquid sugar, sugar of figs, sugar of grapes 
and of starch, Botany Bay sugar, and manna. 

it Recherches Physico-chimiques, ii. 288. 
f Annals of Philosophy, v. 262. 
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Common sugar is the substance which has been described Chap. 1. 
in the preceding part of this Section. It is obtained from -.7;t•raf 
the sugar cane. As far as is known at present, there is 
Do difference between the sugar of the maple and common 
sugar. The sugar of beet is also the same as common 
sugar. 

17. Liquid sugar was first pointed out by Proust. He Liquid. 
has shown that it exists in a variety of fruits and vegetable 
juices. It is distinguished from every other species of sugar 
by being incapable of crystallizing. It can only be exhi-
bited in a liquid state. It is transparent and colourless 
when pure, and is more soluble in alcohol than common 
sugar. By means of that liquid it may be separated from 
common sugar when they happen to be mixed. It exists 
in the sugar cane juice, and constitutes, according to Proust, 
a considerable portion of the molasses. It exists also in 
grapes, peaches, apples, and other fruits.'" From the ex-
periments of Auarie it appears, that a liquid sugar may 
also be obtained from the stalks of the Zea Mays, or Indian 
corn ; but no method tried was capable of inducing it to 
crystallize. •F From the experiments of Vogel and Bouillon 
Lagrange there is reason to suspect that liquid sugar may 
be merely common sugar deprived of the power of crystal-
lizing by being combined with an acid. 

18. The sugar of figs may be seen in a concrete state sugar of 
upon the outside of that fruit in the state in which it is figs. 
usually sold in the shops in this country. If we dissolve it 
in boiling alcohol and set the liquid aside, we may easily 
obtain it in the state of crystals. These crystals have a form 
different from that of common sugar; nor do they appear 
to my taste quite so sweet. Hence they must constitute a 
distinct species. 

19. That grapes contain abundance of sugar has been Sugar of 
long known. The Duc de Bullion first extracted it from graPcs* 
the juice of grapes, and Proust pointed out the difference 
between it and common sugar. The juice of grapes, ac- 
cording to him, yielded from 30 to 40 per cent. of this 
sugar. t The sugar of grapes is not so white as common 
sugar, but it crystallizes much more readily.§ 

* Proust, Ann. de Chin'. lvii. 131. • 	+ Ann. de Chim. lx. 61. 
Jour. de Phys. rxix. .5)  and lvi. 113. 4 Nicholson's Jour. xiv. 178. 
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Book nr. 	Proust has published a long dissertation on the pro- 
perties of this sugar, and the method of extracting it from 
grapes. It was of great importance on the continent during 
the last war, on account of the difficulty of obtaining sugaik 
from the West Indies. 

Verjuice. 

	

	Verjuice, or the liquid obtained from unripe grapes, con- 
tains tartar, sulphate of potash, sulphate of lime, much 
citric acid, a little malic acid, extractive, and water; but 
neither gum nor sugar. As the grapes advance to maturity, 
the citric acid gradually disappears, and gum and sugar 
appear in its place. 

Juice of 	The juice of ripe grapes contains also gluten and fibrous 
ripe grapes. matter, merely in a state of mixture, and therefore sepa-

rable by the filter, or still better by boiling and scumming 
the liquid. The substances held in solution are chiefly 
sugar, syrup, gluten, gum, and extractive. When this 
juice is evaporated to dryness, it yields from a third to a 
fifth of solid matter, according to the species of grape em-
ployed, and the season of the year. 

Sugar of 	To extract the sugar from this juice, Proust saturated 
of grapes. the acids which it contains with potash, boiled it down to 

a half, and left it at rest. By this means several of the 
salts subsided. Its specific gravity was 1.215. It was then 
mixed with blood, heated, scummed, filtered, and boiled 
down to a syrup. 'It gradually becomes crystallized, and 
resembles the raw sugar from the West Indies. In this 
state its specific gravity is about 1.500. This raw sugar, 
according to Proust, is composed of 

Crystallizable sugar . 	 75.00 
Syrup, or uncrystallizable sugar . 245: 0404 
Gum .     0'31 
Malate of lime . 	  0.25 

100'00 

Besides some extractive, the quantity of which cannot well 
be ascertained. The syrup holds in solution a considerable 
quantity, probably more than half its weight, of crystal-
lizable sugar; but it is difficult to separate it. 

The raw sugar thus obtained is not so sweet as that from 
the sugar cane, since four parts of the latter will go as far 

   
  



SUGAR. 	 27 

as five parts of the former. But it may be applied to all Chap. I. 
the purposes of common raw sugar. 

This raw sugar may be refined precisely in the same way 
as that of the sugar-cane. It is then white, but inferior in 
consistence to common sugar. It is not so sweet, and has 
a striking resemblance to the sugar of honey. It does not 
crystallize, but assumes the form of sphericles. It is not 
so soluble as the sugar of canes, and is therefore more easily 
separated from the other substances in the juice of grapes. 

Proust informs us that the raw sugar from grapes, when 
diluted sufficiently with water, ferments and is converted 
into wine. 

Starch may be converted into a sugar possessing exactly Such sm. 
the properties of sugar of grapes, by mixing it with about gar. 
four times its weight of water and about one hundreth part 
of its weight of sulphuric acid, boiling the mixture for 
thirty-six hours, supplying water as fast as it evaporates; 
then saturating the acid with lime, separating the sulphate 
of lime and concentrating the liquid by sufficient evapora-
tion. 

This curious fact was accidentally discovered by Kirch-
hoff, a Russian chemist, as he was employed in a set of ex-
periments to convert starch into gum. He conceived that 
the starch would be rendered soluble in water by boiling it 
with very dilute sulphuric acid, and by prolonging the boil-
ing he gradually observed the conversion of the starch into 
sugar. Vogel ascertained that during the conversion of 
starch to sugar no gas whatever is extricated. Mr. Moore 
and M. de Saussure t ascertained that the quantity of sulphuric 
acid was not diminished by the process. Saussure ascertain-
ed that 100 parts of starch when converted into sugar be-
come 110'14 parts. Hence he drew as a conclusion that 
starch sugar is merely a compound of starch and water in 
the solid state.$ According to his analysis the constituents 
of starch sugar are as follows : 

Oxygen 	  55'87 
Carbon ...     37'29 
Hydrogen 	 6.84 

100.00 

* Phil. Mag. xl. 134. 	I* Annals of Philosophy, vi. 424. 
j Annuls of Philosophy)  vi. 420. 
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Book IV. 	As we have no data for determining the equivalent num-
ber for starch sugar, it is impossible to know of how many 
atoms of oxygen, carbon, and hydrogen it is composed. 
Were we to consider it as composed of five atoms of each 
of its ingredients, its composition and weight would be as 
follows : 

5 Atoms oxygen 	 — 5 	53'33 
5 Atoms carbon 	 = 3.75 	40'00 
5 Atoms hydrogen .... = 0625 	 6'67 

Atoms of starch sugar = 9.375 	100.00 

These proportions do not differ much from the result of 
the analysis of Saussure. Were we to suppose the above 
result correct, starch sugar would differ from common sugar 
by containing one atom of carbon less than it does. 

Saussure's analysis of sugar of grapes approaches very 
nearly to the preceding analysis. He found the composition 
of sugar of grapes as follows : 

Oxygen . 	 56.51 
Carbon . 	 36.71 
Hydrogen . 6'78 

100'00 

This species of sugar melts at the temperature of boiling 
water when dissolved in water and sufficiently diluted, it 
undergoes the vinous fermentations without its being neces-
sary to acid any yeast. Its crystals are small spheres, ex-
actly similar to the crystals of honey. I believe that these 
spheres are composed of a congeries of small needles; 
though it is not always easy to observe this structure. 

Botany Bay 20. About a year ago specimens of a sweet substance sugar. were brought from Botany Bay. They were snow-white, 
in the form of tears, and had obviously dropped in a liquid 
state from some vegetable. I was informed that these tears 
were collected in a plain covered with wood; but of what 
species I could not learn. Some bushels of it might have 
been collected. These tears had a sweet and agreeable 
taste. They dissolved in much greater quantity in alcohol 
than common sugar, and when the alcohol cooled it de-
posited the sugar abundantly in needle-form crystals. The 
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form of these crystals approached that of manna; but was Chap. 1. 
not quite the same. Nor did it make so cooling an impres-
sion on the tongue. It was therefore a peculiar species of 
sugar ; though approaching much nearer to manna than 
any of the preceding species. It is very much to be wished 
that more complete information could be obtained respect-
ing this species of sugar, and that sufficient quantities of it 
could be sent over to this country to permit an accurate 
set of experiments on it to be made. I only had a very few 
grains of it in my possession. 

21. M. Braconnot obtained from the juice of the agaricus Mushroom 
volvaceris, by evaporation, a species of sugar, which differs "bar.  
from every other hitherto known. It crystallizes in four-
sided prisms with square bases. It has such a dispo-
sition to crystallize, that when a very weak aqueous solution 
of it is put upon the surface of a vessel it is immediately 
sprinkled with small acicular crystals. When heated this 
sugar melts, swells and takes fire, giving out the odour of 
caromel. There remains a small quantity of charcoal, 
which is destitute of alkali. Acids do not deprive this sub-
stance of the power of crystallizing as they do common 
sugar. When digested with nitric acid it produces abund-
ance of oxalic acid ; but no bitter principle. It is capable 
of undergoing the vinous fermentation.* 

22. Manna was long considered as a substance which fell Manna, 
froth the heavens, till incontestible experiments demon-
strated it to be an exudation from trees. It has the form 
of oblong globules or masses, of a yellowish-white colour, 
and some degree of transparency. It is the produce of 
various trees, but is chiefly procured from the ,fraxinus 
ornus, a species of ash, which grows abundantly in Sicily 
and Calabria. It partly exudes spontaneously during the 
summer months, and is partly obtained by incisions. The 
juice gradually concretes into a solid mass, or it is dried in 
the sun or in stoves. t 

Pure manna is very light, and appears to consist of a 
congeries of fine capillary crystals. It taste is sweet, and 
it leaves a nauseous impression on the tongue. It acts as a 
mild purgative. When dissolved in water it may be ob- 

* Ann. de Chim. lxxix. 278. 
f See Neuman's Chemistry, p. 325, from which all the accounts of 

;mina to be found in chemical books have been copied. 
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Book IV. tamed again unaltered by a gentle evaporation. Alcoliot 
dissolves it when assisted by heat; and the solution, when 
set aside, gradually deposits about iths of the manna, in 
the state of a fine white light spongy crystalline mass, bear-
ing some resemblance to camphor. This deposite has an 
agreeable sweet taste, and instantly melts upon the tongue 
like snow in warm water. This may be considered as pure 
manna. It differs from sugar in the nature of its crystals, 
and in its more rapid solubility. By evaporating the solu-
tion, and setting it aside repeatedly, about -ths more of the 
manna is deposited, but not so fine in colour or taste as 
the first precipitate. By evaporation to dryness, the re-
maining 8th is obtained in the state of a thick extract, 
which cannot easily be reduced to dryness. This may be 
considered as consisting chiefly of the foreign bodies to 
which manna owes its nauseous taste.* Manna differs from 
common sugar in several remarkable particulars. It dis-
solves very readily and abundantly in alcohol, and crystal-
lizes on cooling. When digested in nitric acid it yields. 
both oxalic and saclactic acids, whereas sugar only yields 
oxalic acid.t It does not ferment like sugar, and of course 
does not seem capable of furnishing alcohol.t In a set of 
experiments on the juice of the common onion (alium cape) 
Fourcroy and Vauquelin found that at a temperature, be-
tween 66° and 80°, it gradually underwent the acetous 
fermentation without emitting any gas; and that by this 
process a quantity of uncrystallizable sugar which it con-
tained assumed most of the properties of manna. It was 
not precisely the same, however, with manna, for it did not 
yield saclactic acid when treated with nitric acid. 

The common manna of the shops, according to the ex-
periments of Fourcroy and Vauquelin, consists of four 
different ingredients. 1. Pure manna, which constitutes at 
least iths of the whole. 2. A little common sugar, which 
makes it fermentable to a small extent. 3. A yellow mat-
ter with a nauseous odour, to which the purgative quality 
of manna seems owing. 4. A little mucilage convertible 
into saclactic acid. This last ingredient seems hypothetical. 
Several substances by fermenting seem to be converted into 

* Neuman, p. 326. 	 t Proust, Ann. de Chhn. lvii. 144. 
Du Puytren and Thenard, And. do Chiu2. lix. 51. 
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manna. The sugar in onion juice has been already men- Chap. I. 
tioned. Fourcroy and Vauquelin found likewise that fer-
mented melon juice contained manna, though none could 

° be detected in it before the fermentation. Manna appears 
sometimes to be formed and deposited by insects.* 

23. The plants containing sugar are very numerous. Plants con-
Margraff first pointed out a method of separating it from taining sa- 
them. The plant suspected to contain it is reduced to g  
powder or pulp, and boiled with strong alcohol. The 
liquid is filtered while hot, and set aside in a close vessel. 
In a few days the sugar separates from the alcohol and crys- 
tallizes. t 	 • 

The following are the chief plants from which it has 
been actually extracted by chemists: I 

The flower of the rhododendron ponticurn, 
The sap of the acer saccharinum, 

	 betula alba, 
	 asclepias syriaca, 
	 heraclium sphondilium, 
	 cocos nucifera, 

juglans alba, 
	 agave Americana, § 
	 fucus saccharinus, 
	 ficus carica, 
	 ceratonia siliqua, 
arundo saccharifera, 
arundo bambos," 
zea mays, 
pastinaca sativa, ft 
sium sisarum,tt 
beta vulgaris and cicla,t t 
daucus carota, ft 
apium petroselinum, 

The bulb of the allium crepe. 

It is proper to observe, however, that from the daucus 

* See Klaproth, Gehlen's Jour. iv. 328. -I- Margraff's Opusc. i. 216. 
I See Gren's Handbuch, ii. 123. 	§ Margraff, Opusc. i. 213. 
H Klaproth, Gehlen's Jour. iv. 326. 
** Tennant's Indian Recreation, ii. 288. 

Margraff, Opusc. i. 213. 

The juice of 

The roots of 
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Book TV. carota, Margraff could obtain only an uncrystallizablc syrup. 
`V ' The sugar from the sap of the agave Americana bore a 

greater resemblance. to manna titan to sagar.• It is very 
seldom that sugar exudes spontaneously from vegetables; 

Exudes 	sometimes, however, it does. Tears of a sweet substance 
spomane- were observed upon the ceratonia siliqua, or locust tree, ously. 

some time ago in Naples. These tears were examined by 
Klaproth, and found to be sugar mixed with a little tannin 
and oxalate of potash.+ The inspissated juice of the 
bamboo (arundo bambos) is known in India by the name of 
sacar nambu ; a term which is supposed to be the origin of 
our word sugar, and constitutes a species. of sugar cele- 
brated as a medicine. How far it agrees with common 
sugar has not been ascertained. 

Small crystals of sugar are found occasionally in the 
flower of the rhododendron ponticum. I have received 
some of these crystals from my friend Dr. Charles Mac-
kenzie, but too small in quantity to admit of a rigid exami-
nation. They have no regular shape; but in other respects 
seem to agree with common sugar in their properties. The 
same sugar has been noticed by Fourcroy, Vauquelin, and 
Bosc.$ 

The list of the saccharine plants would be greatly ex-. 
tended were we to acid all sweet-tasted fruits, such as grapes, 
&c. which obviously contain sugar, and some of the mush-
room tribe, from which Humboldt affirms he extracted it§ 

uses. 

	

	24. Sugar has now become an essential part of the food 
of Europeans. It contains perhaps a greater proportion 
of nourishment than any other vegetable substance in the 
same bulk. It has the advantage of most other articles of 
food, in not being liable to be injured by time nor by the 
weather. If we believe Dr. Rush, the plentiful use of it is 
one of the best preventatives of the diseases occasioned by 
worms. It has been long supposed to have a tendency to 
injure the teeth; but this prejudice is now given up. It 

• Margraff, i. 241. 	 t Gehlen's Jour. iv. 321. 
t Ann. de Chim. lxiii. 102. 

The reader will find a much fuller list than I have given in John's 
Tabellen, p. 11. I have not ventured to make use of his materials, be-
cause I have no means of determining the particular species of sugar 
which each vegetable contains. 
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Ihis the property of preserving other vegetable substances Chap. I. 
from putrefaction; and accordingly is often employed tbr `-"Y-1  
that purpose, constituting the base of conserves, &c. 

SECT. III. 

OF SARCOCOLL 

Tuts substance has hitherto been confounded with the 
gum resins, though its properties are very different. It 
supposed to be the produce of the penwa 7nucronala ; 
shrub which is said by botanical writers to be indigenous 
in the north-eastern parts of Africa.* Nothing precise is 
known concerning the way in which it exudes. 

Sarcocoll comes to this country from Persia, Turkey, state: 
and India, and is usually sold in the state of oblong glo-
bules, from the size of a pea to that of a particle of sand. 
Its colour is usually yellow; and it has the semitransparency 
and much of the appearance of gum arabic. But some of 
the grains are reddish-brown. Its smell is peculiar, and 
not unlike that of anise seed. When carefully examined, 
four different substances may be detected: The first, and 
by far the most abundant, is pure sarcocoll: The second 
consists of small woody fibres, and a soft yellowish-white 
substance, not unlike the covering of the seeds of some of 
the cruciform plants: The third is a reddish-brown sub- 
stance apparently earthy : And the fourth is only detected 
when the sarcocoll is dissolved in water or alcohol. It then 
appears in soft transparent tremulous masses like jelly. 

The pure sarcocoll amounts to 0'8 of the whole. When 
the sarcocoll is dissolved in alcohol or water, and obtained 
again by evaporation, it loses its smell. It then assumes 
the form of semitransparent brittle-brown cakes very like 
gum. Its specific gravity is 1.26814 

This substance has a sweet taste, but leaves an impression Properties. 
of bitterness. In the mouth it dissolves like gum. 

It is almost equally soluble in water and alcohol; the 

• Dioscorides informs us that sarcocoll exudes front a tree which grows 
in Persia, and nothing farther respecting it is known at present. 

Brisson. 
VOL. IV. 
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Book IV. solution is yellow. The watery solution has the appearance: 
of mucilage, and may be used for the same purposes. 

Cannot be made to crystallize. When heated softens, 
but does not melt. It emits a slight smell of caromel. 
When strongly heated, it blackens, and assumes the con-
sistence of tar, emitting a white heavy smoke having an 
acrid odour. In a strong fire it scarcely leaves any resi-
duum. 

To determine the properties of sarcocoll more in detail, 
I dissolved 50 grains of it in five ounce measures of water. 
The solution had a light brown colour, and tasted very like 
a decoction of liquorice. It did not feel in the least gluti-
nous, and could not be used like gum to paste pieces of 
paper together, or to stiffen linen. 

The effects of reagents on it are as follows : 

Infusion of nutgalls 	 A slight precipitate. 
A copious light-yellow preci- 

Tincture of nutgalls 	pitate. 	Liquor becomes 
colourless. 

Gallic acid    No change. 
Hydrocyanate of potash 	▪ • No change. 

Nitric acid 	 { A white precipitate and some 
effervescence. 

Sulphuric acid 	 Becomes dark coloured. 
Potash 	  Becomes green. 
Carbonate of ammonia 	 Becomes green. 
Lime water 	  Becomes green. 
Strontian water 	 Becomes green. 
Silicated potash 	 f Becomes green. No precipi- 

1.  tate. 
Oxalate of ammonia 	 Becomes slightly opal. 
Sulphate of alumina 	 No change. 
Muriate of magnesia .. 	No change. 

Colour becomes darker and 
Sulphate of iron 	 more °patine. A precipi-

tate falls after an interval of 
some hours. 

Nitrate of lead 	 No change. 
Acetate of lead 	 Becomes milky. 
Subacetate of lead 	 A copious white precipitate. 
Corrosive sublimate 	 No change. 
Nitrate of silver 	 .. . No change. 

5 
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SARCOCOLL. 

Sulphate of zinc . . 	 No change. 
Sulphate of copper 	 No change. 
Muriate of gold 	 A slight precipitate. 

The most remarkable property pointed out by this table 
is that of being precipitated by tannin. This distinguishes 
sarcocoll from gum and mucilage. 

Liquorice seems to approach in its nature to sarcocoll. Liquorice. 
This substance is obtained from the root of the glyeirhiza 
glabra ; a plant cultivated in the south of Europe, and even 
in Britain. The roots arc long, slender, and fibrous, of a 
yellow-colour, and when fresh very juicy. The juice of 
these roots is expressed and inspissated by boiling. The 
substance thus obtained is liquorice or black sugar. It comes 
to this country from Spain in cylindrical rolls covered with 
bay leaves. It is afterwards purified by a subsequent pro-
cess, and sold in small cylinders about the size of a goose 
quill, under the name of refined liquorice. It is of a fine 
black colour and glossy. It is brittle, and its fracture is 
glassy. 

Besides the sweet matter of liquorice, there is present in 
it about a third part of mucilaginous matter,* and even 
some charcoal. 'When dissolved in nitric acid, a quantity 
of tannin is formed, owing probably to this charcoal ; for 
neither the saccharine or gummy substances yield this sub-
stance to nitric acid.t When treated with sulphuric acid, 
it leaves a quantity of charcoal, amounting to +th of its 
weight. 	During the treatment of this substance with 
sulphuric acid, no tannin was evolved in Mr. FIatchett's 
experiments4 We are indebted to Robiquet for an inte- 
resting analysis of liquorice.§ 	The saccharine matter 
which it contains approaches very closely to sarcocoll. It 
has a brown colour, does not crystallize, is sparingly solu-
ble in cold, but very soluble in hot water. It dissolves 
readily in alcohol and does not appear susceptible of fer-
mentation. 

* Neuman, p. 425. 	 IIatchett, ibid. 
t Third Series of Experiments on Artificial Tannin, Phil. Trans. 1806. 
§ Awl, de Chim. lxxii. 143. 

n 2 
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Book IV. 
	 SECT. IV. 

OF GUM. 
THERE is a thick transparent tasteless fluid which some-

times exudes from certain species of trees. It is very adhe-
sive, and gradually hardens without losing its transparency; 
but easily softens again when moistened with water. This 
exudation is known by the name of gum. The gum most 
commonly used is that which exudes from different species 
of the mimosa, particularly the nilotica.* It is known by 
the name of gum arabic. Gum likewise exudes abundantly 
from the plums avium, or common black cherry tree of this 
country. 

Gum is usually obtained in small pieces like tears, mode-
rately hard, and somewhat brittle while cold, so that it can 
be reduced by pounding to a fine powder. When pure it 
is colourless, but it has commonly a yellowish tinge, and it 
is not. destitute of lustre. It has no smell. Its taste is 
insipid. Its specific gravity varies from 1'3161 to 1'4317. 

1. Gum undergoes no change from being exposed to the 
atmosphere ; but the light of the sun makes it assume a 
white colour. Water dissolves it in large quantities. The 
solution, which is known by the name of mucilage,t is 
thick and adhesive : it is often used as a paste, and to give 
stiffness and lustre to linen: When spread out thin it soon 
dries, and has the appearance of a varnish; but it readily 

* Schousbae, Phil. Mag. v. 241. 
t Hermbstadt uses this word in d different sense. He makes a dis-

tinction between gum and mucilage. The solution of gum in water is 
transparent and glutinous, and can be drawn out into threads ; whereas 
that of mucilage is opacide, does not feel glutinous, but slippery, and 
cannot be drawn into threads. Gum may be separated from mucilage 
by the following process : 

Let the gum, which is supposed to be mixed with mucilage, previously 
reduced to a dry mass, be dissolved in as small a quantity of water as pos-
sible, and into the solution drop at intervals diluted sulphuric acid. The 
mucilage coagulates, while the gum remains dissolved. When no more 
coagulation take7 place, let the mixture remain at rest for some time, 
and the mucilage will precipitate to the bottom, and assume the con-
sistence of jelly. Decant off the liquid part, and evaporate the muci-
lage to dryness by a gentle heat till it acquires the consistence of horn. 
Aged. and Phys. Jour. iii. 370. 

Properties. 

Mucilage. 
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attracts moisture, and becomes glutinous. Water washes Chap. I. 
it away entirely. When mucilage is evaporated the gum 
is obtained unaltered. This mucilaginous solution may be 
kept for years without undergoing putrefaction. Scarcely 
any vegetable substance is less liable to decomposition. At 
last, however, the odour of acetic acid becomes perceptible 
in it. 

When gum is exposed to heat it softens and swells, but 
it does not melt ; it emits air bubbles, blackens, and at last, 
when nearly reduced to charcoal, it emits a low blue flame. 
This flame appears sooner if a flaming substance be held 
just above the gum. After the gum is consumed, there 
remains a small quantity of white ashes, composed chiefly 
of the carbonates of lime and potash. 

2. It does not appear that gum is acted upon by oxygen 
gas. A solution of gum in water, when exposed to the air, 
soon becomes mouldy on the surface, but undergoes no 
farther change for a long time. The action of the simple 
combustibles on gum has scarcely been examined. Azotic 
gas seems to have no action whatever. 

Gum does not act upon metals; but it has the property Action of 
of combining with several of the metallic oxides, and form- saIstallIc 
ing compounds; at least some of the metallic salts occasion 
precipitates when dropped into solutions of gum. The 
most curious effect is that produced by the permuriate of 
iron. When this salt, concentrated, is dropped into a very 
strong mucilage, the whole becomes a brown semitrans-
parent jelly, which is not readily dissolved by water. 
When dried, the jelly becomes lighter coloured, and as-
sumes nearly the appearance of gum. its taste is that a 
gum mixed with iron. 

The following table exhibits the effects of different metal-
lic salts on the solution of gum in water, as far as my expe-
riments go. The mucilage I used was composed of eight 
parts of water to one part of gum. It was transparent and 
quite fluid, though a little thready. 
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book IV. 
SALINE SOLUTIONS. EFFECTS. 

1. Muriate of gold No change. 

2. Nitrate of silver No precipitate nor change. 

3. Corrosive sublimate 
4. Supersulph. of mercury 
5. Nitrate of mercury 

6. Prussiate of mercury 

No change. 
No change. 
A white congulum: it dis-

appears by agitation, but 
returns when the solution 
is much diluted. 

Becomes slightly opal, but 
no precipitate. 

7. Nitrate of copper 
8. Sulphate of copper 
9. Muriate of copper 

10. Cuprate of ammonia 

No change. 
No change. 
No change ; yet the muriate 

is precipitated by water. 
No change. 

11. Sulphate of iron 
12. Permuriate of iron 

13. Pernitrate of iron 

No change. 
Little 	change 	except the 

mucilage be more con-
centrated. 

No change. 

14. Muriate of tin 
15. Permuriate of tin 
16. Smoking liquor of Li- 

bavius 

No change. 
No change.* 
No change. 

17. Nitrate of lead 
18. Subacetate of lead 
19. Acetate of lead 
20. Sulphate of zinc 
21. Nitrate of zinc 

No change. 
A copious coagulum. 
No change. 
No change. 
No change.  

22. Muriate of arsenic 
23. Oxide of arsenic 

No change. 
No change. 

24. Tartar emetic Becomes yellow, 	but no 
precipitate. 

* When the permuriate is approaching the gelatinous state, a flaky 
precipitate appears; but the same precipitate is occasioned by pure 
water. 
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SALINE SOLUTIONS. EFFECTS. 

25. Nitrate of bismuth No precipitate; yet the salt 
is precipitated 	by pure 
water. 

Chap. I. 
`•-•"'Ne'd  

These phenomena indicate an affinity between gum and 
the peroxides of mercury and iron. Copper, antimony, 
and bismuth, seem also to be acted on by it; for it pre- 
vents water from precipitating them in the state of subsalts. 

My experiments on the action of the alkalies and earths Action of 
on mucilage of the strength indicated above, are contained alkalies and 

in the following table: 	 earths. 

SOLUTIONS. EFFECTS. 

Potash No precipitate. 
Ammonia No precipitate. 
Lime water No precipitate. 
Barytes water No precipitate. 
Strontian water No precipitate. 
Alum No precipitate. 
Sulphate of magnesia No precipitate. 
Silicated potash A white flaky precipitate, though 

very much diluted. 	The liquid 
remains transparent. 

Aluminated potash No precipitate. 

From this table it appears that silica alone forms with 
gum an insoluble precipitate. It is by far the most delicate 
test of gum which I have yet met with. 

Liquid potash first converts gum into a substance not 
unlike curd, and then dissolves it. The solution is of a 
light amber colour, and 'transparent. When long kept, 
the gum again falls in the state of curd. Alcohol throws 
down the gum in white flakes still soluble in water; bnt it 
retains the potash obstinately, and is much more friable 
than before. Lime water and ammonia likewise dissolve 
gum, and it may be afterwards separated little altered. 

Charcoal powder, when mixed with a solution of gum in Of charcoal. 
water, gives a black colour, which cannot be removed by 
filtration)  unless a very great proportion of the powder be • 
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Book Iv. added. In that case the water passes clear; but the whole 
L-v-1  of the gum is retained by the charcoal. Mr. Lowitz found, 

that not less than 30 lbs. of charcoal powder must be mixed 
with water containing an ounce of gum dissolved in it before 
the water is entirely deprived of the gum.* 

Of acids. 	The vegetable acids dissolve gum without alteration ; the 
strong acids decompose it. 

When thrown into sulphuric acid it blackens, and soon 
is resolved into other substances. The charcoal formed, 
according to Hatchett's experiments, amounts to 0'29, and 
some traces of artificial tannin may also be detected.t 
Water and acetic acid are said likewise to he formed.t 

When gum is dissolved in strong muriatic acid, a brown 
solution is obtained, which becomes perfectly transparent 
when diluted with water, while at the same time some 
charry matter falls. If the solution be now saturated with 
ammonia, evaporated to dryness, and the residue digested 
in alcohol, the alcohol assumes a deep brown colour, and 
dissolves the whole except a very little sal-ammoniac. The 
gum now bears some, resemblance to sugar in its properties; 
at least when heated it melts, and gives out a very strong 
smell of caromel. 

Chlorine converts gum into citric acid, according to the 
experiments of Vauquelin. He passed a current of chlorine 
gas through a diluted solution of gum in water. In a few 
days almost the whole of the gum was acidified ; and he 
detected citric acid by the formation of supercitrate of lime, 
soluble in water, and decomposable by oxalic acid.§ If 
nitric acid be slightly heated upon gum till it has dissolved 
it, and till a little nitrous gas is exhaled, the solution on 
cooling deposits saclactic acid. Malic acid is formed at the 
same time ; and if the heat be continued, the gum is at 
last changed into oxalic acid. Thus no less than three acids 
are developed by the action of nitric acid on gum. (f We 
are indebted to Mr. Cruikshanks for the most precise ex- 

* Crell's Annals, ii. 167. Eng. Trans. 
t Third Series of Experiments on Artificial Tannin, Phil. Trans. 1806. 
t Pomeroy, vii. 197. Engl. Trans. 

Ann..de Chim. vi. 178. These properties alone were not sufficient 
to prove the presence of citric acid, since malic acid possessed them both. 

Fourcroy, vii. 148. 
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penrnents on the quantity of oxalic acid obtainable from C hap.I. 
gum by nitric acid. By digesting 480 grains of it with six 
ounces of nitric acid, he obtained 210 grains of oxalic acid 
and six grains of oxalate of lime.* No artificial tannin is 
formed during this process.t According to the experiments 
of Fourcroy and Vauquelin, the quantity of saclactic acid 
yielded by gum, when treated with nitric acid, varies from 
0.14 to 0'264 

Gwn is insoluble in alcohol. When alcohol is poured Of Alcohol. 
into mucilage, the gum immediately precipitates ; because 
the affinity between water and alcohol is greater than that 
between water and gum. The gum in this case is in the 
state of soft opaque white flakes. Neither is gum soluble in 
ether. It is not soluble in oils; but when triturated with a 
little oil it renders the oil miscible with water. 

The action of the hydrosulphurets, sulphurets, phosphu-
rets, and of most of the salts on gum, has not been exa-
mined with any attention. 

Gum and sugar readily unite together by dissolving both Combines 
in water. By gentle evaporation a perfectly transparent with sugar. 

solid substance is obtained, which does not crystallize. 
When treated with alcohol it becomes white, opaque, and 
soft. The greater part of the sugar is dissolved, and the 
gum remains united to a small portion. It has a sweetish 
taste; and very much resembles in appearance the substance 
of which the nests of wasps are formed. 

3. When gum is distilled in a retort, the products are Destructive 
water impregnated with a considerable quantity of pyromu- distillation: 

cons acid or acetic acid combined with oil, a little empyreu-
matic oil, carbonic acid gas, and carbureted hydrogen gas. 
When the pyromucous acid obtained by this process is sa-
turated with lime, a quantity of ammonia is disengaged, 
with which that acid had been combined. The charcoal 
which remained in the retort leaves behind it, after inci-
neration, a little lime and phosphate of lime. Mr. Cruick-
shanks, to whom we are indebted for these facts, gradually 
heated 480 grains of gum arabic to redness in a coated glass 
retort. The products were, 

' Rollo on Diabetes, p. 452. 
t llatchett, Additional Experiments on Artificial Tannin, Phil. Trans, 

1805. 
Fourcroy, vii, 199. Engl. Trans. 
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Pyromucous acid mixed with some oil .. 210 gr. 
Charcoal 	  96 
Lime and a little phosphate of lime 	 o 
Carbureted hydrogen and carbonic acid gas 164 

480 

The pyromucous acid liquid contained less than what 
was obtained from an equal weight of sugar in the propor-
tion of 118 to 150. The gases consisted of 93 ounce mea-
sures of carbonic acid and 180 of carbureted hydrogen, com-
posed of 5 parts charcoal to 1 of hydrogen. When the 
pyromucous acid was saturated with lime, ammonia was dis-
engaged.* 

From the experiments of Vauquelin, it appears that gum 
also contains traces of iron. A hundred parts of gum arabic 
left after incineration three parts of white ashes. These were 
composed chiefly of carbonate of lime ; but contained also 
some phosphate of lime and iron, without any traces of an 
alkali or of sulphur. He conjectures, that in the gum the 
lime is usually combined with acetic acid, and perhaps 
sometimes with malic 

Composi- 	It is only of late that any notions approaching to preci- 
ton. 	sion respecting the composition of gum have been acquired. 

Gay-Lussac and Thenard analysed it, by burning it along 
with chlorate of potash, and found it composed of 

Oxygen 	.. 50'84. 
Carbon .. 42.23 
Hydrogen .. 	G•93 

100'00 

Berzelius analysed it by a process of the same kind but 
,somewhat modified. He found its constituents as follows : • 

Oxygen .... 51.306 
Carbon .... 41'906 
Hydrogen .. 6'788 

100.000 § 

Rollo on Diabetes, p. 452. 	4- Ann, de Chim. liv. 31/ 
Recherches Physico-chiroiques, ii. 290. 

§ Annals of Philosophy, v. 270. 
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To determine the equivalent number for the weight of Chap. 1. 

an 'atom of gum, Berzelius mixed caustic ammonia with a `—v-"j  • boiling solution of gum, and then mixed the liquid with a 
solution of subnitrate of lead, likewise boiling hot. A pre-
cipitate fell, which when washed and dried was a• compound 
of gum and oxide of lead. Its constituents according to 
the analysis of Berzelius were, 

Gum 	 61'75 .... 100 
Oxide of lead .. . 	 38'25 .... 62'105 

100'00 * 

If we suppose this compound to consist of an atom of gum 
united to an atom of oxide of lead, the weight of an atom 
of gum will be 22'512. But if the gummate contain 2 
atoms of gum united to 1 atom of oxide of lead, (which may 
be the case,) then an atom of gum will weigh 11'271. I 
am rather disposed to adopt this last number for the weight 
of an atom of gum ; because it seems to approach very nearly 
to sugar in its properties, and seems capable of being con-
verted into sugar with great facility in the processes of vege-
tation. On that account it seems likely that the composi-
tion of gum and sugar do not differ very much from each 
other. But if the weight of an atom of gum be 11.250, 
(which differs materially from the preceding number) its 
composition as indicated by the preceding analysis must be 
as follows : 

Six atoms oxygen .. 	6 	.. 
Six atoms carbon .... = 4.5 	40'00 
Six atoms hydrogen .. = 0/5 .. 	6'67 

11'25 	100'00 

Sugar then it would seem differs from gum merely in 
containing an atom of water less. Hence an atom of sugar 
+ an atom of water constitute an atom of gum. 

4. The species of gum at present known are considerable specie% 
in number ; and it is likely that a more rigid examination 
of the vegetable kingdom will discover a greater number..  
The most remarkable are gum arabic, gum senegal, gum 
kuteera. 

• Annals of Philosophy, v. 270. 
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Book IV. 	Gum arabic exudes from the mimosa nilotica, and other 
\---Ne---)  species of mimosa. It is the species described in the pre- 
c.

ara- ceding part of this section. 
Gum sene- 5. Gum senegal, brought from the island of that name 
ral• 

	

	in the coast of Africa, commonly supplies the place of gum 
arabic in the shops, and is the sort chiefly employed by the 
calico-printers. It is generally in larger masses than the 
arabic, and its colour is darker,• but in other respects its 
properties are the same, excepting that it does not go so far 
in thickening water as gum arabic. 

Gum ku- 	6. Gum kutecra is the produce of the sterculia urens,t a 
teera. 	tree which grows in Indostan ; and having a considerable 

resemblance to gum tragacanth, great quantities were im-
ported into this country, but did not answer as a substitute. 
The only account of this gum with which I am acquainted 
was given by Mr. Cowie, in one of the volumes of the 
Society of Arts.t It is in loose wrinkled drops or pieces, 
without smell or taste, and mostly transparent. In water 
it slowly forms a pulp or jelly like gum tragacantli ; but if 
pounded well in a mortar, and then boiled in water for fif-
teen minutes with constant agitation, it is completely dis-
solved. A tea spoonful of its powder gives to water the 
consistence of capillaire. In India it enters into the com-
position of some varnishes; it is used in calico-printing, and 
is one of the ingredients of a famous medicine for horses 
among them.§ 

Plants con- 7. It has been remarked by Mr. Barrow, and probably also 
taining it. by others, that all the plants which yield gum have an as- 

tringent bark.jI Almost all the trees known to yield gum 
have been enumerated in the preceding part of this section. 

uses. 

	

	S. Gum is a nutritive food, though seldom employed for 
that purpose, except when in the state of mucilage, and 
though from M. Magendie's experiments it does not seem 
capable of supporting life by itself. It is used frequently ac 
a paste, and to give stiffness or lustre to linen. The calico-
printers use it in great quantities to give their colours such a 
degree of consistency as prevents them from running upon 

• Lewis, Neuman's Chem. p. 282. 
I-  Roxburgh, Nicholson's Journal, xxvii. 70. 

See Nicholson's Jour. vii. 301. § Cowie, Nicholson's Jour. vii. 391. 
fl Travels iu South Africa. 
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the cloth. It forms an ingredient in ink for a similar reason. Ch
i

aP• I" 
In medicine it forms the base of many mixtures. 

SECT. V. 

OF MUCUS. 

The substances to which I give the name of MUCUS have 
been hitherto considered as varieties of gum. But the ex- 
periments on them by Dr. Bostock have shown that their 
properties differ so much from those of gum, as to entitle 
them to a separate place as peculiar vegetable principles. 
They are extremely numerous, existing in the roots, leaves, 
and seeds of a great variety of plants. They seldom or 
never separate spontaneously, but may be obtained itrtifi- 
cially in a state of tolerable purity. Only a few species have 
been hitherto examined, so that• we are uncertain how far 
their properties agree, and only include them all under one 
head from analogy. 

Linseed yields one of the purest. Dr. Bostock obtained Linseed 
it by infusing the seeds in ten times their weight of water. mucus.  
A fluid is obtained of the consistence of the white of an egg, 
which has the adhesive qualities of mucilage of gum arabic. 
Its taste and appearance resemble those of that liquid. 
When mixed with alcohol the mucus is precipitated in white 
flocks, but the liquid does not become opaque and milky 
like mucilage of gum arable when mixed with alcohol. 
Acetate of lead throws down a copious dense precipitate. 
Super-acetate of lead, and permuriate of tin render the 
liquid opaque, and also throw down a precipitate. The 
nitrate of mercury occasions a very slight precipitate, while 
muriate of gold, persulphate of iron, and silicated potash, 
produce no sensible effect whatever. No change is pro- 
duced by the infusion of nutgalls.* 

From quince seeds, and the root of the hyacinth, Dr. Other va. 
Bostock obtained solutions of mucus which exhibited the rieties. 
above properties with some shades of difference. This 
quince seed mucus was coagulated by acids, and by most 

Bostock, Nicholson's Jour. x% iii. 31. 

6 
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Book iv. metallic salts, and the mucus from the hyacinth was preci- 
L--v---)  pitated by infusion of nutgalls. These differences were pro-

bably owing to foreign bodies ; such as starch, gluten, &c. 
with which the mucus happened to be mixed in these cases, 
and from which we know no method of separating it com-
pletely. 

Mucus is contained in the 'roots and leaves of a vast num-
ber of plants. Almost all the bulbous roots and fleshy 
leaves yield it. For example, the roots of the hyacinthus 
nanscriptus and the althea qfficinalis ; the leaves of the 
althea, of the malva sylvestris, of many of th_fuci, and of 
the greater number of the lichens ; the seeds of flax, quinces, 
fenugrec, &c. 

The bulbs of the hyacinth contain so much mucus, that 
when dried they may be employed as a substitute for gum 
arabic. This was first made known to the public by Mr. 
Thomas Willis.* He afterwards fotind that the roots of 
the vernal squill, the white lily, comfrey, and salop, might 
be employed also for similar purposes4 A mucus may be 
extracted from most of the stringy lichens, which likewise 
answers all the purposes of a solution of gum. This was 
first ascertained by Georgi, who published a dissertation 
on the subject in the Memoirs of the Petersburgh Academy 
for 1779. 	His experiments were repeated and varied by 
Amoreux, who published the result of his trials in 1787. § 

Hoffman also found abundance of gum in many lichens. 9 
Lord Dundonald first thought of applying this discovery to 
practical purposes. During the last war, when the price 
of gum was high, lichens, at his Lordship's suggestion, 
were very much employed as a substitute by the calico-
printers in this country. 

The mucilaginous quality of the fuci is apparently still 
greater than that of the lichens, though the mucilage ob-
tained from them does not answer so well. 

* Phil. Mag. xv. 1803. 	Nicholson's Jour. ix. 233. 
The lichens which he tried were the farinaceus, glaucus, physodes, 

and pulmonarius. 
§ The academy of Lyons had proposed a prize dissertation on the li-

chens in 1786. Three memoirs were approved of, and published by 
them in 1187, written respectively by Willemet, Amoreux, and Hoffman. 
The lichens examined by Amoreux, and found to yield a gum, were the 
pulmonarius, prunastri, islandicus,fraxineus, canius, caperatus. See his 
Memoir, p. 95. 	9 See his Memoir, p, 23, and passim. 
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SECT. VI. 
Chap. I. 

OF JELLY. 

IF we press out the juice of ripe blackberries, currants, How ob- 
and many other fruits, and allow it to remain for some time tamed' 
in a state of rest, it partly coagulates into a tremulous soft 
substance, well known by the name of jelly. If we pour off 
the uncoagulated part, and wash the coagulum with a small 
quantity of water, we obtain jelly approaching to a state of 
purity. 

In this state it is nearly colourless, unless tinged by the Properties 
peculiar colouring matter of the fruit; it has a pleasant 
taste and a tremulous consistency. it is scarcely soluble in 
cold water, but very soluble in hot water ; and when the 
solution cools, it again coagulates into the form of a jelly.* 
When long boiled, it loses the property of gelatinizing by 
cooling, and becomes analogous to mucilage.1-  This is the 
reason that in making currant jelly, or any other jelly, when 
the quantity of sugar added is not sufficient to absorb all 
the watery parts of the fruit, and consequently it is neces- 
sary to concentrate the liquid by long boiling, the mixture 
often loses the property of coagulating, and the jelly of 
course is spoiled.$ 

Jelly combines readily with alkalies ; nitric acid converts 
it into oxalic acid, without separating any azotfc gas. 5 When 
dried it becomes transparent. 	When distilled it affords a 
great deal of pyromucous acid, a small quantity of oil, and 
scarcely any ammonia.** 

Jelly exists in all acid fruits, as oranges, lemons, goose-
berries, &c. If the juices of these fruits be allowed to gela-
tinize, and then poured upon a scarce, the acid gradually 
filters through, and leaves the other; which may be washed 
with a little cold water, and allowed to dry. Its bulk gra-
dually diminishes, and it concretes into a hard transparent 
brittle mass, which possesses most of the properties of gum. 
Perhaps, then, jelly is merely gum combined with vegetable 
acid. 

Vauquelin, Ann. de Chim. vi. 282. 
1 Ibid. v. 10. 	§ Ibid. vi. 282. 
' Ibid. vi. 286. 

t Ibid. v. 100. 
Ibid. v. 100. 
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Book IV. 	 SECT. VII. 

OF IMMIX. 

	

History. 	THIS substancewas first noticed in 1804, by Klaproth, who 
found it in a spontaneous exudation from the elm.* It was 
noticed in 1810 by Berzelius in his experiments on the 
bark of the pine, and on Jesuits bark.t On Cie tenth of 
December, 1812, a set of experiments on th?, exudation 
from the elm, which had been examined by K 'aproth, was 
read to the Royal Society. These experimen,  were made 
by Mr. Smithson, well known for his precision.l.  Two or 
three days before the tenth of December, I had printed in 
the first number of the Annals of Philosophy, a set of ex-
periments on an exudation from the common elm which 
had been collected at Plymouth by Mr. Coulson. § The 
result of my experiments corresponded very nearly with 
those of Mr. Smithson; and showed that the extraordinary 
properties of ulmin, announced by Klaproth, did not be-
long to it. I afterwards examined varieties of ulmin from 
the oak, the hornbeam, and the horse-cliesnut ; and was 
so fortunate as to receive a specimen from Dr. Leach in a 
state of purity. 

From the observations of Berzelius it appears that ulmin 
forms a constituent of the bark of almost all tress. If the 
bark be first digested in alcohol, and afterwards in cold 
water, we may obtain the ulmin nearly pure, by digesting 
the bark thus treated in hot-water, holding some carbonate. 
of potash in solution." The properties of ulmin arc as 
follows. 

	

Properties. 	1. Its colour is dark brown or almost black. It has 
scarcely any taste or smell. 

2. It dissolves slowly, and only in small quantity, in 
water and in alcohol. The solution is pale brown and 
tasteless. Hardly any metalline salt precipitates the aque-
ous solution of ulmin, except pernitrate of mercury and 
acetate of lead, both of which cause brown flocks to fall 

* Gehlen's Jour. iv. 329. 	fi Afhandlingar, iii. 347. 
t Phil. Trans. 1813, p. 64. 	§ Annals of Philosophy, i. 23. 

fl Annals of Philosophy, ii. 11, 395, 396. 
• * Ibid. ii. 314. 
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town.. The alcohol solution is precipitated dark brown by Chap. L. 
sulphate of iron and sulphate of copper. 

3. When a weak solution of carbonate of potash is 
poured upon ulmin a dark brown solution is immediately 
effected. The ulmin as it exudes from the elm is almost 
always mbined with a quantity of carbonate of potash. 
Hence t reason that it dissolves so readily► in water. 

,This s ution (supposing the carbonate of potash to 
amount to th of the weight of the ulmin) has a dark brown 
colour, it i not in the least mucilaginous or ropy, and 
cannot, lik the solution of gum in water, be employed to 
paste pieces of paper together. It is not precipitated by 
gelatine, tincture of nut-galls, or hydrocyanate of potash. 
Sulphate of iron occasions a copious precipitate, which in 
some cases is brown, and in some cases green. Nitric acid 
occasions a reddish-brown precipitate by saturating the 
potash which held the .ulmin in solution. Alcohol occasions 
no precipitate. But all the acids precipitate the ulmiri. 
When thus obtained it is buff-coloured, and after being 
dried is not sensibly soluble either in water or alcohol. 

4. Ulmin when heated swells and catches fire ; but does 
not melt. The smell which is given out has not the least 
resemblance to that of caromel. 

Ulmin seems hitherto to have been confounded with ex-
tractive by chemists. In many cases it has passed for tannin. 

SECT. VIII. 

or COLOURING MATTERS. 

THE colouring principles of vegetables are so numerous 
and so various in their properties that they will hereafter 
fill a. very extensive department of vegetable chemistry. 
But hitherto so few of them have been obtained in a sepa-
rate state and subjected to a chemical examination, that it 
would be in vain to attempt a particular description of each. 
I shall therefore merely notice the following, which have 
been honoured with a more particular investigation of their 
properties. 

VOL. Iv. 
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Book IV. 	 I. POLYCH11.01TE. 

This substance constitutes the colouring matter of crocus 
sash= or safron, and is the substance which Hermbstaedt 
announced as pure extractive. Its properties weri •nves-
tigated in 1811, by Bouillon Lagrange and Vogel,* who 
gave it the name of polychroite on account Of thy' different 
colours which it is capable of assuming. .  

How ob- 	To obtain polychroite, form an infusion a safron in 
Mined' 	water, evaporate the infusion to the consistew5y of honey, 

digest the residue in alcohol• of the specific 'vity 0.800, 
filter the solution and evaporate to dryness. 'he dry mass 
is polychroite in a state of purity. It possesses the fol-
lowing properties. 

Properties. 

	

	Its colour is intensely yellow. When exposed to the 
air it absorbs Toisture and becomes a viscid liquid. It is 
very soluble in water and in alcohol. But insoluble, or 
scarcely soluble in sulphuric ether. 

When the aqueous solution is exposed to the rays of the 
sun it becomes colourless, and the.yellow colour cannot be 
again restored. Hence it appears that the polychroite is 
destroyed, or at least its nature altered by the action of 
the solar ray. 

When sulphuric acid is dropped into the aqueous solu-
tion of polychroite the liquid assumes a deep indigo-blue 
colour, which gradually becomes lilac. The same change 
is produced by sulphuric acid on the alcoholic solution. 

Nitric acid causes these liquids to assume a green colour. 
The addition of a little water causes these colours to dis-
appear, and when the proportion of acid is increased, other 
shades make their appearance. 

Chlorine destroys the colour of these liquids altogether. 
Sulphate of iron throws down a dark brown precipitate, 

lime-water a yellow precipitate, barytes water a red pre-
cipitate. Subacetate of lead throws down a safron colourid 
precipitate. Acetate of lead produces no effect; .,but nitrate 
of mercury throws down a red powder. 	; • 

Polychroite is insoluble in oils. 	 . •. . 
fi,  

When this colouring matter 'is distilled, thee comes 

Ann. de Chitn. lxxx. 188. 
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4 over an acid water, and an oil of a lemon-yellow colour, Chap. I. 

which is succeeded by an oil of a darker colour, and al- 
mosk brown. At the same time carbonic acid and car- 
burelx1 hydrogen gases are disengaged. When the char- 
coal that remains is calcined with potash a portion of by- 
drocy c acid is formed. 

II. IIEMATIN. 

This s stance constitutes the colouring matter of the 
hcematoxyt

N 
n campechianum or logwood so universally known 

as a dye k uff. Its properties were investigated by Chev- 
reul in 18 2, who first recognised it as a peculiar 	

i
sub- 

stance, and gave it the name prefixed to this article.* 
fieniatin may be obtained by the following process. How ob. 

Digest for several hours logwood in powder in water of the tained.  
temperature 125°. Filter the liquid, evaporate it to dry- 
ness, and digest the residue for a whole day in alcohol of 
the specific gravity 0.837. Filter the alcohol, cmicentrate 
it by evaporation, then add a little water, evaporate a little 
farther, and leave it to itself. Crystals of hematin are de- 
posited in abundance. These, when washed with alcohol 
and dried, may be considered as hematin in a state of 
purity. 

Hematin thus prepared is in snrall brilliant crystals, of Properties. 
a reddish-white colour, and a slightly astringent, bitter, 
and acrid taste. 

Boiling water dissolves it with facility, and acquires an 
orange-red colour; which becomes yellow when the liquid 
cools; but heat again restores the original colour. When 
this liquid is .evaporated the hematin crystallizes. The 
addition of an acid renders it first yellow and then red. 
Sulphurous acid however gradually destroys the colouring 
matter altogether if it be left long enough in contact with 
it. Potash, soda, and ammonia, give it a purplish-red 
Colour, and when a great excess of these alkalies is added 
the colour becomes violet-blue ; then reddish-brown, and 
at last yellowish-brown. The hematin is then decomposed 
as its colour cannot be again restored by the addition of 
acids. Barytes, strontian, and lime-water produce the 
same effe.cts : only they gradually precipitate hematin from 
its solution. 

• * Ann de Chian. lxxxi. 128. 
x 2 
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Book IV. 

Other spe-
cies. 

INGREDIENTS OF PLANTS. 

When a current of sulphureted hydrogen gas is passed 
through an aqueous solution of hematin it assumes a yel-
low colour, which disappears in the course of a few Says. 
The oxides of lead, tin, iron, copper, nickel, zinci anti-
mony, and bismuth, unite with hematin, and give it I blue 
colour with a shade of violet. The peroxide of-in acts 
upon it, as the mineral acids do. Gelatine throwsi  it down 
in reddish flocks. 

Besides these colouring matters there are sev‘ al others, 
such as madder, sallower, litmus, that would deserve a par-
ticular description. But as these substances Utve not yet 
been analysed, and their colouring ingredient3obtained in 
a separate state, I think it better to defer the account of 
them to the ensusing chapter. Indigo, which has been 
sufficiently examined to ascertain its peculiar properties 
seems entitled from its great importance to rank as a pea  
culiar vegetable principle. 

SECT. IX. 

OF BITTER PRINCIPLES. 

Plants con- MANY vegetable substances have an intensely bitter taste;  
taining bit- and on that account are employed in medicine ; by ter prin- 
ciple.. 	brewers, &c. This is the case with the wood of the quassia 

amara and excelsa, the common quassia of the shops; with. 
the roots of the gentiana lutea, common gentian; the leaves, 
of the humulus lupilus or hop ; the bark arid wood of the 
spartium scoparium or common broom ; the flowers and 
leaves of the anthemis nobilis or chamomile; and many other 
substances. These bodies owe their bitter taste to the pre-
sence of peculiar vegetable substances differing from every 
other, which may be distinguished by the name of bitter 
principles. 

Of late years several of these peculiar substances have 
been examined and characterized; and doubtless there are 
others with which we are not yet acquainted. I shall give 
an account in this section of the different bitter tasted ve-
getable substances that appear to possess distinct qualities• 
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• 
"wind to differ from each other by well characterized pro- .......v......r 

Chap. I. 
iiseTtS. 

4' I. Quassia, or Bitter Principle of Quassia. 
I.. 	hen water is digested over quassia for some time, it Expert- • 

ficquir an intensely bitter taste and a yellow colour, but menu on
no smell; When water thus impregnated is evaporated to of quassia. 
dryness 	a low heat, it leaves a brownish yellow sub-
stance, wh h retains a certain degree of transparency. It 
continues 4  ctile for some time, but at last becomes brittle. 
This substance   I shall consider as quassia in a state of pu-
rity. If it contain any foreign body, it must be in a very 
minute proportion. This substance I find to possess the 
following properties 

1. Its taste is intensely bitter. Colour brownish-yellow. 
9. When heated, softens, and swells, and blackens; then 

burns away without flaming much, and leaves a small quan- 
tity of ashes. 	 • 

3. Very soluble in water and alcohol. 
4. Does not alter the colour of infusion of litmus. 
5. Lime-water, barytes-water, and strontian-water, oc-

casion no precipitate. Neither is any precipitate thrown 
down by silicated potash, aluminated potash, or sulphate 
of magnesia. 

6. The alkalies occasion no change in the diluted solu-
tion of the bitter principle.  

7. Oxalate of ammonia occasions no precipitate. 
S. Nitrate of silver renders the solution muddy, and a 

very soft flaky yellow precipitate falls slowly to the bottom. 
9. Neither corrosive sublimate nor nitrate of mercury 

occasion any precipitate. 
10. Nitrate of copper, and the ammoniacal solution of 

copper, produce no change ; but muriate of copper gives 
the white precipitate, which falls when this liquid salt is 
dropped into water. 

11. Sulphate and permuriate of iron occasion no change. 
12. Muriate of tin renders the solution muddy, but oc-

casions no precipitate, unless the solution be concentrated; 
in that case a copious precipitate falls. 

13. Acetate of lead occasions a very copious white preci., 
vitate ; but the nitrate of lead produces no change, 

44. iguriate of zinc occasions no chanO. 
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Book iv. 	15. Nitrate of bismuth produces no change, though wher 
the salt is dropped into pure water a copious white pr,..ei-
pitate appears. 

16. 'Tartar emetic produces no change; but wli n the 
muriate of antimony is used, the white precipitate ar6ears, 
which always falls when this salt is dropped i c.To pure 
water. 

17. Muriate and arseniate of cobalt occasion 4) change. 
18. Arseniate of potash produces no effect. 
19. Tincture of nutgalls, infusion of nutgall gallic acid, 

occasion no effect. 
These properties arc sufficient to convince us that the 

bitter principle is a substance differing qonsiderably from 
all the other vegetable principles. The little effect of the 
different reag,ants is remarkable. Nitrate of silver and ace-
tate of lead are the only two bodies which throw it down. 
This precipitation cannot be ascribed to the presence of 
muriatic acid ; for if muriatic acid were present, nitrate of 
lead would also be thrown down. Besides, the flakes pro-
duced by nitrate of silver are too light, and indeed have no 
resemblance whatever to muriate of silver. The precipi-
tate by acetate of lead is very copious. This salt is there-
fore the best substance for detecting the presence of the 
bitter principle, when we are certain that no other substance 
is present which throws clown lead. 

Exists in 	Vauquelin has lately examined the bitter principle in the 
other 	fruit of the colocynth (citeizmi ,'.olocynthi.$), and in the root 

•• of the briony (brionia alba), two vegetable bodies which 
have been eMployed in medicine, and possess strong le-
thargic powers. The bitter principle in these substances, 
as far as his experiments went, possesses exactly the proper= 
des of the bitter principle bf -ivassia.* It is probable also 
that hops, gentian, and broom, - contain the same bitter 
principle. 

When alcohol is digested for some months tipon wheat 
flour, and then distilled, it leaves a yellowish brown sub-
stance behind it, which pdse:.;s• es (as far as I have examined 
it) all the properties of the bitter principle of quassia. 

Vauquelin, Essais Analytiques des Itacines d'Ellebore d'Iliver et de 
Brione. Ann. de Mus. d'Hist. Nat. No. xliii. 91. 

1 
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Picrotoxin, or bitter Principle of Cocculus Indicts. 	Chap.1. 

1.•N‘tis is the substance to which the cocculus indicus, the 
fruit , f the menispermum cocculus owes its deletereous qua- 
lities Its nature and properties were investigated by 
Boulla n 1811.* He bestowed upon it the name of pi- 
crotoxin• from its bitter taste and its poisonous nature. t 

Picrot -in may be obtained by the folloWing process : t
amed.
f ob- 

Boil the b Ties in .a sufficient quantity of water. Filter 
the decocti; in, and add to it acetate of lead as long as any 
precipitate flls. Filter the liquid a second time, and eva- 
porate it with caution to the consistence of an extract. Dis- 
solve this extract in alcohol of the specific gravity 0.817. 
Evaporate this liquid to dryness. These alternate solutions 
and evaporations in water and alcohol must be repeated till 
the dry residue is completely soluble both in water and al- 
cohol. It is now picrotoxin united with a yellow colour- 
ing matter. Agitate it with a small quantity of water. 
That liquid dissolves the colouring matter, which is very 
soluble and occasions the separation of a great number of 
small crystals which constitute picrotoxin nearly pure. 
Wash them with a little water and then with alcohol. Pi- 
crotoxin thus prepared possesses the following properties. 

Its colour is white. Its crystals have the figure of four- Properties,  
sided prisms. It is intensely bitter. 

It is soluble in 25 times its weight of water and no rea- 
gent is capable of precipitating it from this solution. Al- 
cohol of the specific gravity 0•810 dissolves one third of its 
weight of it. Sulphuric ether of the specific. gravity 01 
dissolves two fifths of its weight of it. It is insoluble in 
oils. 

Concentrated sulphuric acid dissolves it; but when that 
acid is diluted with water it has no action on it. Nitric 
acid dissolves it and converts it into oxalic acid. It dis-
solves readily in acetic acid, and is precipitated from the 
solution by carbonate of potash. Neither muriatic acid, 
sulphurous acid, nor chlorine dissolve it. 

A solution of potash or soda in ten times its weight of 
water dissolves it. When triturated with potash it emits 

• Ann. de Chim. lxxx. 209. 
t From gixfo;, &liter, and leekgov, poison. 
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Book nr. no smell of ammonia. It burns without melting. Where/  
1 /4—  —" swallowed it intoxicates and acts as a poison. 

III. Scillitin, or Bitter Principle of Squills. 
This is the peculiar substance to which the bulb the 

scilla maritima, or squill, owes its medicinal qualifit.s. Its 
properties were investigated by Vogel in 1812, whr) pointed 
out its peculiar nature, and gave it the name by c•hich it is 

Hove ob- distinguished.* It may be obtained by the following process. 
twined. The juice of the bulbs being expressed was boil d for a few 

minutes, and a quantity of citrate of lime whq h appeared 
was separated. It was then evaporated to dryness, and the 
dry residue digested in alcohol as long al that liquid took 
up any thing. The alcoholic solution was evaporated to . 
dryness, and the residue (which consisted of scillitin and 
tannin) was redissolved in water. Acetate of lead was 
dropped in to throw down the tannin. The liquid was 
filtered, and the excess of lead which had•been added was 
separated by means of a current of sulphureted hydrogen 
gas. The liquid being again filtered, was evaporated to 
dryness to drive off the acetic acid from the acetate. The 
dry mass was scillitin, mixed with a little sugar, from which 
it was 'not in Vogel's power to separate it.. 

rtyperties. 	Scillitin thus obtained is white and transparent, and 
breaks with a resinous fracture. It was easily reduced to 
powder. It absorbs water rapidly from the atmosphere, 
and becomes at first a viscid mass, and at last quite fluid. 
Its taste is intensely bitter, leaving a slight impression • of 
sweet from the sugar with which it is mixed. It dissolves 
readily in water, and gives it a mucilagenous consistency 
like gum. It dissolves likewise very readily in cold alcohol 
of 0'817, and still more readily in that liquid while hot. 
When heated, it swells prodigiously, and gives out a dis-
tinct odour of caromel. When treated with nitric acid no 
Saclactic acid is formed. 

IV. Caffein, or Bitter Principle of Coffee. 
This species is distinguished from the preceding by the 

property which it has of striking a green colour with iron, 
and of precipitating that metal from concentrated solutions. 

Ana. de Chilli. lxxxiii. 147. 
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' Wir. Chenevix separated a portion of it from coffee by the Chap. 1. 

tellowing process : he digested unburnt coffee in water, i_,---
w  and 	tered the liquid. It was then treated with muriate of 1,-1a,9„ed! 

tin. 	be precipitate was edulcorated, mixed with water, 
)r  

and teated with sulphureted hydrogen gas. The tin was 
thus piipitated, and the substance with which it had been 
combine was dissolved by the water. The liquid was then 
evaporate to dryness. The substance thus obtained pos-
sessed the Rowing properties : 

1. Semitiansparent like horn, and of a yellow colour. 	Properties. 
2. Wheriexposed to the air, it does not attract moisture. 
3. Soluble in water and in alcohol. The solution in 

water is semitrawarent, and has a pleasant bitter taste. 
When the alkaline solutions are dropped into it, the colour 
becomes garnet-red. 

4. It is not precipitated from water by the alkaline car-
bonates. Sulphuric acid renders the solution brown, but 
produces no further change. Neither muriatic acid, nor 
phosphoric acid, nor the vegetable acids, produce any 
change on this solution.. 

5. The muriates of gold, platinum, and copper, occasion 
no change. 

6. With solutions of iron it forms a fine green-coloured 
liquid; and when concentrated, iron throws down a green-
colQured precipitate. Indeed it is almost as delicate a test 
of irOn.as tan and gallic acid. 

7. Muriate of tin throws down a copious yellow precipi-
tate. This precipitate, and that by iron, are soluble in all 
acids, but they lose their colour. 

8. Neither lime nor strontian water occasion any precipi-
tate in the aqueous solutions of this substance; but barytes 
water occasions a brown precipitate. 

9. Gelatine occasions no precipitate.* 
From the.  experiments of Boillon la Grange, it appears 

that a substance similar to this species.of bitter principle 
exists in the flowers of the arnica montana.t There is 
reason for, believing that the bitter principle which charac-
terizes the following plants belongs also to this species; 
absinthium vulgare (worm-wood), juniperus sabinus (sabine), 

* Phil. Mug. 1802, May, p. 350. 	f Ann. de Chin]. iv. 35 
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Book IV. rata .graveolens (rue), anthemis nobilis (chamomile), achillr, 
%-" v"--1  millejblium (milfoil). 

V. 	Daphnin, or Bitter Principle of Daphne .1Ip, ra. 
This species was obtained by Vauquelin from the 1 trk of 

daplthe alpina. The bark was digested in alcohol and the 
liquid was concentrated till the resin separated. l!rhe resi-
dual liquid, being diluted with Water and filth red, was 
mixed with acetate of lead. A copious yellovd precipitate 
falls. This, precipitate being separated by fie filter, is 
diluted with water, and is treated with sulphukted hydro-
gen gas to get rid of the lead. Being filtered and suffici-
ently concentrated,' the daphnin separated in small trans-
parent crystals. . It is hard, has a greyish colour, and a 
very bitter taste. When heated, it evaporates rapidly in 
sharp vapours. It is sparingly soluble in cold water, much 
_more soluble in boiling water, and separates in crystals as 
the solution cools. Its solution is not precipitated by 
acetate of lead. When heated in a retort, it melts, blackens, 
and emits an acid.* 

VI. 	Artificial Bitter Principle. 
This species has been formed by the action of nitric acid 

on various vegetable and animal substances. It was first 
obtained .by Haussman while examining indigo, but he 
mistook its nature. Welther afterwards formed it by 
digesting silk in nitric acid, ascertained its properties, and 
gave it the name of yellow bitter principle; he is therefore 
to be considered as the real discoverer. Bartholdi after-
wards procured it by treating the white willow with nitric 
acid4 Mr. Hatchett obtained it during his experiments 
on artificial tannin, by treating indigo with nitric acid; § 
and about the same time Fourcroy and Vauquelin procured 
it by the same means, and examined its properties in detail. II 
M. Chevreul is of opinion that it is a compound of nitric 
acid and a peculiar vegetable substance, probably of an oily 
nature.** It possesses the following properties : 

* Ann. de Chim. lxxxiv. 174. 
Ibid. xxxii. 187. 
Phil. Alag. xxiii. 255, 

t Ibid. xxix. 301. 
§ Phil.sTrans. 1805. 

** Ai ii. de Chim. lxxii. 113. 

l'repara-
tion. 

Properties. 

   
  



N1COTIN. 	 59 

Its colour is a deep yellow, its taste intensely bitter. It Chap. I. 
is's able both in water and alcohol, and has the property Properties. 
of d in, silk, woollen cloth, and cotton, of a durable 
ycllo colour. It ...Ty:talliz,:s in elongated plates, and pos-
SeSSe vany of the characters of an acid, combining readily 
with all line substances, and forming crystallizable salts. 
When pe,:asli is dropped into a concentrated solution of it, 
small ye w prismatic crystals are gradually deposited, 
consisting bitter principle combined with potash. These 

1\
i, 

 

crystals wee examined by Weltlier, but it was Fourcroy 
and Vauquclin that ascertained their composition. They 
have a bitter taste, are not altered by exposure to the air, 
are less soluble than pure bitter principle. When thrown 
upon hot charcoal they burn like gunpowder, and detonate 
very loudly when struck upon an anvil, emitting a purple 
light.'* Ammonia dropped into the solution of bitter prin-
ciple deepens its colour, and occasions a copious deposition 
of fine yellow spicular crystals. These are a combination 
of bitter principle and ammonia.t It combines likewise 
with the alkaline earths and with metallic oxides, as has 
been shown by the experiments of Chevreul. 

. VII. Artificial Tannin. 
This itself may be considered as approaching the bitter 

principle in many of its properties. Its taste is always in-
tensely bitter, and the colour of the precipitates which it 
throws down from the metals is similar to what takes place 
when artificial bitter principle is present. It is indeed possi-
ble that the bitter taste may be owing not to the tannin, but 
to a portion of. artificial bitter principle which may be always 
formed along with the tannin; but this has not been ascer-
tained. It is well known that the bitter taste very easily over-
powers and conceals all other tastes. 

SECT. X. 

OF NICOTIN. 

Tans substance exists in the leaves of the nicotiana lati-
„Alia, or tobacco; and gives that plant its peculiar properties. 

* Welther, Fourcroy, and Vauquelin. 
t ilutchett, Phil. Trans. 1805. 
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Book IV. It was obtained in 1809 by M. Vauquelin, to whom we.arg 
indebted for all the filets respecting it yet known.* It wry 
be obtained from the juice of tobacco leaves by the f ow-
process. 

Prepara- 	Evaporate the juice to one-fourth of its volume, arOallow 
non.' 	it to cool. A quantity of malate of lime will be Aposited 

under the form of a gritty powder. Separate tl-e; matter, 
and continue to concentrate the liquid as long aslany saline 
matter can be obtained from it. When it is qo much in-
spissated that nothing farther can fall, digest it in alcohol, 
which will take up the uncombined malic and, acetic acids 
that it contains, the nicotin and a portion of sal ammoniac. 
Distil the alcohol off in a retort, and concentrate the resi-
dual matter nearly to dryness, taking care not to injure it 
by the application of too much heat. Dissolve it a second 
time in more concentrated alcohol, in order to separate a 
portion of animal matter which had been dissolved in the 
first alcohol solution in consequence of the water present. 
Distil off this second portion of alcohol. Dissolve the 
residue in water, saturate the acetic and malic acids with 
potash; and distil the water off to dryness. This water, 
though colourless, contains in solution a quantity of nicotin. 
By dissolving the residual matter in water, and distilling a 
second time, an additional quantity of nicotin may be ob-
tained. And by repeating this process, a sufficient number 
of times, the whole of the nicotin may be obtained in solu-
tion in water. By a very cautious evaporation, the water 
may be driven off; and the nicotin obtained in a state of 
purity. 

Properties. 

	

	This substance is colourless. It. has an acrid taste, and 
the peculiar smell which distinguishes tobacco. It occa-
sions violent sneezing. 

It is soluble in water and in alcohol. Both solutions 
are colourless, and distinguished by the peculiar taste and 
smell of nicotin. 

It is precipitated from its solutions by tincture of nutgalls, 
It is volatileond possesses poisonous qualities. And ac. 
cording to Vauquelin approaches the volatile oils in its pro, 
porties. 

• Ann. do Chirn. 1%2i. 13Q. 
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• 

	

SECT. XL 	 Chap.!. 

OF EXTRACTIVE. 

Thqsvord extract was at first applied to all those sub- History. 
stances 4zhich were extracted from plants by means of water, 
and whicl remained behind in the state of a dry mass when 
the water yas evaporated; consequently it included gum, 
jelly, 	d :several other bodies. But of late it has been 

many to a substance which is supposed to exist 
in many plants, and which may be obtained- tolerably pure 
from the bark of the cinchona oflicinalis according to the 
experiments of Schrader. BUt as the word extract occurs 
even in modern authors in its original sense, I shall rather 
demote this substance by the phrase extractive principle, to 
prevent ambiguity. 

The difficulty of obtaining the extractive principle in a Uncertain-
separate state, and the facility with which it alters its nature, tY" 
have hitherto prevented chemists from examining it with 
that attention to which it is entitled. It was first particu-
larly attended to by Rouelle ; but it is to Fourcroy and 
Vauquelin that we are chiefly indebted for ascertaining its 
charaCters. The dissertation of Vatiquelin in the Journal 
de Pharmacie, is by far the best account of extractive matter 
which has hitherto appeared. Many valuable facts and 
curious observations were published by Schrader in his dis-
sertations on extractive.* But unfortunately the term has 
not been always taken by chemists in the same acceptation. 
Parmentier has for example published a dissertation on the 
extracts of vegetables taken in the loOse and general sense 
• of the word, which contains much information.t There 
cannot I think be any.doubt that under the term extractive, 
chemists have hitherto confounded together a variety of 
different vegetable principles. Some of these, as ulinin, 
polychroit, &c. I have distinguished by peculiar names, and 
perhaps it would be wisest to lay aside the term extractive 
altogether. But in the present state of obscurity in which 
this department of vegetable chemistry continues, I am un-
willing to withhold the facts collected in this section, which . 

* Gehlen's Jour. Second Series) 	548,,,and Schweigger's Jour. ix. 
3,39. 

t Ana. do Cliim, xliii. 19. 
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Book IV. though imperfect and probably partly inaccurate, Wire.. 
yet be useful to those who apply themselves to the investi:,a-
tion of this subject. 

The extractive principle possesses the following i  roper- 
ties : 	• 

Properties. 	1. Soluble in water, and the solution is alwaysUoured. 
When the water is slowly evaporated, the extracfve matter 
is obtained in a solid state and transparent; bet when the 
evaporation is rapid the matter is opaque. • —.Cr 

2. The taste of extractive is always strong; lint it 
different according to the plant from which it is obtained. 

3. Insoluble in absolute alchohol and in ether; but so-
luble in alcohol when it contains water. 

4. By repeated solutions and evaporations, the extractive 
matter acquires a deeper colour, and becomes insoluble• in 
water. This change is considered as the consequence of 
the absorption of the oxygen of the atmosphere, for which 
the extractive principle has a strong affinity. But if the 
solution be left to itself, exposed to the atmosphere, the 
extract is totally destroyed in consequence of a kind of 
putrefaction which speedily commences. 

5. When chlorine ,is poured into a solution containing 
extractive, a very copious dark-yellow precipitate is thrown 
down, and the liquid retains but a light lemon-colour. 
These flakes are considered as oxygenized extractive. It is 
now insoluble in water ; but hot alcohol dissolves it. 

6. The extractive principle unites with alumina, and 
forms with it am, insoluble compound. Accordingly, if sul-
phate or muriate of Arnina be mixed with a solution of • 
extractive, a flaky insoluble precipitate appears, at least 
when the liquid is boiled ; but if an excess of acid be pre- • 
sent, the precipitate-does not always appear. 

. It is precipitated from water by concentrated sulphuric 
acid, muriatic acid, and probably by several other acids. 
When the experiment is made with sulphuric acid, thp 
fumes of vinegar generally become sensible. 

8. Alkalies readily unite with extractive, and form com-
pounds which are insoluble in water. 

• 9. The greater number of metallic oxides form insoluble 
compounds with extractive. Hence many of them, when 
thrown into its solution, are capable of separating it from 
water. Hence also the metallic salts mostly precipitate ex- 
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4factive. Muriate of tin possesses this property in an emi- 	 ___,chaP• 1- 
riNt degree. It throws down a brown powder perfectly \---̀1—  

° 	insoluble, composed of the oxide of tin and vegetable matter. 
• 10. If wool, cotton, or thread, be impregnated with alum, 

and khcn,, plunged into a solution of extractive, they arc 
dyed of a fitwn-brown colour, and the liquid loses much of 
its extractive matter. This colour is permanent. The same 
effect is produced if muriate of tin be employed instead of 
4aln 	h.  effect is still more complete if the cloth be 

ed ui chlorine, and then dipped into the infusion of 
extractive. Hence we see that the extractive matter re- 
quires no other mordant than oxygen to fl* it on cloth. 

11. When distilled, extractive yields an acid liquid im- 
pregnated with ammonia.* 

It cannot be doubted that there are many different species 
of extractive matter; though the difficulty of obtaining each 
separately has prevented chemists from ascertaining its 
nature with precision. Extracts are usually obtained by Properties 
treating the vegetable substance from which they are to be of  "tracts' 
procured with water, and then evaporating the watery solu- 
tion slowly to dryness. All extracts obtained by this method 
have an acid taste, and redden the infusion of litmus. 
They all yield a precipitate while liquid if they are mixed 
with Ammonia. This precipitate is a compound of line and 
insoluble extractive. Lime always causes them to exhale 
the odour of ammonia. It has been ascertained that the 
extractive principle is more abundant in plants that have 
grown to maturity than in young plants. 

As the extracts of vegetables prepared by apothecaries 
for medical purposes, besides the extractive principle, always 
contain other bodies, frequently to the number of eight or 
more, and as the greater number of them are still but im- 
perfectly examined, I shall satisfy myself at present with 
pointing out some of those vegetable substances which have 
been ascertained to contain extractive principle, and stating 
the constituents of such as have been analysed. 

1. Extractive principle is not an uncommon ingredient Extractive 
in the sap of trees. Indeed Deyeux and Vauquelin found of sal)• 
it in almost all those which they examined. It is usually 
thrown down when the sap is mixed with chlorine, 

* See Vauquelio. 
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Book Iv. and it precipitates in brown flakes while the sap is evaporate 
ing on a sand bath. 

Of bark, 	2. It forms a constituent of the bark of all trees hitfierte 
examined. This was evidently the case with all the barks 
which Davy subjected to experiment; namely,. those of 
oak, Leicester willow, Spanish chesnut, elm, common 
willow, and undoubtedly all barks which have an astringent 
taste; for tan and extractive seem scarcely ever to be found 
separate. 	 • 

Qfcatechu, 3. The infusion of catechti contains an extractive prit-
ciple, united chiefly to tan. It may be obtained in a state 
of purity by waThing the catechu in powder repeatedly, with 
water till the fluids obtained cease to precipitate gelatine. 
What remains is extractive. It is of a pale reddish-brown 
colour and a slightly astringent taste, leavino.

° 
 in the mouth 

a sensation of sweetness. It has no smell. Its solution 
in water is at first yellow-brown; but it acquires a tint 
of red when left exposed to the air. The solution in 
alcohol is of a dirty brown. It does not affect vegetable 
blues. Alkalies brighten its colour; but neither these 
bodies nor the alkaline earths precipitate it from water. 
Nitrate of alumina and muriate of tin render the solution 
slightly turbid. Nitrate of lead throws down a dense light, 
brown precipitate. It renders persulphate of iron green, 
and throws down a green precipitate, becoming black by 
exposure to the air. Linen, when boiled in the solution, 
extracts almost the whole of the extractive, and acquires a 
light red-brown colour. 'When this extractive is exposed 
to heat, it.softens, and its colour becomes darker, but it 
does not melt. When distilled; it yields carbonic acid and 
carbureted hydrogen gas, weak acetic acid, and a little un-
altered extractive. A porous charcoal remains.* 

Of senna, 

	

	4. The infusion of senna contains a matter of a very 
peculiar nature, but which may be considered as a species 
of extractive. The senna of commerce consists of the dried 
leaves of the cassia senna, a shrub-like annual cultivated in 
Egypt. Water, at the ordinary temperature of the atmos-
phere dissolves nearly one-half of the substance of these 
leaves. The infusion obtained had a brown-colour, a bitter 
taste, and a peculiar aromatic odour. It contains a con- 

Any on Astringent Vegetables, p. 25. 
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?iderable proportion'of carbonate of lime, sulphate of pot- Chap. I. 
ash,, and carbonate of magnesia, besides a little silica ; but c—Ne-1  
the most curious of its constituents is the extractive. When 
common Air is made to pass for some hours through the in-
fusion, a yellow-coloured precipitate appears : the same 
substance is thrown down immediately by muriatic acid and 
chlorine. It appears also when a current of chlorine gas is 
made to traverse the infusion. This substance is the ex-
tractit)..,kftltexcd by its combination with oxygen. It has a 

bitter 'taste. It. is no longer soluble in water. Alco-
hol dissolves it, but lets it fall when diluted. The alkalies 
dissolve it, and form a deep-brown solution. On burning 
coals it emits a thick smoke, exhales an aromatic odour, 
and leaves a spongy charcoal. These properties indicate a 
very decided approach to the .roinous state.* 

5. The infusion of Peruvian bark likewise yields an ex- Of quinqui-
tractive matter of a. peculiar nature, which assumes a fine 
red-colour when united to oxygen ; and, like the extractive 
of senna, acquires nearly the properties of a resin. It was 
obtained by Fourcroy from the quinquina of St. Domingo. 
Water, boiled on it till it refused to dissolve any thing more, 
was slowly evaporated, and the extract obtained was dis-
solved in alcohol. The alcohol, by evaporation, deposited 
the peculiar extractive. Its colour was brown, its taste 

• bitter, insoluble in cold, but very soluble in hot water. It 
was soluble in alcohol. -When dry it was black, .brittle, 
and broke with a polished fracture. Lime-water precipi-
tated it in the state of a red powder: chlorine threw it 
down in the state of a fine red powder, neither soluble in 
water nor alcohol, but capable of uniting with alkalies. A 
stronger dose of chlorine rendered it yellow.t 

6. Steinacher has shown that distilled vinegar contains a 
quantity of extractive:I 

The resemblance between extractive bodies and the 
colouring matter of plants is sufficiently striking. It is more 
'than probable, that when this last set of bodies have been 
examined with more precision by chemists, they will be 
found to belong to the same class. 

Bouillon La Grange, Ann. de Cliim, xxiv. 4. 
Fourcroy, Ann. de Ulm. viii. 120. 	Jour. de Phys. lxv. 327. 

VOL. IV. 
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Book IV. 	 SECT. :kn. 
OF EDIETIN. 

THIS remarkable substance was extracted from ipecacu-
anha by MM. Magendie and Pelletier', and called by them 
emetin, because it constitutes the substance in that root, 
which occasions vomiting. 

How ob- 	They obtained it by the following method: Ipecgruanha . 
tamed. 	was digested first in sulphuric ether, then in a.-_-;::;ot 

alcoholic solution was evaporated to dryness, re-dissolv-cd 
in water and acetate of lead dropped into the solution. A 
copious precipitate fell, which being edulcoratcd and dif-
fused through water was exposed to a cm:rent of sulphureted 
hydrogen gas. The lead was precipitated in the state•of 
sulphurct, and the emetin dissolved in water. The liquid 
being filtered and evaporated to dryness, the residue con-
visted of emetin in a state of purity. Thus obtained it pos-
sessed the following properties : 

History. 	It is in the form of transparent scales which have a brown-
ish red colour. It has no smell. Its taste is bitter and a little 
acrid ; but not in the least nauseous. It is not altered by 
a degree of heat inferior to that of boiling water. When 
exposed to a stronger heat it does not melt; but swells, 
blackens, and is decomposed, furnishing water, carbonic 
acid, a little oil and acetic acid. A very spongy and light 
coal remains. No ammonia can be discovered in .these 
products, indicating that azote does not enter into the com- . 
position of emetin. 	 • 

Emetin when exposed to the air undergoes no change, 
unless the air be very damp, in which case it becomes 
moist. It dissolves very readily in water ; but cannot be 
made to crystallize. It is soluble in alcohol; but insoluble 
in sulphuric ether. 

Diluted sulphuric acid produces no effect on it; but con-
centrated sulphuric acid chars and destroys it. Nitric acid,. 
when applied either cold or hot, dissolves it and forms a 
fine red-coloured solution, which gradually passes -into 
yellow while nitrous gas exhales, and crystals, of oxalic 
acid are formed, but no yellow bitter principle. Muriatic 
and phosphoric acid dissolve it without alteration, 'and let 
it fall again when they are saturated with an alkali,. acetic 
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acid is one of the best solvents of it. Gallic acid on the Chap. I. 
contrary throws it down from its solution in the state of a "'""Nr-1  
dirty white precipitate. It is precipitated equally by in-
fusion of nut galls, and a slight precipitate is produced by 
.the infusion of cinchona. 

The alkalies dissolve the compound of emetin and gallic 
acid. When iodine is poured into the tincture. of emetin 
a red precipitate falls which is a compound of emetin and 

,;:lcetate 'Of lead throws down emetin from its solution in 
abundance. Protonitrate of mercury gradually throws 
down a slight precipitate. Corrosive sublimate occasions 
rather a greater one. Tartar emetic has no action on it 
whatever. 

Neither vegetable nor animal substances as far as they 
have been tried have any action on emetin. 

Half a grain of emetin when swallowed occasions violent 
vomiting followed by sleep, and the animal awakes in a 
state of health. Twelve or even six grains of emetin pro-
duce vomiting and sleep, followed by death. A violent in-
flammation of the lungs and invstinal canal appears to be 
the proximate cause of the death which in this case 
ensues. * 

SECT. XIII. 

OP MORPHIA. 

IN the year 1803, M. Derosne published an analysis of History. 
opium in which he announced the existence of a peculiar 
crystallizable substance to which that drug owes its nar-
cotic properties. t. In 1805 M. Sertiirner, apothecary at 
Eimbeck, in Hanover, published an analysis of the same 
substance ;$ but the results were so different as to destroy 
the confidence of chemists in both. But in the year 1817, 
Sertiirner, who had not lost sight of the subject but had 

• Ann. de Chim. et Phys. iv. 179.. 	t Ann. de Chim. xlv. 257. 
Trommsdort's Journal, xiv. 47. 

F 
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Book iv. been investigating it with care ever since his first paper, 
published a new set of experiments,* in which he shows 
the method of separating a peculiar substance from opium, 

..to which he has given the name of moiphirz. It is to this 
substance that opium owes its peculiar properties ; and the 
narcotic principle of Derosne, according to SertUrner, is a 
compound of morphia and a peculiar acid which opium 
contains. But M. Rohiquet has shown that this Opinion is 
not well founded. 	The experiments of Se- turrdr baye 
been repeated and verified both in France and (.-&at 
Britain, so that the existence and properties of morphia 
may be considered as well ascertained. 

According to Sertiirner, morphia occurs in opium com-
bined with a peculiar acid, which he calls meconic acid4 
His formula for procuring it is as follows : 

Prepara- 	Rub eight ounces of pulverized opium with two Or three 
tion. 	ounces of concentrated acetic acid and a little water to the 

consistence of a soft pap. Dilute this pap with two or three 
pounds of water, and strain it through a cloth. The residue 
may be washed with a little water and strained a second 
time. The liquid thus olotained is but little coloured and 
contains acetate and meconate of morphia, a little mor-
phia combined with extractive and neutral free extrac-
jive. Pour caustic ammonia into it and the morphia is 
precipitated' in abundance. Evaporate the liquid to one 
fourth or one fifth of its bulk, when an additional quantity 
of morphia will precipitate. . The morphia thus obtain-. 
ed is not quite free from extractive.. M. Sertiirner re-
duced it to a fine powder and digested it with a very small 
quantity of alcohol. The alcohol acquired a dark colour, 
and the morphia remained nearly colourless and in a.  state 
of considerable purity. Thus obtained it possesses.the fol-
lowing properties : 

Properties. 	It is colourless. It dissolves only in small quantity in 
boiling water; but it is very soluble in- alcohol and ether. 
This solution has a very bitter taste and the morphia may 

* Gilbert's Annalen, Iv. 57. 	f Ann. de Chico. et Phys. v. 275. 
t lie has not given a sufficient description of this acid to enable us 

to appreciate its nature and proiriert;. Its music is obviously derived 
from thwor, the Greek word fur poppy, 

   
  



69 • 
be obtained from it in. crystals. The figure of these crys- chap. I. 
tals is a short four-sided pyramid whose base is either a "—Y.."J  
square or a rectangle. Sometimes two or these pyramids 
are applied base to base, Constituting an octahedron. The 
solution of morphia gives a brown colour to turmeric 
paper, and restores the blue colour to litmus paper red- 
dened ty vinegar, and these effects arc not owing to the 
presence of ammonia. Hence it is obvious that morphia 
acts tilt& nits of an alkali. 
slt combines readily with the different acids, neutralizes 

them, and forms a new kind of salts which claim particular 
attention. 

Subcarbonate of Morphia-is formed when morphia is salts whisk 
placed in contact with carbonic acid gas, or when it is pre- it forms' 
cipitated from its solutions by an alkaline subcarbonatc. 
Jt is more, soluble in water than morphia, and seems ca- 
pable of crystallizing, but M. Sertiirner did not determine 
the figure of its crystals. The carbonate of morphia crys- 
tallizes in short prisms. 

Acetate of morphia crystallizes m soft prisms and is 
very solulile in water. 

Sulphate of morphia crystallizes in the form of the 
twigs and branches of,trees, and is likewise very soluble. 	• 

Marhtte of morphia assumes a plumose appearance. It 
is much less soluble in, water than the other salts of mor-
phia, and when the solution is too far evaporated it spee-
dily concretes on cooling into a shining silver white plumose 
saline mass. 	• 

Nitrate of morphia crystallizes in prisms which are 
grouped together and appear to issue from a central point. 

Meconiate of morphia was not examined; But, sub-
meconiate of morphia crystallizes in oblique Prisms. This 
is the substance which constitutes the narcotic principle, 
which Derosne extracted from opium. It is but sparingly 
soluble in water. 

Tartrate of morphia crystallizes in prisms and has a 
close resemblance to the preceding salts. 

From the experiments of Sertiirner, it would appear that 
morphia possessesthe characters of a new combustible alkali, 
and that it ought to be placed in the tables of aflinity below 
Ammonia, as that.substance possesses the property of sepa- 
rating 4from all its combinations. 	'' 
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Morphia melts in a gentle beat, and in that state has 
very much the appearance of melted sulphur. .0n cooling 
it again crystallizes. It burns easily, and when heated in 
close vessels leaves a solid, resinous, black mass having a 
peculiar smell. It combines with sulphur by the assistance 
of heat; but the combination is speedily destroyed imd sub,  
ph u reted hydrogen evolved. 

No remarkable change was produced upon morphia by 
the action of galvanism. Sertiirner made no texreilimentr 
to determine its composition ; but he considers it as a conli-
pound of oxygen, carbon, and hydrogen. 

It acts with great energy on the animal economy. Half 
a grain of it dissolved in spirits being swallowed by a young 
Man of 17 years of age, produced a flushing in the face, and 
an augmentation of the muscular energy. Another half 
grain being swallowed half an hour after occasioned a dull 
pain in the head, giddiness, stupor, and nausea. A third 
half grain being swallowed aggravated the symptoms so 
much that Sertiirner became alarmed and made his patient 
swallow a quantity of vinegar. But the symptoms were 
rather aggravated and continued all night; btit were re-
moved next morning by the use of magnesia. 

    

SECT. 

OF ASPAEAGIN. 

I GIVE this name to a substance discovered in the juice of 
asparagus by Vauquelin and Itobiquet.* It was procured 
by the following process. 

Prepara- 	The juice of asparagus is expressed in the usual way, a- 
tm. 	tered, evaporated to the consistence of a syrup, and then set 

aside. Various crystals gradually make their appearance, 
and among others crystals of asparagin, easily separated from, 
the rest on account of their colour and figure. This sub-
stance possesses the following properties I 

Properties. 	1. The crystals are white and transparent, and have the.  
figure of rhomboidal prisms.. The greater angle of thQ 

* Ann, de Chin1. lv. 167. Nicholson's Jour. xv. 242. 
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rhomboidal base, as ascertained by Haiiy, is 130°. The Chap. 1. 
edges of this base, and the two angles at the extremity of its -̀"Ne"-1  
greater diagonal, are truncated. 
' 2. It is hard and brittle. Its taste is cool and slightly 
nauseous, so as to occasion R secretion of saliva. 

3. It dissolves readily in hot water; but in cold water, 
only sparingly. Alcohol does not dissolve it. 

4. The aqueous solution does not affect vegetable blues. 
Neither infosion of nutgalls, acetate of lead, oxalate of am-
monia, muiiate of barytes, nor the hydrosulphuret of potash, 
occasion any change in it. 

5. When triturated with potash no ammonia is disen-
gaged. The potash appears to render it more soluble in 
water. 

6. When heated it swells, and emits penetrating vapours,  
affecting the eyes and nose like the smoke of wood. It 
leaves a large portion of insipid charcoal, which, when in-
cinerated, leaves scarcely a trace of residue. 

7. Nitric acid dissolves it with the evolution of nitrous 
gas. The solution has a yellow colour and a bitter taste, 
like, that of animal substances in the• same acid. Lime dis-
engages from it a considerable quantity of ammonia. 

Such are the properties of this substance ascertained by 
Vauquelin and Robiquet. They distinguish it sufficiently 
from all other vegetable substances known. 

SECT. XV. 

OF CERASIN. 

I ADOPT this name from Dr. John, to denote a particular 
vegetable principle which bas been long known; but which 
hitherto has been confounded with gum. It may be distin-
guished by the following characters. 

1. It is a solid substance possessing the appearance of Properties, 
gum and distinguished by a similar taste. It is usually 
harder than gum and not so easily reduced to powder; 
though this is not always the ease, especially when it is mixed 
with gum which it frequently is. 

2. When put into water it imbihes that liquid, swells up 
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Trap-
canih. 

INGREDIENTS OF PLATS. 

very considerably, and becomes semitransparent and gela-
tinous, but is not in the least soluble. It dissolves in boil-
ing.water, but again precipitates when the liquid cools, and 
remains in the state of a jelly. This gelatinous mass may 
be used, like gum, to paste together pieces of paper. 

3. Cerasin is insoluble in alcohol and ether. 
4. Cold water acidulated with nitric, sulphuric, or mu-

riatic acid dissolves- a small portion of it, and when heat is 
applied, the whole of the cerasin dissolves in tlese 
When alkali is dropped into the nitric acid solumin, a por-
tion only of the cerasin is precipitated. If the liquid be 
evaporated, the remainder is obtained converted into a pe-: 
culiar bitter tasted substance. 

Own tragacanth may be considered as pure cerasin. It 
has been longeAt known and is in the most general use. 
Perhaps on that account it might have been as well to have 
given to cerasin the name of tragacanth. 

Tragacanth is the produce of the astragalus tragacantha, 
a thorny shrub which grows in Candia and other islands of 
the Levant. The gum is said to exude about the end of 
June from the stem and larger branches, and soon drios in 
the sun. It is in the state of whitish vermiform pieces, not 
nearly so transparent as gum arabic. From the two pre-
ceding species it diary extremely in many of its properties.. 
When put'into water it slowly imbibes a large quantity of 
the liquid, swells into a large volume, and forms a soft, but 
not fluid, mucilage. If the quantity of water be more than 
the gum can imbibe, the mucilage forms an irregular mass, 
which does not unite with the rest of the liquid. By agita-
tion, indeed, an apparent solution is effected, and the whole 
assumes a wheyish appearance ; but on standing, the mu-
cilage again subsides, as at first, and the water becomes 
transparent. 4' When a solution of gum arabic is poured 
into this solution,. the mucilaginous gum tragacanth sepa-
rates much sooner than usual, and forms no union with the 
gum arabic.t When treated with nitric acid, it yields 
abundance of saclactic acid, milk acid, and oxalic acid; 
but not the slightest trace of artificial tannin. t Sulphuric 
acid developes some traces of artificial tannin. The quail., 

4! Lewis, Neuman's Chem. p. 282. 	f Lewis;  ibid. 
• natchett, Phil. Trans. 1805. 
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tity of' charcoal which it yielded, when digested in sulphuric Chap.1. 
acid, was 0.22, or considerably less than gum arabic yielded 
in the same circumstances. * When Mr. Cruickshanks 
distilled 480 grains of it in a glass retort, he obtained the 
following products : 

Pyromucous acid 	  21.5 gr. 
Charcoal ... r 	  93 
Lime vlith some phosphate 	  12 
Carbonic acid and carbureted hydrogen gas 130 

480 

When the pyromucous acid was saturated with lime, a 
considerably greater proportion of ammonia was disengaged 
than from the pyromucous acid of gum arabic. The gases 
were 78 ounce measures of carbonic acid, and 91 of car-
bureted hydrogen.t This gum yielded to Vauquelin 0'03 
of ashes. They dissolved in muriatic acid with efferves-
cence, while the odour of sulphureted hydrogen was per-
ceptible. They Consisted chiefly of carbonate of lime, with 
a little iron and phosphate of lime, and contained likewise 
some potash.t 

These experiments show us, that gum tragacanth con-
thins more azote and lime, and perhaps more oxygen and 
less carbon, than gum arabic. 

Dr'. Rostock by digesting tragacanth in water till it be-
came gelatinous, and then triturtiting it with pure water in 
a mortar, formed a rtotnogeneous mucilage, consisting of 
loo parts of water and 1 part •of tragacanth. Subacetate 
of lead formed a copious precipitate with this Mucilage. 
Acetate of lead produced a light precipitate, which increased 
by standing, though on mucilage of gum arabic it produced 
no clThct. The permuriate of tin likewise throws down a 
firm coagulum, though it does not alter mucilage of gum 
arabic. Persulphate of iron produced no effect. Nitrate 
of 'mercury threw down a slight precipitate of a reddish 
tinge. Silicated potash produced no effect. § 

* Iiatchett, Third Series of Experiments on Artificial Tannin, Phil: 
Trans. 1806. 

Cruickshanks, Rollo on Diabetes, p. 459. 	Ann. do Chin. lir. 512. 
§ Nicholson's Jour. lviii. 30. 
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Book Iv. 	I suppose the gum bassora of Vauquelin to be a variety 
of tragaeanth. 

Cerasin constitutes a .portion of the gummy matter that 
exudes from thee prunes cerasus, prunus avium, prunus 
domestica, xanthorea hastiliq. It was on that account, • I 
presume, that Dr. John distinguished it by the name of 
cerasin. It may be worth while to state here the result of 
my experiments on cherry tree gum. • 

Cherry-tree The prunus avium, the common cherry ands plum trees, 
gum. and the almond and apricot likewise, yield a gum which 

exudes in great abundance from natural or artificial open-
ings in the stem. It is of a reddish-brown colour, in large 
masses, at first much softer than gum Arabic, but by keeping 
it becomes much harder than any other species of gum which 
I have seen except tragaeanth. When put into water it 
gradually swells, and is converted into a semitransparent 
reddish-brown jelly. A portion dissolves in the water, but 
a considerable portion remains in the gelatinous state, and . 
does not dissolve even though boiled for some hours in a 
very large portion of water. In this respect cherry-tree 
gum diflbrs from every other species which I have tried. 
The portion dissolved in water possesses the common ap-
pearance of mucilage of gum arable, excepting that its co-
lour is darker, and that it is much weaker, and of course 
less adhesive and thready. The gum is not precipitated by 
alcohol, nor is any effect produced by silicate(' potash. 
Acetate of lead produces no immediate effect; but on stand-
ing the whole becomes opaque, and. a precipitate at last 
subsides. Fuming liquid of libavius causes the liquid to 
gelatinize immediately. The acetate of lead, and the nitrate' 
of mercury, produce no effect. No precipitate was pro-
duced by any of the other metallic salts tried. Dr. Bos— 
tock found, that when treated with nitric acid 	yielded a • 
portion of saclactic acid. 

Congo 	The gentlemen constituting the late unfortunate cxpe. 
cum. dition to the Congo, while travelling along the banks of that 

river, picked up a large piece of gun), Which bore a very close 
resemblance to the cherry-tree gum of this country. Its 
colour was equally dark and its hardness as great. On cx-
amination, I found that it consisted entirely of cerasin 
darkened by a colouring matter, which was partly soluble 
in water and possessed 'the-characters of extractive. Ditt 
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the cerasin still continued dark coloured even after all the Chap. 1. 
extractive which water was capable of taking up was re- 
moved. 

Some time ago, I received from Dr. Clarke of Dominica, Dominica 
specimens of gum very different in appearance from any gum. 
that I had previously seen. It was in large masses like sta- 
lactites, four of five inches long, and above an inch thick, 
and composed of a number of irregularly cylindrical masses, 
some of th,"'m hollow, cemented together, or running into 
each other. I have learned nothing respecting the plant 
from which this gum exudes. It is rather brittle, light 
yellowish-brown, and translucent. I found it a compound 
of about 3 parts ccrasin and 1 part gum. 

4101.•••••••••.......•MMO 

SECT. XVI. 

OP 1NULIN. 

I GIVE this name to a new vegetable principle, dis-
covered by Rose M the roots of the inula helenium (de- 

. campane) 
When the roots of this vegetable are boiled in water, 

the decoction, after standing some hours, deposits the inulin 
in the forth of a white powder like starch. Its properties 
are as follows: 

1. It is insoluble in cold water. a#y trituration the inulin Properties. 
is uniformly diffused, and gives the liquid a milky appear-
ance; but it soon falls down in the state of a white powder, 
leaving the liquid quite transparent. 

2. It dissolves readily in hot water. One part of inulin Action of 
'in four parts of boiling water formed a solution which water,  
passed readily through the filter, though its consistence 
was somewhat mucilaginous, and it was not quite transpa- 
rent. After smile hours the greater part of the inulin pre- 
cipitates from the water in the form of a White powder. An 
equally concentrated solution of gum arable is much thicker, 
mid more adhesive. 

S. When the aqueous solution-of inulin •is mixed with Alcohol, 
ftn etittra bulk of alcohol, no change takes place for some 
timel  btit the inulin soon separates, and falls to the bottom 
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Book 11r, in the state of a bulky white powder. A solution of gum 
` V-  arabic, when treated in this manner, • remains milk white 

for days without any precipitate falling. 
heat, 	4. When thrown upon burning coals it melts as readily 

as sugar, and emits a thick white smoke, not unpleasantly 
pungent, and similar in odour to that of burning sugar. 
The residue, which is but small, sinks into the coal. Starch 
emits a similar smoke, but leaves a more bulky residue. 
When heated in an iron spoon inulin melts, :and emits a 
thick smoke, with the same odour; and as soon as the 
spoon becomes red-hot, burns with a vivid flame, and leaves 
a very small coaly residue. 

5. When distilled it yields a brown acid liquid, having 
the smell of the pyronmcous acid, but not a trace of oil. 

Ninit acid. 6, When treated with nitric acid it yields malic and 
oxalic acids, or acetic acid if too much nitric acid he em-
ployed ; but no saclactic acid is formed, as happens with 
the gums, neither is any of the waxy matter separated 
which is formed when starch is digested with the same acid. 

Such arc the properties of inulin, as far as they have 
been investigated by llose.o. When the root of elecampane 
is distilled, it yields a portion of a' white solid matter, 
which seems to be intermediate between camphor and vola4. 
tile oil in its nature.t No other vegetable substance has 
been observed to yield a similar product. How far it is 
connected with inulin remains to be determined. 

Inulin has been found, by Dr. John, in the roots of 
several other plants. Besides the inula helenium in which 
it had been already detected by hose, he found it in the 
roots of the anthemis pyrethrum, in nutgalls, in angelica ' 
arehangelica. • He 'suspects its presence, likewise, in the. 
hyacinthus nonscriptus, and in several other plants.$ 

SECT. XVII. 

OF STARCH. 
• 

Analysis of IF a quantity of wheat flour be formed into a paste, and 
whcatfiour, then held under a very small stream of water, kneading 

* Gebien's Jour. iii. UT. 	j- Neumau's Chem, p. 42Q. 
John's Tabellen der Pitmen Analyse!), p. 17; 
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continually till the water runs off' from it colourless, the Chap. I. 
flour by this process is divided into two distinct constituents. "--\(—) 
A tough substance of a dirty white colour, called gluten, 
remains in the hand; the water is at first milky, but soon 
deposits a white powder, which is known by the name of 
!starch. A sweet-tasted mucilaginous substance remains dis- . 
solved in the water. 

The starch obtained by this process is not altogether free Method of 
from gluten,; hence its colour is not very white, and it has starch,

m aki g 

not that fine crystallized appearance which distinguishes 
the starch of conimerce. Manufkturers employ a more 
economical and more efficacious process. Good wheat is 
allowed to steep in cold water till it becomes soft, and yields 
a milky juice when squeezed. It is then taken out of the 
water; put into coarse linen sacks, which are subjected to 
pressure in a vat filled with Water; a milky juice containing 
abundance of starch exudes, and mixes with the water of 
the vat. This process is repeated as long as the wheat 
yields any milky juice. The sack and its contents arc then 
removed. The starch soon falls to the bottom of the vat; 
and the water which covers it gradually ferments, in con-
sequence of the substances which it holds in solution. 
Alcohol and vinegar are formed in it, partly, no doubt, at 
the expence of the starch. The vinegar, thus evolved, dis-
solves  all the impurities, and leaves nothing behind but 
starch. It is then poured 	and the starch edulcorated 
with water. It is afterwards dried by a moderate heat. 
During the drying it'u.sunlly splits into small columnar 
masses, which have a considerable degree of regularity. 
The water which has stood over the starch was analysed by 
Vauquelin. It contains a considerable portion of alcohol 
and of acetic acid. The acid holds in solution gluten 
somewhat altered, phosphate of lime, and ammonia.* 

Starch was well known to the ancients. Pliny informs 
us, that the method of obtaining it was first imvcnted by the 
inhabitants of the island of Chio.r 

1. Starch has a fine white colour, and is usually con- Properties, 

* Ann. de Chim. xxxviii. 248. See La Fabrique de l'Amidon, by Da 
Hamel de Monceau. See also Gmelin's Handbuch der Tachnischen 
,Chennie, ii: 737. The reader will find a description of the process fol-
lowed by our manufacturers in making starch in Phil, Mag. xxix. 166. 

xrciii. cap. 7. 
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Book IV. creted in longish masses; it has scarcely any smell, and 
‘"—Ne--1  very little taste. When kept dry, it continues for a long 

time uninjured though exposed to the air. 
Action of 	2. Starch does not dissolve in cold water, but very soon 
water, 	falls to powder, and forms with it a kind of emulsion. It 

combines with boiling water, and forms with it a kind of 
jelly, which may be diffused through boiling water; but 
when the mixture is allowed to stand a sufficient time, the 
starch slowly precipitates to the bottom. This subsidence 
takes place even when 90 parts of water are employed to 
dissolve one of starch; but in that case, at least a month 
elapses before the starch begins to precipitate. This solu-
tion (W it be entitled to the name). is glutinous in propor-
tion to the quantity of starch. If the quantity be consider-
able, linen dipped into it, and suddenly dried, acquires (as 
is well known) a great degree of stiffness. When the solu-
tion is evaporated to dryness, a, brittle opaque substance is 
obtained, differing in appearance from common starch, but 
exhibiting nearly the same properties with reagents. 
Hence the apparent difference is probably owing to,a por-
tion of water remaining united to the boiled starch. When 
the solution of starch is left exposed to damp air, it soon 
loses its consistency, acquires an acid taste, and its surface 
is covered with mould. 	 •. 

Alcohol, 

	

	3. Starch is so far from dissolving in alcohol, even when. 
assisted by heat, that it does not even fall to powder. 
Neither does starch dissolve in ether. 

• 4. The action of oxygen gas and of the simple combus-
tibles and azote upon starch has not been examined, but it 
is probable that it is not remarkable. 

Metallic 

	

	5. The metals seem to have but little action on starch ; 
solutions. neither does it combine with the metallic oxides; at least 

none of the metallic salts which I have tried, have the pro- 
perty of forming a precipitate when dropped into a solution 
of starch in water. The ibllowing were the metallic salts 
which I tried. The. decoction used was made by boiling 
together one part of starch and 90 parts of water. 

Nitro-muriate Of gold, of platinum. 
Nitrate of silver, of mercury, of lead. 
Muriate of tin; acetate of lead. 
Sulphate, muriate, and nitrate of copper. 
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hap. 1. Sulphate, muriate, and nitrate of iron. 	 C  
Sulphate, muriate, and nitrate of zinc. 
Ammoniated nickel and cobalt. 

Dr. Bostock found that sub.-acetate of lead throws down 
a, Copious precipitate from the solution of starch in water. 
He obtained likewise a precipitate when permuriate of tin 
was used.* Hence it is obvious that his starch infusion 
must have contained a much greater proportion of starch 
than mine, which formed no precipitate with muriate of tin. 

6. When lime-water is mixed with the same decoction Of Earths;  
starch, no change is produced, neither is any perceptible 
alteration occasioned by strontiou water; hut barytes water 
throws down a copious white flaky precipitate. This pre-
cipitate is redissolved by muriatic acid; but appears again 
on standing, unless a considerable excess of acid be em-
ployed. Yet muriate of barytes occasions no change in the 
decoction of starch. Silicated potash occasions no preci-
pitate in this decoction. 

7. When starch is triturated with the hot infusion of Infusion of 
nutgalls, a complete solution is effected. The solution is "(galls' 
transparent, and rather lighter coloured than the infusion 
of nutgalls. When this solution cools it becomes opaque, 
and a copious curtly precipitate fulls. A heat of 120° re- 
dissolves this precipitate, and renders the solution trans- 
parent, but the precipitate again deposited when the so- 
lution cools. This property I consider as characteristic of 
starch. The infusion of nutgalls throws it down front every 
solution, but the precipitate is redissolved by heating the 
liquid to 120°. 

This precipitate is a compound of tannin and starch, and Tannatc of 
the constituents are capable of uniting in various propor- starch. 

tions; but it is least soluble when deposited from the solu-
tion of 21 grains of starch in a half-ounce measure of the " 
infusion of nutgalls, made by boiling together two parts 
of water and one of nutgalls. In that case it is composed 
of about three parts starch and two tannin. The whole of 
it does not precipitate; about 1.th remains in solution, 
seemingly containing an excess of tannin. This compound 
of starch and tannin is of a light-brownish colour, semi- 

* Nicholson's Jour. 	33. 
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Book IV. transparent, and brittle, and has a good deal of resem-
blame to common sarcocoll. Its taste is astringent. It 
feels glutinous between the teeth like gum. In cold water 
it dissolves very imperfectly, but very copiously and readily 
in hot water. Alcohol, when digested on it, acquires a 
brown colour, but is incapable of separating the whole of. 
the tannin from the starch. When this compound is heated 
it froths, swells, and melts, and then burns with a clear 
flame, leaving behind it a small portion of white ashes. 

Action of 	8. When potash is triturated with starch, and a little 
potash, water added, the whole assumes, On standing, the appear-

ance of a semitransparent jelly. On adding water, an opal-
coloured solution is obtained, from which the starch is 
readily thrown down by an acid. W hen muriatic acid is 
employed a peculiar aromatic odour is exhaled. When the 
infusion of galls is dropped into the solution of starch in 
potash, a yellowish-white precipitate appears, but is imme-
diately redissolved, and the liquid remains opaqu'e, and of 
a dark brown colour. On adding muriatic acid a copious 
precipitate appears, similar to the compound of starch and 
tannin ; but nitric acid occasions no precipitate, neither 
does ammonia. 

The decoction of starch is neither altcrkd by potash, car-
bonate of potash, nor ammonia. 

Of acids. • 9. When starch is thrown Into any of the mineral acids,. 
at first no apparent change is visible: But if an attemptis 
made to reduce the larger pieces while in acids to powder, 
they resist it, and feel exceedingly tough and adhesive. 
Sulphuric acid dissolves it slowly, and at the same time a 
smell of sulphurous acid is emitted ; and such a quantity of 
charcoal is evolved, that the vessel containing the mixture 
may be inverted without spilling any of it. Indeed if the 
quantity of starch be suflicicut, the mixture becomes per-
fectly solid. Diluted sulphuric acid does not act sensibly 
on starch while cold ; but when heated it dissolves it com-
pletely, apparently without decomposition, as the starch 
may be again thrown down by means of alcohol. Sulphur-
ous acid has no effixt upon starch. 

Diluted nitric acid reduces starch to powder, and then 
Slowly dissolves it vt ithout the assistance of heat. The acid' 
assumes a green colour, and a small portion of white matter 
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swims on the surface, on which the acid does not act. Al- Chap.!. 
cohol throws down the starch from this solution.* Con- —̀v-1  
centrated nitric acid dissolves starch pretty rapidly, assum-
ing a green colour, and emitting nitrous gas. The solution 
is never complete, nor daany crystals of oxalic acid appear 
unless heat be applied. In this respect starch differs from 
sugar, which yields oxalic acid with nitric acid, even at 
the temperature of the atmosphere. When heat is applied 
to the solution of starch in nitric acid, both oxalic and 
Jrialic acid are formed, but the undissolved substance still 
remains. \Vhen separated by filtration, and afterwards 
edulcorated, this substance has the appearance of a thick oil, 
not unlike tallow ; but it dissolVes readily in alcohol. When 
distilled it yields acetic acid, and an oil having the smell 
and the consistence or tallow.t 

Strong muriatic.  acid disAves starch slowly and without 
effervescence. \Vhen the starch does not exceed vir,th of 
the acid, the solution 	colourless and transparent; but if, 
we continue to add starch, a brown colour soon appears, 
and the acid loses a portion of its liquidity. Its peculiar 
smell is destroyed, and replaced by the odour which may 
be perceived in corn  

Acetic acid does not dissolve starch. I have not tried 
the action of any of the other acids. 

10. Alcohol separates starch in part from its decoction. Of Alcohol. 
A solution of potash in alcohol occasions a copious white 
precipitate, which is redissolved on adding a sufficient 
quantity of water. A solution of sulphuret of potash in 
alcohol occasions a flaky precipitate in the decoction of 
starch. This precipitate has sometimes an orange colour, 

11. When starch is thrown upon a hot iron, it melts, Of heat. 
blackens, froths, swells, and burns with a bright flame like 
sugar, emitting at the same time a great deal of smoke; 
but it does not explode, nor has it the caromel smell which 
distingni5hes burning sugar. When distilled it yields water 
impregnated with an acid, supposed to be the pyromucous, 
a little empyreumatic oil, and a great deal of carbonic acid 

• Vauquelin has applied this property of nitric acid to detect starch 
in vegetables. He digested the substance under examination in diluted 
nitric acid for two days, and then poured into the solution alcohol. The 
starch precipitated. See Ann. de Mtn. lv. efi. 

t Scheele, Crell's Annals,ii. 14. English 'Pings.. 
VOL. IV. 
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Book IV. 

Constitu-
ents of 
starch. 

and carbureted hydrogen gas. The charcoal which re,  
mains is easily dissipated when set on fire in the open air; 
a proof that it contains very little earth. When starch is 
torrified in a flat vessel till it assumes a grey colour it be-
comes partly soluble in water, and if the torrefaction be 
continued till the starch becomes brown it is wholly soluble 
in cold water. The solution is glutinous, and may be ap-
plied to most of the purposes of gum. But tannin still 
continues to precipitate it; a proof that it has not been 
converted into gum; but merely undergone an alteration 
which renders it soluble. 

12. Three sets of experiments have been made in order 
to determine the constituents of starch. Gay-Lussac and 
Thenard burnt a quantity of wheat starch made up into a 
paste with chlorate of potash, and ascertained the sub-
stances formed. According to.  their experiments 100 parts 
of wheat starch are composed of 

Hydrogen . 	 6.77 
Carbon 	 43.55 
Oxygen. 	 49.68 

100'00* 

M. Theodore de Saussure analysed wheat starch by burn-
ing it in oxygen gas, ascertaining the proportion of oxygen 
gas consumed, and the quantity of carbonic acid gas 
formed. According to him 100 parts of starch are com-
posed of 

Azote 	 0.40 
Hydrogen 	.. 	 .5.90 
Carbon . .. 	 45.39 
Oxygen . 	 48'31 

100'00 t 	• 

Professor Berzelius analysed a quantity of potatoe starch 
by burning it along with chlorate of potash, and using va-; 
rious precautions to ensure an accurate result. According 
to his experiments 100 parts of potatoe starch are composed 
Of 

Recherches Physico-chithiques, ii. 291. 
f Annals of Philosophy, vi. 477. 
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Hydrogen . 	 7'066 
	 Chap. I. 

Carbon 	 43.4.81 
Oxygen 	 49'455 

100.000 
To be able from these experiments to determine the 

constitution of starch, it is requisite to know the equivalent 
number, denoting the weight of it which enters into com-
binations. Berzelius united it with oxide of lead by digest-
ing an excess of subnitrate of lead in.a .boiling solution of 
starch in water. The precipitate was washed repeatedly in 
boiling water, in orfIento remove any excess of subnitrate 
of lead that might be contained in it. The amylate of lead 
thus formed was composed of 

Starch 	 72 	.... 100 	.... 36 
Oxide of lead 	 23 38.89 	.... 14. 

If this compound consisted (41 atom of starch, united with 1 
atom of oxide of lead, the weight of an atom of starch will 
be 36. But it is more probable from the process employed 
to form it that it is a binamylate of lead, or a compound of 
2 atoms starch and 1 atom protoxide of lead. On this sup-
position an atom of starch must weigh IS. The nearest 
number to this firmed of the requisite proportion of atoms 
to correspond with the preceding analyses is 17'75. If we 
consider this as the weight of an atom of starch it constitu-
ents will be 

10 atoms hydrogen . = 	1.25 	.... 7'04 
10 atoms carbon . = 	7.50 	.... 42.25 
9 atoms oxygen . 	 — 9'00 	.... 50'71 

17'75 100:00 

13. Starch is contained in a great variety of vegetable Plants con. 
substances ; most commonly in their seeds or bulbous roots, 'tun"' 
but sometimes also in other parts. Mr. Parmentier, whose 
experiments have greatly contributed towards an accurate 
knowledge of starch, has given us the following list of the 
plants from the roots of which it may be extracted : 

* Annals of Philosophy, v. 9.7S. 
G 2 
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Book IV. 

Potatoe 
starch. 

Sago. 

INGREDIENTS OF PLANTS. 

A rctium lappa. 	 Imperatoria ostruCJeum. 
Atropa bell:1(10mm. 	Ilyoscyamus niger. 
Porygonutn bistorta. 	Rumex obttiiiIblius. 
Bryonia alba.   acutus. 
Colchicum auttunnale.   aquaticus. 
Spiran filipendula. 	Arum maculatum. 
Ranunculus bulbosus. 	Orchis mascula. 
Scrophularia nodosa. 	Iris pseudaeorus. 

fixitidissimas  Sarnbucus ebulus. 
— nigra. 	Orobus tuberosus. 

Orchis morio. 	 Minium bulbocastanum. 
It is found also in the following seeds : 

Oats. Peas. 
Rice. 	 Chesil ut.  Beans. 
Maze. 	 norse-chcsnut. 	Acorn. 

Indeed the greater number, if not the whole, of the vege-
table seeds employed by man as an article or food, consists 
chiefly of starch. But that substance is always combined 
with some other which serve's to disguise its properties ; 
such as sugar, oil, extractive, &c. It is only by processes 
similar to those described in the beginning of this Section 
that it is extracted from these substances in a state of tole-
rable purity. The following substances,. which may be 
considered as varieties of starch, deserve particular atten-
tion. 

I. Potato Starch. 
When the potatoe is grated down to a pulp, and placed 

on a fine scarce, if water be poured on it, a great deal of 
starch passes through the meshes of the searce„and mad be 
collected in proper vessels. When washed with water and 
dried, it assumes a fine white colour, and possesses all the 
essential properties of starch. Indeed it goes much• further; 
a smaller quantity being sufficient to form a • thick paste 
with water than is required of wheat starch. It has a very 
perceptible crystallized appearance, and is much heavier 
apparently than common March. It is not likely therefore 
that it could be employed with the same advantage as a hair 
powder. 

2. Sago. 
This substance is extracted from the pith of several spe- 
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cies of palm in the Moluccas, Philippines, and other East Chap. t. 
Indian islands. The palm is cut into pieces of five or six L—Ne---)  
feet in length : the woody part is cut oil' one side, exposing 
the pith lying, as it were, in the hollow of a canoe. Cold 
water is poured in, and the pith well stirred; by which 
means the starch is separated from the fibrous part, 
and passes through;with the water when the whole is 
thrown On a scarce. The sago, thus separated, is allowed 
to settle ; the water is poured off; and when it is half dry . 	. it is granulated, by being forced through a kind of funnel. 
It is said to acquire its grey colour while dried in an artifi-
cial heat. This substance is employed as an article of food, 
and its nourishing properties are well known.* 

3. Salop. 
This substance conies from Persia; but is said also to be SAlop, 

manufitetured ii Europe. It is supposed to be the prepared 
roots'of diffiment species of orchis, vs the morio, 

pyramblalis. According to Moult, the bulbous roots 
of these plants are deprived of their cuticle, baked in an 
oven for 10 or 12 minutes, which gives them the scmitrans- • 
parency, and then !idly dried in a moderate heat.t Like 
sago, salop is used only as a nourishing article of food. It 
is said by Dr. Percival to have the property of concealing 
the taste of salt. watent 

4. Cassava or Tapiom, 
As it is called, is prepared from the roots of thejatropha Cassava. 

manikaf, an American plant. They are peeled and sub-
jected to pressure in a kind of bag made of rushes. The 
juice that is forced out is a deadly poison, and is employed 
by the Indians to poison their arrows; but it deposits gra-
dually a white starch, which when properly washed is in-
nocent. What remains in the bag consists chiefly of the 
same starch. It is dried in smoke, and afterwards passed 
through a kind of sieve. Of this substance the cassava 
bread is made. 

5. Soicanc. 
This very nutritious article of food is made in this cowl- sowans. 

Forest's Voyage, p. 39. 	 t Phil. Trmis. !ix. 4. 
Phil. l‘lag. xviii. 161. 

6 

   
  



66 	 INGREDIENTS OF PLANTS. 

Book IV. try from the husk of oats, by a process not unlike that by 
"---v-1  which common starch is made. The husk of the oat 

(called seeds) is separated from oat-meal by the sieve. It 
still retains a considerable portion of farinaceous matter. 
It is mixed with water, and allowed to remain for some 
days till the water has become sour. The whole is then 
thrown upon a sieve. The milky water passes through; 
but all the husk remains behind. The water thus obtained 
is loaded with starchy matter, which soon subsides to the 
bottom. The sour liquor is decanted off, and about an 
equal quantity of fresh water added. This mixture when 
boiled forms a very nourishing article of food; and the 
portion of the sour water which still adheres to the starch 
gives the whole a pleasant acidity. 

It is curious enough that the starch-maker's water, not-
withstanding the great quantity of acid which it contains;  
likewise the still sourer water of sowans, are swallow ;d
greedily by hogs. They fatten upon it. 

SECT. XVIII. 

OF INDIGO. 

THIS valuable pigment, one of the capital manufactures 
of America, is obtained from the leaves of different species 
of plants ; the indigofera urge/ilea or wild indigo, which is 
said to yield the finest pigment, but in smallest quantity; 
the indigofera disperma or Guatimala indigo; and the indi-
,g(ftra tincloria or French indigo, which yields the„greatest 
quantity of indigo, and is therefore prell..rred by the planter, 
though its quality be inferior to the indigo obtained from 

1.1..nufac- the other species.* For the first accurate account of the 
cure. 	mode of preparing indigo from these plants, we are in-

debted to Labatt Since his time some improvements have 
been introduced into the manufacture; but the mode of 

* Edward's Ilitory of the West Indies, ii. 275; and Ilerthollet, 
Omens de la 'rename, ii. 31. 

+ See his account detailed by Dr. Lewis in Neumann's Chemistry, 
p. 435. 

   
  



IN DIGO. 

rearing the plants still continues the same. In the West 
Indies the seeds are sown in March, in trenches about a 
foot asunder, and the plant comes into blossom, and is fit 
for cutting down in May; but in South America about six 
months elapse before it can be cut. In the West Indies 
four cuttings are often obtained in the same plant in the 
course of a year; but in America never more than two, 
;Ind often only one. The produce continually diminishes 
after the first cutting; so that it is necessary to renew the 
iilants from seed every year. 

The plants are cut down with sickles, and laid in strata 
in the sleeper, till it is about three parts full. This is t► 
large cistern of mason work or wood about 16 feet square. 
Here they are pressed down with planks, and loaded to 
prevent them from swimming, and covered with water to the 
height of four or five inches. Here they ferment ; and 
the utmost attention is required to the process. If they be 
allowed to remain too long, the pigment is spoiled; and if 
the water 4)e drawn off too soon, much of the indigo is 
lost. This fermentation, according to Le Blond, goes on 
best at the temperature of 80°. The water soon becomes 
opaque, and assumes a green colour; a smell resembling 
that of volatile alkali is exhaled, and bubbles of carbonic 
acid arc emitted.* When the fermentation has con-
tinued long enough, the liquor is let out into a second cis-
tern, placed lower than the first. This cistern is called the 
Gallery, and is CoMmonly about 12 feet square and four 

..and a half deep. Here it is agitated for ] 5 or 20 minutes 
by means of levers moved by machinery, till the flocculi, 
beginning to separate, give it a curdled appearance. A 
quantity of lime water is now poured in, and the blue floc-
culi are allowed to subside. The lime water is supposed to 
prevent putrefaction, which otherwise might endanger the 
pigment; and according to Le Blond, it' absorbs carbonic 
acid, which existed in the liquid, and prevented the indigo 
from separating. The water is drawn off, and the pigment 
put to be drained in small linen bags; after which it is put 
into little square boxes, and Mowed to dry in the shade.j• 

Europe was long supplied with indigo from the West 

' 	Jour. de Phys. xxxviii. 141. 
I' Edw•ard's Ilistory of the West Indies, ii. 218. 
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Book iv. Indies and America; but of latea the manufacture has been 
introduced into Indostan, and carried on with such spirit 
and success as promises fair to secure to that country in 
future the supply of the European market. 

The leaves of the indigoli-ra yield a green infusion to hot 
water, and a green powder may be precipitated from it ; 
but unless a fermentation has taken place, neither the co-
lour nor.properties of it have any resemblance to indigos  
Le Blond affirms that the contact of air is necessary to the 
fermentation of indigo; but his proofs are insufficient. 
The separation of carbonic acid is a sufficient proof that 
chemical deco►npositions are going on during the fermen-
tation; but of what nature we are ignorant. 

The indie,4,ra is not the only genus of plants frornwhich 
indigo may be obtained. Dr. Roxbingh first drew the 
attention of man►:facturers to the nerium tinctorunz, a tree 
very common in Indostan, from the leaves of which it may • 
he extracted in abundance. His process is shorter. The . 
leaves are kept in a copper full of water, supported at the 
temperature of Me, till they assume a yellowish hue, and 
the liquid acquires a deep green colour. The liquid is then 
drawn otf, agitated in the usual manner, and the indigo 
thrown down by lime-water.t 

Indigo may be obtained also from the isalis linctoria, or 
?woad; a plant commonly enough cultivated in Britain, and 
even found wild in England.t %Vhen arrived at maturity, 
this plant is cut down, washed, dried hastily in the sun, 
ground in a mill, placed in heaps, and allowed to ferment 
for a fortnight. it is then well mixed, and made up into 
balls, which are piled upon each other, and exposed to the 
wind and gm. In this state they become hot, and exhale 
a putrid ammoniacal smell. The l'ermentution is promoted, 
if necessary, by sprinkling the bulls with water. When it 
has continued fk►r a sufficient time, the woad is allowed to 
fall to a coarse powder; in which state it is sold as a dye- 
stuff. By treating woad nearly in the same manner with 
the indigqi!ra, indigo has been obtained from it by differ- 

= See Tenant's Indian Remotions, ii. 
f Bancroft on Permanent Colours, p. 4123. 

Some think that this is the plant with which the ancient Britons 
stained their bodies, to n►ake them appear terrible to their enemies. 

   
  



89 

ent chemists. Justi * was one of the first of these. Borth Chap. 1. 
published a paper on the subject in 17.51,t Kulencamp "—Thr—d  
in 1755, and Edel § a third in 1756. And several expe-
riments on the subject have been published in Germany.fi 

Chevreul obtained, by digesting woad in alcohol, and 
evaporating the solution, white crystalline grains, which 
gradually became blue when exposed to the atmosphere, 
and assumed the usual appearance of indigo. These white 
grains he considers as indigo destitute of oxygen. Their 
c.'ystallized state is remarkable." 

The method of preparing indigo, and of applying it to History. 
the purposes of dyeing, seems to have been very early 
known in India ; but in Europe, though it had been oc- 
casionally used as a paint,if its importance as a dye-stuff 
was not understood before the middle of the 16th century. 
It is not even mentioned in Plietho, a celebrated work on 
dyeing published in Italy in 1513. The Dutch were the 
people who first imported it from India, and made its im-
portance known in Europe. Even as late as the middle of 
the seventeenth century, its use was restricted in different 
countries. It was prohibited in England during the reign 
of Queen Elizabeth ; and the prohibition was not taken off 
till the reign of Charles II. It was prohibited also in 
Suxony. In the edict it is spoken of as a corrosive sub-
stance, and called food fur thc Devil. Colbert restricted 
the French dyers to a certain quantity of hilt Soon after 
its importance began to bo generally understood, it was 
cultivated in Mexico and the West Indies with such suc-
cess that the indigo from these countries was preferred to 
every other ; but within these few years the East Indian 
indigo, owing. entirely to the enlightened exertions of some 
of our own countrymen, has recovered its character, anti 
is now imported in considerable quantities to Britain. 

Indigo is a fine light friable substance of a deep blue Properties. 
colour. Its texture is very compact, and the shade of its 
surface varies according to the manner in which it has been 

• Schreber's Sammlungen, i. 68. 	f Iu the Halle Newspaper. 
I Schreber's Sarninl. viii. 448. 	6 De Judo Germanic() ex Glasto. 
II See Saltier, Schweigger's Jour. iii. 41? Galen, ibid. v. 191, and 

xi. 1, and viii. 136. 
• Jour. de Phys. lxvi. 373. . 	fi1 Plinii, Lib. xxxv. c. O. 
1,1 See Bancroft on Perinairent Colours, and Berthollt.t on Dyeing. 
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Book IV. prepared. The principal tints are copper, violet, and blue; 
the lightest indigo is the beSt : but it is always more or less 
mixed with foreign substances, partly owing, doubtless to 
the carelessness o the preparation, and partly to the bodies 
which the plant containing indigo yields to water. From. 
the analysis of Bergman, to whom we are indebted for one 
of the most complete treatises on the properties of indigo 
which has yet appeared, the purest indigo which he could 
procure was composed of the following constituents : 

1.7 pure indigo 
12 gum 
6 resin 

22 earth 
13 oxide of iron 

100° 
The earth consisted of 

10.2 barytes 
10'0 lime 
1.8 silica 

22'0 

But in all probality the earth differs in different speci-
mens; for Proust found magnesia in considerable quantity 
in the specimens which he examined.: The 47 parts of 
blue pigment are alone entitled to the name of indigo; 
and to them therefore we shall confine our attention in this 
section. 	• 

Chevreul has lately published the result of his experi-
ments on Guatimala indigo, which shows that the indigo 
of commerce is a still more complex substance than Berg- 

- 	man found it. 
Constitu- 	Hot water digested on •indigo became yellow. This 
commo
en ts of n liquid being distilled gave out ammonia, and' let fall a 
indigo. 	greenish matter which became blue upon exposure to the 

air, and possessed the properties of indigo. After this 
matter has separated, flocks precipitated of a green colour, 
to which Chevreul has given the name of green matter. It 
is scarcely soluble in water, but dissolves in alkaline lep. 

Bergman, v; 36. 	 t Ibid. v. 33.: 
j Nicholson's Journal,.lii. 325.. 

   
  



and becomes reddish. When the alkali is saturated by an chip.1. 
acid the colour becomes green, and when the liquid is 
concentrated the green matter precipitates in flocks. Alco-
hol dissolves it and becomes reddish; but when spread thin 
upon 'any substance it still looks green. Alcohol being 
poured into the water from which the green matter had pre-
cipitated, a substance fell of a brownish-yellow colour and 
a bitter and' astringent taste, and which burnt on coals,. 
emitting the odour of empyreumatic vinegar. 

The indigo thus treated was digested in alcohol. The 
alcohol dissolved ; 1. green matter; 2. red matter ; 3. indigo. 
The red matter agrees with the green in all its properties 
except colour. The colour does not change.by solution in 
alkaline leys and alcohol. 

The indigo in the third place was treated with muriatic 
acid which dissolved, 1. iron ; 2. carbonate of lime; 3. Ted 
matter. 

The following table exhibits the substances taken from 
Guatimala indigo by these processes, and of consequence 
its composition: 

Water 	 

Alcohol 	 

	

Muriatic acid 	 

ammonia 
disoxygenized indigo 	 12 
green matter 
bitter matter 
green matter 	 30 
red matter 
indigo 
red mutter 	  6 
carbonate of lime .. 	 2 
oxide of iron and alumina 2 
silica 	  S 
pure indigo 	  45 

••••••• dm!, 

Total .... 100 
All indigos do not yield the same substances nor the 

same proportions. In some the green matter has a brown 
colour.* 

Indigo is a soft powder, of a deep' blue inclining to Action of 
• purple, without either taste or smell. It undergoes no 

change though kept exposed to the air. Water does not 
dissolves any part of it, nor produce any change upon it. 

Chevreul, Jour. de Fhys. lxv. 309. 
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Book iv. Berginan however found, that indigo, when kept long 
under water, underwent a kind of putrefaction, or at least 
exhaled a fetid odour.* When heat is applied to indigo it 
emits a bluish-red smoke, mid at last burns away with a 
very faint white flame, leaving behind it the earthy parts . 
in the state of ashes.t The purple smoke, as Chevreul 
ascertained, crystallizes in needles, and is indigo.  unaltered. 
Hence the easiest method of obtaining pure indigo is to 
sublime it in a platinum crucible. 

Neither oxygen nor the simple combustibles have any 
effect upon indigo, except it be in a state of solution ; and 
the same remark applies to the metallic bodies. 

Of alkalies. The fixed alkaline solutions have no action on indigo, 
except it be newly precipitated from a state of solution. In 
that case they dissolve it with facility. The solution has at 
first a green colour, which gradually disappears, and the 
natural colour of the indigo cannot be again restored. 
Hence we see, that the alkalies when concentrated de-
compose indigo.t Pure liquid ammonia acts in the same 
way. Even carbonate of ammonia dissolves precipitated 
indigo, and destroys its colour; but the fixed alkaline car-
bonates have no such effeet.§ 

Earths. 	Lime-water has scarcely any effect upon indigo in its 
usual state; but it readily dissolves precipitated indigo. 
The solution is at first green, but, becomes gradually yel-
low. When the solution is exposed to the air, a slight 
green colour returns, as happens to the solution of indigo 
in ammonia; but it soon*  disappearsdi The effect of the 
other alkaline earths 'upon indigo has not hitherto been 
tried ; but it cannot be doubted that they would act nearly 
as lime-water, but with more energy. The other earths 
seem to have but little action on indigo in any state. 

Acids. 	The action of the acids upon indigo has been examined 
with most attention, and it certainly exhibits the most Im-
portant phenomena. 

Sulphuric 	When diluted sulphuric acid is digested over indigo, it 
acid, 	produces no effect except that of dissolving the impurities; 

but concentrated sulphuric acid dissolves it readily. One 
part of indigo, when mixed with• eight parts of sulphuric 

• Opusc. v. Q. 	t Ibid. p. 31. 	 I Ibid. o4, 
§ Ibid. 	 II Ibid. V.5. 
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Acid, evolves heat, and is dissolved in about 21. hours. Chap.]. 
The solution of indigo is well known in this country by the 
name of liquid blue. Bancroft calls it +,t/phate of indigo. 
While concentrated, it is opaque and black; but when di- 
luted, it assumes a fine deep blue colour, and 101 intensity 
is such, that a single drop of the concentrated sulphate is 
sufficient to give a blue colour to many pounds of water.* 
Bergman ascertained the effect of different reagents on this 

on the t

cit
er 
 f

su 
 

solution with great precision. His experiments threw light, 
not only on the properties of indigo, but upon the phe- phase. 
Ilotilena that take place when it is used as a dye-stuff. The 
following is the sum of these experimetits 

1. Dropped into diluted water. No change. 
• 2. Dropped into sulphurous acid. Colour at first blue, 
then green, and very speedily destroyed. 

In weak nitric acid it experiences no change. 
4. In muriatic acid. No change. 
5. In weak tartaric acid. Becomes gradually green and 

in 141 hours had assumed a very pale yellow colour. 
Colour not restored by alkalies. 

6. In vinegar. Becomes green, and in four weeks the 
colour disappeared. 

7. In weak potash. Becomes green and then colourless. 
8. In weak carbonate of potash. The same changes, 

but more slowly. If the solution be very weak, the colour 
of the indigo is not destroyed. 

9. Soda. The same as potash. 
10. In ammonia and its carbonate. Colour becomes 

green, and then disappears. 
11. In a weak •solution of sulphate of soda. Colour  

after some weeks becomes green. 
12. In nitre, common salt, and sal ammoniac. No 

change. 
13. In tartrate of potash. Became green and then 

colourless. 
14. In a solution of sugar. Became green and at last. 

yellowish. 
15. In alum. No change. 
16. In sulphate of copper. No change. 

• Bergman, v. 7. 
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	 INGREDIENTS OF PLANTS. 

Book 1V. 	17. In sulphate of iron. Colour became green, and in 
`---Na-1  three weeks disappeared. 

18. In the sulphurets. Colour destroyed in a few hours. 
19. Realgar, white oxide of arsenic, and orpiment, 

produced no change. 
20. Black oxide of manganese destroyed the colour 

completely. 
2t. In the infusion of madder. Colour became green, 

and at last yellow. 	 - 
22. In the infusion of woad. The same change,' but 

more speedily.* 
Blue colour From these expeiiments, it is obvious that all those sub- 
of indigo stances which have a very strong affinity for oxygen give a owing to 
oxygen. green 'colour to indigo, and at last destroy it. Hence it 

extremely probable, that indigo becomes green by giving 
out oxygen. Of course it owes its blue colour to that prin-
ciple. This theory was first suggested by Mr. Haussman, 
and still farther confirmed by Berthollet.t Now it is only 
when green that it is in a state capable of being held in 
solution by lime, alkalies, &c. in which state it is applied 
as a dye to cloth. The cloth, when dipped into the vat 
containing it thus dissolved, combines with it, and the blue 
colour is restored by exposure to the atmosphere. It may 
be restored equally by plunging the cloth into chlorine 
dissolved in water. Hence the restoration is probably 
owing to oxygen. Hence then the reason that sulphurous 
acid, the vegetable acids, sulphate of iron, give Sulphate of 
indigo a green colour. 

From these experiments, we see also that the colour of 
indigo is destroyed by the addition of those substances 
which part with oxygen very readily, as the black oxide of 
manganese. In that case the indigo is destroyed, for its 
colour cannot be again restored. When the sulphate of 
indigo is poured into boiling water, it affords a green-co-
loured solution; but with cold water a deep blue solution. 
What is called smoking sulphuric acid dissolves indigo 
such more readily than the pure acid, and evolves much. 

4,  Bergman, v. 8. 
t See Jour. de Phys. 1788; Berthollet's Notes on Poerner sur 1'Art 

de In Teinture, p. 173; and Berthollet on Dyeing. 
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more heat during the solution. Bucholz has shown, that Chap. I. 
by boiling sulphur in pure sulphuric acid, it acquires the *-7v--' 
property of dissolving .indigo as readily as the smoking 
acid.* 

Nitric acid attacks indigo with great violence; the evo.. Action of 

lution of abundance of heat and nitrous gas. When of the nitric acid. 

specific gravity 1..52, it even sets fire to indigo. This litet 
was discovered by Mr. \Voulfe. He communicated it to 
Rouelle, who exhibited it in his lectures. Sage first pub-
lished an account of it. j. When the acid is diluted, the 
action is still violent, unless the proportion of water be 
considerable. Mr. Hatchet,: poured upon 100 grains of 
indigo an ounce of nitric acid diluted with an equal quan-
tity of water. The action was so rapid, that he found it 
necessary to add another ounce ,of water. When the cif- Forms tttu-
krvescence had nearly subsided, the liquid was placed on a "in. 
sand bath for some days, and evaporated to dryness. Water 
poured upon the residuum dissolved a considerable portion 
of it, and formed a beautiful deep yellow solution of an 
intense bitter taste. This solution contains only a very 
small portion of oxalic acid ; but with a solution of isin-
glass it forms a copious yellow insoluble precipitate, and of 
course contains a portion of artificial tannin. With am-
monia, crystals precipitate, consisting of bitter principle 
combined with ammonia.t 

When four parts of nitric acid are boiled upon one part Bitter prin-
of indigo, the pigment soon loses its colour, and is (Hs- ciple, 
solved. The solution becomes yellow, and a thin layer of 
a resinous matter appears cm the surface. If the process be 
now stopped, the resinous matter becomes firm by cooling. 
If this matter be removed, and the solution evaporated to 
the consistence of honey, redissolved in hot water, and fil- 
tered, potash throws down yellow spicular crystals, consist-
ing of bitter principle combined with potash. These crys- 
tals have the curious property of detonating with a purple 
light when wrapped up in paper and struck with a hammer: 
the resin, by treating it with fresh nitric acid, may be con- 
verted into the same bitter principle. If the process be And ben- 

zoic acid. 

,* Golden's Jour. jij. 1. 	t Proust, Nicholson's Jour. iii. 318. 
Hatchott's Additional Emieritnents on ArtiAcial Tannin, Phil. 

Trans. 1805. 

   
  



96 	 INGREDIENTS OP PLANTS. 

Book IV. stopped sooner than the point mentioned above, yellow 
c—v—I  crystals are obtained, which are more soluble in water, and 

which sublime in white needles, having all the properties 
of benzoic acid. These curious facts were ascertained by 
Fourcroy and Vauquelin.* 

Thus it appears, that by treating indigo with nitric acid, 
it is converted into tannin, oxalic acid, benzoic acid, and 
Litter principle. 

Action of 	Muriatic acid does not act upon indigo in its common 
other acids. state, but it readily dissolves indigo precipitated from the 

sulphate, and forms a blue-coloured solution. The same 
phenomena are exhibited by the phosphoric, acetic, tartaric 
acids, and probably by all except the acid supporters4 

Chlorine destroys the colour of indigo as readily as nitric 
acid, and obviously for the same feason.1 

Alcohol dissolves a small proportion of indigo, but it 
gradually precipitates again unless red matter be present, in 
which case the solution is permanent.§ 

Indigo is not acted upon by ether or oils, at least if the 
experiments of Bergman be accurate. II 

F‘rincata- 	When indigo is mixed up with bran, woad, and other 
tiun. 	similar substances which readily undergo fermentation, it 

assumes a green colour during the fermentation, and is 
then easily dissolved by lime or potash. It is by this pro-
cess that it is usually rendered proper for dyeing.. 

Action of 	When indigo is distilled, it yields products different from 
heat. 	any other vegetable substance, if the accuracy of Bergman 

is to be trusted. He distilled 576 grains in a small retort 
connected with a pneumatic apparatus. He obtained the 
following products: 

19 grains carbonic acid gas. 
173 — of a yellow acid liquid containing ammonia. 
53 ----- oil. 

331 	charcoal. 

576 ** 
He observed no other gas but carbonic acid. The ex- 

periment ought to be repeated : if it prove true, no other 

• Phil. Mag. xxiii. 256. 	t Bergman)  v. 22. 	t Ibid, 
Chevreul, Jour. de Phys. lxv.. 309. 	11 Opusc. v. 3,5, 

" Bergman, v. 35. 
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vegetable substance agrees with it in this respect except 
gallic acid. The oil was black, and had the smell of to-
bacco. It dissolved readily in alcohol. The quantity of 
charcoal appears enormous ; but Bergman's experiment 
was made with common indigo; therefore 158 grains of 
earth and iron are to be subtracted from the sum. This 
decomposition indicates the presence of oxygen, carbon, 
hydrogen, and azote in indigo. The proportion of the two 
first constituents is uncommonly great. 

Chevreul subjected common indigo to distillation. The 
products obtained were, 1. ammoniacal water. 2. Sulphur, 
probably combined with oily hydrogen. 3. A thick brown 
oil containing carbonate and acetate of ammonia. 4. Prus-
siate and hydrogurcted sulphuret of ammonia. 5. A purple 
substance crystallized in silky threads on the dome of the 
retort. It was pure indigo. 6..A bulky charcoal yielding 
prussic acid when coloured with potash. 7. Gases not ex-
amined. 

Such are the properties of indigo, as far as they have 
been ascertained. To descant on its importance is quite 
unnecessary. It is perhaps the most valuable, and certainly 
the most permanent, of all the dye-stutlii. 

97 
Chap.!. 

SECTION XIX. 

OF GLUTEN. 

IF wheat flour be kneaded into a paste with a little water, Extraction. 
it forms a tenacious, elastic, soft, ductile mass. This is to 
be washed cautiously, by kneading it under a small jet of 
water till the water no longer carries off any thing, but 
runs off colourless; what remains behind is called gluten. It 
was discovered in 1742 by Beccaria, an Italian philoso-
pher, to whom we are, indebted for the first analysis of 
wheat flour.*.  

1. Gluten, when thus obtained, is of a grey colour, ex- Properties. 
Ceedillgly tenacious, ductile, and elastic, and may be ex-
tended to twenty times its original length. When very thin, 

* Collect. Acadein. xiv. 1. 
VOL. IV, 	 It 

   
  



99 	 INGREDIENTS OP PLANTS. 

Book TV. it is of a whitish colour, and has a good deal of resew-
Nance to •animal tendon or membrane. In this state it 
adheres very tenaciously to other bodies, and has often 
been used to cement together broken pieces of porcelain. 
Its smell is peculiar. It has scarce any taste, and does not 
lose its tenacity in the mouth. In the air, it assumes a 
brown colour, and becomes as it were covered with a coat 
of oil. 

When exposed to the air, it .gradually dries; and when 
completely dry, it is pretty hard, brittle, slightly transpa-
rent, of a dark brown colour, and has some resemblance 
to glue. It breaks like a piece of glass, and the edges of 
the fracture resemble in smoothness those of broken glass; 
that Is to say, it breaks with a vitreous fracture. 

Soluble in 	Fresh gluten imbibes water, and relains a certain quan- 
v,aws. 	tity of it with great obstinacy. To this water it owes its 

elasticity and tenacity. When boiled in water it loses both 
these properties. 	 • 

2. When fresh gluten is macerated for a considerable 
time in cold water the liquid becomes opaque, and con-
tains small films .suspended, which do not soon subside. By 
repeated filtrations it becomes transparent; but it holds 
in solution a little gluten, which renders it frothy, and , 
gives it the property of precipitating when mixed with 
chlorine or the infusion of nutgalls. Thus gluten is to 
a certain extent sol,oble in cold water. When the water 
is heated, the gluten separates in the state of yellim 
flakes. 

When kept moist, it very soon begins to decompose, and 
to undergo a species of fermentation. It swells, and emits 
air-bubbles, which Proust bas ascertained to consist of hy-
drogen and carbonic acid gas( s..1- It emits also a very of-
fensive odour, similar to what is emitted by putrefying 
animal bodies. Cadet kept gluten in a vessel for a week in 
a clo mp room. Its surface became covered with byssi, the 
fe ementation just mentioned had commenced, and the 
odour was distinctly acid. In 2% days, on removing the 
upper crust, the gluten was found converted into a kind of 
paste, of a greyish white colour, uot unlike bird-lime. In 

Fourcroy and Vauquelin, Annales de Aim. d'ilist..Natt. No. xxxvii. 
p. 	 t Jour. de Phys. lvi. 100., 
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that. state he gave it the name of J;T:rented 	* If t1t. 	. t. 
gluten be still left to itself, it ,s,radually acquit .; the stair 

FLTnienteti 'and the taste of ("zees-. Thrs curious fact w is first ascer- z,luten. 
tained by Bone& junior. In that Ftate it is full of holes, 
and contains the very same juices which distingniAt some' 
kinds of cheese. Proust ascertained that it contains am-
monia and vinegar; bodies which Vatiqutlin detected in 
cheese : and ammonia robs both equally of their smell ond 
flavour. t 

Fourcroy and Vauquelin lane examined the changes 
which gluten sustains when left for some months to putrify 
under water. When left in that liquor, at the tornporature 
of .54°, it swells, becona. s sour and fetid, and rises to the 
surface, giving out carbonic acid. The \yawr acquires the 
property of giving out a red colour to parr staimal with 
litmus. The fixed alkalies 'disengage ammonia, and 
chlorine and inthsion of nutgalls throw d WTI a precipi-
tate, indicating the presence of gluten in solution. When 
sugar is dissolved in this water, the liquid asnimes the pro-
perties of vinegar, without fermentation or contact of the 
atmosphere. If the gluten be put again into water at the 
same temperature, the fiumientation goes on, carbonic acid 
is disengaged, and the liquid slightly reddens litmus 
The reagents indicate the presence of gluten and ammonia. 
The gluten, which forms a pellicle on the surface of the 
liquid, becomes first purple-coloured, and•then 'blackish-
grey, and exhales the fetid odour of putrit'ing mucous 
membranes. The water is now blackish; it gives a brown 
colour to nitrate of silver, blackens nitrate of mercury, be- 
comes milky, and loses its smell when mixed with chlorine, 
and is not precipitated by infusion of nut ails. Alter 
three months putrifaction, the gluten was greatly dimi- 
nished; it had a brown colour, and exhaled only a weak 
smell. When dried it formed lumps, which emitted the 
odour of the earth from a burial ground. They softened 
under the fingers, and burned like fat. In alcohol it partly 
dissolved, leaving behind it a substance which resembled 
woody fibre in its properties.I Thus by putrifaetion gluten 
is converted into c.arbonic acid, ammonia, a fatty matter, and 

substance analogous to woody fibre. 
* Ann. de Chin). xli. 315. 	t Proust, Jour. de Phy*. lvi. 100. 
t Ann. de Mus. d'Ilist. Nat. No. xxxvii. 

JI 2 

   
  



100 	 INGREDIENTS OF PLANTS. 

Book IV. 	3. Fresh gluten does not sensibly dissolve in alcohol, 
"-v.—I  which even throws it down fromi  water; yet in certain 
Action of cases this liquid forms a sorution of gluten in very small alcohol. 

proportion. I poured two ounces of alcohol, of the spe-
cific gravity 0'837, upon 100 grains of pearl barley 
ground to a coarse powder, and allowed it to stand un 
touched for two years. On evaporating the liquid, itelt 
behind it a yellow matter, which partly resembled an oil. 
Alcohol digested upon this substance took up the yellow 
matter and left gluten, easily recognizable by its properties. 
On trying the same experiment with.wheat flour, no gluten 
was taken up, but only a yellow matter, which possessed the 
properties of Litter principle. 

When the fermented gluten of Cadet is triturated with a 
little alcohol into a mucilage, and then mixed with a suffi-
cient quantity of that liquid, a portion of it is dissolved. 
This solution constitutes an excellent varnish, possessed of 
considerable elasticity. It may be spread over paper or 
wood; and when dry resists other bodies, as well as most 
varnishes. In this state, too, it may be employed to cement 
china ; atid triturated with paints, especially vegetable 
colours, it forms a very good ground. When this solution 
is mixed with a sufficient quantity of lime, it forms a very 
good lute; and bits of linen dipped in it adhere very 
strongly to other bodies.* 

4. Ether does not sensibly dissolve gluten. 
5. Acids act upon gluten differently according to the 

peculiar properties of each. 	 • 
Acids. 

	

	Concentrated acetic acid dissolves it readily in consider- 
able quantity, and without altering its nature. The solution 
is muddy, but permanent ; and the gluten may be thrown 
down by means of alkalies. This acid dissolves the fer-
mented gluten of Cadet ; and the solution may be substi-
tuted for the solution in alcohol as a varnish; but it does 
not answer to mix it with colours.t 

Concentrated sulphuric acid renders it violet-coloured, 
and at last black; inflammable air escapes, and charcoal, • 
water, and a portion of ammonia, are formed.$ When 
nitric acid is poured on its, and heat applied, there is a quan- 

* Cadet, Ann. de Chim. xli. 316. 	t 
rourcroyo  vii. 304. 
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tity of azotic gas emitted, as Berthollet discovered; and by Chap. I. 
continuing the heat, sonic little oxalic acid is formed,* and 
likewise malic acid, while a number of yellow-coloured oily 
flakes make their appearance in the solution. 

Muriatic acid dissolves gluten with facility when its action 
is assisted by heat. When gluten is placed in chlorine it 
softens, and seems to dissolve, but soon coagulates again in 
yellow-coloured flakes, which become transparent and 
grenish-eoloured by drying. When heated, they exhale 
chlorine, and assume the appearance of common gluten.t 
Chlorine has the property of precipitating gluten from 
water in the state of yellowish-white flakes. 

6. Alkalies dissolve gluten when they are assisted by Alkalies. 
' heat. The solution is never perfectly transparent. Acids 
precipitate the gluten from alkalies, but it is destitute of its 
elasticity.$ Alkalies, when much concentrated, form with 
it a kind of soap, converting it into oil and ammonia; which 
last is dissipated during the trituration. 

7. Gluten is precipitated from water, and from some of Nutgalls, 
its other solutions, by the infusion of nutgalls. The colour 
of the precipitate is usually yellowish-brown, and it does not 
dissolve though the solution be heated. 

8. The action of the metallic oxides and their salts upon 
gluten has not been tried. 

It has a strong affinity for the colouring matter of vege-
tables, and likewise for resinous bodies. 

9. When moist gluten is suddenly dried, it swells amaz- Heat. 
ingly. Dry gluten, when exposed to heat, cracks, swells, 
melts, blackens, exhales a fetid odour, and burns precisely 
like feathers or hdrn. When distilled, there come over 
water impregnated with ammonia and an empyreumatic 
oil ; the charcoal which remains is with difficulty reduced 
to ashes. 

10. The properties of this substance clearly point out a 
resemblance between it and animal matter; and the pheno-
mena of its fermentation and destructive distillation show 
us that oxygen, hydrogen, carbon, and azote, are constitu-
ents of it. Proust first observed that the vapour which it 

11  Vauquelin, Aim. de Chitn. vi. 278. 
. t Fourcroy and Vauquelin, Ann. de Illus. 	Nat. No. xxxvii. 3. 

t Fourcroy. 
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BuA lv. emits, while fermenting, blackens silver and lead, and of 
L'''''Ne-"'")  course contains sulphur. 

I. Like all other vegetable principles, gluten is suscep-
tible of various shades of properties, which constitute so 
many species. In wheat flour it occurs in the greatest 
abundance, and from it we can extract it with the greatest 
case: but the sagacity and industry of liouelle and Proust 
have detected its presence in many other vegetable substan-
ces. Itonelle found it in the leaves of all the vegetable sub-
stancc,; which he examined. The exactness of this opinion 
was 	called in gut stion by Fot trcroy, who treated the 
experiments of Rouelle with contempt ; but it has been 
examined, and confirmed by very decisive experiments of 
Proibt. 

f;c1:- When the juice of cabbage leaves, cresses, scurvy-grass, 
la c aitains and other similar phuits, is extracted by pressure and passed gitacn. 

through a cloth, it still continues far from transparent. Its 
muddiness is owing to a fine soft silky-green powder sus-
pended in it, which subsides to the bottom so slowly as to 
take at least a week before it is deposited. This green 
powder has been distine,crui::hed by the name of the green' 
jCuda of plants. lleuelle first examined it with attention, 
and ascertained its properties ; and the subject has been 
carried still farther by Proust. The slowness with which it 
subsides shows that its specific gravity does not differ much 
from that of water. Whcn once it has fallen, it is insolu-
ble. This substance consiats chiefly of three principles : 
1. A green matter to which it owes its colour, separated by . 
digestion in alcohol, and which possesses the properties of a 
resin. (2. A substance which consists-chiefly of '?r ,00dy fibres, 
and which is left behind when the fecula is digested in 
potash. 3. A specks of gluten, which constitutes the 
greatest part of it, and to which it owes its characteristic 
properties. 

When the juice of the plants is exposed to a heat of 
about 130°, the green fecula undergoes a kind of coagula-
tion, concreting into large flakes, which subside very 
quickly. At this temperature albumen is not altered by 
beat. This is the method commonly taken to clarify these 
Juices, We see from it, that the fecula was united to the 
water by a very, small Cwce, which the addition of heat 
weakened sulliciently to enable the gluten to cohere. This 

- 1 C 
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coagulation by heat takes place how diluted soever the Chap. T. 
• e•www,  juices are with water ; which is by no means the case with ••••••••,,, 

 

albumen. It is thrown.down also by the addition of a little 
alcohol, by all acids, by ammonia, by sulphureted hydrogen 
gas, or by throwing into the liquid crystals of carbonate of 
potash, magnesia, common salt, muriate of potash, nitre, 
sal ammoniac, &c. 

When separated from water it soon dric,,, and becomes 
elastic, and somewhat of the appearance of horn ; and in 
that state is scarcely softened by hot water. When treated 
like gluten, it gradually acquires the cheesy taste and smell. 
When kept under water it very soon begins to putrify, and 
exhales a gas which blackens silver and solutions of lead. 
This speedy putrifaction in stagnant water takes place 
when flax and hemp are steeped. These substances contain 
green fecula in their rind, and the putrifUction occasions 
the separation of the whole, which could not otherwise be 
accomplished. The water which has been allowed to 
remain for a whole year over green fecula contains sulphu-
reted hydrogen, carbonate of ammonia, and gluten seem-
ingly held in solution by the ammonia. The stench of 
putrifaction still continues even after the water has been 
boiled.* 

12. The number of plants containing gluten is very consi- Plants con- • 
derable. Proust found it in acorns, chest nits, horse-chesnuts, tteanini"g glu- 

rue, barley, rye, peas, and beans ; and in apples and quinces. 
He found it also in the leaves of cabbage, sednnts, cress, hem- 
lock, borate, 	&c.;.in the berries of the elder, the 
grape, &c. ; in the petals of the rose, &e.t It occurs also 
in several roots : Proust could find none in the potatoe. 

13. Gluten must be considered as one of the most 
useful of the vegetable principles. It constitutes an 'essen-
tial ingredient in wheat, and is the substance which renders, 
flour of wheat so fit for forming bread. It seems also to 
constitute the essential part of yeast. Its uses as a varnish, 
a ground for paint, &c., pointed out by Cadet, likewise 
deserve attention. 

Albumen and gluten have been shown by Link to resemble 
each other so closely that they cannot be considered as 
distinct principles.I 

• Proust, Jour. do Phys. lvi. 97. 
I Annals of Philosophy, vii. 455. 
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Book IV. 
%.••••Ne SECT. XX. 

OF POLLENIN. 

Frorerties. 

THIS is a name given by Dr. John to a peculiar sub-
stance found in the pollen of the pinus abies, pima sylrestris 
lycopodium clavatum, and supposed by him to constitute the 
characteristic constituent of every species of pollen. It 
seems to have been first recognised in 1806; by Bucholz, In 
the pollen of the lycopodium.* From the experiments of 
Fourcroy and Vauquelin, it appears also to constitute a 
portion of the pollen of the phoenix dactilifera. John's 
analysis of the pinus sylvestris, in which he gives the cha-
racters of pollenin, as they had been previously given by 
Bucholz, may be found in the fourth volume of his Chemical 
Researches. 

Pollenin has a yellow colour, and is destitute.of taste and 
smell. It is not altered by exposure to the air. 

It is insoluble in water, alcohol, ether, fat and volatile 
oils, and likewise in petroleum. 

According to John it dissolves in alkaline leys, and the 
solution has a brown colour. But in the trials of Bucholz 
this solution din not take place. 

When exposed to the heat of a candle it burns with rapi-
dity and flame, as is the case with the pollen of the lycopo-
dium clavatum. 

When exposed to the air it speedily assumes the smell 
and taste of cheese, and soon runs into the putrifactive 
fermentation, containing a considerable quantity of ammo-
nia. When distilled it yields a good deal of ammonia. 

The remaining properties of this substance have not been 
investigated. It is obvious, however, from the preceding 
filets that pollenin approaches very nearly to gluten. 

SECT. XXI. 

OF FIBRIN. 

THAT peculiar substance which constitutes the fibrous 
part of the muscles of animals .has been called fibrin by 

• Gellicu's Jour. vi. 599. 
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chemists. A substance resembling it, .as it exists in the Chap. I. 
blood, has been detected by Vauquelin in the juice of the 
papaw tree. Fibrin then must be ranked among vegetable 
substances. 

The papaw tree, the ear) ca papaw of botanists, grows in Found in 
Peru, &c. ; and in the Isle of France, where the milky juice ;,iiPcaew 
that exudes from it is said to be employed with efficacy 
against the Guinea-worm. Two specimens of this juice 
were brought from that island to Paris by Charpentier de 
Cossigny. In the one, the juice had been evaporated to 
dryness, and was in the state of an extract ; in the other, 
the juice was preserved by being mixed with au equal bulk 
of rum. Both were subjected to a chemical analysis by 
Vauquelin. The first was of a yellowish-white colour, and 
semitransparent. Its taste was sweetish. It had no smell, 
and was pretty solid; but attracted moisture when kept in 
a damp place. The second was reddish-brown, and had 
the smell and taste of boiled beef. When the first speci- 
men was macerated in cold water, the greatest part of it 
dissolved. The solution frothed with soap. The addition 
of nitric acid coagulated jt, and rendered it white; and 
when boiled, it threw down'abundance of white flakes. 

When the juice of the papaw is treated with water, the 
greatest part dissolves; but there remains a substance inso- 
luble, which has a greasy appearance. It softens in the air, 
and becomes viscid, brown, and semitransparent. When' 
thrown on burning coals it melted, let drops of grease 
exude, emitted the noise of meat roasting, and produced 
a smoke which had the odour of fist volatilized. It left 
behind it no residue. This substance was the fibrin. The 
resemblance between the juice of the papaw and animal 
matter is so close, that one would be tempted to suspect 
some imposition, were not the evidence that it is really the 
juice of a tree quite unexceptionable.t 

The properties of fibrin are the following : 
1. It is tasteless, fibrous, elastic, and resembles gluten. Propertier.. 
2. It is insoluble in water and in alcohol. ' 
3. ft is not dissolved by diluted alkalies. 
4. But acids dissolve it without difficulty. 
.5. With nitric acid it gives out much =tic gas. 

	

* Ann. de Chian. xliii. e67. 	$ Ibid. 
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Boo'c IV. 	G. When distilled it yields much carbonate of ammonia 
and oil. 

7. It soon putrifies when kept moist, .becomes green; 
but does riot acquire any resemblance to cheese. 

A fuller description of this substance must be reserved 
for the next book, as it belongs rather to the animal than 
vegetable kingdom. 

SECT. XXII. 
OF OILS. 

List of fix-
oils. 

THE RE are two species of oils; namely, frxed and volatile; 
both of which are found abundantly in plants. 

1. Fixed oil is only found in the seeds of plants, and is 
almost entirely confined to those which have two cotyledons; 
as linseed, almonds, beech-nut, poppy seed, rape seed, &c. 
Sometimes, though rarely, it is found in the pulp which 
surrounds the stone of certain fruits. This is the case with 
the olive, which yields the most abundant and most valuable 
species of fixed oil. The bicotyledinous seeds, besides oil, 
contain also a mucilaginous substance; and they have all 
the character of forming, when bruised in water; a milky 
liquid, known by the name of emulsion. 

The following is a list of the plants yielding the fixed 
oils which usually occur in commerce.* 

1. Limn usitatissimum et ',emu. Linseed oil 
1. Corylus avellana 
3. Juglans regia   Nut oil. 
4. Papaver sonmiferum 	 Poppy oil. 
5. Cannabis sativa 	  	 Hemp oil. 
6. Sesamum orientale 	 Oil of Sesamum.  
7. Olea Europca 	  Olive oil.  

Amygdalus communis 	 Almond oil. 
9. Guilandina Mohringa 	 Oil of behen. 

10. Cucurbita pepo ct melapepo 	Cucumber oil 
11. Fagus sylvatica 	 Beech oil.. 
1 :̀. Sinapis nighet arvensis 	  Oil of mustard. 
13. nelianthus annuus et perennis . Oil of sunflower. 
14. Brassica naps et campestris 	 Rape seed oil. 

	

15: Ricinus communis   Castor oil. 
Sec Gras Handbuch, ii. 160. 
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.1G. Nicotiana tabacum et rustics 
17. Prunus domestica 	  
18. Vitis vinifera . 	 
19. Theobroma cacao 	  
20. Laurin nobilis 	  
21. Arach s hyp ogre 	  

107 

Tobacco seed oil. clap. t. 
Plum kernel oil. `"'"\r—j  
Grape s,,ed 
Butter of cacao. 
Laurel oil. 
Ground nut oil.A= 

2. Volalile oils are found ill every part of plants except 
the cotyledons of the seeds, where they ne“:r occur. The 
root, the stem, the leaves, the flower, the rind or pulp of the 
fruit of a variety of plants, are loaded with volatile oils, from 
which they are extracted by expression or by distillation. 
The number of these oils is so gnat that it baffles all de-
scription. Almost every plant which is distinguished by a 
peculiar odour contains a volatile oil, to which it is indebted 
for that odour. 

The following table contains a pretty copious list of plants 
which yield volatile oils. The part of the plant from which 
it is extracted, and the English name of the oil, are added 
in separate colums.t 

PlantZ. Parts. I 	Oils of 	1 	Colour. List of so.  
latile oils. 

  

,Leaves Wormwood Green 
Root 	Sweet Bag 	Yellow  
Fruit 	Jamaica pep.§ Yellow 
Seeds Dill 	Yellow 
Root 	Angelica 
Seeds A nise 	White 
!Seeds 	Stella. anise Brown 
Leaves Alugwort 
Rind or } 
the, fruit 

1. Artemisia absynthiutu 
2. Acorus ealarnus 
3. Myrtus Pituenta 

Anethorn graveolens 
5. Angelica arehangelica 
6. Pimpinella anisein 
7. Thiel= anisatain 
8. Artemisia vulgaris 
9. Citrus aurantium 

10. Nifeloletica leucodendra 
11. Eugenia caryophyllata 
12. Cumin carvi 
J 3, Amomum cardainomum 
11. Carlina acaulis 
15. Scandix-  chaerefolium 
16. Matricaria chamomilla 
17. Laurus cinnaniomunr 

18. Citrus medica 

Cochicaria oflicinalis 
 cin Copairera ofalis 

Coriandrum sativuni 
Crocus sativus 
Piper cubeba  

Bergamotte 
Leaves jCajeput 
Capsules Cloves§ 
Seeds Caraways 
Seeds Card. seeds 
Roots 
Leaves Chervil 
Petals Chamomile 
Bark 	Cinnamon § 
Rind of 
the fruit Lemons 
Leaves Scurvy grass 
Extract Copaiba 
Seeds Coriand. seed 
Pistils 	Saffron §  

Yellow 
Green 
Yellow 
Yellow 
Yellow 
White 
Sulph. yel. 
Blue 
Yellow 
Yellow 
Yellow 

White 
Yellow 
Yellow 

203. 

19.  
20.  
21.  
22.  
23.  

{ 

if Nicholson's Jour. vi. 2(24. 
The oils marked § sink in water. 

Seeds Cubeb pep. 

t Bee Gren's Hanbuch, 
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3, )clt Iv. 	. Plants. c....-v--,  
21.. Laut us culilalinn 	. 
25. Curoinutn cpuinum 
26. Innla lieleitium 
27. Anctiturn fluniculurn 
28. Croton Lleuthcria 
29. Maranta galanga 
30. Hyssopus ollicinalis 
31. Juniperus communis 
V. Lavendula spica 
33. Laurus nobilis 
:3'. Prunus laurocercvnts 
35. Levisticum ligusticurn 
56. 1113-6: tics mo.,chata 
37. Origanorn majorana 
.38. Pistacia lentiscus 
39. Matricaria parthenium 

• 40. Melissa oflieinalis 
4.1. Mentha crispa 
V.. -- piperitis 
13. Achillca tuillefoliunt 
44. Citrus aurantitan 
4.5. Origanurn creticum 
46. Apium petroselinum 
4.7. Pious sylve6tris et abies { 
48. Piper nigrum 
49. Rosntarinus ofikinalis 
50. Mentha pulegiuni 
51. Genista canariensis 
52. Rosa centilblia 
53. Ruta graveolens 
5k. Juniperus sabina 
55. Salvia oflicinalis 
56. Santana') album 
57. Laurus sae.safras 
58. Saturcia hortensis 

59. Thymus serpillutn 

60. Valeriana oPacinalis 
61. Kompleria rotunda 
62. Ainomuin Zinziber 
65. Andropogon sclirenti  

Parts.Oil of  

Bark 	Culilaban 
St..cds 	Cunnui 	

Brov
Yellow

in  yet. 

Roots Elecampane N
NI
I:

i
h
u
i
t
t
e
e 

Seeds Fennel  
1;art: 	easearilla 	Yellow 
(;Dots Galanga 	Yellow  
Leaves Hyssop 	Yellow 
Seeds Juniper 	Green 
Flowers Lavender 	Yellow 
Berries Laurel 	Brownish 
Leaves Lauroceras.§ 
Roots Lovage 	Yellow  
Seeds * Mace 	Yellow  
Leaves Majorurn 	Yellow 
Resin Mastich Yellow 

iuheite.  
Plant Motherwort 
Leaves Balm 
Leaves 	 White  
Leaves Peppermint Yellow 

minefoil 	{J31ue and Flowers 	 I green 
Petals Neroli 	Orange 
Flowers Spanish hop Brown 
Roots 'Parsley 	

(Colourless INrood & resin. } Turpentine Colourless 

Yellow 

Valerian 
	Green 

Zedoary 
	Greenish -? 

blue 
Yellow Ginger 
Brown , Sira 

Colour. 

ilium - - 
Several of the gum resins, as myrrh and galbanum, yield 

likew ise an essential oil, and likewise the balsams, as ben- 
win, S.C. 

§ The oils marked § sink in water. 
s They yield also a fixed oil. 

Plant 
Flowers 
Root 
Petals 
Leaves 
Leaves 
Leaves 
Wood 
Root 
Leaves 
Leaves 
and 
flower 
Root 

Root 
Root 

Seeds Pepper 
Rosemary 
Pennyroyal 
Rhodium 
Roses 
Itue 
Savine 
Sage 
Santalurn § 
Sassafras 
Saturcia 

Thyme 

Yellow 
Colourless 
Yellow 
Yellow 
Colourless 
Yellow 
Yellow 
Green 
Yellow V 
Yellow 
Yellow. 
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SECT. XXIII. 	 Chap.!. 

OF WAX. 

. THE upper surface of the leaves of many trees is covered 
with a varnigh, which may be separated and obtained in a 
state of purity by the following proctss : 

Digest the bruised leaves, lirst in water and then in alto- How ob- 
hol, till every part of them which is soluble in these liquids 1pta"nctl.f"rn 
be extracted. Then mix the residuum with six times its 
weight of a solution of pure ammonia, and, after sufficient 
maceration, decant oil' the solution, filter it, and drop into 
it, while it is incessantly stirred, diluted sulphuric acid, till 
more be added than is sufficient to saturate the alkali. The 
varnish precipitates in the form of a yellow powder. It 
should be carefully washed with water, and then melted over 
a gentle fire.* 

Mr. Tingry first discovered that this varnish possessed 
all the properties of bees was.t M'ax, then, is a vegetable 
product. Several plants contain wax in such abundance as 
to make it worth while to extract it from them. But let us, 
in the first place, consider the properties of bt;cs wax, the 
most common and important species. This substance, as 
Huber has demonstrated, contrary to the generally received 
opinion, is prepared by the bees from honey or sugar, the 
latter yielding the greatest proportion of it. 

1. Wax, when pure, is of a whitish colour; it is desti- Properties 
tute of taste, and has scarcely any smell. Bees wax indeed °1 bee%  wax. 
has a pretty strong aromatic smell ; but this seems chiefly 
owing to some substance with which it is mixed ; for it dis-
appears almost completely by exposing the wax, drawn out 
into thin ribtaids, tl.r some time to the atmosphere. By 
this process, which is called bleaching, the yellow colour of 
the wax disappears, and it becomes very white. Bleached 
wax is not affected by the air.§ 

2. The specific gravity of unbleached wax varies from 

* Iierinbstadt, Med. and Phys. -I o tt r 	372. 
1- Enc. Meth. Forets et Bois, i. 100. 

Nicholson's Jour. ix. 182. 
Sennebjer, Ann. de Chim. xii. 60. and Jour. de Visr. 

   
  



110 	 INGREDIENTS OF I'LANTS. 

Book IV. 0'9600*  to 0.9650 ;I- that of white wax from 0'8203 to 
••---Ne'--1  0.9662. 

3. Wax is insoluble in water; nor are its properties al- 
tered though kept under that liquid. 

4.. \Vhen heat is applied to wax it becomes soft; and at 
the temperature of 142°, if unbleached, or of 155° if 
bleached, it melts into a colourless transparent fluid, which 
concretes again, and resumes its former appearance as the 
temperature diminishes. If the heat be still fa'rther in-
creased, the wax boils and evaporates; and if a red Imat be 
applied to the vapour, it takes fire and burns with a bright 
flame. It is this property which renders wax so useful for 
making candles. 

Action of 	5. Wax is scarcely acted on by alcohol when cold, but 
alcohol. boiling alcohol dissolves it. This.was known to Neumann,§ 

and has been lately verified by Dr. Bostock.il  Rather 
more than 20 parts of alcohol• are necessary to dissolve 1 
part of wax ; and as the solution cools, the greater part of 
the wax precipitates, and the remainder is thrown down by 
water. 

6. Ether has hut little action on wax while cold ; but when 
assisted by heat, it takes up about „1-,,th of its weight of it, 
and lets the greatest part precipitate on cooling. ft 

Dr. John ascertained that when bees wax, or the wax of 
the myrica cordifolia is' digested in a sufficient quantity of 
boiling alcohol, it is divided into two distinct substances. 
One of these substances is taken up' by the boiling alcohol 
while the other remains undissolved. To the first of these 
bodies he has given the name of (Trill to the second that of 
myricin. 

Cerin he distinguishes by the fbllowing properties. It is 
soluble in fixed and volatile oils: from the last it precipitates' 
in greazy looking grains. Insoluble in water, cold alcohol, 
and ether; soluble in hot alcohol and ether, and precipitating 
again as the liquids cool. Melts between 108° and 140°. 

• 13ostoc1;, 'Nicholsois's Jour. iv. 130. 
f lahroni, Crell's Annals, 1797, ii. 1°5. 
t &stock, Nicholson's Jour. i. 71. 

Neuninnii's Chemistry, p. n31. 	if Nicholson's Jour. iv. 133. 
0* Niellultoti's Jour. iv. 13,3. 	1 f Id. ibid. 

Cern'. 
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Of the specific gravity 1.000. Of the consistence of wax. Chap. I. 
Unites with caustic alkalies, and forms a soap. 

The characters of )flyricin are as follows. Insoluble in Myricin. 
water, ether, mid hIcohol, both hot and cold. Soluble in 
fixed and volatile oils does not precipitate from the former 

' of these. Melts between 10Q° and 110°. Somewhat 
glutinous; but or the consistence of wax. Specific gravity 
0.900.* 
• Chevreul has given the. name of ccrin to a substance 

which he extracted from cork, and which possessed the 
following properties. It is white and in small needles. It 
does not melt in boiling water; but becomes soft and sinks 
to the bottom of that liquid ; while wax melts at 115° and 
swims upon the surface of water. When heated or dis-
tilled, it undergoes nearly the same changes as wax. It is 
rather more soluble in alcohol than wax. Nitric acid 
gradually dissolves it, and converts a portion of it into 
oxalic acid. It does not dissolve in an alcoholic solution of 
potash.t 

7. Wax combines readily with fixed oils when assisted 
by heat, and forms with them a substance of greater or 
less consistency according to the quantity of oil. This com- 
position, which is known by the name Of coral', is much cerate. 
employed by surgeons. 

The volatile oils also dissolve it \Olen heated.. This is 
well known, at least, to be the case with oil of turpentine. 
A part of the wax precipitates usually as the solution cools, 
but of a much softer consistence than usual, and therefore 
containing oil. 

8. The fixed alkalies combine with il, and form a COM- Action of 
pound which possesses all the properties of common soap. 
When boiled with a solution of fixed alkalies in water, the 
liquid becomes turbid, and alter sonic time the soap sepa-
rates and swims on the surf tee. It is precipitated from the 
alkali by acids in the state of flakes, which are the wax very 
little altered in its properties4 Punic wax, which the an-
cients employed in painting in eneausto, is a soap composed 
of 20 parts of wax and one of soda. § Its composition was 
ascertained by Mr. Lorgna.11 

* Jobtes'‘.1ietnische tabellen der Pflanzcnanalysen, p. 9. 
F .Aincils of Philosophy, ix. 33. 	Nicholson's Jour. iv. 132. 
E, Yliny, lib, xxi. c. 14. 	 0 Tour. de Phys. Nov. 1785.. 
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Book iv. 	When boiled with liquid ammonia, it forms a kind of 
°'"-NE-1  soapy emulsion. As the mixture cools, the greatest part of 

the comptiund 'rises to the surface in the state of white flakes. 
This soap is scarcely soluble in water.* 

9. The .acids have but little action on wax ; even 
chlorine, which acts so violently on most bodies, produces 
no other change on it than that of rendering it white. This 
property which wax possesses, of resisting the action of acids, 
renders it very useful as a lute to confine acids properly .in 
vessels, or to prevent them from injuring a common cork. 

Lavoisier endeavoured to ascertain the composition 
of bees wax, by burning a quantity of it in oxygen gas, 
and determining the proportions of carbonic acid, and 
water formed. But pneumatic chemistry had not at that 
time made sufficient progress to enable him to give his ex-
periments the requisite degree of precision. Gay-Lussac 
and Thenard analysed it by burning a determinate quantity 
along with chlorate of potash in a proper vessel, and ascer- 

comfosi. taining the quantity of carbonic aid formelf According 
tion. 	to their experiments 10Q parts of wax are composed of 

Oxygen 	 
Hydrogen 	 12'672 
Carbon 	 81'781 

As we are ignorant of the number which represents the 
weight of an atom of wax, we cannot from this analysis 
determine the number of atoms of each of these bodies that 
enter into its composition. But the smallest number of 
atoms, which will nearly correspond with the proportions 
obtained by -Gayhussac and Thenard, are, 

1 Atom oxygen 	= 1 .... 5'48 • 
20 Atom; carbon 	= 15 • . • . 82'19 
18 Atoms hydrogen = 2'25  12'83 
•M•••• 

39 18'25 100.00 

According to this supposition wax is a compound of 
39 atoms, and the weight of an integrant particle of it is 
18'25. From the experiments of Chevreul on soaps, there 
is some reason for believing that the weight of an atom of 

* Bustock)  Nicholson's Jour. iv. 134. 
Recherches Physicc-chinuiqucs, ii. 316. 
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wax is nearly double the number here assigned, or 36. If chip. I. 
this number were accurate its true constituents would be, L—..r-1  

2 atoms oxygen = 2 
40 atoms carbon = 30 
32 atoms hydrogen = 

36 
• 11. Wax possesses all the essential properties of fixed oil. 
'We must therefore consider it as a fixed oil rendered con-
crete. Now that species of fixed oils, distinguished by the 
epithet fat, have the property of becoming concrete, and 
assuming the appearance of wax, when exposed long to the 
air, in consequence, it is supposed, of the absorption of 
oxygen. Hence probably the difference between wax and 
fixed oils consists in the oxygen which it contains as a com-
ponent part. The wax at its first formation was in all pro-
bability in the state of a fixed oil ; but by the absorption of 
oxygen it gradually concreted into wax. Wax, then, may 
be considered as a fixed oil satured with oxygen. 

12.• It is natural to suppose, if this theory be just, that Varieties of 
fixed oil will occur in plants in various states of hardness : wax' 
and this accordingly is the ease. Sometimes it is of the 
consistency of butter, and this is denominated a butler; 
thus, we have the butter of cacao, the butter of coco, the 
butter of gularn. Sometimes it is of a greater consistency, 
and then is denominated tallow; thus we have the tallow of 
the croton, extracted by boiling water from the fruit oc the 
croton seblfcra. When its consistency is as great as possible, 
it then takes the appellation of wax. Thus we have the 
myrtle wax of America, extracted from the seeds of the 
myrica cerfera, and the pela of the Chinese. The species 
of Wax, then, which exist in the vegetable kingdom, may 
possibly be as numerous as the fixed oils. Let us take a 
view of some of the most remarkable. 

Bees wax is the species whose properties have been de- myrtle 
scribed in the former part of this section. 	 WaX. 

13. The'myrtle wax of North America is obtained from 
the myrica cerifera. We are indebted to Dr. Bostock * and 
Mr. Cadet for a very exact account of its properties' and 
extraction. The myrica cerifera is a shrub which grows 

Nicholson's Joni., iv. 130. 	f Ann. de Chilli. xliv. 160. 
VOL. 
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abundantly in Louisiana and other parts of North America. 
It produces a berry about the size of a pepper corn. A 
very fertile shrub yields nearly seven pounds. The berries 
are picked off, thrown into a kettle, and covered with water 
to the depth of about half a foot. The kettle is then boiled, 
and the berries stirred and squeezed against the sides of the 
vessel. The wax which they contain is melted out and 
swims on the surface. It is skimmed off, passed through a 
cloth, dried, melted again, and cast into cakes. From ,the 
observations of Cadet, we learn that the wax forms the 
outer covering of the berries. The wax thus obtained is of 
a pale-green colour. Its specific gravity is 1.0150.. It 
melts at the temperature of 1090 : when strongly heated 
it burns with a white flame, produces little smoke, and 
during the. combustion emits an agreeable aromatic odour. 
Water does not act upon it. Alcohol, when hot, dissolves 
1.-u th of its weight, but lets most of it fall again on cooling. 
Hot ether dissolves about +th of its weight ; and when slowly 
cooled, deposits it in crystalline plates, like spermaceti. 
The ether acquires a green-colours but the wax becomes' 
nearly white. Oil of turpentine, when assisted by .heat, 
dissolves it sparingly. Alkalies act upon it nearly as on 
bees wax. The same remark applies to acids. 'Sulphuric 
acid, when assisted by heat, dissolves about Tkrth of its 
weight, and is converted into a thick dark-brown mass.* 
Mr. Ilatchett has detected a substance precisely similar to 
myrtle wax in luc.t It probably exists in many vegetables. 

14.. Mr. Braude in 1811, published a chemical examina-
tion of wax from Brazil, the produce of an unknown tree 
in that country. It had a greenish colour, was insoluble 
in water, but soluble in alcohol, ether, and oils. Its spe-
cific gravity was 0'980. It niched at the temperature of 
206°. It could not be made to form a soap with the fixed 
alkalies; but answered remarkably well for candles.t 

15. Dr. Macculloth found a waxy substance in the oil 
of roses and of lavender. It was precipitated from both 
by cold, and likewise by the addition of alcohol. Its colour 
is white ; it has a greasy feel, swims on sulphuric ether, 

* Rostock, Niebolson's Jour. iv. 130. 
t Analytical Experiinonts on Lac, Phil. Trans. 1804. 
t Nicholson's Jour. xxxi. 14. 
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and crystallizes in shining scales. It melts at 969. It dis- Chap. I. 
solves in alcohol and ether, and seems to approach nearer 
spermaceti in its properties than wax.* 

16. The Chinese extract a wax f'rom various vegetables, 
which they mantifiteture into candles, and of which they 
form many of the delicate ornaments which are brought to 

• Europe.t 
17. Wax has been detected by Proust in the green fecula 1nthegreen 

of many plants; the cabbage for instance. lie thinks that f;icaunitas of 
it forms a constituent of the pollen of all flowers, and that , 
the bees collect it along pith the gluten of the pollen, which, 
according to him, serves them for food. 	But there is un-
doubted evidence that wax is actually formed by bees. The 
observations of Mr. John Hunter led him to conclude that 
it comes from under the scaly rings which cover their hinder 
parts. 

Proust has also detected wax covering the rind of resins, 
plums, oranges, mut other similar fruits.§ In short, it seems 
to be one of the most abundant of vegetable principles. 

SECT. XXIV. 

OF CAMPHOR. 

THE substance called camphor, though unknown to the Histcry. 
Greeks and Romans, seems to have been long known in the 
East. When it was first brought to Europe does not ap- 
pear, though it seems to have been introduced by the Ara- 
bians. .1Etitts is the first person who takes notice of it. It 
is mentioned in the writings of Paracelsus, in such a manner 
as to lead to the supposition that it was in common use in 
his time. Chemists sometimes arranged it among resins, 
sometimes among volatile oils,11 till Neumann published 
his dissertation on it in 1715.** He there examined its 
properties in detail, and demonstrated that they differed 

* Phil. Mug. xxxix. 1'23. 
f See Phil. Trans. 1753, P. 253; iu which Father d'Incarville gives 

some account of the tallow-tfce, and mode of extracting the tallow or 
• wax. 

Jour. de Phys. lvi. 87, and 111. 	tj Ibid. 
Hoffmann,. Observ. Phys. Chym. Selec. p. 44. 

• Phil. Trans. xxxiii. 321, 
1 1 
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Book Iv. from those.of every other substance ; and concluded in con-
1 /4-\e--)  sequence, that caniphor must be considered as a peculiar 

vegetable principle. .To Neumann, then, we are indebted 
. for the first correct experiments on the properties of cam-
phor. 

How pro- 	It comes to Europe chiefly from Japan. It is obtained. 
cured. from laurus camphora, a tree common in the East, by dis-

tilling the wood along with water in large iron pots, on 
which are fitted earthen heads stuilid with straw. The 

• camphor sublimes, and concretes upon the straw in the 
form of a grey powder.s' It is afterwards refined in 
Europe by a second sublimation. The vessels are of glass, 
and somewhat of the shape of a turnip, with a small 
mouth above loosely covered with paper. According to 
Ferber, about 4.th of pounded chalk is mixed with the crude 
camphor; I. but others assure us that there is no addition 
whatever employed. According to Lewis, nothing more 
is necessary than a proper regulation. of the fire; t and 
Professor Robison, who witnessed the process as well as 
Neumann, informs us, that the camphor in the subliming 
vessel is in a liquid state, which it could scarcely be if quick-
lime were employed, at least in any considerable quantity.¢ 

Properties. 	1. Camphor thus refined is a white brittle substance, 
having a peculiar aromatic odour, and a strong hot acrid 
taste. Its specific gravity is 0'9837. 

It is not altered by atmospheric air; but it is so volatile, 
that if it be exposed during warm weather in an open ves-
sel, it evaporates completely. When sublimed in close 
vessels it crystallizes in hexagonal plates or pyramids.** 

2. It is insoluble in water; but it communicates to that 
liquid a certain portion of its peculiar odour. ft 

Action of 	S. It dissolves readily in alcohol, and is precipitated 
alcohol. again by water. According to Neumann, well rectified 

alcohol dissolves three-fourths of its weight of camphor. 
Neumann's Chem. p. 319. 	t Gren's Handbuch, ii. 219. 
Neumann, ibid. 	 § Black's Lectures, ii. 351. 

11 According to Brisson. Dr. Shaw states it at 0.996, (Shaw's Boyle, 
ii. 3460 and this has been copied into most of the recent chemical 
books. Probably it varies in its density considerably. 

Romieu. 
ft Front the experiments of Cadet it appears, that a French pint of 

water dissolves about 16 grains of camphor, and that the camphor may 
be precipitated by pure potash. AIM. de Chit% lxii. 132. 
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By distillation the alcohol passes over first, and leaves the chap. I. 
camphor. This property affords an easy method of pu- 
rifying camphor. Dissolve the camphor in alcohol, dista 
off the spirit, and melt the camphor into a cake in a ' 
glass vessel.* If the alcoholic solution of camphor be di-
luted with water as much as possible, without causing the 
camphor to precipitate, small crystals of camphor resem- 
bling feathers gradually form. t 	. 

I.. Camphor is soluble also in oils, both fixed and vola-
tile. If the solution be made by means of heat, as it cools 
part of the camphor precipitates, and assumes• the form of 
plumose or feather-like crystals. 

5. Camphor is not acted on by alkalies, either pure or Alkalies. 
in the state of carbonates. Pure alkalies indeed seem to 
dissolve a little camphor ; but the quantity is too small to 
be perceptible by any other quality than its odour. ¢ Nei-
ther is it acted on by any of the neutral salts which have 
hitherto been tried. 

6. Acids dissolve camphor without effervescence; and in Adds. 
general it may be precipitated unaltered from the recent 
solution. 

To Mr. Hatchett we are indebted for an accurate hives- Sulphuric 
ligation of the action of sulphuric acid on camphor. Upon acid.  
a hundred grains of powdered camphor lie poured an ounce 
of sulphuric acid. The camphor immediately became yel-
low, and gradually dissolved while the acid changed, first 
to brownish-red, and afterwards to brown. In about an 
hour the liquid became blackish-brown, and began to emit 
abundance of sulphurous acid gas. In four hours the 
whole appeared like a thick black liquid, and no othet smell 
except that of sulphurous acid could be distinguished in 
it. As during two days no further alteration took place, 
.the alembic containing the solution was put upon a sand 
bath moderately warm, by which means an additional quan-
tity of sulphurous acid gas was driven oft After two days 
the liquid was slowlY mixed with six ounces of water. It 

* This process, proposed by Lewis (Neumann's Chem. p. 320,) is 
surely preferable to that of Trommsdorf,' who precipitates the camphor 
by water from the alcohol, and then melts it into a cake. See Gren's 
Handbuch, ii. 220. 

$ Rornieu, Mem. Par. 1756. p. 41. 	 # Romieu, ibid. 
1) bouillon la Grange. Ann de Chia'. vdii. 154. 
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Book IV. became reddish-brown, a considerable coagulum of the 
same colour subsided, the. sulphurous acid smell became 
imperceptible, and was succeeded by a smell similar to that 
of a mixture of the oils of lavender and peppermint. The 
whole was now slowly distilled. The water which came 
over had the same smell as the original liquid, and there 
floated over it a little yellowish oil. A blackish-brown mass 
remained behind, not acted on by water; but alcohol ex-
tracted a resinous substance, and acquired a blackish-brown 
colour. What remained was charcoal. Thus, by the action 
of sulphuric acid, the camphor was decomposed and con-
verted into oil, blackish-brown resin, and charcoal. The 
proportion of each was as follows : 

Yellow oil 	 3 grains. 
Mutual. 	 53 
Resinous substance 19 

105 

Making an increase of five grains, either from water which 
NI as retained by the resinous-like substance, or from oxygen 
with which it had combined. 

The resinous-like substance, thus obtained, was in reality 
a specks of artificial tannin. It was very brittle, had the 
odour of caromel, and an astringent taste. It dissolved in 
cold water, and the solution precipitated iron, lead, tin, 
and lime, dark brown. It precipitated gold in the me-
tallic state, threw down isinglass in the state of' a blackish 
insoluble substance, and had the property of converting 
skin into leather. A small quantity of nitric acid converted 
it into the artificial tannin obtained from charcoal by nitric 
acid. 

From the farther researches of Chevreul on this subject, 
it appears that when sulphuric acid is distilled off camphor 
there is formed, 1. A volatile oil which has the odour of 
camphor : 2. A charry matter which is a combination 
of sulphuric acid and a hydrogureted charcoal. 3. An • 
astringent substance which is likewise a compound of sul-
phuric acid and a charcoal still more hydrogureted than 
the preceding. The charry residuum is not sensibly soluble 

ny,  * hatchet's additional Expen nt on artificial  Tannin, Phil. Trans. 
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in water. When distilled it gives sulphurous acid, car- Chap. L 
bogie acid, and leaves a residue which is a compound of 'v.' 
carbon and sulphur.* 

Nitric acid dissolves camphor readily, and in great abun- Nitric acid. 
dance. The solution separates into two portions; that 
.which contains the camphor, and most of the acid, floats 
upon the top of the other in the form of a very pale yellow 
oil. This solution is known by the name of oil qf camphor. 
Water and several metals precipitate the ,camphor unal-
tered. t Alcohol combines with the oil of camphor. 'When 
this solution of camphor in nitric acid is long kept, a por-
tion of the camphor separates in crystals, and swims on 
the surface, and a small portion is converted into cam-
phoric acid. t. 

Muriatic, sulphurous, and fluoric acids, in the state of Otheracids. 
gas, dissolve camphor. When water is added, the cam-
phor appears unaltered in flakes, which swim on the sur- 
face of the water. 	leis dissolved also by water impreg-
nated with carbonic acid gas, II by acetic acid,** and pro-
bably by all acids. 

7. When heat is applied to camphor it is volatilized. If Action of  
the heat be sudden and strong, the camphor melts before l'eat• 
it evaporates; and it melts, according to Venturi, at the 
temperature of ;3000 ; according to Romieu, at 4.21°.tt 
It catches fire very readily, and emits a great deal of flame 
as it burns, but it leaves no residuum. It is so inflammable 
that it continues to burn even on the surface of water. When 
camphor is set on fire in a large glass globe filled with 
oxygen gas, and containing a little water, it burns with a 
very bright flame, and produces a great deal of heat. The 
inner surface of the glass is soon covered with a black pow' 
der which has all the properties of charcoal ; a quantity of 
carbonic acid gas is evolved; the water in the globe ac-
quires a strong smell, and is impregnated with carbonic 
acid and camphoric acid. It 

* Ann de Chim. lxxiii. 167. 	I- Neumanu's Chemistry, p. 39,1. 
it Planehe found these changes in a vial of oil of camphor, which bad 

Jieen kept unopened tin. 14 years. Ann. de Chita. xliii. 316. 
§ Fultrerey. 	 II Jour. tie Phys. lii. 67. 
*a Phil. Mag. xv. 156. Aromatic vinegar consists chiefly of this com- 

pound. 	 ft Mem. Par. 1756, p. 444. 
:t Bouillon la Grange, Ann. de aim. xxiii. 160. 
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Book IV. 	If two parts of alumina and one of camphor be formed 
into a paste with water, and' distill«1 in a glass retort, 
there comes over into the receiver (which should contain a 
little water, and communicate with a pneumatic appara-
tus} a volatile oil of a golden yellow colour, a little cam-
phoric acid, which dissolves in the water, and a quantity 
of carbonic acid gas and carbureted hydrogen gas, which 
may be collected by means of a pneumatic apparatus. There 
remains in the retort a substance of a deep black colour, com-
posed of alumina and charcoal. By this process, from 
122.281• parts of camphor M. Bouillon lb. Grange, to whom 
we are indebted for the whole of the analysis of camphor, ob-
tained 45'856 parts of volatile oil and 30'571 parts of char-
coal. The proportion of the other products was not ascer-
tained.* 

From this analysis, 111. Bouillon la, Grange concludes 
that camphor is composed of volatile.oil and charcoal or 
carbon combined together. \Ve lam from his experiments, 
that the ultimate ingredients of camphor are carbon and 
hydrogen; and that the proportion of carbon is much 
greater than in oils. 

Species of 	8. There are several species of camphor which have been 
camphor: examined by chemists, and which differ considerably from 

each other in their properties. The most remarkable are 
common camphor, the camphor of volatile oils, and the cam-
phor obtained by treating oil (f turpentine with muriatic 
acid. 

1. Com- 	9. Common camphor, obtained by distillation from the 
mon cm a- 
phr ; 	lams camphora, is the substance which has been described 

in the preceding part of this Section. In Borneo and 
tiniatra camphor is procured from the laurus sumatrensis ; 

,but as none of this camphor is brought to Europe, we do 
not know how fiir it agrees with common camphor in its 
properties. The laurus cinnamonzum likewise yields cam-
phor. 

2. Cam- 	10. The second species of camphor seems to exist in a 
phor from great variety of plants, and is held in solution by the vola-; 

tile oils extracted from them. Neumann obtained it from 
oils of thyme, marjoram, cardomum ; t Hermann, front 

Bouillon la Grange, Ann. de Chim. xxiii. 157. 
f Phil Trans. 1725, p. 3QI. 
• 
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oils extracted from various species of mint.* Cartheuser chap.!. 
obtained it from the roots of the maranta galang,a, kceinp- ̀ —'"\e"—)  
feria rotunda, =mum zinxiber, laurus cassia, -1• and' rendered 
it probable that it is contained in almost all the labiated 
plants. It has bean supposed to exist in these plants com-
bined with volatile oil. Proust has shown how it may be 
extracted, in considerable quantity, from many volatile 
oils. 	All that is necessary, is to expose the oil to the 
op'en air at a temperature between 22° and 51.° ; the oil 
gradually evaporates, and the camphor crystallizes. By 
this process he obtained from the oil of rosemary 4,7t11 of 
its weight of camphor, from that of sweet marjoram yutb,, 
from oil of sage -4-th, and front oil of lavender more, than 
4.th. By distilling the oil in a water-bath, some degrees 
under the boiling point, till one-third of the oil comes over, 
part of the camphor is found crystallized in the still vessel. 
This being reniovcd, and the oil again distilled as before, 
more camphor crystallizes. By three such processes the 
whole of the camphor is obtained from the oil. The cam-
phor is then purified by mixing it with a little dry lime, 
and subliming it. 

From the observations of Mr. John Brown, there is rea-
son to believe that the camphor from oil of thyme differs 
from common camphor in several respects. It does not 
appear to form a liquid solution either with nitric or sul-
phuric acid; nor is it precipitated from nitric acid in pow-
der like comnum camphor, but in a glutinous mass. § 

11. The artificial camphor yielded by oil of turpentine, 3. Artificial 
when saturated with muriatic acid gas, was discovered by camphor. 
Mr. Kind, apothecary in Eutin, while employed in making 
a medicine called the liquor arthriticus Pot t ii. He put a How pro- 
quantity of oil of turpentine into a Woulfe's bottle, and ""d' 
caused a current of muriatic acid gas, separated from 
common salt by sulphuric acid to pass through it. The 
salt used was of the same weight with the oil of turpentine. 
At first the oil became yellow, then brown, and at last be-
came almost solid, from the formation of a great number of 

Juulter, Conspectus Cheinize, ii. 100. 
t De Genericis quibusdam P1antarinn Princip. 1754 ; as quoted by 

Greu, Handbuch, ii. 221. 
I Ann. de Chinn. iv, no, 	Si Phil. Trans 1 i'25, 	f; 1  - 
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Book IV, crystals in it, which possessed the properties of camphor.* 
This curious experiment was repeated by Troinmsdorf 
with a similar result. He examined the camphoric crys. 
tals obtaiieil, and found them in most.  respects to agree 
with common camphor, though in some they differed. t 
The society of apothecaries at Paris, on being informed of 
these particulars, appointed Messrs. Cluzel, Choinet, and 
Boullay, to examine the subject. The result of their 
labours has been given to the world by Boullay. t They 
ascertained the proportion of camphor yielded by oil of 
turpentine, the best close of muriatic acid gas, examined 
the properties of the camphoric production, and endea-
voured to explain the way in which it had been formed. 
The experiment of Kind was repeated by Hagen in 1801 ;§ 
and more lately, a set of experiments on the same subject 
was made by Gehlen, Schuster, and Pesth, chiefly in order 
to elucidate the theory of the' process. II Thenard has re- 
peated them with the same object." 

The proportion of muriatic gas found to answer best, is 
what can be separated by sulphuric acid and heat from a 
quantity of common salt equal in weight to the oil of tur-
pentine employed. The camphor produced amounts nearly 
to one-half of the oil of turpentine. The Erench apothe- 
caries put into Woulfe's bottle four pounds of the oil of 
turpentine, and into a tubtdated retort four pounds of com- 
mon salt, and two pounds of sulphuric acid, and drove oil' 
the muriatic acid gas by means of heat. It was totally 
absorbed by the oil, the bulk of which was augmented by 
„kith, while it became at the same time very hot. Its colour 
became brown; it retained its transparency; and drops of 
oil gradually thrmed at the bottom of it. In .21 hours it 
deposited regular crystals; which, being separated from the 
brown liquid with which they were mixed, and dried on 
blotting paper, weighed 21 ounces. The liquor being left 
for some days in a cellar, deposited four ounces more of 
the same crystals; and by exposure to an artificial cold of 
about 11°, two ounces more were obtained, making a total 
30 ounces, or 17,lb. from the four pounds of oil of turpen- 

. Trornmsdorl's Jour. de Pharmacie, xi.132 ; as quoted iu Gehlen's 
,Tour. 	 t 459. 	 I Aim. de Chim. li. 270. 

§ Gehlen's Jour. ii. 237. 	 11 Ibid. vi. 470. '' 1em. d'Areueil, ii. 29. 
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tine. No additional crystals were obtained by increasing Chap. L 
the quantity of gas; but the French chemists did nut find """/""1  
that the produce of camphor was diminished by this aug- 
mentation, as had been concluded by Trommsdorf from his 
trials. 

The .camphor thus procured was very. white; it 'had a Propertim 
peculiar odour, in which that of the oil of turpentine could 
be distinguished. When washed with water, it became 
beautifully white, and gave no longer signs of containing 
an acid, but still had the smell of oil of turpentine.' Water 
containing some carbonate of potash deprived it of part of 
this odour, but not the whole. When mixed with its own 
weight of charcoal powder, wood-ashes, quicklime, or 
porcelain clay, and sublimed, it was obtained in a state of 
purity. 

Its smell when pure resembles that of common camphor, 
but is not so strong. Its taste also resembles that of cam- 
phor. It swims on water, to which it communicates its 
taste, and burns upon its surface. It dissolves completely 
in alcohol, and is precipitated by water. Nitric acid, of 
the specific gravity 1'261, had no action on it, though it 
readily dissolves common camphor; but concentrated nitric 
acid dissolves it with the disengagement of nitrous gas; 
and water does not precipitate it trom its solution as it does 
common camphor. Acetic acid does not dissolve it. When 
heated it sublimes without decomposition; and when set on 
fire burns like camphor. 

Such are the properties of this artificial camphor, as far 
a$ they have been investigated. We see from them that it 
resembles common camphor, except as far as regards the 

Action of  action of acids. In the experiment of Thenard, the resi-  
dual liquid was not brown but colourless. lie ascribes arniatic  as  on the brown colour of it, in preceding experiments, to the oil of tUr• 
oil of turpentine used containing some resin mixed with it, pentine. 
whereas his had been purified by distilling it. According 
to him the oil of turpentine is not decomposed by this pro- 
cess. The residual liquid, he thinks,, may be owing to the 
presence of some foreign oil in oil of turpentine. 'When this 
residual liquid is exposed to the air for some days it loses its 
acid properties, though it still contains abundance of acid. 
But dip acid is neutralized by the' oil. 

Gehlen ascertained that neither fluoric acid gas, sulphur- 

   
  



124. 	 INGREDIENTS OF PLANTS. 

Book iv. ous acid gas, nor ammoniacal gas, produce any such de- 
- 	composition in oil of turpentine. Neither is any such 

• change produced by the action of chlorine gas;'* but when 
oil of turpentine is distilled slowly at a heat of 122°, a 
number of crystals of camphor sublime from it. t No other 
oils tried yielded camphor when impregnated with muriatic 
acid gas. 

12. Camphor is much used in medicine. It is a power 
ful stimulant; it is considered as peculiarly efficacious In 
diseases of the urinary organs; it is often serviceable in 
mania, and procures sleep when every other medicine fails. 

SECT. XXV. 

OF BIRD-LIME. 

Tin; vegetable principle to which I give the name of 
bird-lime, was first examined by Vauquelin, who found it 

Discovery. possessed of properties diffbrent from every other. It was 
found collected on the epidermis of .a plant brought to 
Europe by Michaud, and called rohinia viscosa by Cels; 
constituting a viscid substance, which made the fingers ad-
here to the young twigs. § From the analysis of bird- 
lime by Bouillon la Grange, it is obvious that 'it owes its 
peculiar properties to the presence of all analogous sub-
stance, which indeed constitutes the essential part of that 
compositiondi Hence the reason why I have given the 
name of bird-lime to the principle itself. 

1. Natural 	I. Natural bird-lime (or that which exudes spontane- 
bird-lime. ously from plants) possesses the following properties : 

Its colour is green ; it has no sensible taste or smell; is 
extremely adhesive; softens by the heat of the fingers, and 
sticks to them with great obstinacy. When heated it melts, 
swells up, and burns with a considerable flame, leaving a 
bulky charcoal behind it. It does not dissolve in water; 
alcohol has but little action on it, especially when cold. 
By the assistance of heat it dissolves a portion of it; but 

* Boullay, Ann. de aim. li. 283. 	Boullay, Ibid. 
Ibid. 	 ; Ann. de Chim, xxviii. 223. 

II Nicholson's Jour. xiii. 144. 
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on cooling, allows the greatest part to precipitate again. Chap. I. 
When exposed to the air it continues glutinous, never be- '"'vr"-1  
coming hard and brittle like the resins. 

It combines readily with oils. Ether is its true solvent, 
dissolving it readily without the assistance of heat. The 
solution is of a deep green colour. The alkalies do not 
-combine with it; the effect of the acids was not tried.* 
These properties are sufficient to distinguish bird-lime from 
every other vegetable principle. 

It is not unlikely that the viscid substance which covers 
the stein of the lychnis viscaria, saxyraga tridactrilites, and 
a few other plants common in this country, consists of this 
vegetable principle. It has not hitherto, as fiir as I know, 
been examined by any chemist. 

2. Artificial bird-lime is prepared from different sub- 2. Artificial 
stances in different countries. The berries of the misletoe 
are said to have been formerly employed. They were 
pounded, boiled in water, and the hot water poured off: 
At present bird-lime is usually, prepared from the middle 
bark of the holly. The process followed in England, as 
described by Geoffroy, is as follows : The bark is boiled in 
water seven or eight hours till it becomes soft. It is then 
laid in quantities in the earth, covered with stones, and left 
to ferment or rot for a fortnight or three weeks. By this 
fermentation, it changes to a mucilaginous consistency. It 
is then taken from the pits, pounded in mortars to a paste, 
and well washed with river water. Bouillon la Grange in- 
forms us, that at Nogent le Rotrou bird-lime is made by 
cutting the middle bark of the holly into small pieces, fer- 
menting them in a cool place for a fortnight, and then boil- 
ing them in water, which is afterwards evaporated. At 
Commerci various other plants are used. 

Bouillon la Grange made bird-lime for the purpose of 
analysis by the following process. Be bruised a sufficient 
quantity of the middle bark of the holly, boiled it in water 
for four or five hours, and then deposited it in pits placed 
in earthen pans, where it continued, being moistened occa- 
sionally with water, till it became viscous. Lastly, it was 
freed from all heterogeneous substances by washing it with 

* Vauquelin, Ann. de Chim. xxviii. 954. 
• t Nicholson's Jour. xiii. 145. 
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Buok IV. pure water. Thus prepared, it resembled the bird-lime of 
Comtperci very exactly.* 

Properties. 	Its colour is greenish, its flavour sours  and 'its consist- 
ence gluey, stringy, and tenacious. Its smell is similar to 
that of linseed oil. When spread on a glass plate and ex-
posed to the air and light it dries, becomes brown, loses 
its viscidity, and -may be reduced to powder; but when 
water is added to it, the glutinous property returns. It 
reddens vegetable blues. 

When gently heated it melts and swells, and emits an 
odour like that of animal oils. When heated on red hot 
coals, it burns with a lively flame, and gives out a great 
deal of smoke, leaving a white ash, composed of carbonate 
of lime, alumina, iron, sulphate, and muriate of potash. 

Water has little action on bird-lime. When boiled in 
water the bird-lime becomes more liquid, but recovers its 
original properties when the water cools. The water, by 
this treatment, acquires the property of reddening veget-
able'blues, and when evaporated leaves a mucilaginous sub-
stance, which may be like‘;,Vie separated by alcohol. 

A concentrated solution of potash forms with bird-lime 
a whitish magma, which becomes brown by evaporation, 
while ammonia separates. The compound thus formed is 
less viscid than bird-lime, and in smell and taste resembles 
soap. In alcohol and water it dissolves almost completely, 
and possess( s properties similar to those of soap. 

Weak acids soften bird-lime and partly dissolve it; 
strong acids act with more violence. Sulphuric acid ren-
ders it black ; and when lime is added to the solution, acetic* 
acid and ammonia separate. Nitric acid cold has little 
effect; but when assisted by heat it dissolves the bird-lime; 
and the solution, when evaporated, leaves behind it a hard 
brittle mass. By treating this mass with nitric acid, a new 
solution may be obtained, which by evaporation yields 
malic and oxalic acids, and a yellow matter which possessed 
several of the properties of wax. Cold muriatic acid does 
not act on bird-lime; hot muriatic acid renders it black. 

Bird-lime, when treated with chlorine, became white, 
and is divided into hard compact masses, having unal-
tered bird-lime in their centre. This white substance 

Bouillon la Grange, Nicholson's Jour. xiii. 145. 
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may be pulverised ; it is insoluble in water, does not melt Chap. 1. 
when heated ; and when treated with nitric acid, it neither ``"v")  
becomes yellow, nor does it yield resin. 

Acetic acid softens bird-lime, and dissolves a certain 
portion of it. The liquid acquires a yellow colour. Its 
taste is insipid. When carbonate of potash is dropped into 
this solution, no precipitate falls. By evaporation it yields 

resinous-like substance. 
Some of the metallic oxides are reduced when heated 

with bird-lime. Litharge combines with it, and forms a 
kind of plaster. 

Alcohol of the specific gravity 0'817 dissolves bird-lime 
at a boiling heat. On cooling it lets fall a yellow matter 
similar to wax. The filtered liquid is bitter, nauseous, and 
acid. Water precipitates a substance similar to resin. 

Sulphuric ether dissolves bird-lime readily, and in great 
abundance. The solution is greenish. When mixed with 
water, an oily substance separates, which has some resem-
blance to linseed oil. 'nen evaporated a greasy substance 
is obtained, having a yellow colour and the softness of vax. 
Oil of turpentine dissolves bird-lime readily. 

Such are the properties of artificial bird-lime, as far as 
they have been investigated by Bouillon In Grange.* It 
is obvious that it contained acetic acid, mucilage, and seve-
ral alkaline and earthy bodies, which must be considered 
as foreign substances. When these are removed, the close 
analogy between artificial and natural, bird-lime is suffi-
ciently obvious. 

SECT. XXVI. 

OF RESINS. 

IT is at present the opinion of chemists, that resins stand 
in the same relation to the volatile oils that wax does to the 
fixed. Wax is considered as 'a fixed oil saturated with 
oxygen; resins, as volatile oils saturated with the same 
principle. 

The resins are very numerous; and on account of the 

Nicholson's Jour. xiii. 146. 
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Book IV. various purposes to which they arc applied, and the pecu-
liarity of their properties, constitute one of the most im-
portant genera of vegetable substances. Till lately they 
have been very much overlooked by chemists, who satisfied 
themselves with picking up doubtful information from 
artists and manufacturers. Many erroneous opinions con-
cerning them have of course been admitted into every sys-
tem of chemistry. 'The subject has lately engaged the at-
tention of Mr. Hatchett, whose happy talent for observatic a 
peculiarly fitted him for the task. To that gentleman I 
am indebted for some of the most important facts in this 
section. 

Origin. 	Resins often exude spontaneously from trees; they often 
flow from artificial wounds, and not uncommonly are com-
bined at first with volatile oil, from which they are sepa-
rated by distillation. The reader can be at no loss to form 
a notion of what is meant by resin, when he is informed 
that common rosin furnishes a very perfect example of a 
resin, and that it is from this lubstance that the whole 
genus derived their name: for rosin is frequently denomi-
nated resin. 

I. Resins may be distinguished by the following proper- 
ties : 	• 

* Properties. 	1. They are solid substances, naturally brittle; have a 
certain degree of transparency, and a colder most com-
monly inclining to yellow. Their taste is more or less 
'acrid, and not unlike that of volatile oils; but they have no 
smell unless they happen to contain some foreign body. 
They are all heavier than water. They arc all.  non-cOn-
ductors of electricity; and when excited by friction, their 
electricity is negative. 	 • 	• 

Specific 	2. Their specific gravity varies consideIably. The fol-
gravay. lowing table exhibits a view of the specific gravity of such 

of the resins as have been hydrostatically examined.* 

Elemi 	 1'0182 
Anime 	 1•028  4. 
Highgate resin 1*046 

' * The specific gravities in the text were ascertained by Brisson. The 
older writers differ so much from each other, that there is reason to sus-
pect that the sub,tances tried Were not always those to which we at pre- 
sent give the same names. 	t By my trials. 

• 
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Copal 	 1.069* 
Tacamahac 	 1'0163 
Rosin 	 1'0727 
Mastich 	 1'0742 
Sandarich ... . 	 1.0920 
Lac • 	 1'1390 
Landanuna. . 1'1862 

'• 3. When exposed to heat they melt; and if the heat be Action of  
increased they take fire, and burn with a strong yellow heat. 
flame, emitting at the same time a vast quantity of smoke. 

4. *They. are all insoluble in water whether cold or hot; Water. 
but when they are melted along with water, or mixed with 
volatile oil, and then distilled with water, they seem to 
unite with a portion of that liquid ; for they become opaque, 
and lose much of their brittleness. This at least is the case 
with common rosin. 

5. They are all, with a few exceptions, soluble in alcohol, Alcohol 
especially when assisted li)y heat. The solution is usually and ether. 
transparent; and when the alcohol is evaporated, the resin 
is obtained unaltered in its properties. Alcohol, according 
to Tingry, never. takes up more than one-third of its 
weight of resin. When .the solution is mixed with water, 
it becomes milky, and.the resin falls' in the state of a white 
powder. They are soluble also in sulphuric ether. 

6. Several of them are soluble in fixed oils, especially in Oils. 
the drying oils. The greater number are soluble in the.  
volatile oils; at least in oil of turpentine, the one commonly' 
employed. 

7. Mr. Hatchett first examined the action of fixed alka- Alkalies. 
lies on resins, and ascertained, contrary to the received opi-
hion of chemists, that alkaline leys dissolve them with faci-
lity. He reduced a quantity of common rosin to powder, 
and gradually adding it to a boiling lixiviunt of carbonate 
of potash, a perfect solution .was obtained of a clear yellow 
colour, which continued permanent after long exposure to 
the air. The experiment succeeded equally with carbonate 
of soda, and with solutions of pure potash or soda. Every 
other resin tried was dissolved as well as rosin. Nothing 
can afford a more striking proof than this, of the necessity 
of repeating the experiments of our predecessors before we 

* By my trials. 
vol.. IV. 
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Book Iv. put implicit confidence in their assertions. Mr. Hatchettla 
discovery must lead to very important consequences. The 
well-known fact, that the soap-nrakers in this country con-
stantly mix rocin wiih their soap; that it owes its yellow 
colour, its odour, and its easy. solubility in water. to this 
addition, ought to have led chemists to have suspected the 
solubility of resins in alkalies. No such consequence, how-
ever, was drawn from this notorious fact. 

These alkaline solutions of resins have the properties of 
soap, and may be employed as detergents. When mixed 
with au acid, the resin is separated in flakes, usually of a 
yellow colour, and not much altered in its nature. 

• Ammonia acts but imperfectly upon 'resins, and does 
not form a complete solution of any of.  those bodies hitherto 
tried. 

Acids. 

	

	8. It was the received opinion of chemists that acids do 
not act upon resins. This opinion seems to have been 
founded on the known effects of nitric acid upon oils, and 
on the old theory deri-ed from that action, that resins arc 
compounds of an oil and an acid.-^' Mr. Hatchett first 
ascertained this opinion also to be erroneous, and showed • 
that most of the acids dissolve resins with facility, producing 
different phenomena according to circumstances. 

Sulphuric 	When sulphuric acid is poured upon ally of the resins in 
acid, 	powder, it dissolves them in a few minutes. At first the 

solution is transparent?  of a yellowish-brown colour, and of 
the consistency of a viscid oil, and the resin may be precipi-
tated nearly unaltered by the addition of water. If the so-
lution be placed on a sand bath, its colour becomes deeper, 
sulphurous acid gas is emitted, and. it becomes very thick, 
and of an intense black.t If tite solution, some time after 
it is completed, and before it has acquired the deep black 
colour, be eddlcorated, and the residuum digested in alco-
hol, and the alcohol afterwards separated by distillation, 
the residue is in part soluble in cold water, and the portion 
dissolved possesses the properties of artificial tannin.'t Thus 
it appears, that sulphuric acid dissolves resins, but gradually 
acts upon them after the solution is completed, converting 

* See Hoffman, Ohserv. Phys. Chiin. Select. p. 55. 
fi Ilatchett on an Artificial Tanning Substance, Phil. Trans. 1805. 
4: Ifutchett'syhird Series of Esperiments, ibid. 1006. 	. 
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them first into artificial tannin, and afterwards reducing 
them to charcoal: for the lust black state of gie solution is 
owing to the evolution of this substance. The charcoal thus 
formed is dense, and burns rather like mineral than vege• 
4-able coil. Its quantity is also very considerable. The 
ibllowing table exhibits, a view of the proportion of char-
coal obtained by Mr. Hatchett, by digesting different 
.?sins in sulphuric acid, edulcorating the residue, and supa-
raOng the tannin by means of alcohol and water.* The 
quantity of resin employed was always 100 grains. 

Copal 	 67 grains. 	 Charcoal 
Mastich 	 66 	 evolved. 

Tacamahac 	 62 
Amber 	 56 
Rosin 	 4.3 

The quantity of charcoal formed by this 	is very 
remarkable. The same substances, when charred in the 
usual way by exposure to a red heat in dose 'vessels, yield 
very little, charcoal.. The following table exhibits the 
quantity.  obtained by Mr. Hatchett from 100 grains of 
several of them. t 

Mastieh 	 4•50 grains 
Amber 	 3'50 
Rosin 	 0'65 

Nitric acid likewise dissolves the resins with fiicility, but Nitric acid. 
not without changing their nature. Mr. Hatchett was first 
led to examine the action of this acid on resins, by observ-
ing that resins are thrown down by acids from. their solu-
tions in alkalies in the' state of a curdy preoipitate ; but 
when nitric acid is added in excess, the whole of the preci-
pitate is redissolved in a boiling heat. This remarkable 
fact, which did not bola when sulphuric or nutriatic acids 
were used, led him to try whether the resins were soluble 
iii nitric acid., He poured nitric acid of the specifiegravity 
1438, on' powdered rosin in'a tubulated retort ; and by re-
peated distillation formed a complete solution of a brownish 
yellow colour. The solution took place much sooner in an 

* Mitchell's Third Series of Experiments, Phil. Trans. 1806. 
fi Mitchett, 

x 
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Book Iv. open matrass than in close vessels. The solution continues 
—̀v"--1  permanent, though left exposed to the air. It becomes 

turbid when water is added ; but. when the mixture is boiled, 
the whole is redissolved. When Mr. Hatchett collected 
the precipitate thrown down by water by filtration, by fount' 
that it still possessed several of the properties of resin. The 
resin is thrown down from nitric acid by potash, soda, and 
ammonia; but an excess of these alkalies redissolves ti 
precipitate, and forms brownish orange-coloured liquids. 
When Mr. Hatehett dissolved resin in boiling nitric acid, 
the solution was attended with a copious discharge of nitrous 
gas; and when the powdered resin was thrown into cold 
nitric acid, a considerable effervescence soot; took place, 
and a porous mass was formed, commonly of a deep orange 
colour. 

When the digestion of nitric acid upon a resinous sub-
stance is continued long enough, and the quantity► of acid is 
sufficient, the dissolved resin is completely changed; it is 
not precipitated by water; and by evaporation, a viscid sub-
stance of a deep yellow colour is obtained, equally soluble 
in water and alcohol, and seemingly 'intermediate between 

Tannin 	resin and extractive.* If the abstraction of nitric acid be 
formed. repeated, this substance gradually assumes the properties of 

artificial tannin.t Thus it appears that nitric acid gradually 
alters the nature of resin, producing a suite of changes 
which terminate in artificial tannin, upon which nitric acid 
has no action. 

Acetic acid. Muriatic acid and acetic acid dissolve resin slowly,' and 
it may be precipitated again from them unaltered. Mr. 
Hatchett, to whom we are indebted for the knowledge of all 
these solutions, recommends acetic acid as an excellent 
solvent of resins for vegetable analyses. He employed it 
himself with much address in his analysis of the different 
varieties of lac.t 

Distilla- 	9. When resins are subjected to destructive distillation, 
tion. 	we obtain, according to Gren, carbureted hydrogen and 

carbonic acid gas, a very small portion of acidulous water, 
and hutch empyreumatic oil. The charcoal is light and 
brilliant, and contains no alkali.§ 

* Hatchett on an Artificial Tanning Substance, Phil. Trans. 1805. 
fi Hatchett's Additional Experiments on Artificial Tannin, Phil. Trans. 

18Q5, 	 Phil. Trans. 1801. 	§ Handbuch, ii. 440. 
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10. When volatile oils are exposed for some time to the Chap. I. 
action of the atmosphere, they acquire consistency, and 
assume the properties of resins. During this change they 
absorb avantity of oxygen from the air. Westrumb put 
30 grains of oil of turpentine into 40 cubic inches of 
chlorine gas. Heat was evolved; the oil gradually eva- 

• porated, and assumed the form of yellow resin. * Mr. 
;roust observed, that when volatile oil is exposed to the . 
air, it is partly converted into a resin, and partly into a 
crystallized acid ; usually the benzoic or the camphoric. 
Hence we see that the oil is converted into two distinct sub- 
stances. During this change oxygen is absorbed ; and 
Fourcroy has observed that a portion of water is also 
formild.t It is probable, from these facts, that resin is vo- supposecite 
latile oil deprived of a portion of its hydrogen, and corn- 

bcvle  oils united 
bined with oxygen. The experiments of Mr. Hatchett have to oxygen. 
added much to the plausibility of this theory. 

No doubt the different resins contain different propor- 
tions of oxygen, carbon, and. hydrogen, which are the only 
constituents. Hitherto only two resins have been analysed 
with the requisite precision to enable us to .eg,timato the 
number of atoms which enter into their composition. These 
are common rosin and copal. Rosin, according to the 
analysis of Gay-Lussac and Thenard, is composed of 

Oxygen 	 13'337 
Carbon 	 75.944 
Hydrogen 	 10.719 

100.000$ 

'elle smallest number of atoms which correspond with 
this analysis are the following: 

2 atoms oxygen .... = 2 	 . 13'14 
15 atoms carbon = 1P25 	 75'63 
13 atoms hydrogen .. = 	1.625 	 10'93 

	

••••••••••=0 	 1••••••••••••••••••=1. 

SO 	 141875 	100.00 

Whether this table exhibits its real constitution cannot 

Crell's Annals, i. 1790. 	 t Fourcroy, viii. 16. 
I Recherches Physico-chiruiques, ii. 313. 
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Book iv. be known till the weight of an atom of rosin be determined 
'—v-1  by combining it with substances with which it enters into 

combination in definite proportions, But we are sure that 
its weight is either 14'875, or some multiple • of that 
number. From this composition, we see that it may by 
heat be totally converted into 

Water 	 2'25 
Olefiant gas 	 9'625 
Carbon 	`3 000 

14'875 
Copal, according to the experiments of the same chemist, 

is composed of 
Oxygen . . 	 10'606 
Carbon 	 76'811 
Hydrogen 	 12'583 

100'000* 
The smallest number of atoms which correspond with 

this analysis are 

2 atoms oxygen .... = 2 	 
19 atoms carbon 	.... 
18 atoms hydrogen .. 

	

= 14'25 	 

	

2.2.5 	 0  71127•:8  70121  
•11 

39 	 18'5 	100'00 

• Copal, according to this analysis, contains 5 atoms of 
hydrogen and 4 of carbon more than rosin. It may be 
resolved into 

t 	• 2'25 	• 
Olefiant gas . . . 	 11.00 
Carbon 	 215 

18%50 
11. llermsbstadt affirms, that to know whether any 

vegetable substance contains resin, we have only to pour 
sonic ulphuric ether updn it in powder, and expose the in-
fusion to the light. If any resin be present, the ether, will 
assume a brown colour. 

Recherches Physico-chimiques, ii. 314. 
3 
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Having now described the general 'propertieS of Chap. I. 
resinous bodies, it will be proper to take a more particular 
view of those of them which are of the most importance, 
Nit we may ascertain how far each possesses the general 	

rc- 

characters of resins, and by what peculiarities it is distin-
guished from the rest. The most distingtiished of the resins 
are the following : 
N. 1. Rosin.—This substance is obtained from different spe- Rosin. 
cies of fir; as the pines abies, sylpestris, lini.r, balsams. 
It is well known that a resinous juice exudes from the pima 
.sylvestris, or common Scotch fir, which hardens into tears. 
The same exudation appears in the pines abiec, or spruce 
fir. These tears constitute the substance called thus, or 
common frankincense. 'When a portion of bark is strip-
ped off these trees, a liquid juice flows out, which gradually 
hardens. , This juice has obtained different names, accord-
ing to the plant from which it comes i  The pines sy/vestris 
yields common turpentine; the larix, reniee turpentine; the 
halsamea, balsam of Canada, &c. All these juice,, which 
arc commonly distinguished by the name of turpentine, are 
considered as composed of two ingredients; namely, oil of 
turpentine and rosin. When the turpentine is distilled, 
the oil comes over, and the rosin remains behind. When 
the distillation is continued to dryness, the residuum is 
know'n by the name of common rosin, or colophonium ; 
but when water is mixed with it while yet fluid, and in-
corporated by violent agitation, the mass is called yellow 

During winter the wounds made in the fir trees 
become encrusted with a white brittle substance called barras, 
or galipot, consisting of rosin united to a small portion of 
oil. The yellow rosin made by melting and agitating this 
substance in water is preferred for most purposes; because 
it is more ductile, owing probably to, its still containing 
some oil.* The properties of rosin are those which have 
been detailed in the former pact of this Section. Its uses' 
are numerous and well known. 

2. Mastich.---This resin is obtained from the pislacca 	mastich. 
cus; a tree which grows in the Levant, particularly in•  the 
island of Chios. 'When transverse incisions are made into this 
tree, a fluid exudes, which soon concretes into yellowish 

* Se© Neumann's Chemistry, p. 286. 
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Book w. semitransparent brittle grains.* 	In this state it is sold 
••--v---•-)  under the name of mastich. It softens when kept in the 

mouth, but imparts very little taste. This has induced. 
surgeons to employ it to fill up the cavities of carious tectli, 
which it does tolerably well. When heated, it melts and 
exhales a fragrant odour. Its taste is slight, but not un-
pleasant. In Turkey great quantities of it are said still to 
be chewed for sweetening the breath, and strengthening the 
gums. • It is to this use of the resin as a masticatory that'it 
is supposed to owe its named- Mastich does not dissolve 
completely in alcohol; a soft elastic substance separates 
during the solution. This substance, in Neumann's expe-
periments, amounted to about 42-th of the mastich ; t but in 
those made more lately by Mr. Matthews, it was nearly a 

Contains filth.§ The nature of this insoluble portion was first exa- 
caoLa.. 	mined by Kind who found it possessed of all the proper- chouc. 

ties of caoutchouc. These experiments have lately been 
repeated by Mr. Matthews with a similar result." Mr. 
Braude, however, has observed, that when this insoluble 
substance is dried it becomes brittle, in which respect it 
differs from caoutchouc. He has observed also, that by 
passing a current of chlorine gas through the alcoholic 
solution of mastich, a tough elastic substance is thrown 
down, precisely similar to the original insoluble portion* 
When mastich is distilled either with water or alcohol, 
nothing considerable comes over with these liquids; but 
Hoffman ascertained, that if the resin be first mixed in a 
mortar with its own weight of carbonate of potash, and 
afterwards distilled with alcohol, the liquid comes over both 
with the smell and taste Of mastich.tt With the other 
agents it exhibits the phenomena described in the former 
part of this section. 

Sandarach. 	Sandarach.—This resin is obtained from the thuya ar- 

* See Neiimann's Chemistry)  p. 297. 	f Ibid. p. 298. 
t 	 Nichulson's Jour. x. 247. 

Crell's Annals; 1794, ii. 185. 	•* Nicholson's Jour. x. 247. 
it Phil. Mag. XkV. 111. From these experiments, together with those 

of Dr. Wollaton on this substance, there can be little doubt that it is a 
peCuliar vegetable principle. It may be characterized thus : brittle, se-
initransparent, fusible like resins, insoluble in water and alcohol, soluble 
in ether. 

t Hoffmann, Qbserv. Phys. Chim, Select. p, 

   
  



1377 
ticulala, which grows in Barbary.* It exudes spontane- Chap.1. 
ously, and is usually in the state of small round tears of a "—v.")  
brown colour, and semitransparent, not unlike mastich, 
hut rather more transparent and brittle. When chewed it 
does not soften as mastich does, but crumbles to powder. 
Mr. Matthews found it almost completely soluble in eight 
times its weight of alcohol, The residue was extraneous 
matter.f It does not dissolve in tallow or oil, as common 
resin does.$ Mr. Hatchett found it soluble in alkalies and 

• acids with the same phenomena as common resin.§ 
• 4. Elemi..,—This resin is obtained from the amyris ele- Elemi. 

myera ; a tree which grows in Canada and Spanish Ame-
rica. Incisions are made in the bark during dry weather, 
and the resinous juice which exudes is left to harden in the 
sun. It comes to this country in long roundish cakes 
wrapped in flag leaves. It is of a pale yellow colour,. se-
mitransparent; at first sottish, but .it hardens by keeping. 
Its smell is at first strong and fragrant, but it gradually di-
minishes. Neumann found that alcohol dissolved -4ths of 
this substance; the remainder consisted chiefly of impuri- 
ties, • and was partly taken up by water. Both water and 
alcohol, when distilled with it, *come over strongly impreg-
nated with its flavour. Along with the water there comes 
over a fragrant volatile oil, which amounts to about TIctli 
of the resin employed.11 

.5. Tacamahac.--This resin is obtained from the fagara Tacama: 
octandra, and likewise, it is supposed, from the popuhts 	lac.  

.samifera. It comes from America in large oblong masses 
wrapt in flag leaves. It is of a light brown colour, very 
brittle, and easily melted when heated. When pure it has 
an aromatic smell between that of lavender and musk. 
When distilled along with water or alcohol, nothing comes 

* Thenard, Trait6 de Chimle, iii. 225. 
1- Nicholson's Jour. x. 2.16. 	 t Ibid. 
§ Giese, an apothecary of Augsburg, announced in Scherer's Journal 

for 1302, p. 536, that sandarach does not dissolve completely in alcohol; 
that the residue amounts to about' citte-tiftli of the whole. This residue 
he considers as a peculiar substance. Mr. Matthews proved, by a set of 
experiments, that the whole of this statement is inaccurate: : ive ria 
doubt that Giese employed mastich instead of sandarach, and 	the 
insoluble substance detected was caoutchouc. 

II Neumann's Chem. p. 296. 
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Book Iv. over with these liquids. When pure it dissolves completely 
in alcohol, and water has no action on it.* 

Animo. 	6. Anima—This resin is obtained from the hymencea 
courbarit, or locust tree, which is a native of North Ame-
rica. Anime resembles copal very much in its appearance; 
but is easily soluble in alcohol, which copal is not : this 
readily distinguishes them. IL is said to be very fregnently 
employed in the making of varnishes. Alcohol dissolves it 
completely. Water, according to the experiments of Neu-
mann, dissolves about ,!n th of it; and when the decoction 
is evaporated, it leaves an unctuous mass, which makes the 
fingers oily. Alcohol distilled over it acquires both the 
smell and taste pf anim6. Water distilled from it shows on 
its surface a stall quantity of volati1C 

Ladanum. 

	

	7. Ladanum or labdanuni.—This resin is obtained from 
the cystus creticas, a shrub which grows in Syria and the 
Grecian Islands. The surfitce of this shrub is covered with 
a viscid juice, which, when concreted, forms ladanum. It 
is collected while moist by drawing over it a kind of rake 
with thongs fixed to it. From these thongs it is afterwards 
scraped with a knife. It is always mixed with dust and 
sand, sometimes in great abundance. The best is in dark 
coloured masses, almost black, and very soft, having a fra-
grant odour and a bitterish taste. The impurities, even in 
the best kinds, amount to about lab. Water dissolves ra-
ther more than yth of the pure portion, and the matter 
taken up is said to possess gummy properties. When dis-
tilled with water, a small quantity of volatile oil rises. Al-
cohol likewise comes over impregnated with .the taste and 
smell of labdanum4 

Botany Bay 8. Botany Bay resin.—This resin is said to be the pro- 
resin. duce of the acarois resinfera ;  a tree which grows abun- 

dantly in New. Holland, especially near Botany Bay Spe-
cimens of it were brought to London about the year 1799, 
where it was tried as a medicine. Some account was given 
of it in Governo'r Philips's Voyage, and in White's 
Journal of a Voyage to New South Wales; but it is to 
Professor. Lichtenstein that we are indebted for fin account. 
of its chemical properties. He obtained specimens from 

* Neumann's Chem. p. 295. 	t Ibid. p. 297. 	j Ibid. p. 295. 
§ Dufican's New Dispensary, p. GO. 	fl Appendix, p. 245. 
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London, and published the result of his experiments in Chap. t. 
Crell's Journal.* 

The resin exudes spontaneously from the trunk of the 
singular tree which yields it, especially if the bark be 
wounded. It is at first fluid, but becomes gradually solid 
when dried in the sun. , According to Governor Philips, it 
is collected usually in the soil m hich surrounds the tree, 
having doubtless run down spontaneously to the ground. 
It consists of pieces of various sizes of a yellow colour, 
unless when covered with a greenish grey crust. It is firm, Properties. 
yet brittle; and when pounded, does not stick to the mortar 
nor cake. In the mouth it is easily reduced to powder 
without sticking to the teeth. It communicates merely a 
slight sweetish astringent taste. When moderately heated, 
it melts; on hot Coal; it burns to a coal, emitting a white 
smoke, which has a fragrant odour somewhat like storax. 
*When thrown into the fire, it inermses the flame like 
pitch. It communicates to water the flavour of storax, but 
is insoluble in that liquid. When digested ill alcohol, two-
thirds dissolve: the remaining third consists of one part of 
extractive matter, soluble in water, and having an astrin-
gent taste; and two parts of woody fibre and other impu-
rities, perfectly tasteless and insoluble. The solution has a 
brown colour, and exhibits the appearance and the smell 
of a solution of benzoin. Water throws it down unal-
tered. When distilled, the products were water, and em-
pyreumatic oil, and charcoal ; but it gives no traces of any 
'acid, alkali, or salt, not even when distilled with water. 

Twelve parts were boiled ; a  solution of pure soda.  in Action of 
water. j' Two parts of the resin were dissolved; the re- soda, 
maining ten parts \pre, floating on the solution, cohering 
together in clots. No crystals were obtained by evaporating.  
part of the solution ; and when sulphuric acid was dropped 
into another portion, resin separated unaltered. When And nitric 
mixed with twice its weight of nitric acid, the resin swims acid. 

unaltered on the surface; but when heat is applied, a con-
siderable effervescence takes place. The digestion was cod-

. tinned till the effervescence stopped, and the resin swam 
on the surface of the liquid collected together in clots. It 
was then separated by filtration. It had loSt 	of its 

• 1799, ii. 2.11. 
t By pure sedasalze, it is impossible to say whether Lichtenstein means 

the carbonate of soda or pure soda. 
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Book Iv. weight. The resin thus treated 'had acquired a bitterish 
taste, was not so easily melted as before, and alcohol «•a9 
capable of dissolving only one-half of it. The solution 
was brown, tasted like bitter almonds; and when mixed 
with water, let fall a yellow resinous precipitate of a very 
bitter taste. The insoluble portion mixed with water, but 
formed a turbid liquid, which passed through the filter. 
The nitric acid solution separated from the resin by filtra-
tion was transparent ; its colour was yellow; its taste bitter; 
and it tinged substances dipped into it of a yellow colour. 
By evaporation it yielded oxalic acid, and deposited a 
yellow earthy-like powder. This last substance was inso-
luble in water, and scarcely soluble in alcohol. Its taste 
was exquisitely bitter like quassia. It mixed with the saliva, 
and readily stained the skin and paper yellow. The resi-
duum continued bitter and yellow ; but yielded no preci-
pitate with potash and nitrate of lime, 

I have been thus particular in my account of Lichten-
stein's experiments, on account of the very curious results 
which he obtained. Had he employed stronger reagents 
and greater heat, he would have most probably anticipated 
the curious discoveries of Hatchett. The bitter substance, 
into which he converted this resin by nitric acid, deserves 
particular attention. He suspects that it is capable of pro, 
ducing the same changes on all the resins: a conjecture 
which he verified with regard to coloplzonium, as he found 
it to yield equally a yellow bitter substance. We now 
know from the experiments of Hatcbett, that the action of 
nitric acid on the resins'terminates in the formation of arti-
ficial tannin, which possesses a very bitter taste. 

Black pop_ 9. Bieck poplar resin.—In the year 1770, the black pup, 
par resin, par was pointed out, in a German periodical work, as a 

tree from which abundance of wax could be obtained. 
It was even said, that a manufactory of candles from the 
wax of this tree had been established in Italy. This ac-
count having been revived in 1804., Schrader was induced 
to make a set of experiment4 on the subject. He found, 
that when the buds of this tree are boiled in water and 
properly pressed, they yield about -1,th of their weight of 
a . yellowish-white substance, which possesses the properties 
of a resin, and resembles, according to him, the yellow 
resin of Botany Bay. When digested in water, a coloured 

* Lichtenstein, Crell's Jour. 1799, ii. 242. , 

   
  



nEstxs. 	 141 
solution is obtained;  which reddens litmus paper, which be- Chap. I. 
comes muddy by cooling, and which when evaporated de- \---v""'d  
posits small crystals.* 

10. The green resin, which constitutes the colouring Green re-
matter of the leaves of trees, rind almost all vegetables, is sin. • 
insoluble in water, and soluble in alcohol. From the expe-
riments of Proust we learn, that when treated with chlorine 
it assumes the colour of a withered leaf, and acquires the 
resinous properties in greater perfection. 

11. Copal.—This substance, which deserves particular Copal. 
attention from its importance as a varnish, and which at 
first sight seems to belong to a distinct class from the 
resins, is obtained, it is said, from the thus copullinum, a 
tree which is a native of North America ; but the best 
sort of copal is said to come from Spanish America, and 
to be the produce of different trees. No less than eight 
species are enumerated by Hernadez. 

Copal is a beautiful white resinous substance, with a 
slight tiht• of brown. It is sometimes opaque, and some.,  
times almost perfectly transparent. When heated it melts 
like other resins; but it differs from them in not being so,  
luble in alcohol, nor in oil of turpentine without peculiar 
management. Neither does it dissolve in the fixed oils 
with the same ease as the other resins. It resembles gum 
anime a little in appearance; but is easily distinguished by 
the solubility of this last in alcohol, and by its being brit-
tle between the teeth, whereas aninici softens in the mouth.§ 
The specific gravity of copal varies, according to Brisson, 
from 1'04.5 to 1.139. I found it 11969. Mr. Hatchett 
found it soluble in alkalies anti nitric acid with the usual 
phenomena; so that in this respect it agrees with the other 
resins. r The solution of copal in alkalies he found indeed 
opalescent, but it is nevertheless permanent. It deserves 
attention, that he found rosin, when dissolved in nitric 
acid, and then thrown down by an alkali, to acquire a 
smell resembling that of copal. 

When copal is dissolved in any volatile liquid, and spread Forms the 
. thin upon wood, metal, paper, &c. so that the volatile men- lAs

h
t var- 

.. Sehrmder, Gehlen's Jour..vi. 598. 	1. Jour de Phys. lvi. 106. 
t Lewis, Neumann's Chem. p. 299. Prom Dr. Roxburgh's account 

it appears that the Indian tree Valeria indica yields a resin possessing  
properties intermediate between those of copal and amber. Nicholson 's 
Jour. xxvii. 72. 

• 
§ 
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Book IV. sun= may evaporate, the copal remains perfectly trans- 
parent, and forms one of the most beautiful and perfect 
varnishes that can well be conceived. The varnish thus 
formed is called copal varnish, from the chief ingredient in 
it. This varnish was first 'discovered in France, and was 
long known by the name of vernis Outran. The method of 
preparing it is concealed; but different processes for dis-
solving copal in volatile menstrua have been from time to 
time made public. The following are the most, remarkable 
of these : 

Solution in When copal is kept melted till a sour smelling aromatic 
linseed oil, odour has ceased to proceed from it, and then mixed with 

un equal quantity of linseed oil, which has been deprived 
of all colour by exposure to the sun, it unites with the oil, 
and forms a varnish which must be dried in the sun.* 

Japanners' 	I have been informed by a very ingenious japan mann- 
varnish' facturer in Glasgow, that the copal varnish used by the 

English japanners is made as follows: four parts by weight 
of copal in powder are put into a glass matrass anti melted. 
The liquid is kept boiling till the fumes, condensed upon 
the point -of a tube thrust into the matrass, drop to the 
bottom of the liquid without occasioning any hissing noise, 
as water does. This is a proof that all the water is dissi-
pated, and that the copal has been long enpugh melted. 
One part of boiling hot linseed oil (previously boiled in a 
retort without any litharge) is now poured into it, and well 
mixed.. The matrass is then taken off the fire, and the 
liquid, while still hot, is mixed with about its own weight 
of oil of turpentine. The varnish thus made is transpa-
rent, but it has a tint of yellow, which the japanners en-
deavour to conceal by giving the white ground on which 
they apply it a shade of blue. It is with this varnish that the 
dial plates of clocks arc covered after having been painted 
white.. 

Solution in .When copal is treated with oil of turpentine in close 
oil of our- vessels, the vapour being prevented from escaping, exerts a pentine. 

greater pressure, and the heat rises above the boiling point. 
This additional heat is said to enable the oil to dissolve 
the copal. The solution, mixed with a little poppy oil, 
forms a varnish which is distinguished from the vernis mar-
tin merely in having a very slight tinge of brown. f 

The method of dissolving copal in oil of turpentine, 
. 	* Dr. Black's Lectures, ii. 359. 	f 

   
  



RESINS. 	 143  

published by Mr. Sheldrake, seems to depend upon the Chap. I. 

j  Solution by same principle with the last solution. On two ounces of '---y 
copal, broken into small pieces, is poured a mixture of means of 
four ounces of ammonia with a pint of oil of turpentine. ammonia, 
The whole is.kept boiling very gently, so that the bubbles 
may be counted as they rise. If the heat be allowed to 
diminish, or if it be raised too high, the process stops, 
and cannot be again resumed. The matrass, in which the 
mixture is boiled, is stopped with a cork, secured in its 
place by a brass wire, and perforated by a pin. When the 
copal is nearly dissolved, the process is stopped, and the 
whole allowed to cool before uncorking the matrass. This 
varnish has a deep colour; but when spread thin and al- 
lowed to dry, it becomes colourless. Its defect is the diffi- 
culty with which it dries. This defect Mr. Sheldrake 
remedis by throwing the 'solution into its own weight of 
nut oil, rendered drying by utile lead, and agitating till 
the turpentine is separated. 

To dissolve copal in alcohol, Mr. Sheldrake dissolves And earn- 
half an ounce of camphor in a pint of that liquid, Qu id phor. 
pours•the solution on four ounces of copal. The matrass 
is placed in a sand bath, and the process is conducted 
exactly as the one last described. The solution thus formed 
contains a great deal of copal, and' forms a varnish which 
is perfectly colourless; but considerable heat is necessary to 
drive off the camphor. 

Mr. Sheldrake has lately fiwoured the public with ano- 
ther and easier method of dissolving copal. This method 
is as follows: 

Provide a strewn vessel made of tin or other metal; it S
p
he

c
i
e
d
s
r:.
:
kes 

should be shaped like a wine bottle, and capable of holding ro  
two quarts; it will be convenient to have a handle strongly 
rivetted to the neck ; the neck should be long and have a 
cork fitted to the mouth, but a notch or small hole should 
be made in the cork, that when the spirit is expanded by 
beat, a small portion may force its way through the hole, 
and thus prevent the vessel from bursting. 

" Dissolve half an. ounce of camphor in a quart of spirit 
of turpentine, and put it into the vessel; take a piece, of 
copal the size of a large walnut, reduce it to a coarse pow-
der or very small pieces; put them into The tin bottle, fitsten 
the cork down with a wire, and set it as quick as Possible 
upon a fire so brisk as to make the spirit boil almost inane, 
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Book iv. diately ; then keep it boiling very gently foi about an hours  
`--,e6s-1 when so much, of the copal will be dissolved as. will make a 

very good varnish ; or, if the operation has been properly 
begun, but enough of copal has not been dissolved, it may-
be again put on the fire, and by boiling it slowly for a 
longer time, it may be at last brought to the consistence 
desired.:' 

Van Mons relates another process much simpler than 
'any of the above, which he says was taught him by 

Demme- Mr. Demmenie, a Dutch artist. It consists in exposing 
cess Pf°- copal to the action of the steam of alcohol. A long necked 

matrass is filled one-fourth full of strone, alcohol, and a 
piece of copal is suspended above the surface of the'liquid 
at some little distance; the top of the matrass is covered 
with a condensator; the alcohol is kept boiling the copal 
softens, and drops down into the alcohol like oil. When 
these drops no longer dissotve, the process must be stopped. 
The solution thus obtained is perfectly colourless. Copal 
mac be dissolved in oil of turpentine by the same process.t 

tenor- The following method of making copal varnish has been 
mand's recommended by Professor Lenormand. Drop upon the 
process. 	pieces of copal pure essential oil of rosemary. Those pieces 

• that are softened by the oil arc fit for the purpose, the 
others not. Reduce them to a fine powder, put this pow-
der into a glass vessel not thicker than a finger breadths 
pour oil of rosemary over it, and stir it about with a glass 
rod. In a short time the whole is converted into a very 
thick liquid. Pour alcohol on thislIquid by little at a time, 
incorporating it, by gently agitating the vessel, till it is of 
the requisite thinness for use. t 

12. Highgate resin.—This substance was dug up at High. 
gate, near London, during the late attempt to run a tunnel 
through the hill. It was in small amorphous masses of dill 
ferent sizes. Colour a muddy-yellowish light-brown. Semi-
transparent. Lustre resinous, and surface smooth, as if it 
had been long agitated in water. It was less easily broken 
than common rosin, but much more easily than copal. 
Softer than copal. Has a resinous and aromatic smell, espe-
cially when heated. When heated it melts and may be ren-
dered as liquid, as water without altering its colour. When 
in lumps it is insoluble in water, alcohol, potash ley, acetic 

a Nicholson's Jour. ix. 157. 	Jour. de Claim 	218. 
•~i Nictioicon's Jour. xxiv, 67, 
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acid. But ether renders it opaque and white, and quite Chap. 1. 
tender; it loses its cohesion and crumbles into powder upon \—v-1  
the least pressure between the fingers. The ether at the 
same time dissolves a portion which it deposits when mixed 
with water. Nitric itcid partly dissolves and partly converts 
it into a red coloured substance. 'Water throws down the 
dissolved portion in the state of bitter-tasted white flocks. 
Sulphuric acid readily chars it when assisted by heat. When 
in a state of a fine powder alcohol 'dissolves a small portion 
of it. It is insoluble in potash ley.• 

13. Lac.—This is a substance deposited on different 
species of trees in the East Indies, by an insect called 
chremes lacca, constituting a kind of comb or nidus. It HistorT. 
has been imported into Europe, and extensively used from 
time immemorial ; but it is only of late years that 'correct 
information concerning it has been obtained. For what 
relates to the natural history of the insect, and the mode 
of forming the lac, we are indebted to Mr. Ker,t Mr. 
Saunders, t and Dr. Roxburgh.§ Though very often em- 
ployed in the arts, it was neglocted by chemists. Geoffi•oy 
junior, indeed, published a dissertation on it, but it con-
tains few chemical experiments. He merely subjected ,it 
to distillation, and obtained products which he thought 
similar to those given by wax in the same circumstances.11 
This led him to consider it as a species of wax, an opinion 
followed by Neumann; *5  but Junker,tt and most of 'the 
subsequent chemical writers, place it among the resins. 
Mr. Hatchett has lately examined it with his usual address, 
and ascertainedits composition and properties.4 To him 
we are indebted for almost every thing 'Which we know re-
specting its chemical nature. 

There are various kinds of lac distinguished in corn- Varieties. 
merce. Slick lac is 'the 'substance iii its natural state, en-
crusting small twigs. When broken off and boiled in 
water it loses its red colour; and is called seed lac. When 
melted and reduced to the state of a thin crust, it is called 
shell lac. Stick lac is of a deep red colour, and yields to 

• Annals of Philosophy. iii. 9. 	t Phil. Trans. 1781, p. 376. 
$ Phil. Trans. 1789, PI 107. 	§ Ibid. 1791, p. 228. 
H Mem. Par. 1714, p. 121; and Martine's translation of the Me. 

moires of the French Academy, v. 4. 	. . 	 I 
it* Chemistry, p. 334. 	 + + Conspectus Chemim, ii. TO, 
14 Analytical Experiments on Lac,. Phil. Taus. 1804. 

VOL. Iv. 	 .1. 
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Book iv. water a substance which is used as a red dye. The other 
two varieties are brown. 

Properties. 	Water dissolves•the greatest part of the colouring matter 
of.lac, which varies from 15 to k  per cent. Alcohol dis-
solves the greatest part of the resin, which constitutes the 
chief ingredient in the composition of lac. Ether acts 
more feebly. Sulphuric acid dissolves and gradually chars 
lac; nitric acid dissolves, and then, produces the same• 
changes on it as on other resinous bodies. Muriatic and 
acetic acids likewise 'act as solvents. A solution of borax 
in water readily dissolves lac. The best proportions are 
20 grains of lx;rax, 100 grains of lac, and four ounces of 
water. This solution, mixed with lamp. black, .constitutes 
Indian ink ; and may indeed be employed for many of the 
purposes of varnish. The fixed alkalies readily dissolve 
lac, but not the volatile. When' placed on a hot iron it 
melts, and emits a thick smoke with an odour rather 
pleasant, leaving a spongy coal. . When distilled, it yields 
water slightly acidulous, and a thick. buty.raceous oil. The 
gases emitted are a mixture of carbonic acid and carbu-
retecl hydrogen. Stick lac 'yields also some carbonate of 
ammonia; but the other two varieties none. The following 
table exhibits the constituents of the different varieties of 
lac, according to the analysis of Mr. Hatchett: 

. Constitu- Stick Lac. ' Sced Lac. Shell Lac. 
ent4. • Resin 	 • 68 .. .. 88'5 .. .. 90'9 

Colouring matter 	 10 .... 2.5 .... 0'5 
Wax 	 6 .... 4'5 4.0 
Gluten 	 5'5 • • • • .2.0 • . • 2'8 
Foreign bodlies 	 6'5 
Loss 	  4'0 . • • 2'5 • . 6 • 1'8 

IMP 

100 	100 	100 
The resin is less brittle than those bodies usually are.. 

The colouring matter possesses the properties of extractive; 
the wax is analogous to myrtle wax, and the gluten closely 
resembles the gluten of wheat.* 

The uses to which lac is applied in India are very nu-
merous. In Europe it forms the basis of sealing-wax; 
which is made by melting lac with different proportions of 
turpentine and some colouring matter, as ivory-black, for 

* Hatchett, Phil, Trans. 1804. 

.70111.' 
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black sealing-wax; vermilion for red, &c. It constitutes Chap. I. 
also the basis of many varnishes and lackers. This last 
name indeed is derived from the word lac.!" 

14. .Amber:—This substance is undoubtedly of vegetable Amber. 
origin ; and though it differs from resins in some of its 
properties, yet it agrees with them in so many others, that 
it may, 'without impropriety, be referred to them. For 
the chemical investigation of the properties of this sub-
stance, we are chiefly indebted to the labours of Hoffinannit 
Bourdelin,f Stockar de Neuforn,§ Heyer,11 and more 
lately it has occupied the attention of Mr. lIatchett. The 
best account of amberT  varnish which I have seen is by Nils 
Nystrom in the Stockholm Transactions for 1797." 	• 

Amber is a brittle, light, hard substance, usually neatly Properties.. 
transparent; sometimes nearly colourless, but commonly. • 
yellow or even deep brown. It has considerable lustre. 
Its specific gravity is 1'065. It is tasteless, and without 
smell, except when pounded or heated, when it emits a' 
fragrant odour. Wlren heated it softens; but, as far as is 
known, cannot be melted without losing some of its 
weight, and altering its appearance. In a strong heat it 
burns, leaving a small quantity of ashes, the nature ot 
which has not yet been ascertained. Water has no action 
on it ; but alcohol, by long digestion, dissolves about one-
eight of the amber; and forms a coloured solution, which 
when concentrated becomes milky when mixed With water. 
The precipitate possesses the properties of a resin. The 
residuum of the amber is not acted on by alcohol. Though 
amber he roasted before the action of the alcohol, the 
tincture is still formed. Hence we learn that the resinous 
part of amber is not expelled by a melting heat. fit When Action of 
amber is treated with a boiling fixed alkali, it is almost alkalies. 

.* A detailed account of the method of making several of these is 
given by Dr. Lewis in his Philosophical Commerce of the Arts, p. 223. 

t Obs. Phys. chem. p. 60 and 198. 
Sur le Succin. Mem. Par. 1742, p. 192. 
Specimen. Chem. Med. Inaugur. de Succino in Genere et speciatim 

de Succino Fossili VVisbolzens,i, 1760. This tract contains 4 very co-
pious set of experiments; which, however, do not always agree with 
those of other chemists. Wasserberg's Treatise on Amber is chiefly an 
abridgment of Stockard's. 

Chemische versuche mit Bernstein, 1781. 
** I have seen the paper only through the medium of Crell'sJo
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It is inserted in Crell's Annals, 1799, ii. 171 and 253. 	t t 
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Book IV.. completely dissolved, according to Hoffman, and the 'Coln- 
`"--v"—j  pound possesses the qualities of soap; for it is soluble in 

water and alcohol, and not thrown clown by water. Mr.. 
Hatchett found that the alkalies act only partially •on 
amber, extracting a yellow tincture. Probably this in-
genious chemist did not continue:the process long enough; 
for I have accidentally ascertained, that a weak solution of 
potash is caPable of dissolving amber completely without 
the assistance of heat, provided it be allotwed to act for a 
sufficient time. I bad formed a weak solution of potash 
(I believe subcarbonate) as nearly as possible of the specific 
gravity of amber,. and I had put into it some amber 
powder, to show the supposed currents olf Count Rumford 
during the heat of the liquid. On examining the infusion.  
About a month after, I found the amber all lying at the 
bottom of the phial. I added more alkali to restore the 
equilibrium. Some time after the amber was again at the 
bottom, and it was necessary to add more alkali. By this 
time the solution had acquired a yellow colour. I therefore 
explained the sinking of the amber, by supposing that the 
potash had dissolved a portion of it, and that this had 
altered the specific gravity of the solution. Not knowing 
at the,time that any experiments had been made on the 
subject, I put aside the phial to ascertain the result. Three 
years after only two or three particles of the amber at most 
could be detected, the rest having dissolved completely. 

Of acid,. 

	

	The weaker acids have no action on amber. Sulphuric 
acid converts it into a black resinous mass. 'Nitric acid 
acts upon it ; when assisted by heat, nitrous gas is emitted. 
The amber is first converted into a light resinous substance, 
and at Iast dissolves completely. Heyer, who first made 
this experiment; 'could obtain neither oxalic nor acetic acid 
by the action of nitric acid on amber. That nitric acid is 
really capable of dissolving amber has been lately verified 
by the experiments of Hatchett, who found it soluble with 
the same phenomena as resins in general. - 

Amber var- Neither fixed nor volatile oils have any action on amber 
nish. 	unless ,it has been previously roasted or exposed to a melt= 

inn.  heat. When thus treated, it combines with oils, and 
the solution, forms amber varnish. The process recom-

. mended by Nystrom is this : amber is to be spread on a 
fiat-bottomed iron pan, and placed on an equal coal fire till 
it melt; it is then to be withdrawn, covered with a plate of 
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copper and iron, and allowed to cool. If the process be Chap. I. 
properly conducted, the amber will have lost half of its L'-‘e—.  
weight. If the fire be too strong, the amber will be scorched 
and rendered useless. If it be too low, the amber will not 
melt, but be reduced to a brown crust, which answers well 
enough for a varnish, provided it be exposed to heat till it 
is reduced to one-half of the original weight. One part of 
this roasted amber is to be mixed with three parts of linseed 
oil (rendered drying by litharge and white vitriol), and the 
mixture exposed to a gentle heat till the amber is dissolved : 
it is theta to be withdrawn from the fire, and when nearly 
cold four parts of oil of turpentine are to be added. The 
whole is then allowed to settle, and the clear portion is 
passed through a linen cloth. 

When amber is distilled, there comes over carbureted 
hydrogen and carbonic acid gas, an acidulous water, then 
an oil, at first thin and transparent, but becoming gradually. 
darker and thicker. Towards the end of the process the 
succinic acid sublimes. From the observations of Vogel, 
it appears that a portion of the yellow matter which is ob- 
tained by this distillation possesses the properties of wax • 
very nearly.* 

15. Resin from bitumen. Mr. Hatchett ascertained, that Resin front 
when asphalt, mineral caoutchouc, and other similar bodies, bitumen. 

are digested a sufficient time in nitric acid, they furnish a ' 
considerable portion of a brown substance, which possesses 
many of the properties of resins. Kilkenny coal, and every 
other variety of coal which contains no bitumen, is con- 
verted by nitric acid into artificial tannin, but yields no 
resin ; while common coal furnishes both. Thus it appears 
that bitumen, when treated With nitric acid, has the pro- 
perty of yielding a species of resin. 	 • 

This substance has a pale brown-colour like that of Properiies. 
Spanish snuff; its internal' fracture is dark-brown, and it 
has a resinous lustre. When heated it does not readily 
melt; but when inflamed emits a resinous odour, mixed with . 
that of fat oils, and leaves a coal much more bulky than 
the original substance. Alcohol dissolves it. WateI throws 
down a part from the solution ; but a portion remains un- 
dissolved, which Acts on reagents like extractive. The taste 
.is bitter. Hence this substance appears to be intermediate 
between extractive and resin. When digested with nitric  

.Gel4en's Jour. v. fa?. 
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Book IV. acid it is readily converted into artificial tannin; and when 
digested with sulphuric acid it is converted into charcoal.: 
• I have now enumerated the most remarkable of the re-
sinous bodies with which we are acquainted. There are 
indeed many of the substances employed in medicine, which 
undoubtedly contain resins; for example, aloes, jalap, snake-
root, arnica, &c. ; but as these have not yet been chemically 

-examined, it would be in vain to dwell upon them. 

SECT. XXVII. 
OF GUAIACUM. 

Origin. 	Tins substance is obtained from the guaiacum cgcinale, 
a tree which is a native of the West Indies, and yields a 
very hard heavy wood. The resin exudes spontaneously, 
and is also driven out artificially by heating one end of the 
wood in billets previously bored longitudinally; the melted 
resin runs out at the extremity farthest from the fire. This 
substance has been used in medicine for a considerable time, 
having been originally recommended in venereal diseases. 
Nothing is known concerning its original introduction into 
Europe. 

It was considered by chemists as a resin, till Mr. Hatchett 
observed, that when treated with nitric acid it yielded pro-
ducts very different . from those of resinous bodies.t This 
induced Mr. William Brande to examine its chemical' pro-
perties in detail.$ To his valuable paper we are indebted 
for almost all the accurate information which we possess re- 
specting its chemical nature. 

Properties, 

	

	1. Guaiacum is a solid substance, resembling a resin in 
appearance. Its colour differs considerably, being partly 
brownish, partly reddish, and partly greenish ; and it always 
becomes green when left exposed to the light in the ,open 
air.§ It has a certaitedegree of transparency, did bieaks 

• •Hatchett's Third Series of Experiments on Artificial Tannin, Phil. 
Trans, 1806. 

f Second Series of Experiments on Artificial Tannin, Phil. Trans. 1805. 
Chemical Experiments on Guaiacum, Phil. Trans. 1806, and Phil. 

Mag. xxv: 105. 
§ Wollaston)  Nicholson's Jour. viii. 294. 
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with a vitreous fracture. When pounded it emits a pleasant Chap. I. 
balsamic smell,• but has scarcely any taste, although when `—v--° 
swallowed it excites a burning sensation in the throat. 
When heated it melts, and diffuses at the same time a pretty 
strong fragrant odottr: Its specific gravity is 1'2289.* 

2. When guaiacum is digested in water a portion of it is Action or 
dissolved, the water acquiring a greenish-brown colour and water,  
a sweetish taste. The liquid, when evaporated, leaves a 
brown substance, which possesses the properties of extrac-
tive ; being soluble in hot water and alcohol, but scarcely 
in sulphuric ether, and forming precipitates with muriates 
of alumina, tin, and silver. This extractive amounts to 
about nine parts in the hundred of guaiacum.t 

3. Alcohol dissolves guaiacum with facility, and forms a Alcohol. 
deep-brown coloured solution:* Water renders this solution 
milky by separating the resin. Muriatic acid throws down • 
the guaiacum of an ash-grey, and sulphuric acid of a pale-
green colour. Acetic acid and the alkalies occasion no 
precipitate. Liquid chlorine throws it down of a fine 
pale-blue, which does not change when dried. Diluted 
nitric acid occasions no change at first; but after some 
hours the liquid becomes green, then blue, anent last 
brown, and at that period a brown coloured precipitate falls 
down. 14 water be mixed with the liquid when it has as-
sumed a green or a blue-colour, green and blue precipitates 
may be respectively obtained.$ 

4. Sulphuric ether does not act so powerfully on guaiacum Ether, 
as alcohol. The solution obtained by means of it exhibits 
the same properties when treated with reagents as that in 
alcohol. § • . 

5. The alkaline.solutions, both pure and in the state of Alkalies. 
carbonates, dissolvb guaiacum with facility. Two ounces of a 
saturated solution of potash dissolved about 65 grains of 
guaiacum; the same quantity of ammonia wily 25 grains; 
or guaiacum dissolves in about 15 parts of potash and 
38 parts of ammonia. Nitric icid threw clown from these 
solutions a brown precipit,lte, similar to what is obtained 
when the alcoholic solution is mixed with the same acid. 
Muriatic acid and diluted sulphuric acid throw down a flesh- 

* Brande, Phil. Mag. xxv. 105. 
DA& p. 106. 

+ Ibid. 
§ Ibid. p. 106. 
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Book iv. coloured curdy precipitate, which in its properties ap-
\--Y-1  proaches the nature of extractive.* 

Action of 	6. Most of the acids act. upon' guaiacum with consider-
acids. able energy. 

Sulphuric acid dissolves it, and form/a deep-red liquid, 
which deposits while fresh a lilac-coloured precipitate 
when mixed with water. When heat is applied the guaia-
cum is charred. 

Nitric acid dissolves guaiacum completely without the 
assistance of heat, and with a strong effervescence. When 
the solution is evaporated, it yields a very large quantity of 
oxalic acid.t No artificial tannin appears to be formed, but 
rather a substance possessing the propertieS of extractive. 
Diluted nitric acid converts guaiacum into a brown sub-
stance, similar to the precipitate obtained by nitric acid 
from the alcoholic solution of guaiacum. This brown matter 
posseises the properties of a resin.t 

Distilia- • 
non. 

Acidulous water 	  5.5 
Thick brown oil 	  24.5 
Thin empyreumatic oil 	  sp 
Charcoal 	  .30'5 
Gases, consisting of carbonic acid and 

carbureted hydrogen 	  9.0 
Loss 	  .0'5 

100.0 
The coal when incinerated left three grains of lime, but no 
alkaline substance. 11 

8. Such are the properties of guaiacum, as far as they. 
have been hitherto ascertained. From the preceding de-
tail, it is obviou§ that guaiacum in many respects coincides 
with the resins; but it differ's from them in three particulars 
so remarkable, that we cannot avoid considering it as a dis-
tinct substance. 

* flrande, Phil. Mag. xxv. 100. 
fi Ilatchett, Second Series of Experiments on Artificial Tannin, Phil. 

Trans. 1806. 
Brande; Phil, Mag. xxv. 107. 	§ Ibid, 	11 Ibid. 

Muriatic acid acts but slightly, as the guaiacum soon 
melts into a blackish mass, which is not acted upon.§ 

7. When guaiacum is distilled, 100 parts of it yielded to 
Mr. Brande the following products : 
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The first of these is the .great quantity of charcoal Chap. I. 
which it .leaves when distilled in close vessels. This Mr. , Peculiar 
Brande found to amount to above 30 per cent.; while tne properties. 
resins, in like circumstances, hardly ever leave more than 
15 per cent. of charcoal, and often not nearly so much. It 
is possible, however, and indeed not improbable, that this 
difference is to be ascribed to the different degrees of heat 
employed. 

The second peculiarity is the action of nitric acid on 
guaiacum. This acid does not dissolve the resins without 
the assistance of heat, but converts them into a brown brittle 
mass; whereas it dissolves guaiacum completely. The 
action of this acid on the resins terminates in the forma-
tion of artificial tannin, whereas its action on guaiacum 
terminates in the formation of oxalic acid. This striking 
difference is alone sufficient to warrant a separation of 
guaiacum from the resins. 

The third peculiarity is the remarkable suite of changes 
of colour which guaiacum undergoes when its solutions are 
treated with nitric acid. and chlorine. Dr. Wollaston 
first observed that guaiacum becomes green when exposed 
to light, provided air have access to it; and that the colour 
is again removed by the application of heat.* Hence it is 
probable that oxygen occasions the change. This opinion 
is much strengthened by the experiments' or Mr. Brande-. 
When guaiacum was put in contact with oxygen gas, it 
became green sooner than in the.open air. When put Forms 
into chlorine gas it became first green, then blue, and lastly "ides' 
brown; and ammonia, when left in contact with it, restored 
again its green 'colour. In like manner, by treating the 
alcoholic solution of guaiacum with nitric acid, green, blue, 
and brown precipitates are obtained, according to the length 
of time that the acid is allowed to act upon it. These factS 
give considerable plausibility to the opinion of Mr. Brande, 
that the changes of colour are owing to the combinations of 
oygen with the guaiacum ; that the green contains the least, 
and the brown the most oxygen, while the blue is inter-
mediated- Thus guaiacum, in its changes of colour, bears 
some resemblance to indigo. Mr. Brande has remarked a 
coincidence also between guaiacum and the green resin of 
the leaves of plants. 

* Nicholson's Jour..viii. "295. 	t Irande:  Phil. Nag. xxv. 
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Book IV. 	 SECT. XXVIII. 
OF BALSAM. 

THE term balsam or balin was originally confined to a 
thick fragrant juice obtained from the amyris Gileadensis, 
and afterwards applied by chemists to all substances which 
possessed the same degree of consistence and a strong smell, 
whether natural or artificial. Bucquct restricted the term 
to those resinous-like substances 'which yield benzoic acid 
when heated. • This new meaning of the word, which has 
been adopted by chemists in general, has introduced into 
the class of balsams several substances which were formerly 
considered as resins. The word balsam originally implied 
a substance possessing a certain degree of fluidity ; but now 
therettre two classes of balsams; the one fluid, and the 
other solid and brittle. 

Definition. 

	

	A balsam, then, is a substance which possesses the gene- 
ral properties of a resin; but which, when heated or di-
gested in acids, yields a portion of benzoic acid. Chemists, 
in general, have considered them as combinations of a resin 
with benzoic acid; but Mr. Hatchett has made it probable, 
that the acid is formed at the time of its separation.* 

Properties. 

	

	Th'ey are gbluble in water; but when boilecl in that 
liquid often- give out a portion of benzoic acid. Alcohol 
and ether dissolve them readily. The strong acids like-
wise dissolve them ; • and during the solution a portion of 
benzoic acid is separated. Nitric acid, in some cases, evolves 
likewise traces of prussic acid. The alkalies act upon them 

Division. nearly as on the resins. They may be divided into .two 
classes; namely, liquid and solid balsams. 

I. LIQUID BALSAMS. 

The liquid balsams at present known arc five in number; 
namely, 

1. Opobalsamum., 	4. Peru. 
2. Copaiva. 	 i. Styrax. 
3. Tolu. 

Opnbalsa- 	1. Opobalsamum or balm of Gilead.—This balsam is ob- 
MUM. 	tained from the towels Gileadensis, a tree which grows in 

* Second Series of Experiments on ArtificialTatinia,Phil.Trans. 1806. 
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Arabia, especially near Mecca. It is so much valued by Chap. I. 
the Turks that it is seldom or never imported into Europe. '''''Ne""), 
We are of course ignorant of its composition. It is said to 
be at first turbid and white, and of a strong aromatic smell, 
and bitter, acrid, astringent taste; but by keeping, it be-
comes limpid and thin, and its colour changes first to 
green, then to yellom;, and at last assumes the colour of 
honey, and the consistence of turpentine.* 

2. Copaiva.—Tbis balsam is obtained from the copaffera Copaire, 
officinalis ; a tree which grows in Sohth America, andisome 
of the West Indian islands. It exudes from incisions made 
in the trunk of the tree. The juice thus obtained is trans, 
parent, of a yellowish colour, an agreeable smell, a pungent 
taste, at first of the consistence of oil, but it gradually. 
becomes as thick as honey. Its specific gravity is 0.950.1.  
When mixed with water and distilled, there comes over 

• with the water a very large portion 9f volatile oil. 'Lewis Yields 
obtained half the original weight of this oil.t Schonberg, 
from eight ounces of copaiva, obtained 3+ of oil by this. 
process.§ It was colourless, very limpid, of the specific 

`gravity 0'900 ; had the taste and smell of copaiva, but 
rather stronger. It dissolved in eight parts of alcohol; 
but the coVaiva itself is a good deal more solnble.11 The 
oil ceases to come over before all the water has passed into 
the receiver. The residuum, of course, consists of two sub-
stances; namely, the watery portion, and a greyish-yellow And resin; . 
substance, lying at the bottom of the vessel, which, on 
exposure to the air, dries, and becomes brittle and trans-
parent. When heated it melts, and possesses the charac- 
ters of a resin. When distilled it yielded a yellowish thick 
oil, some acidulous water, and 'a gas; one-sixth of which • 
was carbonic acid, and the remainder seemed to possess the 
characters of olefiant gas.' ]!rom these facts, which have 
been.long known, it was concluded, that copaiva is a com- 
pound of a resin and a volatile oil, which passes over at a 
heat inferior to that of boiling water; but the experiments But is du. 
of Schonberg have rendered it much more probable, that composed•  
the balsam is decomposed when distilled along with water, 
and that both the oil and resin are new products. 

* This is the account of Professor Alpinus, as quoted by Lewis, Neu- 
mann's Chem. p. 284. 	f Schonberg, Gehlea's Jour. vi. 494. • 

X Neumann's Chem? p. 285. 	. 	§ Gehlen's Jour. vi. 494, 
n Schonberg's Gehlen's Jour. vi. 494. 	*1  Schonberg, ibid. 491. 
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Book iv. 	When distilled on a water bath, nothing comes over bet 
a few drops of water, and one or two drops of oil.* If the 

Distillation. vessel be kept at a temperature between 234° and 257°, 
scarcely any thing more is •obtained than .when the distilla-
tion is conducted over a water bath. At the temperature of 
501° the balsam begins to boil gently, a gas is extricated, 
and drops begin to pass more rapidly into the receiver. At 
550°  it boils briskly, and the distillation goes on rapidly. 
There passes into the receiver a limpid yellowish oil, occa-
sionally mixed with a drop or two of water. As the dis-
tillation proceeds the oil becomes more and more yellow. 
At this period the balsam is as liquid as water, and boils 
without any frothing or swelling. After this period the oil 
becomes yellow, and then brownish-red ; but Still continues 
pretty thin. The first oil obtained by Schonberg from four 
ounces of copaiva, by this process, was :3-fir, ounces. The 
water had a sour taste, and reddened litmus paper. The . 
gas amounted to 81 ounce measures ; ith of it was carbonic 
acid, the rest resembled olefiant gas. t 

Action of 	Nitric acid acts upon this balsam with considerable 
nitric acid, energy. When one part of the balsam is mixed with four* 

parts of nitric acid mid two parts of water, and heated, a 
yellowish solution is formed, similar to the original balsam)  
but darker. When distilled, there comes over with the 
liquid that passes into the receiver an apple-green oil, which ' 
lines the helm of the retort. The nature of the residue was 
not examined. Doubtless it would have been found to con-
tain tatificial tannin, provided a sufficient quantity of acid 

• was employed. 
similar to 	When treated with sulphuric acid, it yields a portion of 
turpentine. artificial tannin. 

Whether this balsam yields benzoic acid has net been.  
ascertained. Its propertie,s are rather against the probabi-: 
lity of its doing so. Indeed it bears a striking resemblance 
to turpentine in many respects; and ought, along with it, 
to constitute a class of bodies intermediate between volatile 
oils and resins, to which the name of turpentines might be 

• trim. 

* Schonberg, Gehlen's Jour. vi. p.495: 	t Id. ibid. 
I Id. ibid. p. 499. 
! Hatehett, Third Series of Experiments on Artificial Tannin, Phil 

'Trait. 1806. 

   
  



VALSAMS. 	 157 

3. Balsam of Tole.—This substance is obtained from the chap. 1. 
toluyera balsamum, a tree which grows in South America. :—\c""" 
The balsam flows from incisions made in the bark. It Balsami of 

comes to.Europe in small gourd shells. It is of a reddish. a. 

brown colour and considerable consistence; and when ex- 
posed to the air, it becomes solid and brittle. Its smell is 
fragrant, and continues so even after the balsam has become 
thick by age. When distilled with water, it yields very 
little volatile oil, but impregnates the water strongly with 
its taste and smelt. A quantity of benzoic acid sublimes, if 
the distillation be continued.* 

Mr. Hatchett found it soluble in the alkalies like the rest ACtion of 
of the balsams. When be dissolved it in the smallest pos- alkalies, 

sible quantity of lixivium of potash, it completely loses its 
own odour, and assumes a most fragrant smell, somewhat 
resembling that of the clove pink. " This smell," Mr. 
Hatchett observes', " is not fugitive, for it is still retained . 
by a solution which was prepared in June, and has remained • in an open glass during four months." 

When digested in.  sulphuric acid, a considerable quan- And acids. 
tity of pure benzoic acid sublimes. When the solution of 
it in this acid is evaporated to dryness, and the residue 
treated with alcohol, a portion of artificial tannin is ob- 
tained; the residual charcoal amounts to 0.51 of the origi- 
nal balsam. t 

Mr. Hatchett found that it dissolved in nitric acid with 
nearly the same phenomena as the resins; but it assumes 
the odour of bitter almonds, which leads him to suspect. the 
formation of prussic acid. During the solution in nitric 
acid; a portion of benzoic acid sublimes. By repeated di- 
gestions it is converted into artificial tannin.X 

4. Balsam of Peru.—This substance is obtained from Balsam of 
the myroxylon.  peruiferum, which grows in the watmn parts Peru. 
of South America. Mile tree is full of resin, and the'bal-
sam is obtained by boiling the twigs in water,' It has the 
consistency of honey, a brown colour, an agreeable smell, 
and a hot acrid taste. When boiled with water for some 
time, the liquid separated by the filter reddens vegetable 

* Lewis, Neumann's Ciiem. p. 285. 
t Hatchett, Third Series of Experiments 014 Artilic;31 Tannin, Phii, 

Trans. 1806. 	 4 Ibid 
1 
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Book Iv. blues, and deposits crystals of benzoic acid on cooling. 
7"-N.e—j. The water contains no other substance.* When distilled 

with water, it yields a very small quantity of reddish limpid 
oil. Hoffmann obtained only one part of oil from 16 of 

• balsam. t Lichtenberg mixed two ounces of balsam with 
eight of water, and distilled. The first two ounces of water 
came over colourless, and had only a slight odour of die 
balsam. . The next three were milky, smelt strongly of the 
balsam, and at the bottom of the receiver were some drops 
of colourless oil. The next 1.- ounce were similar, but 
contained more oil. Between 50 and 60 grains of benzoic 
acid had sublimed into the neck of the retort. By increas-
ing the .heat 3+ drachms of yellow oil came over, and a' 
quantity of benzoic acid. A black shining coal remained 
in the retort.t 

	

Action of 	When this balsam is exposed to the heat of a water bath, 
heat, only a drop or two of water and a few drops of oil can be 

obtained. § When placed in a sand bath, and expokd to a 
temperature gradually raised, nothing more comes over till 
the balsam is heated to 800°, when a portion of benzoic 
acid sublimes; and at 324°, drops of water and oil began 
to come over. At 550°  the balsam begins to boil, and some 
gas is disengaged. At 594° the Oil (mixed with a little 
water) comes over pretty fast. At 617° it comes over still 
more rapidly. Lichtenberg, to whom we owe these expe-
riments, kept four ounces of balsam at that temperature for 
two hours, •and obtained two ounces of a yellowish oil, and 
a crystallized mass of benzoic acid, which, .together with 
the water, weighed 6 drachms. The gas obtained amounted 
to 58 ounce measures; of these, 38 were carbonic acid. 
The rest burnt like olefiant gas. 'By increasing the heat a 
brownish oil came over, and at last a black oil of the con. 
sistence of pitch, and 49 ounce measures of gas were extri-
cated. Of these, six were carbonic acid; the residue burnt 
with a bluish white flamed' 

	

Of alkalcs. 	A saturated solution of carbonate of soda forms with this 
balsam a thick mass. When diluted with water and heated, 
a portion is dissolved. The solution, when saturated with 

4' Lichtenberg, Gehlen's Jour. vi. 489. 
f Observ. Phys. Chyin. Select. p. 71. 	j Gehlen's Jour. vi. 485. 
4 Lichtenberg, Gehlen's Jour. vi. 485. 	fl Ibid. p. 487. 
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sulphuric acid, deposits crystals of benzoic hcid. One part Chap. 1. 

of the balsam, treated with one part of potash dissolved in L.-v-1  
four parts of water, formed an opaque solution, which gra- 

	

dually separated into two portions: the uppermost, a clear 	• 
oil with some grey flakes at its lower surface; the under-
most, a dark brownish-red opaque solution. This last so-
lution, when saturated with sulphuric acid, lets fall a resi-
nous-like substance, dissolved by boiling, while benzoic acid 
crystallized.* 

Nitric acid acts upon the balsam with energy, and gives Of acida. 
it an orange-yellow colour when assisted by heat. When 
distilled with a sufficient quantity of this acid diluted, the 
liquid in the receiver smells of bitter almnnds. 'When 
supersaturated with carbonate of potash, and mixed with a 
solution of iron, a precipitate falls, which, when treated. 
with muriatic acid, leaves prussian blue, and indicates the 
presence of prussic acid. During the distillation benzoic • 
acid sublimes. The residue in the retort has a crystalline 
appearance, is light yellow, dissolves sparingly in boiling 
water, and preclpitates on cooling in the state of a yellow 
powdent Such was the result of Lichtenberg's 
Mr. Hatchett observed that the residue possessed the pro-
perties of artificial tannin. 

When this balsam is treated with sulphuric acid, artificial 
tannin is also formed, and the residual charcoal amounts to 
no less than 0'61 of the original weight of the .balsain. 

5. Styras.—This is a semifluid juice, saki to be obtained Styrax. 
from the liquidambar slyraciflua, a tree which grows in Vir-
ginia, Mexico'  and some 'other parts of America.§ It is •  
prepared, according to Mr. Petivcr, in the island Cobross 
in the Aed Sea, from the bark of a tree called rosa mallos 
by the natives, and considered by botanists as the same with 
the American species. The bark of this tree is boiled in 
salt water to the consistence of bird-lime, and then put into 
casks.II Bouillon la Grange has published an account of 
its properties.** Its colour is greenish, its taste aro:-
matic, and its smell agreeable. It is easily volatilized by 

* Lichtenberg, Gehlen's Jour. vi. 487. 	t Gehlen's Jour. vi. 491. 
Hatchett, Third Series of Experiments on Artificial Tannin, Phil. 

Trans. 1806. 
Lewis, Neumann's Chemistry, p. 291. 

a Phil. Trans. 1708, vol. xxvi. p.,44. 	• * Ann. de Chim, xxvi. 203, 
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heat. "Mien treated with water, benzoic acid is dissolved. 
It is totally soluble in alcohol except the impurities. When 
exposed to the air it becomes harder, and absorbs oxygen. 
When distilled, it yields an acidulous water, having the 
odour of benzoic uaid, a limpid colourless hot oil, a solid 
coloured oil, benzoic*acid, and a mixture of carbonic acid 
and carbureted hydrogen. The charcoal is light and con-
tains some oil. 

II. SOLID BALSAMS. 

The solid balsams at present known are only three in 
number; namely, 

1. BenzOin. 
2. Storax. 
3. Dragon's blood. 

Bcnzoin. 	I. Benzoin.—This substance is the produce of 'the strax 
•benzoe, a tree which grows in Sumatra, &c. and which has 
been described by Mr. Dryander.# Benzoin is obtained 
from this tree by incision; a tree yielding three or four 
pounds. It is a solid brittle substance, sometimes in the 
form of yellowish white tears joined together by a brown 
substance, and sometimes in the form of a brown substance 
not unlike common rosin. It has a very agreeable smell, 
which is increased by heating the benzoin. It has little 
taste. Its specific gravity • is .P092. This substance has 
been used in medicine for ages, and various processes have 
been pointed .out by chemists for extracting benzoic acid 
from it; but the only person who'has examined its proper-
ties in detaiil is Mr. Brande.t 

Cold water has very little effect on benzoin, but boiling 
water takes up a portion of benzoic acid. 

Action of 	Alcohol dissolves it when assisted by a gentle.  heat, and 
alcohol, forms a deep yellow solution inclining to reddish-brown. 

When this solution is diluted with water, the benzoin pre-
cipitates in the form of a white powder. It is precipitated 
also by muriatic and acetic acids, but not by the alkalies. 
A few drops of sulphuric acid likewise precipitate the ben., 
zoin ; but an additional quantity redissolves it, and forms a 
liquid of the colour of port wine. When equal quantities 
of,thp alcoholic solution of benzoin and sulphuric acid are 

* Phil. Trans, 1787, p. 307. 	+ Niebolson's Jour. x. 82., 
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mixed, a dark-pink precipitate falls. The liquid assumes a Chap. 1. 
pink colour, which becomes lilac when diluted with water. 
Nitric acid occasions a strong effervescence, and forms a 

.dark-red fluid with the alcoholic solution, but throws down 
no precipitate.* 

Ether dissolves benzoin with facility, and the solution Ether, 
with reagents exhibits the same phenomena. as 'the alco- 
holic.t 

Nitric acid acts with violence on benzoin, and converts Acids, 
it into an orange-coloured mass. When assisted by heat 
the acid dissolves the benzoin ; and as the solution cools, 
crystals of benzoic acid gradually separate. Mr. Hatchett 
ascertained that by this process a quantity of artificial tannin 
is formed. 

Sulphuric acid dissolves benzoin, while benzoic acid (as 
Hatchett discovered) sublimes ; .the solution is at first a 
deep red. By continuing the digestion, a portion of arti- 
ficial tannin is formed, and the charcoal evolved amounts 
to 0.18 df the benzoin dissolved.t 

Acetic acid dissolVes benzoin without the assistance of 
heat. When heat is applied, the solution, as it cools, be- 
comes turbid ; ()Wing to the separation of benzoic acid.¢ 

Benzoin is dissolved by a boiling lixiviutn of the fixed Alkalies. 
alkalies ; a dark-brown solution is formed, which becomes 
turbid after some days' exposure to the air. Ammonia 
likewise dissolves benzoin sparingly.II 

When Mr. Brande exposed 100 grains of benzoin in a Distiiia- 
retort to a heat gradually raised to redness, the products ti°a• 
were, 

Benzoic acid 	 , • 9.0  4 • • 

Acidulous water 	  • 5.5 
Butyraceous and empyreumatic oil 	 60'0 
Charcoal 	  22.0 
Carbureted hydrogen and carbonic acid ... 3'5. 

100.0 
Bucholz subjected 1500 grains.of benzoin to a chemical 

analysis. He obtained the following substances. 

* Brande, Nicholson's Jour. x. 82. 	 Ibid. 
Hatchett, Third Series of Experiments on Artificial Tannin. 

§ BrandeiNicholson's Jour. a. 85. 	Ibid. p. 86. 
vol. IV. 	 lI 
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L—se—d  Benzoic acid.     187 
Substance similar to balsam of Peru 	 25 
Aromatic substance soluble in water and alcohol 	8 
Woody fibres and impurities . 	  30 

1500 
Storax. 	2. Storax.—This is the most fragrant of all the balsams, 

and is obtained from the styrax officinalis, a tree which 
grows in the Levant, and it is said also in Italy. Some-
times it is in the state of red tears; and this is said to be • 
the state in which it is obtained from the tree. But com-
mon storax is in large cakes ; brittle, but soft to the touch, 
and of a reddish browncolour. This is more fragrant 
than the other sort, though it contains a considerable mix-
ture of saw-dust. It dissolves in alcohol. When distilled 
with alcohol or with water, scarcely any oil is obtained. 
When distilled by the naked fire, it seems, from the expe-
riments of Neumann, to yield the same products as ben-
zoin.t 

Dragon's 	3. Dragon's blood.—This is a brittle tubstance of a dark- 
blood. 	red colour, which conies from the East Indies. There are 

two sorts of it; one in small oval drops or tears of a fine 
deep-red, which becomes crimson when the tears are re-
duced to powder; the other is in larger masses, some of 
which are pale-red, and others dark. It is probably ob-
tained from different kinds of trees; the calamus draco is said 
to furnish most of what conies from India. The draccena 
draco and the pterocaipus draco are also said to furnish it. 

Properties. 	Dragon's blo9d is brittle and tasteless, and has no sen- 
sible smell. Water does not act upon it, but alcohol dis-
solves the greatest part, leaving a whitish-red substance, par-
tially acted upon by water. The solution has a fine deep-
red colour, which stains marble, and the stain penetrates 
the deeper the hotter the marble is. • It dissolVes likewise in 
oils, and gives them a deep-red colour also. When heated 
it melts, catches flame, and emits an acid fume similar to 
that of benzoic acid.$ When digested with lime, a por-
tion of it becomes soluble in water, and it acquires a bal- 

• Ann. de Chim. hcxxiv. 319. 	+ Neumann's Chem. p. 290. 
I Lewis, Neumann's Chem. p. 299. 

   
  



GUM RESIN& • 	 163 

samic, odour: On adding muriatic acid to the solution, a Chap. I. 
red resinous substance is precipitated, and slight traces of ••••'-‘?"..d 
benzoic acid only become perceptible.* Nitric acid acts 
won it with energy, changes it to a deep-yellow, a portion 
A* benzoic acid is sublimed, and a brown mass remains 
soluble in water, and possessing the propertied of artificial 
tannin.t When treated with sulphuric acid no perceptible 
portion of •benzoic acid sublimes ; but it is converted partly 
into artificial tannin, while a quantity of charcoal is evolved, 
amounting to 0'48 of the original dragon's blood employed. t 

SECT. XXIX. 

'OF GUM RESINS. 

THIS class of vegetable • substances has been long distin-
guished by physicians and apothecaries. It contains many 
active substances much employed in medicine; and • they 
certainly possess a sufficient number of peculiar pioperties 
to entitle them to be ranked apart.,  Unfortunately these 
substances have not yet attracted much of the attention of 
chemists'. Their properties and constituents of course are 
but imperfeetly ascertained. Of late, however, • they have 
engaged the attention of M. Braconnot, who bas•recently 
published a very detailed examination of several of them, 
and has promised to examine in the same manner the whole 
of the class.§ • They may be distinguished by the folloWing 
characters. 

They Are . usually opaque, or at least their transparency Properties. 
is inferior to that of the resins. They are always solid, 
and most commonly brittle, and have sometimes a fatty 
appearance. 	 • 

When heated they do not melt as the resins do; neither 
are they so combustible. .Heat, however, commonly softens 
them, and causes them to swell. They burn with a flame. 

They have almost always a strong smell, which in several 
• 

* Hatchett, 'Second Series of Experiments gu Artificial Tannin, Phil. 
Trans. 1806. 	 t Hatchett, ibid. 

-1 Hatchett, Third Series of Experiments on Artificial Tannin, Phil. 
Tra6S. 1806. 	• 	§ Ann. de China. lxviii. /9. , 

• M2 	• , - 
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instances is alliaceous. Their taste also is often acrid, and 
always much stronger than that of the resins. 

They are partially soluble in water ; tut the solution is 
always opaque, and usually milky. 

Alcohol dissolves only a portion of them. The solution 
is transparent; but when diluted with water it becomes 
milky; yet no precipitate falls, nor is any thing obtained by 
filtering the solution. 

Vinegar and wine likewise dissolve them partially; and 
the solution, like the aqueous, is opaque or milky. • 
• According to Hermbstadt, they are insoluble in sulphuric 

ether. 
The action of alkalies on them has been examined only 

by Mr. Hatchett. All of them tried by that celebrated 
chemist dissolved readily in alkaline solutions when assisted 
by heat. We may therefore consider them as soluble in 
alkalies like resins. 

From the experiments of Mr. Hatchett, we learn that 
the acids act on these bodies nearly as they do on the 
resins. Sulphuric acid dissolves them, and gradually con-
verts them into artificial tannin and charcoal. The fol-
lowing are the quantities of charcoal obtained by this 
chemist from 100 grains of different gum resins digested 
in alcohol: 

Ammoniac 	 58 	Myrrh 	 40 
Asafoetida. 	 51 	Gamboge 	 31 
Oliban um 	 44.. 

Nitric acid acts upon them with energy; converting 
them. first into a brittle mass, and then, with the assistance 
of heat, dissolving them. By evaporating this solution,. 
Mr. Hatchett obtained, from ammoniac and asafoetida, a 
portion of artificial tannin ; but he did not succeed in 
procuring it by the same Means from olibanum, myrrh, and 
gamboge.* 

Their specific gravity is usually greater than that of the 
resins. 

Their other properties still continue unknown. They 
all either exude spontaneously from plants, or are obtained 
by incisions. At first they seem to be in a liquid state; but 
they gradually harden when exposed to the air and weather. 

• Phil. Trans. 1806. 	• 
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They have been usually considered by chemists N COM- Chap. I. 
posed of gum and resin ; but their properties are not con-
sistent with that supposition. They all contain a volatile 
oil, or 'a substance intermediate between an oil and resin. 
To this substance we are to ascribe the milky solution which 
they form with water. The other constituent, in most 
cases, bears a much closer resemblance to extractive than to 
gum. Perhaps, then, we shall not err very far, if we consi-
der the gum resins as composed of a gum or an extractive 
substance, and a body intermediate between oil and resin ; 
to which last they owe their most peculiar properties. 

The gum resins which have been hitherto applied to any 
useful purpose are the following : 

1. Gulbanum. It is obtained from the bubon galbanum, Galbanum. 
a perennial plant, and a native of Africa. When this 
plant is cut across a little above the root, a milky juice 
flows out, which soon hardens and constitutes galbanum. 
It comes to this country from the Levant?  in small pieces 
composed of tears, agglutinated together, of a yellowish or 
white colour. Its taste is acrid and bitter, and its smell 
peculiar. Water, vinegar, and wine, dissolve part of it, 
but the solution is milky. Alcohol dissolves. about .1ths. 
When distilled it yields about half its weight of volatile 
oil, which has at first a blue colour. Its specific gravity is 
1.212.* 

2. Ammoniac.—This substance is brought from the East Ammo-
Indies. Nothing certain is known concerning the plant nia" 
which yields it; though from analogy it has been suspected 
to be a species of ferula.t It is in small pieces agglutinated 
together, and has a yellowish-white colour. Its smell is 
somewhat like that of galbanum, but more pleasant. Its 
taste is a nauseous sweet mixed with bitter. It does not 
melt. Water dissolves a portion of it; the solution is 
milky, but gradually lets fall a resinous portion. More 
than one-half is soluble in alcohol. This portion is a resin. 

Brisson. 
t Wildenow made the seeds vegetate which are observed in amino-

ninc. Of the plant produced he has formed a new genus under the name 
of heracleuni gummifera. But as the roots of this plant were not observed 
to yield' ammoniac, it is still doubtful how far it is the plant from which 
ammoniac is procured. See Ann. de Chico. ixix. 267. 
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Book IV. Colour white, soft, and ductile. Melts when heated, and 
burns like a resin. When heated becomes harder, but not 
brittle. Nearly tasteless. Soluble in ether and in nitric 
acid. Precipitated from it in the form of an orange sub-
stance, partly resin, partly bitter. A portion remains,.and 
gives the liquid a yellow colour. Taste of the solution 
slightly acid and bitter., Not precipitated by carbonate of 
soda, ammonia, nitrate of silver, nor acetate of lead. The 
orange substance has a bitter taste. When heated, readily 
swells and blackens, but does not flame. Burns without 
leaving any residuum. Lighter than water. When agi-
tated in water, tinges it yellow, but does not all dissolve. 
The specific gravity of ammoniac is 1.207. Mr. Hatched 
found it soluble in alkalies. Neither alcohol nor water, 
when distilled off it, bring over any thing. 

According to the analysis of Braconnot, ammoniac is 
'composed of the following ingredients : 

Resin 	  
Gum 	  
Glutinous matter 	 
Water 	 
Loss 	  

70.0 
184 
.4 
6
4 
.0 

1.2 

100.0 
The resin he found brittle and yellow. In these respects 

it differs from the resin which I extracted from ammoniac, 
which was soft, and continued so after being exposed to the 
air for two months. This difference is probably owing to the 
state of the ammoniac, sometimes it is brittle and yellow, at 
other times soft and white. It was in this last state that I 
examined it. Braconnot found the yellow matter into 
which this resin is converted by nitric acid soluble in hot 
alcohol and water. It bad the property of dyeing silk a 
fine yellow colour, not altered by chlorine. The gum 
which he extracted from ammoniac possessed the pro-
perties of common gum as far as he examined them. It is 
transparent, yellowish, brittle, soluble in water, dnd preci-
pitated by subacetate of lead, but not by the acetate, nor 
the nitrate of lead. The mercurial salts render the solution 
milky. By nitric acid it is converted into saclactic and 
oxalic acids?  and furnishes also a little malic acid. The 
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glutinous matter was insoluble in water and alcohol; it Chap. I. 
became black when dried, and yielded a yellow matter and "--v—d  
some oxalic acid when treated with nitric acid.* 

3'. Aloes.--This is the inspissated juice of the leaves of a Aloes. 
variety of the aloe perfoliata, a plant which grows in Soco-
tora, an island in the East Indies. Aloes has a resinous 
appearance, a reddish-yellow colour, a bitter taste, and an 
aromatic smell. It has been recently examined by Bracon-
not, who found it composed cheifly of a peculiar matter 
similar to that detected by Vauquelin in many febrifuge 
barks, and to which BraConnot proposes to give the name 
of resinous bitter principle.t Trommsdorf, on the other 
hand, and Bouillon La Grange and Vogel, .consider it as 
composed of resin and a peculiar extractive matter.$ Fa-
broth has discovered that the recent juice of the leaves of 
the aloe has the property of absorbing oxygen, and of as-
suming a fine reddish purple, and of yielding a pigment 
which he strongly recommends to the painter.§ 

4. Olibanum.—This substance is the frankincence of the olibanum, 
ancients. They obtained it, as Dioscorides informs us, 
from Arabia and India. From Pliny we learn that the 
tree which yielded it was neither known to the Greeks nor 
Romans. At present olibanum is imported to London in 
cbests,.containing each about a hundred weight. It comes 
from different places, among others from the East Indies, 
but the Indian olibanum is least esteemed. The tree which 
yields this gum resin continues still doubtful. The proba-
bility is, that different species of trees furnish it in different 
countries. Lamark is of opinion that the tree which yields 
the Arabian olibanum is the amyris gileadensis. It is called 
by the natives soukiou. According to Foerskal, it is the 
amyris kataf. Mr. Colebrook has shown that the Indian 
olibanum comes from the boswellia serrata of ltoxbourgh, a 
large tree, which grows on the mountains of India. II 

Olibahum is a semitransparent, brittle, whitish-yellow 
substance, usually covered externally by a whitish farinace-
ous substance, produced by the pieces rubbing against each 
other. Its taste' s acrid and aromatic, and when burnt, it 

* Ann. de Chim. lxviu. 69. 	t Ibid. lxviii.18. 
Ibid. p. 11 and 155. 	 § Ibid. xxv. 301. 

U Asiatic Researches, ix. 377. 
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Book tv. diffuses an agreeable odour. When heated, it melts with 
difficulty, but burns brilliantly, and leaves a whitish ash 
composed of phosphate of lime, carbonate of lime and 
sulphate, muriate and carbonate of potash. According to 
the analysis of Braconnot, it is composed of the following 
constituents : 

Volatile oil . 	  8 
Resin 	  56 
Gum     .. 30 
Matter like gum, insoluble in water and alcohol 5•2 
Loss 	  0.8 

100.0* 
The oil had a lemon-colour, and a smell similar to the oil 

of lemons. 
The resin is reddish-yellow, brittle, tasteless, and very 

similar in appearance to rosin. Boiling water softens it; 
but a higher temperature is necessary to melt it. When 
burnt, it emits rather an agreeable odour. 'When heated 
to dryness with potash ley, it leaves a matter which is capa-
ble of forming a kind of emulsion with boiling water. 

The gum possesses few peculiarities. The infusion of 
nutgalls occasions a precipitate in its aqueous solution. 
Nitric acid converts it partly into saclactic acid.t 

Sagape- 	5. Sagapenum.—The plant which yields this gum resin 
num. is not well known ; but it is suspected to be the ferula per- 

siea. The substance itself is brought to Europe from Alex-
andria. It is commonly in tears agglutinated together. 
Colour yellow. Taste hot and bitter. Smell •alliaceous. 
Softens between the fingers, but does not Melt when heated. 
Sparingly soluble in water, but almost completely soluble 
in alcohol. When distilled with water it yields a little vo-
latile oil. The water is strongly impregnated with the 

• flavour of the sagapenum.t 
Asafcetick: 

	

	6. Asafoetida.—This substance is obtained from the ferula 
arrfcetida,. a perennial plant which is a native of Persia. 
When the plant is about four years old, its roots are dug 
up and cleaned. Their extremity being then cut off, a 
milky juice exudes, which is collected. Then another 

* Ann. de Chim. lxviii. 60. 	f  Braconnot, Ann. de Chim. lxviii. 60.. 
Neumann's Chem, p. 316. 

1 
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portion is cut off, and more juice exudes. This is conti- Chap. I. 
nued till the roots are exhausted. The juice thus collected -̀ "Y"-1  
soon hardens and constitutes asqicelida. It comes to Eu-
rope in small grains of different colours, whitish, reddish, 
violet, brown. Pretty hard, but brittle. Its taste is acrid 
and bitter; its smell strongly alliaceous and fetid. Alcohol, 
according to Neumann, dissolves about the of this sub-
stance; and water takes up nearly 4-th if applied before the 
spirit. A considerable portion of earthy matter remains 
undissolved. It yields a volatile oil,• both when distilled 
with water and alcohol. This oil possesses the active pro-
perties of the asafoetida itself.. The specific gravity of the 
gum resin is 1•327. 

7. Scamniony.—This substance is obtained from the con- Scam. 
volvulus scammonia, a climbing plant which grows in Syria, mony. 
and was first correctly described by Dr. Russel.t The 
roots when cut yield a milky juice. This when colleCted 
and allowed to harden constitutes scammony. Colour, dark 
grey or black. Smell peculiar and nauseous; taste bitter 
and acrid. With water it.fOrms a greenish-coloured opaque 
liquid. Alcohol dissolves the greatest part of it. It is 
usually mixed with the expressed juice of the root, and 
frequently also with other impurities, which alter its ap-
pearance. In medicine it operates as a strong cathartic. Its 
specific gravity is 1.235.$ 

Vogel and Bouillon La Grange have analysed the two va-
rieties of scammony that come from Aleppo and from 
Smyrna. The scammony of Aleppo was composed.of 

Resin 	 . • • .. 60 
Gum 	  3  
Extractive   2 
Vegetable debris, earth, &c. 	 35 

100 
The-scammony of Smyrna was composed of 

Resin 	 	 29 
Gum 	  8 
Extractive 	  5 
Vegetable debris, &c. 	 58 

100§ 
* Neumann's Chemistry, p. 312. 
+ See an abridgment of his account by Dr. Lewis, Neumann's Chem, 

p. 303, 	 Brisson, 	 ..* § Ann. de Chinn. ixxn. 69. 
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Book IV. 8. Opoponax.—This substance is obtained from the pas-
tinaca opoponax, a plant which is a native of the countries 

°P°1343nax' round the Levant. The gum resin, like most others, is 
obtained by wounding the roots of the plant. The milky 
juice, when dried in the sun, constitutes the opoponax. 
It is in lumps of a reddish yellow colour, and white within. 
Smell peculiar. Taste bitter and acrid. With water it 
forms a milky solution, and about one-half of it dissolves. 
Alcohol acts but feebly. When distilled with water or 
alcohol, these liquids acquire the flavour of opoponax, but 
no oil separates.* Its specific gravity is 1.6224 

When distilled it yields a brown oil, acetic acid in which 
a bituminous oil swims, the residual charcoal weighs ivy of 
the opoponax distilled. When incinerated it left 4177-6  of its 
weight of ashes composed of 

Carbonate of lime    18 
Silica 	  ... 2 
Carbonate 
Sulphate 	of potash........ 1.5 
Muriate 

85 • 
According to the analysis of Pelletier, to whom we are 

indebted for the preceding distillation, opoponax is com-
posed of the following constituents : 

Resin 	  	 42.0 
Gum 	  33'4 
Wood 	 

	

 	 9.8 
Starch. • • • • . 	  4.2 
Malic acid 	  2.8 
Extractive 	  1•6 
Caoutchouc 	  Trace 
Wax 	  0.3 
Volatile oil and loss 	 '5'9 

100•Ot 

Gamboge. 	9. Gamboge or Gumgatt.—This substance is obtained 
from the stalagmitis gambogioides, a tree which grows wild 
in the East Indies. In Siam it is obtained in drops by 

* Neumann's Chem, p. 316. 	+ Brisson. 
t Ann. de Chim. lxix. 90. 
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wounding the shoots; in Ceylon it exudes from wounds in Chap. I. 
the bark. It is brought to Europe in large cakes. Its 
colour is yellow; it is opaque, brittle, and breaks vitreous. 
It has no smell, and very little taste. With water it forms 
a yellow turbid liquid. Alcohol 'dissolves it almost com-
pletely ; and when mixed with •water becomes turbid, unless 
the solution contain ammonia.. In that case acids throw 
down an insoluble yellow precipitate. It operates, when 
taken internally, as a most violent cathartic. Its specific 
gravity is 1.221.* It appears that it was brought to Europe 
by the Dutch about the middle of the 17th century. t It 
forms a fine yellow paint, and stains hot marble of a fine 
lemon yellow. I 

Braconnot analysed it, and found it composed of one part 
of a gum which possessed the properties of cherry tree 
gum, and four parts of a reddish brittle resin which pos-
sessed the characteristic properties of the resins. It dis-
solved in alcohol and alkalies, and by nitric acid was 
converted into a yellowish bitter matter. Chlorine de-
prived it of its dark colour, and a combination took place 
between it and muriatic acid, in which it neutralized that 
acid.§ 

10. Myrrh.—The plant from which this substance is ob- Myrrh. 
tained is unknown. If we believe Bruce it belongs to the 
genus of mimosa. It grows in Abyssinia and Arabia. It 
is in the form of tears. Colour reddish yellow; when pure 
somewhat transparent, but it is often opaque. Odour pe-
culiar. Taste bitter and aromatic. Does not melt when 
heated, and burns with difficulty. With water it forms a 
yellow opaque solution. The solution in alcohol becomes 
opaque when mixed with water, but no precipitate appears. 
By distillation with water it yields an oil heavier than 
water; but nothing comes over with alcoboldi Its specific 
gravity is 1.360.** It is employed in medicine. Mr. Hat- 
chat found it soluble in alkalies. 	• 

From the analysis of Braconnot it appears that myrrh is 
composed of about 

• Brisson. 
t See the Anatomia Essentiarum Vegetabilium of Angelus Sala, p. 31. 
I Lewis, Neumann's Chem. p. 300. 	§ Ann. de Chitn. lxviii, 33. 
II Lewis, Neumann's Chem. p. 317. 	" Brisson. 
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Book IV. 	 23 resin 
77 gum 

100 

The resin is reddish, has a bitter taste and the peculiar 
odour of myrrh. The gum' according to Braconnot differs 
in its properties from every other gummy substance hi-
therto examined. It has a dark brown colour ; -is at first 
soluble in water, but by boiling the liquid, or by exposing 
the gum to heat, it, acquires cohesive properties, and be-
comes insoluble in water. When distilled it yields am-
monia, and when dissolved in nitric acid azotic gas is dis-
engaged. It is precipitated by the salts of lead, mercury, 
and tin, and it falls in combination with the oxides of these. 
metals.* 

But the result of the examination of myrrh by Pelletier 
differs materially from that of Braconnot. According to 
him it is composed of 

Resin containing some volatile oil.... 31'68 
Gum   66'32 

100'00 

tuphor-
biurn. 

The resin owed its taste and solubility in water to the 
volatile oil, when deprived of which it became tasteless and 
insoluble in water and infusible at the temperature of 212°. 
The gum possessed the properties of common gum. It 
was soluble in water after the aqueous solution had been 
evaporated to dryness. When treated with nitric acid it 
yielded oxalic acid but no saclaCtic acid.t 

II. Euphorbium,—This substance is obtained from the 
euphorbia officinalis. The milky juice which exudes from 
that plant, when dried in the sun, constitutes euphorbium. 
It is brought from Africa in small yellow tears. It has no 
smell, and is mostly soluble in alcohol. Its specific gravity 
is 1.1244 It is considered as poisonous. 

According to the analysis of Braconnot it is' composed 
of 

• Ann. de Cbim. lxviii. 52. 	f Ibid. lxxx. 45. 
t Brisson. 
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Resin 	  37.0 
Wax 	  19.0 
Malate of lime 	 20.5 
Malate of potash 	 2.0 
Water 	  5.0 
Woody matter 	 13.5 
Loss .. 	  

100.0 
The resin has peculiar properties. It is reddish and trans-
parent, excessively acrid, and possesses poisonous quali- 
ties. It is insoluble in alkalies, but soluble in sulphuric 
and nitric acid. These properties show it to be a peculiar 
vegatable principle. The wax possesses the properties of 
bees wax. The malate of lime had been mistaken for 
g um.* 

12. Bdellium.—This gum resin comes from Arabia, and Bdeuluni. 
is supposed to be the produce of a species of amyris : 
Though nothing certain has been published on that subject. 
It is in yellowish transparent tears. When triturated be-
tween the teeth it becomes soft. Its taste is somewhat 
acrid. When thrown upon burning coals it becomes soft, 
and burns like a resin. Its specific gravity is 1.3714 Al-
cohol dissolves about three-fifths•of its weight of bdellium, 
the undissolved portion is a mixture of gum and cerasin. 
According to the analysis of Pelletier its constituents are : 

Resin 	  59 
Gum 	  9.2 
Cerasin .. 	 30.6 
Volatile oil and loss .. 1'2 

100'0 I 

13. Little is known concerning the substance called ea- cantina. 
_mum, reckoned among the gum resins. Its specific gra-
vity is 1.1244 The substance extracted from ivy, and 
known by the name of gummi hedem, is considered at pre-
sent as a gum resin ; but I do not know that it has been 
chemically examined. Its specific gravity is P294. 

	

" Ann. do Claim. lxviii. 44. 	 t Brisson. 

	

Ann. de china. lxxx. $9. 	 Nissan. 
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Book IV. 	14.. From the experiments made upon ipecacuano  the 
"--"v"--)  root of the cephelis ipecacuanha, especially by Dr. Irvine, 
pecacu. we learn that it also contains a gum resin. The same 

remark applies to several other vegetable substances em- 
ployed in medicine. 

It deserves attention, that the gum resins, when sub-
jected to destructive distillation, yield all of them a portion 
of ammonia; a proof that they all contain azote. In this 
respect they agree with extractive. 

SECT. 'XXX. 

OF CAOUTCHOUC. 

History. 	ABOUT the beginning of the 18th century, a substance 
called caoutchouc was brought as a curiosity from America. 
It was soft, wonderfully elastic, and very combustible. 
The pieces of it that came to Europe were usually in the 
shape of bottles, birds, &c. This substance is very much 
used in rubbing out the marks made upon paper by a black 
lead pencil ; and therefore in this country, it is often called. 
Indian-rubber. Nothing was known of its production, 
except that it was obtai;>ed from a tree, till the French 
academicians went to South America in 1735 to measure a 
degree of the mgridian. M. de la Condamine sent an ac-
count of it to the French Academy in the year 1736. He 
told them, that there grew in the province of Esmeraldas, 
in Brazil, a tree, called b'y the natives Rheve; that from 
this tree there flowed a milky juice, which, when inspis-
sated, was caoutchouc. Don Pedro Maldonado, who ac-
companied the French academicians, found the same tree 
on the banks of the Maragnon ; but he died soon after, 
and his papers were never published. Mr. Fresnau, after 
a very laborious, search, discovered the same tree in 
Cayenne. His account of it was read to the French A'ca-
demy in 175,1.* 

Plants 

	

	It is now known that there are at least two trees in South 
yielding it. America, from which caoutchouc may be obtained; the 

havea caoutchouc, and, the jatropha elastica ; and it is ex- 

* Mem. Par. 1751, p. 319. 
3 • 
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ceedingly probable that it is extracted also from other Chap. I. 
species of hcevea and jatropha. Several trees:likewise which `—‘e--1  
grow in the East Indies yield caoutchouc; the principal of 
these are, the fiats indica, the artocarpus integrifolia, and 
the urceola elastica ; a plane discovered by Mr. Howison, 
'and first described and named by Dr. Roxburgh.* Dr. 
Benjamin Smith Barton is said to have obtained it from the 
juice of the similax caduca, which grows abundantly in the 
neighbourhood of Philadelphia.t Mr. Woodcock found 
it in the milky juice of the asclepias vincetoxicum.$ 

When any of these plants is punctured, there exudes 
from it a milky juice, which, when exposed to the air, 
gradually lets fall a concrete substance, which is caout-
chouc. 

If chlorine be poured into the milky juice, the caout-
chouc precipitates immediately, and at the same time the 
acid loses its peculiar odour. This renders it probable 
that the formation of,  the caoutchouc is owing to its basis 
absorbing oxygen.§ If the milky juice be confined in a 
glass vessel containing common air, it gradually absorbs 
oxygen, and a pellicle of caoutchouc appears on its sur-
face. i 

Caoutchouc was no sooner known than it drew the at-
tention of philosopher's. Its singular properties promised 
that it would be exceedingly useful in the arts, provided 
any method could be fallen upon to mould it into the va-
rious instruments for which It seemed peculiarly adapted. 
Messrs. de la Condamine and Fresnau had mentioned some 
of its properties ; but Macquer was the first person who 
undertook to examine it with attention. His experiments 
were published in the Memoirs of the French Academy 
for the year 1768. They threw a good deal of light on 
the subject ; but Macquer fQ11 into some mistakes, which 
were pointed out by Mr. Berniard, who published an ad-
mirable paper on caoutchouc in the 17th volume of the 
Journal de Physique.  To this paper we are indebted for 
the :greater number of facts at present known respecting 
caoutchouc. Mr. Grossart and Mr. Fourcroy having like- 

* Asiatic Researches, v. 167. London Edition. 
+ Phil. i\Iag. xl. 66. Ibid. 125. 

Fourcroy, Ann, de Chilli. xi. 259. 
 

V Ibid. 
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Book IV. wise added considerably to our knowledge of this singular 
substance; both of their treatises have been published in 
the 11th volume of the Annales de Chimie. 

Properties. 	Caoutchouc, when pure, is of a white colour,* and 
without either taste or smell. The blackish colour of the 
caoutchouc of commerce is owing to the method employed 
in drying it after it has been spread upon moulds. The 
usual way is to spread a thin coat of the milky juice upon 
the mould, and then to dry it by exposing it to smoke; 
afterwards another coat is spread on, which is dried in the 
same way. Thus the caoutchouc of commerce consists of 
numerous layers of pure caoutchouc alternating with as 
many layers of soot. 

Caoutchouc is soft and pliable like leather. It is ex-
ceedingly elastic and adhesive; so that it itmy be forcibly 
stretched out muck beyond its usual length, and instantly 
recover its former bulk when the force is withdrawn. It 
cannot be broken without very considerable force. Its 
specific gravity is 0•9335.t 

latent heat. 

Elasticity 
owing to I am indebted for some very important experiments on die 

• To that acute philosopher Mr. Gotigh of Manchester, 

connexion between the temperature of caoutchouo and its 
elasticity. They have been since published in the second 
volume of the Manchester Memoirs, second series. It is 
necessary to premise, that Mr. Gough has been blind from 
an infant, and that therefore his sense of touch is pecu-
liarly delicate; so much so, that he is an excellent botanist, 
and can distinguish plants with the utmost certainty by the 
feel: a power so extraordinary, that we who enjoy the ad-
vantage of sight can scarcely conceive how it can be ac-
quired. Mr. Gough's experiments are as follows : 

Take a thong of this substance two or three inches long, 
and a few lines in breadth and thickness; put it in warm 
water till it becomes quite pliant: then, holding it merely 
extended between the two hands, bring the edge of it in 
contact with the lips, and observe the temperature (of the 
variations of which that part of the face is a very nice. 

• 
* I have some pieces of it from the East-Indies which had been al—, 

lowed to inspissate in the open air. They are white, with a slight cast 
of yelloW, and have very much the appearance and feel of white soap. 

t Brisson. 
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judge); • then remove the • thong a few lines from the lips, Chap. I. 
and. stretch it forcibly, and bring it again in contact with '''"-Nr"-1  
the lips, and a very ensible increase of temperature will 
be perceived. Allow it to relax to its former state, and 
the temperature will be perceived immediately to sink: If 
we stretch the thong again, and then plunge it immedi-
ately into cold water, keeping it extended for a minute or 
more in the liquid, on letting go one end it will be found 
to have lost much of its contractile power; for it will not 
return to its former dimensions. Bait' we plunge it into 
warm water, or warm it by holding it for some time in the 
shut hand, it will begin to contract again, and soon return 
to its former figure and size. These experiments are of 
great importance, as they furnish a very palpable and con-
vincing proof that ductility is owing to latent heat as well 
as fluidity. They afford a fine illustration of Dr. Black's 
theory of latent heat. We see clearly that the elasticity of 
caoutchouc and the ductility of metals are different cases of 
one and the same thing. 

Caoutchouc is not altered by exposure to the air; it is 
perfectly insohible in water• : but if boiled for some time its 
edges become somewhat transparent, owing undoubtedly 
to the water carrying off the soot; and so soft, that when 
two of them are pressed and kept together for some time, 
they adhere as closely as if they formed one piece. By this 
contrivance pieces of caoutchouc may be soldered together, 
and thus made to assume whatever shape we please.* 

Caoutchouc is Insoluble in alcohol. This property was Aqion of 
discovered very early, and fully confirmed by the . experi- alcohol. 

melts of Mr. Macquer. The alcohol, however, 'renders it 
colourless. 

Caoutchouc is soluble in ether. This property was first Ether. 
pointed out by Macquer. Berniard, on the contrary, found 
that caoutchouc was scarcely soluble at all in sulphuric 
ether, which was the ether used by. Macquer, and that even 
nitric ether was but an imperfect solvent. The difference • 
in the results of these two chemists was very singular; both 
were remarkable for their accuracy, and both were too well 
acquainted with the subject to be easily misled. The matter 

* Grossart, Aun. de Chim. xi. 153. See a method of making mut- 
chow tubes by ixieaus of this property, Phil. Mug. xxii. 340, 

VOL. IV. 
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Book IV. was first cleared up by Mr. Cavallo. He found that ether, 
L—v—i  when newly prepared, seldom or never dissolved caoutchouc 

completely; but if the precaution was taken to wash the 
ether previously in water, it afterwards dissolved caoutchouc 
with facility. Mr. Grossart tried this experiment, and 
found it accurate.* It is evident from this that these 
chemists had employed ether in different states. The wash-
ing of ether has two effects. It deprives it of a little alcohol 
with which it is often impregnated, and it adds to it about 
one-tenth of water, which remains combined with it. Al-
cohol precipitates the caoutchouc from this solution. 

When the 	is evaporated, the caoutchouc is obtained 
unaltered. Caoutchouc, therefore, dissolved in ether, may 
be employed to make instruments of different kinds, just 
as the milky juice of the lteByea ; but this method would be 
a great deal too expensive for common use. 

Oils. 	Caoutchouc is soluble in volatile oils; t but, in general, 
when these oils are evaporated, it remains somewhat glutin-
ous, and therefore is scarcely proper for those uses to which, 
betbre its solution, it was so admirably adapted. 

Alkalies. 	It is said by Berniard to be insoluble in alkalies; but I 
find upon trial that this is a mistake. I was led to make . 
the experiment by an .accident. I employed a caoutchouc 
bottle fitted with a stop-cock in the usual way for holding 
ammonical gas. The gas very soon disappeared, though 
the bottle was perl'ectly air-tight, as I learned by plunging 
it in water. This induced me to fill it repeatedly-with gas. 
In a short time it became evident that thb gas had been ab-
sorbed by the bottle itself: It became soft and then glutin-
ous, and never recovered its elasticity. I then :tried the 
alkalies in general, and found that they were all capable of 
producing the same 'changes on caoutchouc, and even of 
dissolving it, though in a very minute propmion. 

Acids. 	The acids act but feebly upon caoutchouc. Sulphuric 
acid, even after a very lung digestion, only chars it super-
ficially. The proportion of charcoal obtained in Mr. 
Hatchett's experiments was only 12 per cent. and he could 
observe no traces of artificial,tannin.$ But when heat is 
applied the caoutchouc is completely decomposed. When 

4,‘ Grossart, Ann. de Mal.. xi. 147. • : • 	f Berniard. 
t. Third Series of Experiments on AKtificiul Tannin, Phil, Trans. 1800. 
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treated with nitric acid, there came over azotic gas, car- Chap. I. 
bonic acid gas, prussic acid gas; arid oxalic acid is said to \---Y—d  
be formed.* Muriatic acid does not affect it.t The other 
acids have not been tried. 

Fabroni has discovered that rectified petroleum dissolves Heat. 
it, and leaves it unaltered when evaporated.$ 

When exposed to heat it readily melts; but it never after-
wards recovers its properties, but continues always of the 
consistence of tar. It burns very readily with a bright 
flame, and diffuses a fetid odour. In those countries where 
it is produced, it is often used by way of candle. 

When distilled it gives out ammonia. § It is evident from 
this, and from the effect of sulphuric and nitric acid upon 
it, that it is composed of carbon, hydrogen, azote, and 
oxygen; but the manner in which they are combined is 
unknown. 

It seems to exist in a great variety of plants ; but it is Hants con, 
usually confounded with the other ingredients. It may be taming it. 

separated from resins by means of alcohol. It may be 
extracted from the different species of missletoe by water, 
with which, .in the fluid state in which it exists in these 
plants, it readily combines. When mixed with gum or 
extractive, it may be separated by the following process : 
Digest a part of the plant containing it first in water and 
then in alcohol, till all the substances soluble in these liquids 
are extracted. Dry the residuum, and digest it in five 
times its weight of rectified petroleum. Express the liquid 
part by squeezing the substances in a linen cloth. Let this 
liquid remain several clays to settle, 'then decant off the 
clear liquid part, mix it with a third part water and dis- W4 
tit ; the caoutchouc remains llehind.11 

According to Bucholz, opium contains a considerable 
portion of caoutchouc." That part of mastich which is 
insoluble in alcohol possesses the properties of caoutchouc, 
.as has been formerly observed. 

* Ann, de Chim. xi. 232. 	 t Berniard. 
Ann. de Chim. xi. 195; and xii. 156. 
Ann: de Chan. xi. 232. 

ft Herinbstadt, Med. and Phys. Jour. iii. 372. 
" Aim, do Chim. xxxiv. 133. 

• N 2 
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Book IV. 
	 SECT. XXXI. 

OF COTTON. 

COTTON is a soft down which envelopes the seeds of 
various plants, especially the different species of gossypium, 
from which the cotton of commerce is procured. These 
plants are natives of warm climates; grow wild in Asia, 
Africa, and America, within the tropics; and are cultivated 
in the East and West Indies. The finest cotton, according 
to Mr. Edwards, is distinguished by the name of green seed 
cotton, from the colour of its seeds,* and is, perhaps the 
produce of the gossypium hirsutum. There are two species 
of it; in one of which the cotton does not easily part from 
the seeds. But the cotton plant commonly cultivated is a 
shrub, of which Mr. Edwards enumerates five kinds; 
namely, the common Jamaica, the brown bearded, the nan-
keen, the French (gossypium arboreum,) and the kidney cot-
ton:I- When the seeds are ripe, the pods open and display 
the cotton, which is collected and separated from the seeds • by means of rollers. 

Cotton, when spun and woven into cloth, furmishes gar-
ments to a very considerable portion of the civilized world. 
The quantity annually brought into this country, and spun 
by machinery, is not less than 20 millions of pounds; and 
the number of individuals employed in manufacturing it 
cannot be less than 700,000. It constitutes therefore one 
of the most important of our manufactures. 

Though no correct chemical investigation of the proper-
ties of cotton has hitherto been made, yet as its obvious 
qualities distinguish it sufficietitly from every other vegeta-
ble substance, we must consider it as a peculiar vegetable 
principle; and I have introduced it here, in hopes that 
,some person or other will be induced to examine its nature 
in detail. The following' are the particulars at present 
known. 

Properties. 

	

	This substance is in threads differing in length and in 
fineness. No asperities can be discovered on the surface of 

* History of the West Indie's, ii. 264. 
tPerhaps the first species are only varieties of the gossypium herba- 

ceumi 

Origin. 
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these threads; but if - Lewenhoeck's microscopical observa- Chap. 1. 
tions are to be trusted, they are, all triangular, and have \---\e'd  
three sharp edges. Cotton differs considerably in colour;. 
but when bleached it becomes of a fine white. 

Cotton is tasteless and destitute of smell. It is com-
pletely insoluble in water, alcohol, ether, Sand oils, and in all 
the vegetable acids. 

The diluted alkaline leys have no perceptible action on 
cotton ; but when very strong they dissolve it if assisted by 
a sufficient degree of heat. The new products obtained by 
this solution have not been examined. 

Cotton has a strona
t' 

 affinity for some of the earths, espe-
cially for alumina. Hence this substance is used to fix 
colours on cotton. The cloth is steeped in a solution of 
alum or acetate of alumina, and afterwards dyed. 

Several of the metallic oxides also combine with it rea-
dily, and remain united with much obstinacy. Oxide of 
iron is one of the most remarkable. When cotton is dipped 
into a solution of iron in an acid, it comes out yellow, and 
the iron is neither separated by alkalies nor soap, nor even 
by acids, unless when the combination is quite recent. 
The colour gradually deepens by exposure to the air, owing 
no•doubt to the oxidizement of the iron, unless the cloth be 
steeped in an aluminous solution, which prevents the colour 
from becoming disagreeable, probably by diluting it.* 
Oxide of tin also combines with cotton, and is frequently 
used as a mordant. 

Cotton combines readily with tannin, and forms a yellow 
or brown compound. Bence the infusion of galls, and of 
other astringent substances, is often used as a mordant for 
cotton. 

Nitric acid decomposes cotton when assisted with heat, 
and oxalic acid is formed; the other products have not been 
examined. Sulphuric acid likewise Oars it. Chlorine gas 
bleaches it, and probably alters and dissolves it when ap-
plied in a concentrated state. 

Cotton is extremely combustible, and burns with a clear 
lively flame. The ashes left behind, according to Neumann, 
contain some potash. When distilled it yields a great por-
tion of acidulous water, and a small quantity °Nil, but no 
ammonia. t 

* See Chaptal, Ann. de Chim. xxvi. 266. 
+ Neumann's Chem. p. 430. 
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Book IV. 	 SECT. XXXII. 
OF SUBER • 

Properties. 

THIS name has been introduced into chemistry by Four-
croy, to denote the outer bark of the quercus sober, or the 
common cork; a substance which possesses properties dif-
ferent from all other vegetable bodies. 

It is exceedingly ligI t, soft, and elastic ;• very combus-
tible, burning with a bright white flame, and leaving a light 
black bulky charcoal; and when distilled it yields. a little 
ammonia. 

When digested in water, a yellowish-coloured solution is 
obtained, seemingly containing extractive, as nearly the 
same proportion is taken up by alcohol.* Sulphuric acid 
readily chars it. Nitric acid gives it a yellow colour, cor-
rodes, dissolves, and decomposes it; converting it partly 
into suberic acid, partly into a substance resembling wax, 
partly into artificial tannin, and partly into a kind of starchy 
matter.t 

Fourcroy supposes, from some experiments which he 
does not relate, that the epidermis of all trees is a substance 
possessed of the same properties with cork ; and perhaps 
we may conclude from the experiments of Link, that all 
vegetable membrane possesses nearly the same chemical 
characters. At least it agrees with cork in furnishing sube-
ric acid when treated with nitric acid.t 

SECT. XXXII'. 

OF ➢IEDULLIN. 

properties. 

THIS 1§ a;  name given by Dr. John to the pith of the sun... 
flower (helianthus annuus,) the syringa vulgaris, &c. 

According to him it is distinguished by the following 
properties. 
' 1. It is insoluble in water, ether, alcohol, andoils. 

.* Neumann's Chemistry, p. 428. 
't Bouillon La Grange, Ann, de Chim. xxiii. O. 
I Nicholson's Jpur. xxiii. 155. 
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2. It is destitute of taste and smell. 	 Chap. I.  
3. Jts structure is peculiar, being full of pores. 
4. It is soluble in nitric acid ; but instead of forming 

suberic acid, as is the case with suber, it furnishes a quan-
tity of oxalic acid. 

5. When distilled it furnishes a 'considerable quantity of 
ammonia, and leaves a charcoal having a metallic appear-
ance and a colour similar to that of bronze.* 

SECT. XXXIV. 

OF WOOD. 

ALL trees, and most other plants, contain a particular 
substance, well known by the name of wood.. If Et piece 
of wood be well dried, and digested, first in a sufficient 
quantity of water and then of alcohol, to extract from it all 
the substances soluble in these liquids, there remains only 
behind the woody fibre. 

This substance, which constitutes the.  basis of wood, is 
composed of longitudinal fibres, easily subdivided into a 
number of smaller fibres. It is somewhat transparent; is 
perfectly tasteless ; has no smell; and is not altered by ex-
posure to the atmosphere. 

It is insoluble in water and in alcohol. The fixed alka- Properties, 
lies, when assisted by heat, give it a deep brown colour, 
render it soft, and decompose it. A weak alkaline solution 
dissolves it without alteration ; and it may be thrown down 
again by means of an acid. By this property we are enabled 
to separate wood from most of the other vegetable prin-
ciples, as few of them are soluble in weak alkaline legs. 

When heated, it blackens without melting or frothing Action of 
up, and exhales a disagreeable acrid fiime, and leaves a heat,  
charcoal which retains • exactly the form of the° original 
mass. When distilled in a retort, it yields an acid liquor 
.of a peculiar taste and smell, distinguished by the name of 
pyrolignous, and formerly considered as *a distinct acid; 

. # John's Chemische Tabellen der Pflanzen Analysen, p. 9. 
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Book IV. 

Of nitric 
acid. 

but Fourcroy and Vauquelin ascertained that it is merely 
the acetic acid combined with an empyreumatic oil.* 

By nitric acid Fourcroy converted the residuum of quin-
quina, which does not seem to differ from the woody fibre, 
into oxalic acid.; at the same time there was a little citric 
acid formed, and a very small quantity of malic and acetic 
acids. Some azotic gag also was disengaged. 

By this process be obtained from 100 parts of woody fibre 
Oxalic acid 	  56.250 
Citric acid.     • 3'905 
Malic acid 	  0'388 
Acetic acid 	  0486 
Azotic gas 	  0'867 
Carbonate of lime 	 8.330 

70'226 
Residuum   32'031 

102.257 
There was likewise a quantity of 'carbonic acid gas dis-

engaged, the weight of which was unknown. This increase 
of weight in the product was evidently owing to the oxygen 
derived from the nitric acid.t 

When this residuum was distilled in a retort, 100 parts 
yielded the following products : 

26'620 of a yellow liquid, containing alcohol, and an 
acid which had the smell of pyromucous. 

6.977 of concrete oil, mostly soluble in alcohol. 
22'995 charcoal 
S*567 carbonate of limel in the retort. 

60'159 
39'841 gas, half-carbonic acid, half-carbureted hydrogen. 

100'000 I 
Molrerat has succeeded in France in making acetio acid from wood 

as pure as radical vinegar. It answers very well for aromatic vinegar, 
but possesses a little acrimony, which makes it less fit for the table. See 
Nicholson's Jour. xxiv. 70. Very good vinegar from wood is now made 
both in London and Glasgow. Animal charcoal is probably employed 
to remove the empyreumatic oil. 

+ Ann. de chirn. viii. 153. 	 Ibid. 151. 
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Several analyses of pure woody fibre were made by Gay. Chap. I. 
Lussac and Thenard, by burning it along with chlorate of "v--1  
potash and ascertaining the products. The result of their Constitu- 
experiments gives its constituents as follows: 

Oak. 	Beech. 

Cats.  

Mean. 
Oxygen 	 41'78 	. . . . 42.73 	. . . . 42'25 
Carbon 	 52'53 	. . 	5P45 52'00 
Hydrogen .... 5•69 	. . . . 	5'82 	. . . . 	5.75 

100.00 100.00 100.00 • 
As we are unacquainted with the weight of an integrant 

particle of woody fibre, it is impossible from this•analysis to 
deduce the number of atoms of which it is composed. But 
the smallest number that corresponds with the analysis is 
the following: 

4 atoms oxygen = 4 	 41'02 
7 atoms carbon = 5.25 	 53'86 
4 atoms hydrogen = 0'5 	 5•12 

9.75 100'00 ' 
Were these numbers the representation of the true con- 

stitution of wood, it would follow that it might yield more 
than half its weight of acetic acid. For if we suppose it 
deprived of 1 atom water and 3 atoms carbon, the residue 
would be acetic acid. 

When wood is burnt with a smothered flame, it leaves as Charcoal 
is well known, a quantity of charcoal behind it, which ex- yielded by. 
hibits the exact form, and even the different layers of the 
originarwood. As it is the wood alone which undergoes 
this change, while the other component parts of the plant 
are dissipated, we may form some notion of the relative 
proportion of wood which different plants contain, by the 
proportion of charcoal which they yield. Now, the quan-
tity of charcoal yielded by 1.00 of different trees is, accord-
ing to the experiments of Proust, as follows : 

Black ash 	 0'25 Heart of oak .. 0'19 
Guaiacum 014 Wild ash 	 0.17 
Pine 	 0.20 White ash .... 0.17 
Green oak .... 0'20 

• ReCherches. Physico-chimiques, ii. Q94. 
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Book IV. 'Count Rumford by continuing a very moderate fire for 
96 hours converted different•kinds of wood into .charcoal, 
and obtained a,much greater 'proportion of charcoal than 
was obtained it the preceding experiments.of Proust: The 

Pfollowing table exhibits the weight of charcoal left in these 
.experiments by 1.00 of the different woods tried.* 

Poplar ; 04.957 ',Maple ..... 0142'23 
• Lime 	  0'4859 Elm 	 0'4821 
Fir 	 . . 04118 Oak 	 0'4300 

SECT. 
• 

OF FUNGIN. 

THIS is a name given by )3raconnot to the fleshy part of 
;inushiedms, which he 'considers as a. peculiar vegetable 
principle. .It *approaches in . its chemical 'characters so 
closely to woody Pbre, that perhaps it would be better to 
consider it merely as a .yariety of that substance. Fungin 
is the substance Which.remains after the mushroom' has been 
deprived of every thing soluble,• either in 'water Or alcohol. 
It is distinguished by the following properties.' 

Propeities. 	ft is white,,,soft, and 	possesses but little elasticity, 
and divides easily between the' teeth. In this state; it con- 
stitutes a.  nourishing-  article df food. 	 • 

It 	insoluble in water, 'alcohol, ether, ands  oils. 
Action. of 	Alkalies have hut little action on fungin; a .  property. 
alkalies, which distinguishes it from woody .fibre which is very Pea... 

dily dissolVed even by:a weak• alkaline ley. Yet when ' 
Wiled' in 'a -concentrated alkaline ley fungin is partly ctis. 
Wye& and a §aponaceous lirid is obtained fivni which the # 

'acids throw, down a Pocky matter. 
Of acids. 

	

	• Ammonia: dissolVes aiittle of it when digested over fungin 
and on ekpesniv to the air allows it to precipitate again in 
the state of white. flocks. 	 , 

'Diluted sulphuric acid has no action on 4 ;. 'but concen-, 
trated sulphuric acid. chars it While acetic and sulPhurons 
acids are eVohred.• • 

'Gilberes Annalerf der Pliysick xly. 25. 
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Muriatic acid, at first, seems to have no action on it, Chap. I. 

even though assisted by heat; but it gradually dissolves it 
and converts it into a gelatinous matter soluble in water. 
Potash dropped into the solution throws down the fungin, 
probably altered in its properties. 

Chlorine gas converts it into a yellow matter which has 
an acrid taste while wet, but which it loses when dried. 
This yellow substance is a compound of fungin, muriatic 
acid, and a kind of adiporesinous matter. 

Weak nitric acid disengages azote from it. When dis. 
tilled with six times its weight of nitric acid it becomes 

. yellow, swells considerably, and effervesces at first very 
much ; but the violent action soon subsides. Prussic acid 
is formed by this process, together with a considerable 
quantity of oxalic acid, two fatty bodies resembling tallow 
pnd wax and a small quantity of yellow-bitter principle, 
and a yellow resinous looking substance. 

When put into infusion of nutgalls it absorbs the greatest 
part of the tannin contained in that liquid, and acquires a 
fawn-colour. 

When mixed with wtter and left to spontaneous putri-
faction it emits, at first, the smell of putrid cheese; but this 
smell soon goes ofl. The liquid covering it, after an inter* 
val of three months, was neither acid nor alkaline; but 
held in solution a mucilaginous matter. The fungin still 
retained its original shape. When washed it is easily re-
duced to a ,pulp, which may be kneaded between the fin-
gers; but has not the elastic consistence of gluten. 

Fungin when dry burns with vivacity, and leaves a white 
ash consisting chiefly of posphate of lime. 
• Thirty-eight parts being distilled yielded 8 parts of a 
brown empyreumatic oil, and 14 parts of a liquid contain-
ing an excess of ammonia and holding in solution acetate 
of ammonia mixed -with oil. The charcoal in the retort 
weighed 10 parts.* When fungin was distilled by \Tau-• 
quelin, the liquid which he •obtained contained ammonia; 
but it reddened vegetable blues, and therefore contained an 
excess of acetic acid as is the case with the liquid obtained, 
from the distillation of wood.t 

* Braconnot, Ann. de Chim. lxxix. 267. 
t Ann. de Chin. lxxxv. 12. 
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Book IV. SECT. XXXVI. 

FOREIGN SUBSTANCES FOUND IN PLANTS. 

THESE are substances which seem rather to belong to the 
mineral than the yegetable kingdom ; but which require to 
be enumerated because they constantly make their appear-
ance, though but in small quantity, chiefly in the vegetable 
juices. These substances may, be arranged under four 
heads; namely, acids, alkalies, earths, and metals. 

I. ACIDS. 

The mineral acids found in plants are usually combined 
with a base constituting different salts. They are the phos-
phoric, silica, sulphuric, nitric, muriatic, and carbonic acids. 

Phosphoric.• I. Phosphoric acid has been found in different plants, 
but 'only in very .small quantities : it is almost constantly 
combined with lime or potash, though it exists free in the 
onion. Meyer found it in the leaves of many trees; 
Thuren found phosphate of lime in the aconitus napalms ; t 
and Bergman found it in all kinds of grain. $ Phosphate 
of potash exists in barley and other species of corn, and 
has, I presume, been often confounded with phosphate of 
lime. 

Silica. 

	

	2. Silica exists in many plants, particularly in grasses 
and equisetums. Sir II. Davy has ascertained that it 
forms a part of the epidermis, or outermost bark of these 
plants; and that in some of them almost the whole epider-
mis is silica. 

Parts Silica. 
100 parts of the epid. of bonnet cane yielded• 	 90 

	bamboo 	 71.4. • 
— (arundo pliragm.) common reed 	 48'1 

stalks of corn 	 6.5 
The concretions which are sometimes found in the bam-

boo cane called tabasheer, have been ascertained by Mr. 
Macie to be composed of pure silica.§ 

Any attempt to enumerate the plants in which traces of 
' Encyc. Meth. Phisiol. Veget. i. 100. 	f Ann. de Chim. ii. 308. 

• Bergman, v. 96. 
§ Fourcroy and Vauquelin examined a tabasheer from the Andes, and 

found it composed of 70 silica and 30 potash. Gehien's Jour. Second 
Series, ii. 112. 
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sulphuric, muriatic, nitric; and carbonic acids have bee' Chap. I. 
found would be superfluous. It may be sufficient to say 
that common salt is an ingredient in almost all plants that 
grow in the sea, and in many that vegetate on the sea- 
shore; that nitre exists in sun-flower, nitrate of soda in 
barley, and sulphate of lime in clover. 

It. ALKALIES. 

The only alkalies found in plants are potash and soda. 
Ammonia may indeed be obtained by distilling many vege-
table substances, but it is produced during the operation. 
One or other of these alkalies is found in every plant which 
has hitherto been examined. The quantity indeed is 
usually very small. From the experiments of Vauquelin, it 
is probable that the alkalies are combined in plants with 
acetic and carbonic acids. 

1. Potash is found in almost all plants which grow at a Potash. 
distance from the sea. It may be extracted by burning the 
vegetable, washing the ashes in water, filtrating the water, 
and evaporating it to dryness. It is in this manner that all 
the potash of commerce is procured. 

The following table exhibits the quantity of ashes and 
potash which may be extracted from 100 parts of various 
plants : ' 

Ashes. Potash. 
Sallow 	  2'8 	.... 0•285*  
Elm ....... . 	 2.36727 	.... 0'391- 
Oak 	  1.85185 	. . . . 0•15313 
Poplar 	  1.23176 	.... 0.07481 

s Those marked t are from Kirwan, Irish. Trans. v. 164. The rest 
from Pertuis, Aim. de Chins. xix. 178. The following table by Redi, of 
the ashes and salts yielded by different plants, is worth inserting. It is 
printed in the Phil. Trans. for 1698 (vol. xx. p. 281.) 

Pounds. 	 Vegetables. 
Ashes. 

Mg. oz. 	dr. 
Salts. 
oz. dr. 

100 Of dried flowers of oranges 	  4 6 0 	.... 0 5 
800 Of gourds new gathered; which dried in 

the oven were 36 lbs 	 ti 	 4 0 10 0 
400 Red onions (being 720) roasted, the coals 

turned to 16 lbs. to the coals new added 
4 oz. of sulphur 	  1 6 2 2  

150 Eyebright fresh, and afterwards stilled and 
burnt 	  

0 0 
4 0 

	

 	 5 120 Distilled roses 	 
100 Of maidenhair 	  

: 00 1 00 04 
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Book Iit. 	Hornbeam 	 

OF PLANTS. 

P1283 	.... 
0.58432 	.... 
0'31133 	.... 
3'379 

10.67186, .... 

0'1254 
0.14572 Beech 	  

Fir 	  
Vine branches 	 
Common nettle 	 

0•55t 
2'5033 

Common thistle 	 4.04265 .... 0'53734 
Fern 	 

	

 	 4'00781 • . • • 0'6259 
Cow thistle 	 10'5 I•••• P96603 
Great river rush 	 3'85395 •••• 0'72234 
Feathered rush 	 4.33593 •••• 0.50811 
Stalks of turkey wheat . 8'86 •• •• 1.75t 
`Wormwood . ; . . 	 '9.744 • . • • 7'3 
Fumitory 	• 	 21'9 • • • • 7'91* 
Trifolium pratense •• •• 0.078t 
Vetches •• •• 2'75t . 
Beans with their stalks . •••• 2'0-  t 

Pounds. 	 Vegetables. 	• 
150 Roots of black hellebore, which dried came 

Ashes. 
lbs. 	oz. 	dr. 

Salts. 
oz. dr. 

to 50 lbs  	• 	  6 0 0 1 0 
150 Roots of white hellebore, fresh, which dried 

came to 50 Ihs 	  2 0 0 .... 4 0 
96 Roots dried and burnt of fresh esula 	 3 0 0 .... 2 0 
30 Roots of liquorice 	  2 0 0 .... 1 4 
20 Pellitory 	  0 0 .... 0 6 

100 Green endive 	  0 0 .... 2 0 
90 Green bindweed 	 . 1 0 0 .... 2 0 

2000 Leaves of laurel 	 	  33 0 4 .... 0 0 
500 Leaves of laurel 	  6 0 0 ..• 10 0 

1000 Water melons well ripe, the seeds being 
taken 	  25 0 1 9 0 

2400 Cucumbers. 	  18 0 0 •••• 0 0 
300 Wood of ivy 	  9 0 0 00010 o o 
50 Scorzonera dried 	  8 0 0 •••• o o 

300 Pine apples, the nuts taken out, 	 3 0 0 0•00 o o 
150 Mugwort dried 	  8 0 0 o o 
130 Leaves of cyprus 	  6 0 0 •••• o 
10 Peel of pomegranates dried 	  0 8 0 0;0* o o 

2 Sassafras 	  0 0 "I* o 
12 Lignum sanctum 	  6 0 404,4 o o 
4 Yellow sanders 	 ;. 0 1 4 601.6 o o 
4 Black pepper  	... 0 2 4 •••• o 

SO Ginger 	 
12 Turbith 	 .. • 

Wood of fir 	  

	

 	 1 
1 
3 

7 
0 
0 

0 
0 
0 

04,40 

0008 

0,040 

0 o 
o 0 
3 	0 

Scope . 	  
SCOIM ........ 	r . • 	  

16  
16 

0 
0 

1 
1 

••• • 
„ 

4 
0 

0 
0 
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In general, three times as much ashes are obtained from chap. I. 
shrubs, and five times as much from herbs, as from trees. 1/4--sr-1  
Equal weights of the branches of .trees produce more ashes 
than the trunk, and the leaves more than the branches. 
Herbs arrived at maturity produce more ashes than at any 
other time. Green vegetables produce more ashes than dry.* 

The salt which is obtained from plants does not consist 
wholly of potash, there are other salts mixed with it; these 
usually are sulphate of potash, muriate of potash, sulphate 
of lime, phosphate of lime, &.c.; but these bear, in general, 
but a small proportion to the potash. The ashes consist 
of potash, mixed with earths. 

Some judgment may be formed of the quantity of potash 
which a plant contains, from the quantity of ashes which 
it yields: but the foregoing table is sufficient to show us, 
that were we to trust to that we should often be misled. 

2. Soda is found in almost all the plants which grow in Soda. 
the sea, and in many of those which grow on the shore. In 
general, the quantity of soda which plants contain bears a 
much greater proportion to their weialit than the potash 
does which is found in. inland vegetables. One-hundred 
parts of the salsola soda, for instance, yield 19'9'21 of ashes; 
and these contain 1.992 parts of soda; some of which, 
however, is combined with muriatic acid.t The plants from 
which the greater part of the soda, or barilha as it is called, 
which is imported from Spain, is extracted, are the salsola 
saliva and vormictelata. 

III. EARTHS. 

The only earths hitherto found in plants are the three 
following; lime, nzagnesia, alumina. 

1. Lime is usually the most abundant of the earths of Lime. 
plants, and the most generally diffused over the vegetable 
kingdom. Indeed it is a very uncommon thing to find a 
plant entirely de§titute of lime: salsola soda is almost the 
only one in which we know for certain that this earth does 
not exist.I 

2. Magnesia does not exist so generally in the vegetable Magnesia. 

* Ann. de Chim. xix. 174. 	t Vauquelin, ibid. xviii. 77. 
Vauquelin, Ann. de Chim. xviii. 76. 

6 

   
  



192 	 INGREDIENTS OF PLANTS. •• 
Book IV. kingdom as the two preceding earths. It has been found, 
'Thr""i  however, in considerable quantities in several sea plants, 

especially fuci; * but the salsola soda contains a greater 
proportion of magnesia than any plant hitherto examined. 
Mr. Vauquelin found that 100 parts of it contained 17'929 
of that earth.* 

Alumina. 	3. Alumina has only been found in very small quantities 
in plants. 

The following table will show the quantity of these four 
earths which exist in several vegetables. 

100 parts of Oak contain of earths 	 
Beech 	  
Fir 	• 

1'03 t 
0453 § 
0'003 § 

Turkey wheat 	 7.11 § 
Sunflower 	  3.72 § 
Vine branches 	 2'85 § 
Box 	  2.674 § 
Willow 	  2'515 § 
Elm 	  1'96 § 
Aspin 	  1.146 § 
Fern 	  3'221 II 
Wormwood 	  2.444 " 
Fumitory 	  14'000 ** 

This table shows us that the quantity of earth is greater. 
in herbs than in trees. 

Bergman found all the four earths in every kind of grain 
which he analysed. ft 

Vauquelin found that 100 parts of oat grain left 3'1591 
of residuum. This residuum is composed of 

Silica 	  60.7  
Phosphate of lime 	 39'3 

100'0 tt 
When the whole of the avena sativa, however, stalk and 

seed together, is burnt, it leaves a residuum composed of 

• Vauquelin, Ann. de Chitn. xviii. 86, and ix. 94. 	f  Ibid. p.78. 
t Watson. 	 § Kirwan, Irish Trans. iii. 35. 
II Hume. -** Wiegleb. ft Opusc. v. 94. 

Ann. de China. xxix. 17. 
5 
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• 

' Silica ' 	  55 	Chap. I. 
Phosphate of lime 	 15 	 k...—v...../  
Potash 	  20 
Carbonate of lime 	 5* 

95 and a little oxide of iron.* 

This shows us that the stalk contains several substances 
not to be found in the grain. 

The following table exhibits the quantity of earths and 
metallic oxides in grains, obtained by Schrwder from 32 
ounces of the seeds of the following kinds of corn; wheat 
(triticum. hybernum), rye (secale cereale), barley (hordeurn 
vulgare), oats (avena sativa), and likewise from the same 
quantity of rye straw.t 

Wheat. Rye. 	Barley. Oats. 
Earths in 

 Rye 	corn. 
Straw. 

Silica 	 1 	1.9'2 15•6 	66.7 152 
Carbonate of lime .. 	1 12'6 13'1. 	.24'8 33'75 46'2 
Carbonate of magnesia1  13'4 1 P2 	25.3 33'9 28'2 
Alumina . 	 0'6 1.2 4'5 3'2 
Oxide of manganese 	 5'0 3•2 6'7 6.95 6'8 
Oxide of iron 	 • 2'5 0'9 3'8 4'5 2'4 

47.3 • 48'7 131'5'227'8 238'8 

Saussure junior, in his Chemical Researches on regdtation, 
a work published in 1801, has given us the most copious 
table of the earthy and saline constituents of vegetables 
which has yet appeared. This table is the more valuable, 
as it was constructed entirely from his own experiments. 
For .that reason I shall insert it in this place : 

• Ann. de Odin. xxix. 19. 	t Geblen's Jour, iii. 525. 

VOL.. IV. 
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Book IV. 

'Saussure's 
table. 
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4 
Ci .1 

1 
Leaves 	of 	oak 

(quercus 	robur), 
May 10. 

13 53 012 0.64 '25.24 

2 Ditto, Sept. 27. 24 55 549 17 	18'25 23 14'5 115 25'5 

:32.58 

2215 

3  Wood of a young 
oak, May 10. . 

4 26 28'5 12'25 0'12 I 

1.75 4 

5 

Bark of ditto. 60 7 4•5 63.25 0.23 

Perfect 	wood o 
oak 2 38.6 4.5 32 2 2•25 20'65 

6 Alburnum of ditto. 4 32 24 11 7'5 2 23'5 • 

7 

8  

— 
9 

Bark of ditto. 60 7 3 

'315 
- 

66 1'5 2 21.5 

1215 Cortical lavers of 
ditto. 73 7 65 0 5 1 

Extract of 	wood ' of ditto. 61 51 

10 Soil from wood of 
ditto. 41 . 24 

66 

10.5 10 32 
--tr- 

14 	• 8.5 

11 Extract fromditto. III 

12 
Leaves of poplar 

(populus nigra), 
May 26. 

23 

—7-- 

66 632 36 13 

7 

29 5  1'25 15'75 

13 

1 ,1  

15 

Ditto, Sept. 12. 41 93 565 26 36 11.5 1.5 

1'5 

18 

Wood 	of 	ditto, 
Sept. 12. 8 26. 1615 27 S.3 

4 

24'5 

Bark of ditto. 	, 72 6 5'3 60 l' 1.5 23.2 

16 
Leaves 	of 	hazel 

(corylus 	cluella. 
nab May 1. 

61 26, 23:3 22 2'5 1.5 241 
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Fable conthnwd. 

TABLE OP INCINERATIONS. Constit. of 100 parts of the ashes. 
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5 

62 
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15 
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_ 

1 1 29 
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35 9•5 

5:1 ( Leaves of 	ditto' May May 10.  16 72 782 

o2 

Chap. I. 
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Table conlinue4. 

Book IV. 
TABLE OP INCINERATIONS. 
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Ditto, July 23. 29 84 

Ditto, Sept. 27. 31 86 636 113.5 

Flowers of ditto, 
May 10. 9 71 873 50 

182 Fruit of ditto, 0e- 
tober 5. 

12  34  647 12 0 0.5 0.25 5'25 

Plants 	of 	pease 
(piston sa(ivum), 
in flower. 

95 49.8 17'25 6 
• 

2•2 I 24'65 

86 

37  

38 

Ditto, ripe. 81 34.25 22 14 11 2'5 17'25 

Plants of vetcliez 
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fore 	flowering, 
May 23. 

16  150 895  55  5 14-5 3.5 1.5 0.5 2450 

Ditto' in 	slower, 
June 23. 20 122 876 55.5 13,5 4.12 1'5

• 
 0'5 24'28 

39I  2
Ditto,3 	

ripe, 	July 66 50 17'75 4 1.75 0•5 26 

.aDitto,• seeds sepa- 
i 	rated. 

115 42 575 36 1.75 1 12'9 

41 Seeds of ditto. 33 69.28 

60• I 

.7.99 0 0 05 2'3 

42 

43 
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I
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39 20 (1 0 0.5 9.4 

	

SuWago 	vut.varis, 

	

before 	flower- 
ing, May 1. 
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-- 

9'25 

1'5 0'75 18'25 

-- 
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1 	i 	flower, July 15. 57 59 	8'3 1'5 0'75 
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Table cant used. 
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Chap. I. 
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Table continued. 

• Book IV. 
TABLE OF INCJNER tTIONS. 
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Table continued. 

TABLE OP INCtNERATIONS. Constit. of 100 parts of the ashes. 
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73  Branches of pine, 
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Book IV. 	For some other tables of a similar nature, I refer the 
'v' reader to Dr. John's tabellen der pflanzen analysen, p. 63. 

IV. METALS. 

Several metallic substances have also been found in the 
ashes of vegetables, but their quantity is exceedingly small; 
so small, indeed, that without very delicate experiments 
their presence cannot even be detected. 

The metals hitherto discovered are iron, which is by far 
the most common, manganese, and, if we believe some che-
mists, gold, 

1. Iron has been found in many plants; the ashes of sal-
sola contain a considerable quantity of it. From the expe-
riments of Mr. Grinishaw, it appears that six ounces .of 
cotton cloth, unbleached, contain about four grains of iron; 
and six ounces of linen in the same state about dire_ 
but it is likely, as Mr. Grimshaw observes, that part of this 
iron is communicated to the cloth by the weaver's dressing. 
When it gets acid, and is allowed to remain in iron pans, 
it must take up a part of the metal.* 

2. Scheele first detected manganese in vegetables.t Proust 
found it in the ashes of the pine, calendula, vine, green oak, 
and fig-tree.t 

3. With respect to the minute portion of gold extracted 
from the ashes of plants by Kunkel, Sage, &c. it is proba-
ble that it proceeded rather from the lead which they em-
ployed in their processes than from the ashes. 

•1 I MI I 1 I I. PM I • 0 II VIM 1 'I •I•1=11 

SECT. XXXVII. 

OF VEGETABLE PRINCIPLES •IN GENERAL. 

IN the preceding sections a pretty full account has been 
given of the different vegetable principles hitherto examined 
by chemists. They amount to no fewer than 35 genera. 
They consist of substances which owe their formation to 
the processes of vegetation. It is of them, of course, that 

* Phil. Mag. xvi. 33. 	i- Opusc. i. 106. 	Phil. Mag. v. 99. 
I 
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vegetables arc formed; they are the substances which come Chup. I. 

into view when vegetables are analysed. It is necessary "Thr"J  
therefore to be well acquainted with their essential charac-
ters, that we may know the marks by which they are to be 
recognized. These unfortunately are sometimes ambigu-
ous; so that a good deal of skill and experience are ne-
cessary before we can distinguish them readily. Some of 
them indeed are so imperfectly known, that we arc in pos-
session of no good characteristic marks. The following 
table contains a general view of the most striking properties 
of the different genera. 

1. Sugar.— Crystallizes. Soluble in water and alcohol. Table of es- 
Taste sweet. Soluble in nitric acid, and yields oxalic acid. 	 cha- 

bmencticlarsi  
2. Sarcocoll.—Dues not crystallize. Soluble in water 

and alcohol. Taste bitter sweet. Soluble in nitric acid, 
arid-7;AL,  oxalic acid. 

3. Gum.—Does not crystallize. Taste insipid. Soluble 
in water, and forms mucilage. Insoluble in alcohol. Pre-
cipitated by silicated potash. Soluble in nitric acid, and 
forms saclactic and oxalic acids. 

4.. .111ileas.—Does not crystallize. Taste insipid. Soluble 
in water, and forms mucilage. Insoluble in alcohol. Not 
precipitated by silicated potash. Precipitated by alcohol 
from water in a fibrous fbrm without rendering the liquid 
opaque: 

5. Uhnin.—Does not crystallize. Taste insipid. Spar-
ingly.soluble in water and alcohol, and does not form mu-
cilage. Very soluble in liquid carbonate of potash. Pre-
cipitated by acids and su1phate of iron.  

6. Nicotin.—Volatile, and when drawn into the nose ex. 
cites sneezing. Precipitated by tincture of nutgalls. 

7. Extractiue.—Soluble in water and alcohol, insoluble 
in ether. Precipitated by chlorine, muriate of tin, and 
muriate of alumina; but not by gelatine. 1-)ye; town. 

8. Morphia.—Soluble in water and alcohol. 	Crys-
tallizes. Converts vegetable blues to green. Forms neu-
tral salts with acids. 

9. Asparagin.—Crystallizes. Taste cooling and nauseous. 
• Soluble in hot water. Insoluble in alcohol, soluble in ni-

tric acid, and converted into bitter principle or artificial 
tannin. 

10. Cerasin. Insoluble in water and alcohol. When 
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Book W. put into water it swells up into a transparent jelly, which 
may be employed to paste paper. Soluble in water acidu-
lated with nitric acid. Without taste or smell. 

11. Inulin. A white powder. Insoluble in cold water. 
Soluble in boiling water; but precipitates unaltered after 
the solution cools. Insoluble in alcohol. Soluble in nitric 
acid, and yields oxalic acid. 

12. Starch.—A white powder. Taste insipid. Insoluble 
in cold water. Soluble in hot. Solution opaque and gluti-
nous. Precipitated by infusion of nutgalls ; precipitate re-
dissolved by a heat of 120°. Insoluble in alcohol. Soluble 
in dilute nitric acid, and precipitated by alcohol. Yields 
with nitric acid oxalic acid and a waxy matter. 

13. Indigo.—A blue powder. Taste insipid. Insoluble 
in water, alcohol, ether. Soluble in sulphuric acid. Solu-
ble in nitric acid, and converted into bitter prit.:!-,:;!... -ana 
artificial tannin. Volatilized by heat in a purple smoke. 

14. Gluten.--Forms a ductik elastic mass with water. 
Partially soluble in water; precipitated by infusion of nut-
balls  and chlorine. Soluble in acetic acid and mu-
riatic acid. Insoluble in alcohol. By fermentation be-
comes viscid and adhesive, and then assumes the properties 
of cheese. Soluble in nitric acid, and yields oxalic acid. 

1.5?  Pollenin.—Insoluble in water, alcohol, ether, oils, 
and petroleum. Forms a brown coloured sohition in 
caustic alkalies. Burns rapidly when thrown into the flame 
of a candle. Colour yellow. Not altered by exposure to 
the air. Destitute of taste and smell. 

16. Fibrin.—Tasteless. Insoluble in water and alcohol. 
Soluble in diluted alkalies and in nitric acid. Soon pu-
trifles. 

17. Fixed oils.—No smell. Insoluble in water, alcohol. 
Form soaps with alkalies. Coagulated by earthy and me-
tallic salts. 

18. Wax.—Insoluble in water. Soluble in alcohol, ether, 
oils: Forms soaps with alkalies. Fusible. 
' 19. 'Vida/hie oil.—Strong smell. 	Insoluble in water; 

soluble in alcohol. Liquid. Volatile. Oily. By nitric • acid inflamed, and converted into resinous substances. 
20. 'Camphor.—Strong odour. Crystallizes. Insoluble 

in water; soluble in alcohol, oils, acids; insoluble in alka-
lies. Burns with a clearfiume)  and volatilizes before melting. 

3 
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21. Bird-lime.—Viscid. Taste insipid. Insoluble in Chap. 1. 
water. Partially soluble in alcohol. Very soluble in ether; L-Nr")  
solution green. 

22. Resins.--Solid. Melt when heated. Insoluble in 
water. Soluble in alcohol, ether, and alkalies. Soluble in 
acetic acid. By nitric acid converted into artificial tannin. 

23. Guaiacum.— Possesses the characters of resins, but 
dissolves in nitric acid, and yields oxalic acid and no 
tannin. 

24. Balsams.— Possess the characters of the resins, but 
have a strong smell; when heated, benzoic acid sublimes. 
It sublimes also when they are dissolved in sulphuric acid. 
By nitric acid converted into'artificial tannin. 

25. Caoutehouc.—Very elastic. Insoluble in water and 
alcohol. When steeped in ether, reduced to a pulp which 
adheres to every thing. Fusible and remains liquid. Very 
combustible. 
• 26. Gum resins.— Form milky solutions with water, 
transparent with alcohol. Soluble in alkalies. With nitric 
acid converted into tannin. Strong smell, brittle, opaque, 
infusible. 

27. Cotton.—Composed of fibres. Tasteless. Very com-
bustible. Insoluble in water, alcohol, and ether. Soluble 
in alkalies. Yields oxalic acid to nitric acid. 

28. Suber.—Burns • bright and swells. Converted by 
nitric acid into suberic acid and wax. Partially soluble in 
water and alcohol. 

29. J'Vood.—Composed of fibres. Tasteless. Noluble 
in water and alcohol. Soluble in weak alkaline ley. Pre-
cipitated by acids. Leaves much charcoal when distilled in 
a red heat. Soluble in nitric acid, and yields oxalic acid. 

30. Medunin.— Insoluble in water, alcohol, ether, and 
oils. Destitute of taste and smell. Structure porous. So-
luble in nitric acid, and forms oxalic acid, but no suberic 
acid. When distilled it yields ammeinia, and leaves a char-
coal having a metallic lustre. 

31. Fungin.—insoluble in water, alcohol, and ether. 
Partially soluble in a strong boiling alkaline ley. Soluble 
in hot muriatic acid, and forming a gelatinous matter. 
When distilled it yields ammonia. 

But these are not the only substances which occur in the 
vegetable kingdom. s  It cannot be doubted that there are 
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Rook.  IV. several others easily recognized by their peculiar properties 
in ccrtain vegetable bodies ; though chemists have not yet 
succeeded In obtaining them in a separate state, and in 
ascertaining their characters with precision. It was this 
deficiency of precise inftwmation that induced me to omit 
them; iur nothing can be more hazardous than to swell the 
list of vegetable constituents, by introducing supposed sub-
stances from vague analogies and imperfect experiments. 

Acrid prin- There arc many vegetable substances remarkable' for a 
c:ple. peculiar acrid property. Most of the ranunculi, the pay-

gonzon hydropiper, mustard, &c. are well known instances. 
In some of these, the acridity disappears on drying, while 
in others, as mustard, it remains. In some, as the ranun-
culi, the acrid portion is taken up by water ; while in mus-
tard water dissolves only a very small part, and acquires 
the taste of garlic. This acrid property certain: j- LectidS 
upon the presence of some principle or ' principles with 
which we are unacquainted. 

We arc equally ignorant of the nature of the peculiar 
liquid to which the leaves of the common nettle owe their 
property of irritating the skin. We do not know the sub-
stance which gives the alliaceous tribe their peculiar taste 
and smell; a substance amazingly penetrating, but which 
is destroyed or dissipated by the heat of boiling water. We 
know little of the poisonous juices with which many vege-
.tables are filled. Indeed the only vegetable poison with 
which we can say we are acquainted is prussic acid. These 
arc but a small number of instances, but abundance of 
others will occur to every reader. Indeed, whole regions 
of the vegetable kingdom remain still unexplored. Much 
curious information may be expected from the analysis of 
the fungi, and other kindred plants ; from the analyses of 
the alga>, and of the lichens. 	 • 

'egetable 	indeed the state of the chemical analysis of vegetables is 
analysis still very imperfect. No general rules have yet been laid imperfect. 

down; no successful method has yet been ascertained. In 
every particular case the analyst must follow his own judg-
ment, and be guided by his own experience. Thus every 
one is obliged, in some measure, to invent a method for 
himself, and to create the whole as it were anew. Thus 
much time is wasted before the chemist is upon a level with 
his predecessors : and every one striking, as it were, from 
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the same point, the progress is much slower than it other- Chap.!. 
wise would be. 

The older chemists confined their analysis entirely to 
destructive distillation. 	By this process they obtained 
nearly the same products from every vegetable. For every 
plant when distilled yields water, oil, acid, and carbureted 
hydrogen and cArbonic acid gas; while a residuum of char-
coal remains in the retort. For the first introduction of 
solvents we are' indebted to the apothecaries. The expert- Improve 
ments of Boerhaave and Neumann were doubtless of value; itnoetfileV 
but it was Rouelle who first made the great step in veget-
able analysis, by pointing out the uses of various solvents 
to separate_ the different constituents of vegetables from 
each other. FM was the first that attempted a precise de-
scription of tho 'egetable principles, and that gave marks 
y.rhich their presence might be ascertained. The next 

great step was made by Scheele, who detected the different 
acids of vegetables, ascertained their properties, and pointed 
out the method of separating them from those vegetable 
substances into which they enter as constituents. The ex-
periments of some •of the German chemists, especially of 
Hermbstadt, added considerably to the discoveries of Rouelle 
and Scheele, and made us better acquainted with some of 
the constituents of vegetables. But of all the modern che-
mists none is entitled to greater praise than Vauquelin. 
His analyses have been numerous, and his discoveries im-
portant. He has introduced into the subject that pre-
cision which distinguishes all his researches, and his method 
has been followed by all the other French chemists. Four-
croy has.  been often associated with Vauquelin, and his  
analysis of the quinquina, which he published alone, is 
entitled to considerable praise. Proust has turned his atten-
tion to the same subject, and has favoured the world with 
very instructive papers. 'Till lately the analysis of vegetable 
substances was almost entirely overlooked by British che-
mists; but the fineness of the field has.now begun to attract 
their attention. Experiments of great importance have 
been.published by Davy, Chenevix, &c. and above all by 
Hatchett, to whom vegetable chemistry lies under deep 
obligations ; and we may expect still more important in-
formation from the zeal and skill of those enlightened phi- 

A few years will probably change the appear-.  losopheri. 
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Book Iv. ance of this branch of chemistry almost entirely, and bring 
N.—v..' it nearer to the state which the chemistry of minerals has 

already acquired. 
Thus we have examined all the substances which have 

been hitherto examined .from vegetables. By analysing 
each of them, or by exposing them repeatedly to destruc-
tive distillation, combustion, &c. we corn( at last to those 
bodies which we are at present obliged to consider as 
simple, because they have not yet been decompounded, 
and of which accordingly we must suppose that vegetables 
are ultimately composed. • These amount to 15, namely, 

Substances 
found in 
plants. 

1. Oxygen. 
2. Sulphur. 
3. Phosphorus. 
4. Carbon. 
5. Hydrogen. 
6. Azote. 
7. Muriatic acid. 
8. Silica. 

9. Iron. 
10. Manganese. 
11. Pota::11. 
12. Soda. 
13. Lime. 
14. Magnesia. 
15. Alumina. 

' But of these substances there are twelve which compose 
but a very small proportion indeed of vegetables. Almost 
the whole of vegetable substances are composed of four in-
gredients, namely, • 

Carbon. 	Oxygen. 
Hydrogen . 	Azote. 

Of these the last, namely azote, forms but a small propor-
tion even of those vegetable substances of which it is a 
constituent part, while into many it does not enter at all: 
so that, upon the whole, by far the greater part of vege-
table substances is composed of carbon, hydrogen, and 
oxygen. I do not mention caloric and light; concerning 
the nature of which too little is known to enable us to de-
termine with certainty into what substances they enter. 

The substances at present known to cheinists, which 
they have not been hitherto able to decompose, amount 
(omitting caloric and light) to 49. Fifteen of these .exist 
in plants; the rest belong exclusively to the mineral king-
dom: for it is a fact, that no 'substance (I mean simple sub-
stance) has been hitherto found in the animal kingdom 
which does not exist also in vegetables. 
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On the contrary, all the simple substances at present Chap. IL 

known may be found in minerals. This indeed ought not -̀'-v--1  
'to Surprise us, if we recollect that the spoils of animals and 
vegetables, after they have undergone decomposition; are 
ultimately confounded with minerals, and consequently 
_arranged under the mineral kingdom. Besides, if vegeta-
bles draw their Plod from the mineral kingdom, it would 
be absurd to suppose that they contain substances which 
they could not hay 'R procured from minerals. 

Only eight of thee principles (omitting the acids) have 
been analysed with shfficient precision to give us an idea of 
• the number of atoms of which they arc composed.. The 
following table exhibits the number of atoms of oxygen, 
carbon, and hydr gen, which enter into the composition 
of these eight be les: 

.."--"•-.--......./#° 	Atoms of 
Oxygen. Carbon. Hydrogen. 

Wax 	 
Rosin . 	 

1 .. .. 
2 	.. 

20 .... 
15.... 

18 .... = 
13.... = 

39 atoms 
30 

Copal . 	 2.... 19.... H.— = 39 
Woody fibre .. 	 = 15 
Starch sugar 	 5 = 13 
Common sugar 	 5 = 16 
Gum arabic 	 6 .... = 18 
Starch • 	  	 9 . • • • 10 • • • • 10 • • • 4 = 29 

From this table it appears that the composition of all of 
them is very complicated. We have no conception at pre-
sent in what way these atoms are united together. Most 
probably they are first grouped together in binary or ter-
nary compounds, and a certain number of these primary 
groups go to the composition of the vegetable principle. 

CHAP. H. 

OF THE PARTS OF PLANTS. 
WE have, in the preceding Chapter, enumerated and 

described the different substances hitherto detected in plants. 
But a more difficult task remains for the present Chapter; 
namely, to explain the composition of each vegetable organ 
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PAM'S OP PLANTS. 

in all the numerous families of plants which constitute the 
vegetable kingdom. This task, indeed, ie the present state 
of vegetable chemistry, cannot be fulfilled. By far the 
greater number of plants have never been examined at all; 
and even of those which, from their medicinal virtues or 
nutritive qualities, have attracted the attention of chemists, 
only particular organs have been analyse( , wild the rest 
have been neglected as unworthy of notice. Nothing, 
therefore, either resembling a complete- view, or an exact 
arrangement, is to be looked for in th s Chapter. I shall 
satisfy myself with stating the most Inq octant facts hitherto 
discovered respecting the composition of plant, as far as 
I am acquainted with them, under the 	n laowing 
heads: 

1. Sap. 	 J. Seeds. 
2. Juices. 	 10. Fruits. 
3. Air. 	 11. Bulbs. 
4. Wood and roots. 	12. Lichens. 
5. Bark. 	 13. Mushrooms. 
6. Leaves. 	 14.. Fuci. 
7. Flowers. 	 15. Diseases. 
8: Pollen. 

These form the subjects of the following Sections.. 

SECT. I. 

OF THE SAP OF PLANTS. 

Definition. 	IT is the general opinion of physiologists that plants 
receive a considerable part of their nourishment by the 
root ; that it, enters into them in a liquid state, and passes 
up in proper vessels towards the leaves. This liquid is dis-
tinguished by the name of sap. In the spring; when the 
buds begin to expand themselves into leaves, if we break 
Rif the extremity of a branch, or cut into the .wood of a 
tree, this sap flows out, and may be obtained in consider-
able quantities. It was first examined by Dr. Hales ; but 
chemical analysis had not made sufficient progress in his 
time to enable him to ascertain its constituents. Duet!): 
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and Vauquelin have more recently analysed the sap of dif- Chap. 
ferent trees. To them we are indebted for most of the \—v-1  
facts known respecting this liquid. 

The sap in all the vegetables hitherto examined is nearly 
as liquid as water. It always contains an acid, sometimes constau- 
free, but more commonly combined with lime and potash. ents• 
Various vegetaqe principles are also present: of these sugar 
is the most ren-urkable, and mucilage. Sometimes albumen 
and gluten, and s metiines tannin, can be detected. When 
left to itself, the st soon effervesces and becomes sour ; or 
even vinous, when he proportion of sugar is considerable. 

Hitherto the sa of a few species of trees only has been 
examined. We r -e not in possession of any means of col- 
lecting the sap o the inferior orders of plants. The ex- 
pressed juices 	a considerable number of vegetables, in- 

- 11:4Q,1,,,,,barpoffeen prepared for medicinal purposes; but these 
are not sap, but a collection of all the liquid substances 
which the plant contained. At present, then, it is not pos-
sible to piesent a general view of the properties of sap. 
The following are the particular species which have been 
examined. 

1. Sap of the Elm, ulmus campestris. 
Vauquelin collected three different specimens of the sap 

of this tree; the first portion towards the end of April, the 
second in the beginning of May, 'and the third about the 
end of May. It had a reddish brown colour; it taste was Properties. 
sweet and mucilaginous; and it scarcely altered the colour, 
of the infusion of litmus. Ammonia, barytes, and lime 
water throw down a copious yellow-coloured precipitate, 
which dissolves with effervescence in acids. Oxalic acid 
and the nitrate of silver throw down a white precipitate. 
Diluted sulphuric acid occasions a brisk effervescence, 
and disengages the odour of acetic acid. Chlorine de-
stroys the colour • of the sap, and throws down a brown 
precipitate. Alcohol produces a flaky precipitate. When 
evaporated by a gentle heat, a pellicle forms on the surface; 
brown flakes precipitate, and an earthy matter is deposited 
on the sides of the vessel. The earthy matter was a mix-
ture of carbonate of lime and vegetable substance. The 
liquid, after depositing these bodies, and being evaporated 
to Illuths of its original bulk, contained a considerable por-
tion of acetate of potash. 

its VOL. IV. 
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Book IV. 	1019 parts of this sap were composed, according to Vali-
quelin's analysis, of 

Water and volatile matter 	 1027.904 
Acetate of potash ..  	9•210 
Vegetable matter 	1 	1.060 
Carbonate of lime 	0'796 

The vegetable matter was partly extractiv' and partly mu- 
cilaginous. 

Changes of On analysing the same sap somewhat rater in the season, 
the sap by lir

.  
vegetation. 	Vauquelin found the quantity or %egetable matter a 

little increased, and that of the cart mate of lime and 
acetate of potash diminished. Still late • in the season the 
vegetable matter was farther increased., id the other.  two 
ingredients farther diminished. The carbonate of lime was 
held in solution by carbonic acid, of which L: -re existed a 
considerable excess in the sap. It is to this twat gas that 
the air bubbles, which so often accompany the sap as it 
issues from the tree, is owing.i. 

2. Sap of the Beech, fagits syleatiea. 
Vauquelin collected two different specimens of this sap ; 

the first in the end of March, du...second about the end of 
Properties. April. It had a reddish brown colour, and a taste similar 

to the infusion of tan. It slightly reddened vegetable blues. 
Barytes, ammonia, carbonate of potash, and oxalate of 
ammonia, occasion precipitates in it ; chlorine throws 

' down- yellow flakes ; sulphuric acid blackens it, and dis-
engages the odour of acetic acid;, sulphate of iron strikes 
a black, and glue throws down a copious whitish precipi-
tate. 'When gently evaporated to dryness, it leaves a brown 
extract amounting to about ;47  of its weight, ductile while 
hot, but brittle when cold, and having the smell and some-
what of the taste of new baked bread. It absorbs moisture 
from the atmosphere, anti increases in weight about +th. 
Lime disengages ammonia, and sulphuric acid acetic acid, 
from this extract. Alcohol dissolves only a small part of 
it. This sap contained the following ingredients: 

Water. . 
Acetate of lime with excess of acid. 

* Amu. de Chien. x vsi. 20. 	f See Coulomb)  Jour. de Phys, xlix. S9(1. 

Constitu- 
ents. 

Constitu- 
ents. 
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Acetate of potash. 	 Chap. 
Gallic acid. 
Tannin. 
A mucous and extractive matter. 
Acetate of alumina. 

It contained, besides, a colouring matter, which may be 
fixed on cotton and linen by iheans of alum, and dyes them 
of a fine solid re 'dish brown colour.* 

3. Sap of ;74e Hornbeam, carpina$ sylvestris.t 
Three specimen of this sap were collected by Vauquelin 

during the montl s of March and April. It was limpid, Properties. 
and its colour w, whitish; its taste slightly sweet, and its 

T2;7655intaT•of potash likewise throws down a precipitate, 
from it a c9rvus white precipitate, soluble in muriatic acid. 
smell analogouF to that of whey. Barytes throws down 

soluble in acids with effervescence. Sulphuric acid deepens 
the colour, and evolves the odour.of vinegar. Oxalic acid 
throws down a copious precipitate, and nitrate of silver 
gives the solution a fine red colour. 3918 parts, when 
distilled, left an extract of a reddish yellow colour, amount-

'ing to 8.273 parts. It had a sharp taste, and attracted hu-
midity from the air. 

When the extract is digested in alcohol, about the half 
of it dissolves. This portion consists of extractive, a sac-
charine matter, and acetate of potash. The residue, which 
is soluble in water, consists of mucilaginous matter, acetate 
of lime, and a colouring substance. 	• 

When this sap was left exposed to the air in an open Action of 
glass vessel, it became milky, disengaged carbonic acid, the air. 

acquired a spirituous smell and taste, Mid its acidity in- 
creased. After some weeks this odour was dissipated, and 
carbonic acid was no longer extricated. Its acidity con- 
tinued still to increase, white flakes fell to the bottom, and 
the liquid became transparent. After 50 days the acidity 
was found diminished, a mucous pellicle formed on the 
surface, which became at last blackish brown, and the li- 
quid had only a mouldy taste. In a close bottle the sap 

* Ann. de Chim. xxxi. 26. 
+ I presume the earpitius betulus is meant. 

P 2 
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Book IV. never became transparent; and when the bottle was opened 
1 /4"-Thr-1  after three months, the air which it contained was found 

converted into azote and carbOnie acid. The liquid had a 
very strong taste of vinegar.* 

4. Sap of the Birch, betullis 

Properties. 	The sap of this tree is cotourless; it ha ; a sweet taste ; 
reddens vegetable blues. Neither ammo•ia, alcohol, nor 
chlorine, produce any change upon :t. Barytes am! 
lime throw down a precipitate whioi, dissolves in mu-
riatic acid. Hydrosulphurets, sulphate of iron, and glue, 
produce no effect. Oxalic acid throws lown a white pre-
cipitate. Sulphuric acid disengages the -dour of vinegar. 
Nitrate of silver strikes a red colour. IN% pn evaporated to 
about nth, it lets fall a reddish brown pow... - insoluble hi 
water. When 3918 parts of the sap were evkporat,...1 to 
dryness, they left 34. parts of brown extract. This had au 
agreeable taste, attracted moisture from the atmosphere, 

Fermented. and was almost con‘pletely soluble in alcohol. When this 
extract is dissolved in water and mixed with yest, it fer-
ments, and the fermented liquor yields a considerable pro. 
portion of alcohol; it yields also a considerable portion of 
vinegar. Vanquelin did not succeed in his attempts to ob-
tain crystallized sugar from this sap ; but he ascertained 
that it contained a portion of extractive which dyes wool of 
a brownish yellow colour. Acetate of lime and of alumina 
were also present, and probably also acetate of potash.t 

• 
5. 	Sap of the Yoke Elm. 

Properties. 	This sap has a bitter taste. When evaporated to dry. 
ncss it leaves a brown extract, in which crystals of nitrate 
of potash are gradually formed. This extract was scarcely 
soluble in alcohol. It gave traces .of the' presence of ace-
tate of potash and acetate of lime4 

• 
6. Sup of the Vine, vitis vinffera. 

This sap was examined by Dr. Prout. It had the 
whitish appearance of common river water. Its taste was 
sweetish but not rough. It did not alter litmus paper,. nor 

" Ann. de China. xxxi. 31. 	t Ibid. p. 36. 	4 Ibid. p. Sa. 
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did its specific gravity differ from that of pure water. Pot- Chap. Ii. 
ash and ammonia gave it a fine red colour, and threw down ""v—j  
red flocks readily dissolved by acetic acid. It was slightly 
precipitated by oxalate .of ammonia, ferrocyanate of potash, 
nitrate of silver, and subacetate of lead. Two thousand 
three hundred Tarts of it when evaporated left only one 
part of residuum, half of which was carbonate of lime 
and the remaind:v a peculiar vegetable matter, which was 
insoluble in alcolk . The sap had contained both carbonic 
acetic acids, and li, ewise an alkali.* 

ti 
7. Sap of to common maple, acer compestre. 

The sap of this • •ee was examined by Professor Scherer, 
of Vienna. It 1 a milky aspect, a sweetish taste, and its 
specific gravity; tries. It does. not alter litmus or turmeric 
paper. It precipitatedby oxalate of potash, nitrate of 
silver, and barytes water; but not by muriate of barytes. 
When boiled it lets fall gluten in flocks. It yields when 
evaporated a salt with basis of lime possessing peculiar pro-
perties. The acid is destroyed by heat, and according to 
Scherer differs from every other vegetable acid. He there-
fore distinguishes it by the name of acetic acid. The ace- Acerie acid. 
rate of lime is -white, slightly translucent; has a weak 
acidulous taste, and is not altered by exposure to the at-
mosphere. One thousand parts of cold water dissolve 9 
parts, and 1000 parts of boiling water 17 parts of this salt.t 

SECT. II. 

OF THE PECULIAR JUIC ES. 

THE sap passes from the roots in peculiar vessels to the 
leaves, where it is altered by a process similar to that of 
digestion in animals, and formed into all the liquid sub-
stances requisite for the purposes of. the plant. These 
liquids flow from the leaves towards the root in appropri-
ate vessels, and have received the name of the peculiar 
juices of vegetables. They differ very considerably from Nature. 
each other in different 'plants. They have all a certain 

* Annals of Philosophy, v. 109. 
t Schweik,er's Jour. iv. 362. 
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Book iv. degree of consistency, and always contain much more vege-
tal7le matter than the sap. In the present state of vegeta-
ble chemistry, an accurate detail of their properties cannot 
be attempted. Indeed it is often difficult to procure them 
from any plants unmixed with the sap. They sometimes 
exude spontaneously; and may aNttys l je procured in 
smaller or greater quantity by incisions tl tough the bark 
of the plants cohtaining them. The f)ilow ing arc the 
species of peculiar juices which have peen hitherto at-
'tended to. 

Milky 	1. •Millty Juices.— Many plants, win n wounded, emit a 
imces. 	considerable quantity of a milky liquid, yhich may, in most 

cases at least, be considered as one of .be peculiar juices 
of the vegetable from which it flows. 'Abe nature of this 
juice i extremely various. 

The root of the campanula rotundifolia yie1.1c a milky 
juice, of a peculiar, and not unpletNant smell and taste. 
Children in some parts of Scotland collect the plant for the 
sake of this juice, which they suck with avidity. Its che-
mical properties have not been examined. 

Euphoibia. 	The different species of euphorbia yield a milky juice, 
which has a hot taste analogous to that of pepper, but more 
acrid, and which continues for a long time in the mouth. 
When chlorine was poured into this juice, a very 
copious white precipitate fell down. This powder, when 
washed and dried, had time appearance of fine starch, and 
was not altered by keeping. It was neither affected by 
water nor alkalies. Alcohol, assisted by heat, dissolved 
two-thirds of it; which were precipitated by water, and 
had all the properties of resin. The remaining third part 
possessed the properties of the woody fibre. Mr. Chaptal 
tried the same experiment on the juices of a great number 
of other plants, and he constantly found that chlorine pre-
cipitated from them wouly figre.* 

The different species of the poppy (papaw) and lettuce 
(lacuna) yield a milky juice, which possesses narcotic quali-
ties, and is distinguished by a peculiar taste and smell. 
These juices have been more examined than the preceding. 
They are of a very complex• nature, containing a great 
variety of constituents. Gum and resin, and extractive, 

* Ann. de Chino. xxi, 12.83, 

Poppy. 

   
  



PECULIAR JUICES. 	 215 

are the most prominent of ' these ; and if the experiments Chap. II. 
of Sertiirner concerning the peculiar narcotic principle  'V--)  
which he detected in opium, and which have been detailed 
in the preceding Chapter, be confirmed, we must consider 
that principle ,as constituting an essential ingredient in 
these juices. 

The milky ju ce which exudes from the jativpna elastica, Caoutch-
the hevaa caout&uc, the artocarpus integryblia, the urceolaouc. 
elastica, and fron. several other plants, gradually becomes 
inspissated when'. exposed to the air, and constitutes 
caoutchouc. This nice has been hitherto examined only 
by Fourcroy. •Th igh kept in close vessels, the caoutchouc 
for the most 	rt gradually separates, and forms a 
white solid elasti,  mass. The juice, however, still continues . 
milky. '\Vh 	evaporated in the open air, a pellicle of 
cuoutchou, gradually forms on the surface, and.when this 
is removed another succeeds. Fourcroy ascribes thi; for-
mation to the absorption of oxygen from the atmosphere. 
Besides the caoutchouc, Fourcroy obtained from the juice 
transparent prismatic crystals, which had a sweet taste, 
and which he considered as saccharine matter approaching 
to the nature of an acid.* 

The juice of the papaw tree possesses properties which Papaw. 
distinguish it from most others. According to the analyses 
of Vauquelin, detailed in the preceding Chapter, its con- 

' stituents resemble very closely the constituents of blood. 
Besides the milky juices enumerated above, there are 

many others. Almost all the gum resins indeed are origi-
nally in that state; but as no chemical analysis of these 
juices has yet been made, it is needless to dwell upon 
them: 1- 

2. Mucilaginous Jukes.—The peculiar juices of many Niucilagi_ 
plants are not milky, and some not distinguished by any nous juices. 
strong taste or smell. In these mucilage seems to be the 
predominating matter. Under this head may be reckoned 
the juices of most of the mucilaginous plants enumerated in 
the fifth Section of the preceding Chapter. 

The substance .called cambium, too, if we may be al- Cambium. 

• Ann de Chins. xi. 225. 
$ The reader may consult a dissertation on the milky juices of plants 

by Carradori. See Gehlen'e Jour. %i. 00. 	• 
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Book ivy lowed to consider it as a peculiar juice, since it is obviously 
different from the sap, is entirely mucilaginous. It makes 
its appearance, according to Mirbel, in all those parts of 
vegetables where new mutter is to be formed, and seems ne-
cessary for all such formations, either as the matter em-
ployed in their, formation, or as furnishing a proper bed 
for them to be formed in. It does not ap?ear to be con-
fined in vessels like the other juices.' 

Turperr. 	3. Some juices are intermediate betwee-4 volatile oils and 
tine. 	resins. These may be distinguish( d bi the.name of tur- 

pentines. Common turpentine, bal..an of copaiva, and 
probably also opobalsamum, -belong to this•class. These 
juices are originally limpid and transpare it, have a strong 
smeU and taste, and gradually acquire c insistency by ex-
posure to the air, probably by absorbing ovren. 

Resins. 

	

	4. Other juices obtained by excision possess t,t first the 
properties of resins, or at least acquire them before they 
are brought into this country. Such, for example, are 
tacamahac and mastich, and most of the resinous bodies de-
scribed in Section XXV. of the preceding Chapter. 

Balsams. 

	

	5. Others are entitled to the name of balsam,• according 
to the strict meaning of the word; as bidsam of tolu, of 
Peru, styrax, and benzoin. 

Tannin. 

	

	G. Some peculiar juices are composed almost entirely of 
tannin, or at least are characterised by containing q super-
abundance of that substance. Such probably are the juices 
of oak, sumach, and of most vegetables that yield abun-
dance of the tanning principle. In some cases, it would 
seem that these juices exude spontaneously ; though in 
general they are obtained by artificial means. 

Sugar. 

	

	7. Some vegetables possess juices characterized by the 
great quantity of sugar which they contain. Such, for 
example, are the sugar-cane, the carrot, and the various 
species of beet. For it is surely more reasonable to con-
sider the saccharine matter in these plants as belonging to 
the peculiar juices, than as confined to the sap. 

saline 	8. Finally, the peculiar juices of some plants are cha- 
rnaucr. 	racterized by containing a considerable portion of saline 

matter. Thus the various species of sorrel contain a notable 
quantity of superoxalate of potash, and several of the 

• Mirbel, Ana. do Mus. 	Nat, No, xl. p. 294. 
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sedums malate of lime. In short, the peculiar juices of Chap. II. 
plants are nearly as numerous as the vegetable principles '—v-1  
themselves; and when the fungi, algae, lichens, and several 
other of the numerous inferior tribes of vegetables have 
been once examined, it cannot be doubted that the number 
will greatly inease. 

Braconnot li is lately examined the juices of a number 
of plants, in order to ascertain the peculiar acids which 
they contained. 	le following is a short abstract of the 
results which he of tabled.° 

The expressed uice of the aconytum lycortonum evapo-
rated to dryness ud incinerated leaves about 0.01 of car-
bonate of potash This juice contains a considerable pro-
portion• of citric acid, partly combined with potash and 
partly with 1.0)e. Perhaps also malic and acetic acids are 
present in4Se juice of this plant. 

The juice of the delphinum datum, the ranunculus aconi-
tifolius, the thalictrum &nun, time clematis recta and viticellu, 
likewise contains a quantity of citric acid like the preceding 
juice. 4.16 

The juice of the salvia sclarca contains benzoic acid pro-
bably combined with potash. 

The juice of the rula graveolens contains malic acid com-
bined with potash and with lime. 

The juice of the eupatorium cannabinum contains an 
acid which appears to be the malic mixed with some phos-
phoric. 

The juice of the nicotiana rustica and tabacum contains 
malic acid combined with potash and lime. 

The juice of the mirabilis jalapa contains nitric acid, 
muriatic acid, malic acid, and a little sulphuric acid chiefly 
combined with potash. 

The spinacia oleracea contains oxalates of lime, and of 
potash, malate and phosphate of potash. 

The Iropceolum majus contains phosphoric acid, nitric 
acid, and malic acid united to lime and to potash. 

The ricinus canvunnis contains malic acid doubtless com-
bined with potash. 

The phytolacca decandra contaiiis an uncommon propor-
tion of potash, and an acid which possesses the ilroperties. 
of the oxalic. 

* Ann. de Chirn. lw. ‘;.17. 
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nook IV. 	 SECT. III. 

or THE GASES IN PLAN r';. 

In many plants the stem is hollow an 111ed  with air. 
In others, as the onion, the leaves are f►llet! with air. Air 
is lodged in the pod of the pea, in the leaves of some 
species of fuci. In short, there is hardly .t plant that does 
not possess some part more or 	holl nv, and of course 
filled with air. Now it is a gpastior► o some curiosity to 
determine what species of gas thus fills I p the hollow parts 
of plants. Is it common air? or is it a secretion by the 
plant itself? On the latter supposition it ► nay be hydrogen 
gas, azotic gas, carbonic acid gas, or any other gay what-
ever. 

A few experiments were made by Dr. Priestley on the 
air in the sea-weed. He found it sometimes the same as 
CQIIIMOII air; in other cases it contained a greater propor-
tion of,pxygen, in others a ,greater proportion of azote. 
The air within the leaves of onions and in the bladder of 
senna be found the same as common air. Air pressed from 
the stalks of the common flag contained a greater propor-
tion of azote than common air.* 

The air in two or three plants examined by Dr. Darwin 
was the same ;Is common air. Hubert found the air from 
the arundo bambos worse than common air. 

M. Bidault de Villiers examined the air in a considerable 
number of plants. That in the leaves of the onion was 
the same as common air. The same observation applies to 
the air in the petals of the nielo pei)po in the capsules of 
the colutea arborescens, the pods of the piston, sativum, the 
capsules and vesicles of the staphylea pinnata, and nigella 
damascenu, the sterns of the borag?qfficinalis, conium macu-
la/um, sonatas oleraceus. In some cases he found the air 
in the leaves of onions extinguish a candle; it must of 
course have contained a considerable excess of azote.t 

From these few observations it seems to follow, that the 
air contained in plants is common air, frequently unaltered; 
but sometimes deprived of a portion of its oxygen. In 
Dr. Priestley's experiment it would appear that a redun- 

. 
• Priestley, iii, 273. 	 f Ann. de Chim. lxxxviii, 89. 
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dancy of oxygen was present. But this experiment would chap.u. 
require repetition before it could be considered as authen- 
ticated. 

SECT. IV. 

V THE WOOD AND ROOTS. 

. I. THE roots ofta great variety of plants are employed in 
medicine and the . rts; but few of them have been hitherto 
subjected to chentacal examination. The substances found 
in them arc var our, ; and indeed, as the peculiar juices of I 
the roots are y ways included in such examinations, it is 
clear that0  ni:Ifost all the vegetable principles will be found 
in them. 

The process usually followed in examing these substances, 
is first to separate every thing soluble in cold water, then 
to boil the root in water. Alcohol is applied next; and 
afterwards different acids or alkalies, according to the 
nature of the substances suspected to be present. The 
roots of the following plants have been subjected to chemi-
cal examination : 

Helleborus byemalis. 	Nubia tinctorum.  List. 
Brionia alba. Curcuma longa. 
Calaguala. 	 Valeriana officinalis. 
Ho-ang-lien. 	 . Cochlearea armorica. 
Cephmlis, or calicocca. 	Glycyrrhiza glabra. 

Inula helenium. ipecacuanha. 
Convolvul us jalappa. 	Acorns calamus. 
Gentiana Intel'. 	 Andropogon schxnanthus. 
Rheum palmatum. 
1. Helleborus hyemalis.—The root of this plant is tube- Helleborus 

* roes, has a yellowish-white colour, and is covered with a hyemahs. 

black skin. At first it has no taste; but in a short time a 
strong acridity becomes sensible in the mouth and throat. 
Vauquelin has subjected it to a chemical examination, 
chiefly in order to ascertain the nature of the bitter 
and acrid principle which it contains. This principle he Con tains a 

poisonous found to be an oil of a peculiar nature, possessing pro- 
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Book Iv. perties intermediate between the fixed and volatile oils. 
He obtained it by digesting the root in alcohol, and then 
distilling off the alcohol in an alembic. The oil gradually 
separated and concreted on cooling. Its taste was ex-
tremely acrid, and it bad a yellowish-brown f.olour. When 
dissolved in weak alcohol, it precipitates the sulphates of 
iron of a fine purplish-red colour, which becomes green 
by means of alkalies. This oil is extre/nely poisonous, 
and, according to Vauquelin, exists in patty plants, and 
is the cause of their poisonous qualities. 

When the root is digested in water, a► d the liquid passed 
through a cloth, it is obtained opaque an ,1 milky, and gra-
dually deposils a white powder which Thssesses the pro-
perties of starch. The liquid, by evaporvtion, deposits a 
brownish matter, which forms successive pellicles on the 
surface. This substance possesses the properties of ex-
tractive. Besides these substances, Vauquelin detected a 
substance analogous to gluten, some sugar, and a portion 
of woody fibre.*. 

Brionia 	2. Brionia alba.—This root has been used in medicine, 
alba. 	and was known to contain a considerable portion of starch, 

and a bitter principle soluble in water and alcohol. Van-
quclin lately examined it. By maceration in water, and 
subsequent pressure in a linen-cloth, the starch was sepa-
rated and obtained in a state of purity. The bitter sub-
stance was soluble both in alcohol and water, and appeared 

constitu- to possess the properties of pure bitter principle. The 
eats. root was found likewise to contain a considerable portion 

of gum; a substance which is precipitated by infusion of 
galls, and which Vauquelin denominates vegeto-animal 
matter, some woody fibre, a small portion of sugar, and a 
quantity of supermalate of lime and phosphate of lime.t 

Caiaguala. 	3. Calaguala root.—This is a root brought from America 
for medicinal purposes, which has acquired considerable 
celebrity on the continent. The plant from which it is ob- • 
tanned is not known ; but from the observations. of Van-
quelin is supposed to be a species of polypodium. It has a 
brown 'colour, is partly covered with scales like the roots 
of fern, and is very hard and difficult to reduce to powder. 

• Arm. de Mus. d'Ilist. Nat.. No. xliii. 82. 	+ Ibid. 88. 
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Vauquelin, who has subjected it to analysis, found it a very Chap. It. 
complex substance, and separated from it no fewer than `---N1 

. the following substances : 
Woody fibre. 	 Colouring matter. 	Constitu- 
Gum. 	 Malic acid ? 	 eats. 

Resin. ' 	 Muriate of potash. 
Sugar. 	 Lime. 
.Starch. Silica. 

Alcohol dissolves the resin and sugar. By evaporating 
the solution to dryness, and treating the residue with water, 
the sugar is sepai.ated and the resin left. This resin. has 
a reddish-brown Aolour, and a bitter and acrid taste. It 
dissolves in alkayes, communicating a brown colour and 
a bitter taste, alid is again separated by acids. Vauquclin 
suspects that this principle is the constituent of the root, 
both of this plant and of the other filices which possess 
vermifuge properties. Water dissolved the gum and the 
inuriate of potash, which were obtained by evaporation. 
Diluted nitric acid dissolved the starch and the colouring 
matter, and let fall the former when mixed with four times 
its bulk of alcohol. The woody fibre remained, which 
when incinerated left carbonate of lime, muriate of potash, 
and a little silica. As the decoction reddened vegetable 
blues, it is possible that the lime was hu combination with 
malic acid.* 

4. lio-ang-lien.—This is a bitter tasted root, brought 1-lo-ang-
from China, and used on the continent as a medicine. It  lien. 
has been slightly examined by Bouillon La Grange. From 
his experiments, it seems to owe its properties chiefly to 
the bitter principle, of which it contains a considerable 
portions. It contains also a resinous matter; taken up by 
alcohol and thrown down by water. This substance when 

'dry has a brown colour, melts when heated, and burns, 
emitting an aromatic odour.- 	• 

5. Ipecacuan.—This is the root of a plant which grows Ipecacuan. 
spontaneously in Brazil, and probably in other parts, of 
South America. 	It was first correctly described and 
figured by Dr. Brotero, under the name of callicocca ipeca-
cuanha.I The root is about the thickness of a quill, un- 

• Vauquelin, Ann. (le Chirp. lv. 22. 	 + Ibid.". 40. 
Linean Trans. vi. 137. 
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Book IV. equal and knotty, and varies considerably in its colour. 
When pounded it forms the milde'st and safest emetic in 
the whole Materia Medica. Though Probably employed -
in America from time immemorial, it was not introduced 
into Europe till the time of Lewis XIV, w h one Grenier, 
a French merchant, brought'1501bs. of it fr ► Spain; with 
which trials were made at the Ilottl Dieu. Ilelvetius first 
made known its use in dysentery, fint which he w as rewarded 
by Lewis XIV. with 10001. sterling.* 

Properties. 	This substance has been recently analysed by M. M. 
Majendie and Pelletier. The following are 'the constituents 
which they obtained : 

Oil 	 
Emetin 	16 
Wax 	 
Gum 	 
Starch 	 
Wood 	 20 
Loss 	 

100t 
Ja1ap. 

	

	G. Jalap.—'Phis very active cartbartic is the root of the 
convo/vausja/appa, a plant which is a native of Jalapa, a 
province of New Spain.I It is brought to Europe in thin 
slices, which are hard, of a brown colour, exhibiting resin-
ous streaks and circles, easily inflammable, of scarcely any 
smell, and a weak acrid taste. From the few experiments 
detailed by Neumann, it appears to contain a resin, to 
which its active properties arc ascribed, and likewise a por-
tion of extractive and.  of mucilaginous matter. It has been 
analysed by Mr. Henry, who found its constituents resin, 
extractive, starch, and woody fibre.§ According to him, 
the proportions of these different substances, contained in 
500 parts of the three 'varieties of jalap which occur in 
commerce, are the following : 

Resin. Extract. Starch: Woody Fibre. 
Jalap leger 60 	 75 	 95 270 

sain 	 48 	 140 	 102 210 
pique . • 	72 ...... 125 	 103 • 2O€ 

* Neumann's Cheni. p.357. 	t Ann. de Chin). et Phys. iv. 180. 
t Hence the term Jalap. Neunuinn's Chem. p. 352. 
§ Ann', de Chim. lxxii. 275. 
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7. Rhubarb.—This A the root of the rheum palmatum, Chap. II. 
and perhaps also of some other species of rheum, brought 
chiefly from the northern parts of China by the way or  Rhubarb. 

Russia, though of late it has been cultivated also in Britain. 
The root is large;  of an oblong or roundish shape ; of a 
dark-brown colour externally, with black and reddish. 
streaks ; internally it is reddish-yellow, and when fresh con-
tains .a juice of the same colour. No accurate chemical 
analysis of rhubarb has yet been made; but from the expe-
riments of Neumann, it appears that nearly one half of it is 
soluble in water, and that alcohol scarcely takes up any 
thing from the resi luc. From the properties of the watery • 
extract, enumerated by that laborious chemist, we may 
infer, with some probability, that it consists chiefly of the 
extractive and bitter 'principle, and that it contains some 
tannin. A small quantity of greenish-yellow resinous mat-
ter seems also to be present.* Scheele separated from the 
root'about *th of its weight of oxalate of lime.t But this 
salt is not taken up by the water. 

8. Gentian.--This is the root of the gentiana Lica, a  Gentian. 
plant which grows spontaneously in the mountainous parts 
of France, Switzerland, Hungary, &c. It is it said to have 
been named after Gentius, a king of Illyria, who is sup-
posed to have first discovered its virtues. The root is ex-
ternally brown ; internally yellow, with a spongy pith in the 
middle. Its taste is intensely bitter. From the experi-
ments of Neumann, we may conclude that the soluble parts 
of it consist chiefly of bitter principle, mucilaginous matter, 
resin, and extractive. The first seems to be the most copi-
ous and most active ingredient, and the one to which it. 
owes its medicinal properties. 

9. Matider.—This is the root of the 'rubia linctorum, a Maddtr. 
plant cultivated, in Zealand, &c. for the dyers. The root is 
the useful part, forming one of the most valuable of the red 
dyes. It is about the thickness of a goose quill, somewhat 
transparent, of a reddish colour, and a strong smell. The 
colouring matter of madder is the only part of this root 
that is valued. Mr. Watt has published a dissertation on 

* Neumann's Chem. p. 360. 
Crell's Annals. i. 34. Eng. Trans. 
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Book IV. it; to which we owe almost every thing that we know 
respecting its chemical nature. 

Properties. 	It appears that there are two distinct colouring matters 
in madder: a red, which is extracted readily by cold water; 
and a brown, which requires a boiling heat to separate it in 
any quantity. Hence the reason that dyes are cautious 
not to raise the infusion of madder to a boiling temperature 
till towards the end of their process. Both of these colour- 
ing matters appear to possess the properties of extractive. 
They are soluble in water and alcohol ; and when the solua 
tion is evaporated, pellicles successively form on the surface. 
These gradually subside, and form a redilish-brown matter, 
only imperfectly soluble in water. When alum liquor is 
poured into the infusion of madder, a deep brownish-red 
flaky precipitate falls, and the liquid' assumes a brownish-
yellow colour ; and alkaline carbonates and -lime water 
throw down a blood-red lake, differing in the shade of its 
colour according to the proportion of alum employed. 
Acetate of lead throws down a brown-coloured precipi-
tate.  

When carbonate of magnesia is mixed with infusion of 
madder, the liquid assumes a bright blood-red colour; and 
by evaporation an extract is obtained, which readily dis-
solves in water, and when spread upon paper becomes yellow 
in a few days, if exposed to the sun. 

Water, holding a little alkali in solution, forms with 
madder a dark brownish-red solution; but if the water be 
mixed with a little acid, the infusion is yellowish.* 

From the late observations of Merim6, it appears proba-
ble that a third colouring matter is present in madder; that 
it is more soluble than the red ; and that it may be sepa-
rated by steeping the madder a certain time in water, and 
then precipitating the solution with an alkali. After this a. 
much finer red lake may be obtained from madder.t 

Turmeric. 	10. Turmeric.—This is the root of the cztrcuma longa, 
plant which grows in the East Indies. It has a fine yellow 
colour, a slight smell, and an aromatic bitter taste: To 
water it gives its own yellow colour, and the infusion is • 

See Watt, Ann. de Chim. iv. 104. 
t Berthollet, Eletuens de i'Art do In Teinture, ii, 1(.0). 
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rendered brown by alkalies. To alcohol it gives a red Chap. 11. 
colour, which stains hot marble of a durable colour.* The 
constituents of this root are but imperfectly known. From 
the experiments of Neumann, we learn that it contains a 
little volatile oil ; that water dissolves nearly one-third of 
the root, but that a very small portion only is soluble in 
alcohat It forms the chief ingredient in eurry powder. 

11. Fiderian.—Tromm;dca has examined the root of the valerian. 
valeriana officinalis. It loses three-fi)urths of its weight by 
trying. Distilled with water it yields a volatile oil, very 
liquid, and of a greenish-white colour. Its odour is strong 
and camphoric; its specific gravity, at the temperature of 
77°, is 0.9:40; its taste is aromatic and camphoric without 
being acrid. When exposed to the light it becomes yellow-
ish. Nitric acid converts it into a resinous substance, or, if 
it be used in a sufficient dose, into oxalic acid. The ex-
pressed juice of the roots of this plant is muddy, and has a 
strong odour. It lets fall a portion of starch. It contains 
a peculiar substance approaching the nature of extractive, 
soluble in water, but insoluble in ether, and in pure alcohol. 
It is precipitated from water by the salts of lead, silver, 
mercury, and antimony. This juice contains also a portion 
of gum. The roots deprived of this juice yield a portion of 
black-coloured resin, but consist chiefly of woody fibre.I 

F2. Horse radish.—Einholf has examined the root of Horse fa,  

this vegetable, the eoehleareu armorica, and found that its dish' 
acridity is owing to the presence of a small quantity of vola-
tile oil, which he obtained by distilling the mashed roots in 
a water bath. A liquid came over which was at first milky, 
but gradually deposited a little of the volatile oil in question. 
This oil had a pale yellow colour, and the consistence of the 
oil of canella. It odour was that of horse radish excessively 
strong. Its taste was at first sweetish ; but it left an acrid 
impression, and excited inflaMmation in those parts of the 
tongue and lips to which it was applied. It is heavier than 
water,' with which it forms a milky liquid by agitation. It 
dissolves readily in alcohol. It is volatilized at the tempe- 

* Lewis, Neumann's Chem. p. 384. 	 f Ibid. p. 5813, 
• 
	Ann. de Chim. lax. 95. 

VOL. 1v. 
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Book IV. rature of Se. The liquid obtained froth the roots of the 
horse radish by distillation yielded traces of sulphur.* 

Liquorice. 	13. Liquorice.—Theglycyrhiza glabra, or liquorice, is a 
native of the south of Europe, but is cultivated in considerable 
quantities in England for the sake of the rerit, from which 
is extracted the black substance well known under the 
name of liquorice, or black sugar. This root was subjected 
to analysis by M. Robiquet, who obtained the following 
substances from it : 

(1.) Starch, first observed in it by M. Lautour. 
(2.) Gluten, which is separated by boiling. 
(3.) Liquorice sugar, a substance which approaches sar-

cocoll in its properties. It is soluble in alcohol and water; 
but insoluble in cold water. It has a sweet taste, does not 
yield alcohol by fermentation, nor is it converted into oxalic 
acid by the action of nitric acid. 	 • 

(1.) Phosphates and malates of lime, and magnesia. 
(5.) A brown thick resinous oil, which gives an acrid 

character to the decoction of liquorice. 
(6.) A substance similar in its properties to asparagin ; 

but crystallizing in octahedrons. 
(7.) Woody fibre.t 
14. .licampane.—The roots of the inula helmium or ele-

compane were examined by Rose, who extracted from them 
the peculiar vegetable principle called inulin. M. Funke 
afterwards subjected them to a new analysis, and obtained 
the following substances: 

A crystallizable volatile oil. 
Inulin. 
Extractive. 
Acetic acid. 
A crystallizable resin. 
Gluten. 
A• fibrous matter (woody fibre ?)1: 

Sweet flag. 	15, Sweet Jlag.—The roots of the acorns columns, or • 
sweet flags, have been subjected to analysis by Trommsdorf. 
According to him GI ounces of this root are composed of 
the following ingredients : 

1̀ Ann. de Chin). lax, 185. 
1 Ibid. lxxvi. 98. 

t ILid lxsii, 145 

Elieam-
pane. 
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Chap. H. Volatile oil 	  0 .. 0 .. 13'33 

Inulin 	  I 4. 0 .. 
. Extractive with some muriate of potash 2 .. 1 .. 10 
Gum with sive phosphate of potash . 3 4 .. 0 
A viscid resin 	  1 .. 1 .. 0 
Woody fibre 	.... r 	  13 .. 6 • • 0 
Water 	  42 .. 0 .. 3567 

64 0' 0* 
16. Andropogon schcenantus.-,--The root of this plant from Andropo-

the isle of France was examine(' by M. Vauquelin. It was gnoanntu
scshm-

found to contain, 1. A resin similar to that of myrrh. 2. A 
bitter colouring matter soluble in water. 3. An acid. 
4, Oxalate of lime. 5. Abundance of oxide of iron. 
6. Much woody fibre. f 

Many other rots have been employed either in medicine 
or the arts ; but as they have not yet been subjected to che-
mical analysis, I think it unnecessary to enumerate them 
here. 

II. The wood of different trees differs materially in hard-
ness, strength, durability, and beauty. But from the ex-
periments of Count Rumford, there is reason to believe 
that the mere woody fibres of all plants are nearly the 
same, and that the differences are owing almost entirely to 
the various proportions of liquids and empty spaces with 
which the woody fibres are intermixed. la found the spe- 

Sp. gravity 
of woods. 

* Ann. de Chita. insi. 332, 	f Ibid. kxii. 302. 
Q 2  

cific gravity of the wood of different trees us follows: . 
Poplar 	 1.05,1/ 
Lime.   1•4846 
Birch. 	 1'4848 
Fir. 	 1'4621 
Maple 	 14599' 
Beech 	 1.5281 
Elm . 	 1.5186 
Oak 	 

A cubic inch of oak and poplar consisted. respectively of 
the following proportions of wood, sap, and air: 

   
  



228 
Book IV. Oa l• 	 

PARTS OF PLANTS. 

Wood. 	 Sap. 
0'39353 	.. 	0'36122 	.. 

Air. 
0'21525 

Poplar 	 0.24289 	.. 0.21880 	.. 0.53831 
He found likrwise that the same tree in winter contains 

more sap than in summer ; and that in summer it contains 
more air than in winter. 

Out of the great number of woods known and employed 
in the arts, I shall mention only the following. 

Logsvood. 	1. Logwood.—This is the wood of the hannatoxylon cam-
pechianum, a low prickly tree, which grows abundantly' 
about Campeachy, in the bay of Honduras. It comes to 
Europe in large logs, cleared from the bark, and is very 
hard, compact, heavy, and of a red colour.' It has a 
sweetish astringent taste, but no perceptible smell. It is 
very•much used by dyers, especially in dyeing black, to 
which indeed it is in some degree essential. For the facts 
known respecting its properties, we are ciliay indebted to 
Dr. Lewis. t Several of its constituents have lately been 
ascertained by Chcvreul. 	 • 

Properties. 	Logwood gives out its colouring matter both to water 
and alcohol; but to neither with much facility. The li-
quors assume a fine red colour with a shade of purple. The 
infusion becomes gradually deeper, and at last almost black. 
To cloth, previously boiled in alum and tartar, it gives a 
very beautiful, but perishable violet colour. Alkalies 
deepen the colour of the infusion ; acids change it to yel-
low. With sulphnric, nitric, muriatic, and acetic acids, 
slight reddish-hi o ,vn precipitates fill. Alum throws down 
a copious violet precipitate. Sulphate of iron strikes a 
dark bluish-black like ink, and throws down slowly a pre-
cipitate of the same colour. Sulphate of cooper throws 
down n copious brownish-black precipitate, and acetate of 
lead an equally copious reddish-black precipitate; and 
muriate of tin throws down instantly a copious purple 
Hie, while the liquid becomes transparent and colourless. § 
Chevreul has shown that this wood contains a volatile oil, 
tannin, a yellow colouring matter, and acetates of lime and 

I- Nicholson's Jour. xxxiv. 319. 	f Neumann's Chem. p. 385. 
I Ann de Chim. lxvi. 254; and lxxxi. 128. 
§ Berthollet, Elemens de fArt de la Teinture, 
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of potash.* But the most important of its constituents is Chap. II. 
the substance to which Chevreul has given the name of —̀"N --1  
hematin, and which has been described in the preceding 
Chapter- 

2. Brazil wpod.—This is the wood of the acsalpinia crista, Brazil 
a tree which grows in Brazil, and likewise in other coun- wood 
tries, where it is cultivated for the dyer. The tree is very 
large, and the wood very hard and heavy. Its colour is 
at first whitish, but it becomes red by exposure to the 
air. Water in which it is boiled acquires a fine red colour; 
while the wood itself, by repeated decoctions, becomes 
black. After water has ceased to act, alkaline leys still 
deprive it of a considerable quantity of colouring matter. 
Alcohol likewise takes up the colouring matter of Brazil 
wood, anti acquires a deeper colour than water. 

From the decoction in water, sulphuric and muriatic 
acids throw down a scanty red precipitate, • while the liquid 
becomes yellow. An additional dose of acid restores the 
red colour again. Nitric acid changes it to yellow, and 
then to orange. Oxalic acid throws down .an orange red 
precipitate. The alkalies change the colour to purple, 
and throw down a scanty precipitate. Alum precipitates 
slowly a copious reddish lake, and muriate of tin an abun-
dant rose-coloured powder, while the liquid becomes 
nearly colourless. Sulphate of iron strikeq a black with a 
tint of viola, and throws down a precipitate of the same 
colour. Acetate of lead throws down a fine dark red pre-
cipitate.f An elaborate set of experiments on Brazil wood 
has lately been published by Chevreul. The following are 
the results which he obtained s 

The decoction of yellow Brazil wood is yellow. When Prolvrties. 
distilled it yields water containing to portion of acetic acid, 
and a volatile oil having the odour and taste of pepper. 
As the liquid is concentrated by evaporation, a viscid mat-
ter is perceptible, of a brown colour, which is a compound 
of tannin and the colouring matter. The liquid retains 
a portion of the same substances. It Contains also traces 
of ammonia, and of lime probably combined with acetic 

Chevreul suspects also the presence of sugar and of 

Ann. (le Min. lxvi. 254. 
Bertholler, Elemens de I'Art de la Teitanre, ii. 229 
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nook 	gallic acid; both of which he detected in the extract of 
`—v---)  Brazil wood of commerce. All his attempts to separate the 

colouring matter from the tannin, and obtain it in a sepa-
rate state, failed. The acids change it from yellow to red 
in the infusions containing it. Alkalies and alkaline earths 
make it pass to violet. Alumina strikes a carmine, prot-
oxide of tirra violet, and peroxide of tin a red colour. Se-
veral neutral salts, as sulphate of soda, &c. when added in 
considerable quantity, change the colour to red. Sidphu-
reted hydrogen gas combines with it,, and destroys the 
colour ; but it appears again, and the sulphureted hydro-
gen is separated. It has a stronger affinity for alkalies 
than litmus : and accordingly it renders litmus paper red, by 
depriving it of the alkali with which it. is in tOMbillation.* 

Rcd sawn- 	3. Red suunders.—This is the wood of the pterocinpus 
der'. 	sunialinus, a large tree which grows on the Coromandel 

coast, and in other parts of India. The wood is at first 
light-red, but becomes very dark by exposure to the air. 
It is very compact and ponderous, and has no smell, 
and very little taste. This wood is chiefly used for 
colouring drugs, and has not yet been subjected to 
chemical examination.' The colouring matter is of a resi-
nous nature, and probably similar to that. of dragon's 
blood. It is taken up by alcohol, but not by water. The 
alcoholic tincture is a fine red, but becomes yellow when 
diluted with a large quantity of spirits.t By this property 
of yielding no colouring matter to water,. we can easily dis-
tinguish red sounders from Brazil wood; a distinction first 
pointed out by Dr. Lewis. I 

Fustic. 

	

	4. Fustic.—This is the wood of the morns tinctoric, a 
large tree which grows in the West India islands. It is 
used in dyeing yellow, and is very rich in colouring matter. 
It is neither very hard nor heavy ; its colour is yellow with 
orange veins. It gives a deep orange colour to water. The 
decoction gives a precipitate with glue, but still retains its 
colour. Acids throw down a slight greenish-yellow preci-
pitate, whicl; is re-dissolved by alkalies. These give the 
decoction a dark red colour, and gradually separate a yel-
lowish matter. Alum throws down a scanty yellow preci,,  

it Atm. de Mtn. lxvi. 22.5. 
Ibid p. 3f:G. 

, 1 

1- Neumann's (him. p. 337. 
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pitate ; sulphate of iron, a precipitate at first yellow, but Chap. TI. 
which becomes brown; sulphate of copper, a yellowish-brown `-•-se"--°  
'precipitate; acetate of lead, an orange yellow precipitate; 
and muriate of tin, a very copious fine yellow precipitate. 

5. Sumach,—This • is the shoots of the rims coriaria, a Sumach. 
shrub which grows in the countries bordering on the Le-
vant. They are cut clown yearly, dried, and ground in a 
mill. Like the preceding substances, it is used in dyeing, 
and chiefly as a mordant, on account of the tannin which 
it contains. It gives to water a greenish-yellow colour, 
which soon becomes brown by exposure to the air. It has 
not yet been subjected to a regular chemical analysis. The 
tannin appears to be the principal ingredient ; and, accord-
ing to Proust, it differs in its properties from the tannin 
contained in other plants. Bartholdi published a set of 
experiments on the decoction of this plant. According to 
him, it contains a great variety of saline matters; nitrate 
of potash, muriate of soda, sulphate of lime, gallate of 
magnesia, carbonate of lime, &c. But these experiments 
stand in need of repetition.t 

SECT. V. 

Or BARKS. 

THE bark is the outermost part of vegetables. It covers Hai:. 
the whole plant from the extremity of the roots to the ex-.  
tremity of the branches. It is usually of a green colour : 
if a branch of a tree be cut across, the bark is easily dis- 
tinguished from the rest of the branch by this colour. If Consists of 
we inspect such a horizontal section with •attention, we three 
shall perceive that the bark itself is composed of three dis- 
tinct bodies, which, with a little care, may be separated 
from each other. The outermost of these bodies is called 
the epidermis, the middlemost is called the parenchyma, and 
the innermost, or that next the wood, is called the conical 
layers. 

* Berthollet, Elcmens de r.irt de In Teinture, ii. 259. 
Ann: de Chitn. xis. 305. • 	 • 
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Book iv. 	The epidermis is a thin transparent membrane, which 
1. Ep 	covers all the outside of the bark. It is pretty tough. ider- 
mis. 	When inspected with a microscope, it appears to be com- 

posed of a number of slender fibres crossing each other, 
and forming a kind of net-work. It •seems wen to consist 
of different thin retiform membranes, adhering closely to-
gether. This, at least, is the case with the epidermis of 
the birch, which Mr. Duliamel separated into six layers. 
The epidermis, when rubbed oir, is reproduced. In old 
trees it cracks and decays, and new epidermes are succes-
sively formed. This is the reason that the trunks of ninny 
old trees have a rough surface. 

'2. The pa- 	The purenchynza lies immediately below the epidermis; 
renchyma. it  i

s,  of a deep green colour, very tender, and succulent. 
When viewed with a microscope, it. seems to be composed 
of fibres which cross each other in every direction, like the 
fibres which compose a hat. Both in it and the epidermis 
there are numberless interstices, which have been compared 
to so many small bladders. 

a. The cor- The cortical laye-rs form the innermost part of the bark, 
tical layers. or that which is next to the wood. They consist of several 

thin membranes, lying the one above the other; and their 
number appears to increase with the age of the plant. 
Each of these layers is composed of longitudinal fibres, 
which separate and approach each oilier alternately, so as 
to fOrm a kind of network. The meshes of this network 
correspond in each of the layers; and they become smaller 
and smaller in every layer as it approaches the wood. 
These meshes are filled with a green-coloured cellular sub.! 
stance, which has been compared by anatomists to a num-
ber of bladders adhering together, and communicating with 
each other. 

Fourcroy siipp,Jses that the epidermis is the same in its 
nature in all trees, and that it possesses constantly the pro-
perties of suber ; but this opin'on is not likely to be veri-
fied. The cortical layers seem, at least in many eases, to 
have a similar tibrous basis; a basis possessing essentially 
the properties of flax. which is itself merely the cortical 
layers of the linitm asitutisiiillin. The mattei• of the paren-
ehytna anti the juices which exist in barks, vary extremely, 
and probabii occasion most of the differences between 

Some, as oak bark, are characterized by their 

Nature of 
barks. 
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astringency, and contain tannin ; others, as cinnamon, Chap.11. 
are aromatic, and contain an essential oil; others are bitter, 
as.,  Jesuits' bark; some are chiefly mucilaginous, others 
resinous. &c. But in the present state of the subject, an 
enumeration of the different kinds of barks is not to be 
expected. I shall therefore, as in the preceding Sections, 
satisfy myself with detailing the properties of' those barks 
that have been subjected to examination. The following 
arc the most remarkable of these: 

1. Bark of the cinchona floribunda, or quinquina of St. Quinquina 

n
f St. Do- 
i. 

 Domingo.—This bark has been analysed with great address o 

by Fourcroy. His analysis still constitutes one of the coin- Ingo' 
pletest which has hitherto been made on any of the sub-
stances belonging to the vegetable kingdom. 

This hark is in rolled pieces, six or seven incites long, 
and three or four lines in thickness. Its colour is greyish-
green externally, but within it exhibits different shades of 
green, purple, white, brown, &c. Its taste is bitter and 
disagreeable; its odour strong and unpleasant. 

It gives out nearly half its weight to water, provided it 
be boiled in a sufficient quant4y of that liquid. The 
residue possesses the properties of woody fibre. When 
burnt it leaves a coal, which contains the following saline 
constituents. The quantities are those obtained from a 
pound, or 9216 grains of the bark. 

Carbonate of potash 	 10 grains. 	Earthy re- 
Sulphate of potash 	 12' 	 a,i  
Muriate of potali . ..... 	38 
Phosphate of lime. 	 
Carbonate of lime . 	4.20 
Silica    4. 

The decoction of the bark has a reddish-brown colour, NTatt„ so. 
and an extremely bitter taste. It deposits on cooling a lubl'• 
blackish substance, soft and tenacious, which does not dis-
solve in cold water, though it is soluble in hot water and 
in alcohol. More of this substance precipitates as the 
liquor is evaporated. When the inspissated juice; freed 
from this precipitate, is mixed with alcohol, a quantity of 
gummy matter separates. When the black matter which 
precipitates as the decoction cools is treated with hot alco-
hol, the greatest part of it is dissolved ; but a fine red 
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Book iv. powder remains mixed with some Mucilage, which is easily 
—^r--)  separated by water. When the alcoholic solution is ex-

posed to the air, it deposits light-yellowish crystals or ae 
saline nature. When mixed with water, white flake.; arc 
thrown down, which possess the properties 	Out( n • but • 
the greatest part remains in solution. Thus the soluble 
part of the bark may be separated into five distinct hub-
stances; namely, gum, gluten, a red powthr, a saline ?nob r, 
and a brownish bitter substance, retained in solution by the 
diluted alcohol. The last is by far the most abundant. To 
it the peculiar qualities of the decoction of this bark are to 
be ascribed. The following are the quantities obtained by 
Fourcroy from 9216 grains of the bark : 

Gum 	  618 	grains. 
Gluten    84 
Red powder 	 144. 
Saline crystals 	 72 
Brownish matter 	4076 

Total 5024 
. • 

Properties, The gummy matter and gluten possessed very nearly the 
properties of these substances, as described in the last 
Chapter of this work. The red powder is insoluble in 
water and alcohol, but dissolves readily in alkalies. When 
distilled it yields much oil and ammonia, and little water. 

• According to J"ourcroy, ' it is extractive saturated with 
oxygen. The nature of the saline matter was not deter-
mined in a satisfactory manna. The brownish matter 
which remained dissolved in the diluted alcohol, being by 
far the most abundant and important ingredient, was ex-
amined with particular care. From the experiments of 
Fourcroy, it appears to approach nearest to extractive in its 
properties. 

Its colour is reddish-brown, and its taste very bitter. 
drY it  appears black, is very brittle, and breaks with 

a vitreous fracture. It is insoluble in cold water, but dis-
solves very readily in that liquid when heated, precipitating, 
however, in part, as the water cools. But if one part of 

,it be dissolved in 24 parts of hot water, no portion• of it 
precipitates. If lime water be dropped into this solution, 
it throws down a reddish powder, redissolved by the addi- 
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tion of a sullICient quantity of water. Aluriatic acid pre. Chap. II. 
cipitates nothing f'oin this solution. The bieown matter dis- 
solves a odily in alt. ohol, if it. be previously reduced to 
powder. When distilled it gives out carbonic acid and 
inflammable air, water impregnated with pyronmcous acid, 
and a quantity of oil. ] he watery portion contains like- 
wise ammonia. The charry residue is very bulky, ten 
times as much so as the original matter. 

When chlorine gas is passed through this extractive 
substance dissolved in water, it becomes immediately 
reddish, and then a precipitate of the *same colour gra- 
dually flls. Tliis precipitate possesses exactly the pro- 
perties of the red powder obtained from the decoction of 
the  bark; a  proof that this red powder is merely the brown 
extractive altered in its properties by the absorption of 
oxygen. If the current of chlorine gas be continued, 
the whole liquor gradually loses its colour, and the preci.: 
pitate also becomeVa pale yellow. If it be separated in 
this state by filtration, it assumes the appearance of gam- 
boge. 'Alcohol dissolves it, but not a mixture of alcohol 
and water.* 

2. Bark of cinchona qicinalis.—This tree grows in Peruvian 
Quito; it is confined to the high grounds, and when strip- bark. 
ped of its bark soon dies. There are three different kinds 

. of bark to be found in commerce, but whether they be all 
obtained from the same trees is not known; the contrary 
is probable. The following are the most remarkable of 
these varieties. 

Red Peruvian Lark.—This bark is usually in large pieces, 1. Red. 
and is reducible to powder with more case than the pre-. 
ceding. Its powder is reddish-brown, and has a slightly 
bitter taste,'•with a good deal of astringency. We are 
indebted to Fourcroy likewise for the analysis of this br.trk. 

Water in which the powdered bark is macerated, ac-
quires the property of reddening vegetable blues, and con- 
tains a portion of citric acid, some muriate of ammonia, 
and muriate of lime. When 576 parts of the bark are 
boiled repeatedly in water till that liquid ceases to have any 
action on it, the water acquires a reddish orange colour, 
And when evaporated to dryness leaves a residue which 

Fourcroy, Ann. de Chian. viii. 120. 
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Book Iv. amounts to 38 parts. This contains a small portion of the 
acid and salts just mentioned, but consists chiefly of a mat-
ter which possesses nearly the properties of extract; . C. 
When the residual bark is treated with a suflic., —. 
of alcohol, that liquid takes up 24 parts of a substance 
which has a red colour, and appears intermediate between 
resin and extractive. The residue of the hark pos,sesses 
the properties of woody fibre. When burnt it leaves twelve 
parts of a grey ash, consisting of 

Carbonate of potash 	 1.9 
Muriate of potash 	 0'6 
Sulphate of potash . 	 .0.5 
Carbonate of lime 	 9'0 

12'0 

Such is the result of Fourcroy's analysis.* Subsequent 
experiments have detected a pcirtion of.resin and of bitter 
prinCiple. The presence of tannin in small •quantity was 
indicated by the property which the decoction showed of 
striking a black with sulphate of iron. The bitter prin-
ciple seems to belong to the second species, or that which 
was first observed in coffee. 

2. Ycttow. 	Yellow Peruvian bark.—This species of bark, first brought 
into use in this country about the year 1790, has not yet 
been subjected to a rigorous analysis; but its constituents 
do not appear, from the trials which have been made, to 
differ much from those of the red species. M. Dechamps, 
has published a method of extracting.  from it a consider-
able quantity of an undescribed salt with base of lime, 
which Vauqucliti has shown to be kinate of lime. It is 
White, and crystallizes in plates. The process consists in 
macerating the • bark in a sufficient quantity of cold water, 
in concentratiog the liquid, and setting it aside to spontane-
ous evaporation. The crystals gradually separate, and are 
purified by repeated crystallizations. The quantity pro- 

• cured amounts to about seven parts for every hundred of 
bark employed.* 

Pale Peruvian bark.—This is the common variety of the 
bark. It has not yet been subjected to a correct chemical. 
analysis. Its taste is astringent and bitter, and very disn. 

Ann. de Chim. viii. 174. 	t Ann. do Chico. xlviii. 64, 

4. Pak. 
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agreeable. It is supposed to contain }Ater principle, tannin, Chap. 
ixtractive, and resin. Besides these, it contains a principle '`+Y--d 

' 11 t pointed out by Seguin, and upon which Dr. Duncan 
junioz published some experiments.* It is distinguished 
by.the property of precipitating infusion of galls; but as 
this property is common to a considerable number of sub-
stances, it is not sufficient alone to characterize it. 

3. Bark of' cinchona Carribma.—This bark was first made 
known by Dr. Wright, who published a botanical descrip-
tion of the tree, with a figury, in the Philosophical Trans-
tions ;t and an account of the medicinal properties of the 
bark in the London Medical Jmirnal for 17874 A de-
scription of a tree to which the same name is given, together 
with a chemical analysis of the bark, was published in the 
Journal de Physique for 1 7905 by M. Vavasseur ; but it is 
not quite.  certain that the plants arc the same. 

Vauquelin has examined all the different species 
of cinchona, or Peruvian bark, which he could procure, in 
order to determine, if possible, how far they differ from 
each other, and what the constituents are that act as febri-
fuge. II 

They may be divided into three sets: 	 species of  
I. The infusions of the first set precipitate the infusion bark. 

of nutgalls, but not that of glue. 
II. The infusions of the second set precipitate glue, but 

but not the infusions of nutgalls. 
III. The infhsions of the third set precipitate at once glue, 

nutgalls, and tartar emetic. 
The following table exhibits the effects of the different 

reagents upon all the barks tried. As Vauquelin has not 
given the botanical name in ally  cases, it is difficult, not-
withstanding his descriptions, to ascertain the real names 
of the different species tried. Indeed, there is reason to 

. believe that the same species occur in different parts of the 

	

table under different names: 	 • 

	

* Nicholsou's Jour. vii. 226. 	t Vol. lxvii. p. 504. 
Vol. viii. 239. 	 § Vol. xxxvii. p. 241, 

H Ann. de Chiru. lix. 113 
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Book IV. 	 Barks. 

OF 

Precipitate 
by glue. 

PLANTS. 

Precipitate by 
tannin. 

Ditto by tutu,  
Liaaic 

Yellow bark 	 White. COplOtIC. 
Quinquina of Sta Fe . Reddish. Copious. 0 
Grey quinquina• . . . . White. Ditto. WI);1 
Quinquina griscanelle Brown. 0 0 
Red quinquina Red. 0 Yellowish white. 
Grey quinquina.. White. Yellow. Ditto. 
Quinquina grin plate 0 0 
Cinchona pubescens 0 Yel low. Yprowisli white. 
Cinchona. officinalis 	 0 Ditto. 0 

-.Cinchona magnifolia Copiot& 0 0 
Quinquina pitton vrai 0 Copious. Copious. 

Barks brought from Peru by Humboldt. 

Quinquina,of Loxa Copious. Copious. Copious. 
Quin. white of St. Ft1 0 0 0 
Quin. yellow of S: Fc 0 Copious. Copiotfs. 
Quin. red of Sta Fti 	 Copious. 0 0 
Q. yellow of Cuenga 0 0 0 
Quinquina, ordinary . Copious. Copious. Copious. 
Infusions of magas 	 Copious. Yellow white. 
Oak bark. 	 Ditto. 0 
Cherry-tree bark . . 0 0 0 

All the barks strike a green with iron, and the most of 
them precipitate it of that colour. 

The substance in these barks which precipitates tannin 
has a brown colour and a bitter taste ; it is less soluble in 
water than in alcohol. It precipitates tartar emetic, but 
not glue. It has some resemblance in its properties to 'the 
resins, though it gives out ammonia when distilled. 

Croton. 

	

	5. Bark of crolon eleutlreria.—This bark constitutes the 
eleutheria and cascarilla of the shops. It is usually in 
rolled pieces, and has some resemblance to Peruvian bark. 
It has an aromatic smell, and an agreeable bitter taste. 
When burnt it emits an aromatic odour resembling that of 
musk. For the only chemical analysis of this bark hitherto 
published we are indebted to Professor Trominsdorf; 
4.696 parts of it yielded him the following products.* 

lc Ann. de Chit% xxii. 219. 
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Mucilage and bitter principle 864. 	parts 	Chap. H. 
Resin . 	  688 
Volatile oil  	72 

...Water 
Woody fibres 	  3024,  

4696 

6. Bark of the white willow (salix alba).—The bark of White wit- 
this tree, which is common enough in Scotland, is remark- low. 
able for its' astringent taste, and has been often used in in-
ternittents by the common people. It has latelybcen pro-
posed by Bouillon La Grange as an excellent substitute for 
Peruvian bark ; being composed, according to him, of the 
very same constituents to which that bark owes its medi-
cinal virtues. A very superficial examination, however, 
may satisfy any one, that the properties of the two are very 
far from similar. 

The decoction of this bark has a dark-reddish colour; 
and, according to Bouillon La Grange, when repeated de-
coctions are made with the same portion of bark, the last 
is always deepest coloured. It is precipitated abundantly 
by glue, carbonate of potash, and carbonate of ammonia. 
Lime-water throws down a precipitate, at first blue, and 
afterwards buff-coloured. Sulphate of iron throws down a 
very dark-green precipitate. Alcohol separates white flakes: 
When evaporated to dryness, a reddish brittle substance 
remains, 'which has a very bitter taste, and does not attract 
moisture from the atmosphere. 

When alcohol is digested over this bark, it acquires a 
greenish-yellow colour. The tincture is rendered muddy 
by water. When evaporated, it leaves a brilliant yellow 
substance of d very bitter taste, which melts at a moderate 
heat, and emits an aromatic odour.* 

These experiments indicate the presence of tannin, bitter 
principle, extractive, and gluten, in this bark. 

7. Bark cf quercus nigra.—This tree, to which the name Quercitran. 
of quercitron has been given, grows spontaneously in North 
America. Dr. Bancroft discovered, about the year 1734, 
that the inner bark of this tree contains a great quantity of. 
colouring matter; and since that time, it has been very 

• Anu. de Mtn, liv. 290. 
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Book IV. generally used by the dyers. To prepare it for them, the 
.̀---Ne--)  epidermis (which contains a brown colouring matter) is 

shaved off, and then the bark is ground in a mill. It ser 
rates partly into stringy 'filaments, and partly into ^, fine 
light powder. 

Quercitron bark readily gives out its colouring matter to 
water heated to the temperature of 100°. At that heat 
water dissolves about .114-th of the bark employed. The in-
infusion has a yellowish-brown colour, and ii. rendered 

' lighter by acids, awl darker by alkalies. Alum occasions 
a scanty •precipitate of a deep-yellow colour ; muriate of 
tin a copious bright-yellow precipitate ; sulphate of iron a 
dark-olive precipitate; and sulphate of copper a precipitate 
of a yellow colour, inclining to olive.t Fran these ex-
periments it is• obvious, that the colouring Matter of this 
bark is a species of extractive. The other ingredients have 
not been exanrined. 

Horse ches- 8 Bark of the cesculus hippocastanum.—.The bark of this 
nue 	tree, which forms so fine an ornament in parks and avenues, 

has lately been proposed in Paris as a remedy in intermit-
- tents, and a set of observations od it have been published 

by Mr. Henry.t Water or moderately strong spirits are 
the best solvents of it. Strong alcohol dissolves but little. 
The watery inIUsion has a 'fawn colour and a bitter taste, 
without astringency. It is precipitated abundantly by gela-
tine, and sparingly by acids. It precipitates iron green. 
\Vith nitrate of mercury it forms a copious precipitate. 
The infusion of nutgalls and tartar emetic produce no effect 
upon it. From these properties it is obvious Mat it differs 
entirely in its constituents from the different species of cin-
chonre examined by Vauquelin. 

Cinnamon. 

	

	9. Cinnamon.—This is the inner park of the. laurus cin- 
namontum, a tree which grows chiefly in Ceylon, where it 
is cultivated for the bark. 

This has a reddish-brown colour, and con.ists of long 
rolled pieces which break into splinters. li has a very 
pleasant aromatic smell, and a punr at ba agreeable taste. 
Its properties are owing entirely t the volatile oil which it 

.cont4ins. This oil may be separated by infusing the bark 

• Berthollet, Elcmens de PALI de la Teinture, ii. 262. 
t Ann. de Chin], lxcii, 205. 
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in alcohol, and then separating the alcohol from the oil by Chap.a. 
distillation. It has a whitish-yellow colour, and an ex- 1 /4"v""1  

- rely pungent taste and smell. The quantity yielded by 
cinnamon is very small. From 16 ounces of bark, Neu-
mann obtained only two scruples and a half of oil. When. 
water is distilled off this bark, it comes over milky, from 
the accompanying oil, which it retains with great obstinacy; 
very little separating till the mixture has stood a very con-
siderable time.* 

. SECT. VI. 

OF LEAVES. 

THE leaves of plants bear a greater resemblance to each 
other than any of the parts already treated of. They are 
covered only with an epidermis ; the cortical layers of the 
bark being wanting. Below the epidermis is a pulpy matter, • 
usually green, which contains a resinous substance and a 
portion of gluten.; Below this is the fibrous matter, or Properties. 
rather the vessels which form the outline of the leaf. Alco- 
hol extracts the green colouring matter of leaves, and so do 
oils but not water. It is remarkable, that even those leaves 
which are 'not green still give a green tincture to alcohol. 
The green colour soon fades whn exposed to air, either 
in solution, or separated by evaporation.t Many leaves 
give a yellow colour to cloth, which may be fixed by means 
of alum: Hence the much greater number of yellow dyes 
than Of any other' colour. The leaves of woad (reseda lu- 
teola) are those which give the 'finest yellow, and they are 
much employed by the dyers on That account. 

No. extensive series of chemical experiments having hi- 
therto been made upon leaves in 'general, I must satisfy 
myself .with noticing the few specithens which- have 'been 
examined .by chemists.. The, following are the most rd- • 
markable of these. 

1. .Senna.—This drug, much used in medicine as a mild swim 
purgative, is composed of the leaves of cassia senna, a small 
shrub which grows chiefly in Egypt, from which country it 

At Neumann's Chemistry, p. 402. 1 Lewis, Neumann's Chem.p.434. 
vol.. Iv. 
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Book iv. is imported into Europe. It has been chemically examined 
by Bouillon La Grange. 

The leaves are lanceolate, of a yellowish-green colour•; 
an aromatic and somewhat disagreeable odour, and g.bliter 
taste. Steeped in water, senna communicates to that liquid 
its peculiar smell and taste, and a reddish-brown colour. 
The strong mineral acids, oxalic acid, and the alkaline car-
bonates, throw down a precipitate; so do barytes water, and 
the nitrates of mercury, silver, and lead. The infusion of 
galls strikes a yellowish-buff colour, and throws down a 
slight precipitate. Alcohol throws down a precipitate, 
which, if we believe Bouillon La Grange, is composed of 
about 5 parts of carbonate of lime and 1 part of silica.* The 
residual liquor contains extractive, with some salts, whose 
bases are potash and magnesia. 

When the infusion is exposed to the air, a substance 
precipitates from it. A precipitate is obtained also by 
chlorine. This precipitate is of a lemon-yellow colour, 
insoluble in water, has a bitter taste, dissolves in alcohol 
and alkalies, and, in short, possesses the characters of 
resin. 

The chief matter taken up from senna by water is a pe-
culiar extractive, which is converted into a species of resin 
by the absorption of oxygen ; to this substance the qualities 
of senna are owing. If we believe Bouillon La Grange, its 
activity depends upon its absorbing oxygen. 

A hundred parts of water boiled on senna are sufficient 
to deprive it of all the soluble matter which water is capable 
of extracting. Alkali separates from the residue a portion 
of matter similar to the extractive, altered by exposure to 
the air. The leaves are now green, and give out a green 
matter to alcohol. This substance is insoluble in water 
and alkalies, and is whitened by chlorine, and rendered 
less soluble in alcohol. These properties indicate a pecu-
liar substance. 214'6 parts of senna yield to these different 
menstrua 79.6 parts, or rather more than 	of soluble 
matter. When the watery infusion of senna is evaporated 

• I do not clearly understand this part of the analysis. The precipi-
tate is stated to be partly soluble in water and alcohol, and yet to be ob-
tained by alcohol. These characters surely do not apply to carbonate of 
lime and silica. 
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to dryness, and the residue burnt, it yields potash, sulphate Chap. It. 
of potash, carbonate of lime, magnesia, and silica.* 

Wermwood.—This is the leaves, and likewise the stalks Worm-
and Tower-tops  of the artemisia absynthium, a plant which woc'd• 
grows wild in many parts of Britain. Wormwood has a. 
strong smell, rather disagreeable, and an intensely bitter 
taste. Its smell is owing to a volatile oil which it contains. 
It contains, besides, a considerable portion of bitter princi-
ple. No late analysis of wormwood has been made. The 
last is that of Kunsmuller,i-  who obtained, by water, from 
12 parts of wormwood, the following products : 

Resin ..... 	  0'48 
Muriate of potash 	 0.12 
Vegetable acid 	 . . 0'50 
Ditto combined with potash .. 2'14 

3'21 
The residue, after the action of water, being burnt, left an 
ash, which, from 12 ounces of wormwood, contained the 
following substances : 

Muriate of potash 	 3 grains 
Sulphate of potash 	 1 
Carbonate of lime' 	 59 
Alumina 	 5 
Sulphate of lime 	 5 
Silica 	  
Oxide of iron 	 3 

3. Tobacco.—This substance is formed from the leaves of Tobacco. 
the nicotiana tabacum, a plant which is a native of Virgi-
nia, where it is Cultivated very extensively for the purposes 
of commerce. Its name was given it from Tabaco, a pro-
vince of Mexico, where it was first observed, and whence it 
was originally brought .to Europe.t 

Tobacco, when properly cured, has a yellowish-green 
colour, a strong and rather unpleasant smell, and a very 
acrid taste. When burnt it emits a strong odour, which to 
many is peculiarly grateful. When swallowed, it acts very 
violently upon the system; and when taken in sufficient 

* Ann. de Chim. xxvi. 3. 	 t Ibid. vi. 35. 
t For a detailed account of the culture and management of tobacco, 

see Tatham's Essay on its culture and commerce; published in 1800. 
R 2 
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Book Iv. quantity, proves fatal: Vauquelin subjected the leayes
.4 -
of 

%—Thr"—i  different species of nicotiana, particularly the latifolgi, to 
analysis. The expressed juice contained the follo"wing 
substances : 

A considerable quantity of vegetable albumen or gluten. 
Supermalate of lime. 
Acetic acid. 
A notable quantity of nitrate and muriate of potash. 
A red matter soluble in alcohol and water which swells 

considerably when heated. 
Muriate of ammonia. 
Nicotin. 
Green fecula composed chiefly of gluten, green resin, and 

woody fibre.* 
4. Asparagus.—This plant has been analysed by Robi- 

quet. I place the result here rather than any where else, 
because the whole plant was employed, and the leaves con- 
stitute the principal part of it. 4 

M. Robiquet reduced the aspalagus to the state of a pulp, 
and separated its juice by expression. A feculous matter 
was separated from this juice by filtration. Boiling alco-
hol dissolved a portion of this fecula, and left matter which 
possessed the properties of gluten. As the alcohol cooled, 
a portion of wax precipitated. The alcohol, by evapora-
tion, left a green acrid matter, intermediate in its properties 
between resin and volatile oil. 

The filtered juice had the appearance of whey, and red-
dened the, infusion of litmus. When heated it deposited 
flakes, which were considered by .Robiquet as albumen. 
When left for a long time to evaporate in the open air, a 
quantity of asparagin and of saccharine matter, having the 
appearance of manna, separated in crystals. .The juice was 
inspissated, and treated with alcohol. A portion dis-
solved; the residue was dissolved in water. 

The alcoholic solution, when treated with sulphuric acid, 
and distilled, yielded vinegar. 'When this solution was 
evaporated to dryness and burnt, the ashes consisted of po-
tash, carbonate of lime, and phosphate of potash and of 
lime. Hence it was probable that the acetic acid was com-
bined with potash and lime. 

• Ann. de Chim. taxi. 199. 

Asparagus, 
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The watery, solution reddened vegetable blues. The in- Chap. II. 

fusion of mutgalls throws down a precipitate from this solu- 1/4-7\t"'d  
tiemr. The residue contains a peculiar extractive matter and 
a COlouring matter; and doubtless, also, asparagin and 
sugar. 

Such is the result of Robiquet's very ingenious and in- 
teresting analysis of this substance.* 

• .5. Atropa belladona, deadly nightshade. —The leaves of Deadly 
this plant have been examined by Melandri. He found nightshade,  

In them oxalate of magnesia with excess of acid, oxa-
late of lime, muriate of potash, a soft green-coloured resin, 
mucus, extractive, and a substance which Melandri called 
animal extractive, no doubt analogous to gluten or albumen.t 
The leaves' of this plant have been examined likewise by 
Vauquelin. He obtained from them the following consti- 
tuents : 	• 

(1.) Vegetable albumen, or gluten. 
(2.) A bitter. nauseous substance, which constitutes the 

narcotic part of the plant. 
(3.) Nitrate, muriate, sulphate, superoxalate, and acetate 

of potash.I 
6. Rheum palmatum, rhubarb.—The leaves of this plant Rhubarb. 

have been lately examined by Bouillon La Grange, who 
found them to contain a considerable quantity of super-
oxalate of potash and of malic acid.§ 

7. Isatis tinctoria, woad.—The leaves of this plant Woad, 
have been subjected to analysis by Chevreul. The ex-
pressed juice, separated by filtration from the gseen fecula, 
with which it was mixed, deposited on standing a blue 

h
owder, which possessed the properties of indigo. When 
eated, white flocks separated, consisting no doubt of gluten. 

When distilled, the liquid that came over yielded traces of 
a volatile oil, of ammonia, and of sulphur. When distilled 
with sulphuric acid, the liquid that came over contained 
acetic acid and prussic acid. Evaporated to dryness, and 
digested in alcohol, it yielded to that liquid a quantity of 
matter described in the last Chapter of this Work, under 
the Section entitled Of Indigo by the name of green matter. 

• Ann. de Cbim. Iv. 152. 	 + Ibid. lxv. 292. 
/ Ibid. lxxii, 53. 	 Ibid. 	91. 
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Book IV. It yielded also a yellow-coloured extractive, and the follow-
ing salts; nitrate of potash, muriate of ammonia, acetate of 
potash, muriate of potash, and pure acetic acid. The reFMue 
thus deprived of the substances soluble in alcohol consisted 
of gum, yellow extractive, supermalate of lime, sulphate of 
lime, and a salt which Chevreul considered as citrate of lime-
and-magnesia. The green fecula being examined, was 
found to consist of green-coloured resin, wax, indigo, gluten, 
and woody fibre. The dry matter of the leaves, from which 
the juice had been expressed, yielded woody fibre, green 
resin, wax, indigo, nitre, a red-coloured matter, malate of lime, 
and traces of some other salts.* 

Indigofera 	8. The leaves of the indigofera anil, examined by the 
anil. 	same chemist, yielded the same products with the isatis, but 

. the quantity of indigo obtained was much greater.f 
Agatho- 	9. The leaves of the agathophyllum ravensara were found 
pc ns

yllu
ara.  

m ra- by Vauquelin to contain an oil similar to the oil of cloves, 
gum, and carbonate of lime.t 

Gratiola of- 10. Gratiola officinalis.—This plant was found by Vau- 
ficinal is. quelin to contain, 1. A brown gummy matter, 2. A resin-

ous matter, differing from other resins in being soluble in 
hot water; but much more soluble in alcohol than in water, 
and having a very bitter. taste. It is in this substance that 
the purgative quality of the plant resides. 3. A small quan-
tity of animal matter. 4. Common salt in considerable 
quantity, and another salt which is probably malate of 
potash. It contained likewise oxalate and phosphate of 
lime andaoxide of iron probably united to phosphoric acid.§ 

Menianthes 11. Menianthes trifoliata.—This plant was analysed by 
trifoliata. Trommsdorf. The fresh plant consists of 75 parts of 

moisture and 25 of solid matter. The expressed juice, 
when boiled, lets fall green flocks composed of 75 parts of 
vegetable albumen, and 25 of green resin. The liquid con-
tains disengaged malic acid, acetate of potash, and a pecu-
liar matter which is precipitated by tannin, but not coagu-
lated by heat, and which is soluble in alcohol. It contains 
likewise a bitter extractive matter, a brown gum, and a 
quantity of inulindi 

Ann. de Chim. lxviii. 284. 	 f Ibid. p. 305. 
I Ibid. lxxiii. 306. 	§ Ibid. lxxii. 191. 	Ibid. lxxx. 330. 
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12. Conium oleracea.—An elaborate analysis of this plant Chap. U. 
has been published by Schrader. One thousand grains of it 

	

yielded the following constituents: 	 ole
Co 

race, 
Extractive 	  271 
Gum- 	  35.2 
Resin 	  1.5 
Vegetable albumen 	 8'1 
Green fecula 	 8'0 

75.1* 
13. Brassica oleracea.—Schrader obtained from 1000 Brassica 

grains of this plant the following substances :• 	 oleraeea.  

Extractive 	  23;1 
Gum 	  28'9 
Resin 	  0•5 
Vegetable albumen 	 2•9 
Green fecula 	 6.3 

62.0- 

SECT. VII. 

OF FLOWERS. 

THE flowers of vegetables, on account of the great variety 
and beauty of their colour, attracted at an early period the 
attention of dyers and painters ; but, upon trial, few have 
been found capable of yielding serviceable materials for 
either of these artists. The blue-coloured flowers, in general, Blue flow-
readily give out their colour to water ; though there are ers' 
some from which water gains only a reddish or purplish 
hue. Scarcely any give a blue colour to alcohol : some 
give a red colour to that liquid, and some no colour what-
ever./ The expressed juice of most of these flowers is 
blue. This colour is changed into red by all acids, and into 
green by all alkalies and alkaline earths. 

The nature of the colouring matter of these flowers is 

* Schweigger's Jour. v. 19. t 
I Lewis, Neumann's Chem. p. 430. 
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Book IV. still unknown. But whatever it be, it is of a very perish,  
able nature; for the flowers cannot be dried without losing 
their colour almost entirely. The more rapidly they, are 
dried, and the more completely the air is excludej," the 
more of their colour they retain : but even after that, they 
mostly lose it altogether, and become white or yellow. The 
expressed juice gradually becomes purple, and soon fades 
altogether. Even when reddened by acids, these juices 
soon become purple, and at last colourless. The green 
colour induced by alkalies gradually changes to a yellow, 
which has some permanence.* 

lied. 	The colour of the red flowers, in general, is scarcely more 
permanent than the blue. They all give out a red colour 
to water. The pale-red and purple flowers scarcely tinge 
alcohol; resembling in this respect the blue flowers, I to 
which indeed, in point of colouring matter, they seem to 
approach very nearly. The flowers, which have a full red 
colour, give a deep-red tincture to alcohol ; the pale-red are 
tinged green by alkalies, and their red heightened by acids, 
like the blue flowers; but this is not the case with the full 
red flowers.t 

The colour of the yellow flowers, whether pale or deep, 
is much more durable. They, in general, dry very well, 
and give out their colouring matter both to water and alco-
hol. When wool or silk is previously impregnated with 
alum and tartar, it receives a durable yellow colour when 
boiled with yellow flowers. Some of them, indeed, appear 
to be.  used by dyers for this purpose. Neither acids nor 
alkalies destroy the yellow colour of flowers, though both 
alter its shade; the acids rendering it paler, and the alkalies 
deeper. Alum likewise heightens the colour, though not so 
much as alkalies.$ 

White. 	Even white flowers are by no means destitute of colouring 
matter. Many of them strike a green with alkalies, though 
tcids do not turn them red. Some of them seem to contain 
the same colouring matter as yellow flowers. Thus the 
petals of the convolvulus sepium, though white, give a deep-, 
yellow or orange colour to water, which is rendered paler 
by acids, and heightened by alkalies and alum. The 

• Lewis, Neumann's Chew. p. 431. 	fi Ibid, 	Ibid. 
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Vapours of sulphurous acid do not alter white flowers, Chap. II, 
though they destroy the colour of all others.* 

For these curious observations on the colours of flowers, 
we are indebted to Dr. Lewis. Most of them contain a 
peculiar volatile oil, to which they owe their smell. Their 
other constituents remain still unknown, as few of them 
have been subjected to chemical analysis. The following 
are the species which have hitherto attracted the attention 
of chemists or artists : 

1. Flowers of the carthamus tinctorius.—This is an annual Carthamus 
plant, cultivated chiefly in Egypt for the sake of the flowers tinctorius. 

The petals are originally of a fine red, but lose much of 
their colour on drying. It is from this substance that the 
rouge, or red pigment, employed by the ladies, is extracted. 
When the flowers have come to maturity, they are pulled, 
their juice expressed, the residue washed repeatedly with 
salt water, and exposed upon mats.  to dry. Care is taken 
to cover them from the action of the sun during the day, 
and to expose them to the action of the evening dews, in 
order to prevent them from drying too fast. In this state 
they are brought to Europe under the name of safflower, 
and the colouring matter is extracted from them by different 
artists. The process has been kept secret. 

Beckmann published a very elaborate set of experiments 
on the flowers of the carthamus, in 17744 Little addition 
was made to our knowledge of this substance after that 
period, till 1804., when Dufour published an excellent 
analysis of it; t and his observations have been since con-
firmed by those of Marchais. § 

The flowers of the carthamus contain two colouring mat7  Analysis 
tors : a yellow, which is soluble in water, and has hitherto 
been applied^ to no use ; and a red, which is employed by 
the dyers, &c. and which constitutes the pigment called 
rouge. The yellow-colouring matter dissolves readily in 
water; but it is very difficult by that means to separate the 
whole of it. The method followed by Dufour was to put 
the carthamus in a linen cloth, and knead it continually 
between the fingers, while a streamlet of water dropped 

• Lewis, Neumenn's Chem. p. 432. 
f In the Gottingen Transactions for that year. 

Apn.hoChim. xlviii. g83. 	 § 7bicl, 1. 73. 
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Book  v. upon it. By continuing this process, and then steeping it 
in water, it assumed a fine red colour. The liquid which 
passed, after being filtered to separate some portion of the 
carthamus, and some impurities with which it was,mixed, 
had a yellow colour. When heated to about 145°, a num-
ber of flakes formed in it, consisting of albumen, or rather 
of gluten. These were separated by filtration, and the 
liquid evaporated to dryness. The extract obtained had a 
yellow colour and a strong taste. Water dissolved the 
whole of this extract, except a portion of brown matter, 
which possesses the properties of resin. The watery solu-
tion gives a red colour to vegetable blues, and is precipi-
tated abundantly by infusion of galls, but not by glue. 
Chlorine destroys the yellow colour, and renders it white. 
When evaporated to dryness, and treated with alcohol, a 
portion dissolves, and a portion remains undissolved. The 
soluble portion is chiefly extractive : the insoluble yellow-
colouring matter. 

When the residual carthamus is digested for a sufficient 
time in alcohol, that liquid assumes a brick-red colour. 
When this alcoholic solution is sufficiently concentrated by 
evaporation, a matter separates in grains, which has the 
appearance of honey, and possesses properties analogous to 
those of wax. Scarcely any colouring matter could be 
procured from the alcoholic solution. 

Dufour, after various unsuccessful attempts to obtain 
the red-colouring matter of carthamus in a separate state, 
at last succeeded by the following process, founded on the 
strong attraction between the red matter and cotton. Having 
deprived the carthamus as much as possible of its yellow-
colouring matter, by means of water, he macerated it for 
an hour in a weak solution of carbonate of soda. He then 
decanted off this solution, put into it a quantity of cotton, 
and then dropped into it lemon juice, till the liquid ac-
quired a fine cherry-red colour. After standing 24 hours, 
the liquid lost its red colour, the whole colouring mat-
ter having united with the cotton and dyed it red. The 
cotton was taken out, and washed repeatedly in water, to 
separate any of the yellow-colouring matter which might 
have adhered. It was then put into a very diluted solution 
of carbonate of soda. This alkali separated the colouring 
matter from the cotton, dissolved it, and assumed a yellow 
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colour. The cotton being removed, and lemon-juice drop- Chap. 11. 
ped into the solution, a fine rose-coloured powder gradually -̀""v"—I  
separated, and at last precipitated. This was the red-co-
louring matter. 

From this process, we see that the red-colouring matter 
has a stronger attraction for cotton than the yellow, 
and that by means of cotton the two pigments may be 
separated. We see, too, that it is insoluble in alkaline 
carbonates, but precipitated by acids. The alkalies dis-
solve it also but alter its nature. The solution of it in the 
alkaline carbonates is yellow. It is insoluble in water. 
Alcohol dissolves it readily, and assumes a fine rose-red 
colour. When this tincture is heated, it assumes a shade 
of orange. It dissolves likewise in ether, but not well. 
The oils, both fixed and volatile, have no action on it. 
When distilled it yields very little water, scarcely any 
gases, a little oil, and a portion of charcoal equal to 4d of 
its original weight. When this charcoal is burnt, no sen-
sible portion of ashes remains behind. From these pro-
perties, for which, as well as .for almost all the other facts 
respecting carthamus, we are indebted to Dufour, it ap-
pears that the red-colouring matter of the carthamus dif-
fers from every other known vegetable substance. 

When the carthamus has been deprived of its colouring 
matter, the residue consisted chiefly of woody fibre and 
some earthy matter. The following table exhibits the con-
stituents of 1000 parts of carthamus, according to the expe- 

Moisture 	  62 	Coma tu- 
Sand and small particles of the plant 31 	eats. 

Gluten 	  55 
Yellow colouring matter 	 268 
Extractive 	  42 
Resin 	  3 
Wax 	  9 
Red colouring matter 	 5 
Woody fibre . 496 
Alumina and magnesia 	  	5 
Red oxide of iron 	 2 
Sand. 	  12  
Loss 	  7  

1000 

riments of Dufour.    
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Book Iv. 	if we believe Marchais, a considerable portion of what 
`The--1  was considered by Dufour as woody fibre is in reality 

albumen. 
Arnica 	2. Flowers of the arnica montana.—These flowers have 
montana. been employed in medicine, especially in Germany, where 

their virtues have been much celebrated. They have a 
yellow colour, a bitter and sharp taste, and a very weak 
aromatic smell. 'When macerated in water, the liquid ac-
quires a brown colour and a bitter taste. It reddens the 
infusion of litmus, does not form a precipitate with glue, 
and does not alter the solution of tartar emetic. With 
sulphate of iron it strikes a deep green, which passes into 
black on drying. The mineral acids occasion brown pre-
cipitates, but the alkaline carbonates produce no change in 
it 

When the flowers are macerated in alcohol, the liquid 
acquires a yellow colour. It reddens vegetable blues, strikes 
a green with sulphate of iron, and becomes milky when 
mixed with water. When this tincture is distilled, the 
alcohol which comes over has a bitter taste, but does not 
alter vegetable-blues; while the liquid which remains in the 
retort is very acid, precipitates with water, and strikes a 
green with sulphate of iron. When evaporated to dryness, 
a bitter acid powder remains, seemingly of a peculiar 
nature.t 

When distilled, the flowers of the arnica yield a yellowish 
acid liquor, which strikes a black with sulphate of iron. 
This liquid is covered by a quantity of oil. When these 
flowers are burnt, the residual ashes contain potash, car-
bonate of potash, and muriate and sulphate of potash. $ 

Saffron. 

	

	3. Saffron.—This yellow pigment is composed of the 
pistils of the crocus sativus. The flowers of this plant are of 
a purplish-blue colour, but the upper part of the pistil is of 
a deep orange, and divided into three fleshy filaments. 
These are carefully picked out, dried, and pressed into 
cakes. 

Saffron is in long broad filaments of a deep-red colour 
without any yellow; moderately dry, yet flexible and soft, 
.and difficultly reduced to powder. It has a strong agree- 

* Bouillon La Grange, Ann. de Chitn. lv. 38. 
f Ibid. lv. 39. 	 1 Ibid, 

2 
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able smell, affecting the eyes, and drawing tears from them, Chap. II. 
and a pungent, and somewhat bitter taste.* 	 •-•••Ne—d 

Hitherto saffron has not been subjected to a correct 
chemical analysis. From the experiments of Neumann, 
it does not appear that any volatile oil can be procured 
from it by distillation. It is probable, however, that it 
owes its strong smell to such a principle, though in too 
small a quantity to be easily obtained separate. The co-
louring matter of saffron is equally soluble in alcohol and 
water; and is the substance called polychroite by Vogel. 

SECT. VIII. 

OF POLLEN. 

THE anthem of most vegetables, at the time that the 
flower is in perfection, is covered with a considerable quan-
tity of a powdery matter, usually of a yellow colour, which, 
falling upon the pistil, is supposed to impregnate it. This 
matter is known by the name of pollen. In some plants, 
especially those in which the male and female flowers are 
separate, the quantity of it is so great, that it may easily be 
collected. 

The first person who examined this powder was Dr. Experi-
Lewis ; but in his time chemistry had not made sufficient meats of 
progress to enable him to make a complete analysis. He 
found that alcohol, in which it is macerated, acquires a 
bright yellow colour, and that water takes a duller yellow, 
while the undissolved portion is of a yellowish white colour. 
The colour of these infusions is heightened by alkalies, and 
turned red by acids. When alkalies are dropped into the 
reddened solution, a deep yellow colour is restored.t 

Fourcroy and Vauquelin have published a detailed ana-
lysis of the pollen of the phcenix dactilifera, or date tree, 
which may be considered as furnishing a,  pretty correct 
view of the properties of this class of vegetable substances. 
At least it is probable, that the pollen of different vegeta. 

Neumann, p. 401, 	t Neumann's Chem. p. 231. 
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Book IV. bles does not differ nearly so much from each other as the 
\—v-1  other parts of plants. ' 

Pollen of 	The pollen of this tree is so abundant, that at the season 
th
tree. 	

f•  e date 	P 	• iructilication, it surrounds the plants like thick dust. 
The specimen examined was brought from Egypt by De-
fine. Its colour was sulphur-yellow, its taste was sourish 
and unpleasant, it reddened the infusion of litmus, and 
communicated to water a yellow colour, and a sensible de-
gree of acidity. The watery infusion was precipitated by 
lime water and ammonia, by alcohol, and by some metallic 
salts. 

Action of 	When pollen was washed in cold water, that liquid ac- 
eater and quired a reddish brown colour, a sourish taste and smell, 

not unlike that of beer. When evaporated, the liquid left 
a reddish brown matter, which bad the consistence and 
odour of melasses; its taste was acid, but disagreeable. 

Alcohol. Cold alcohol produced no effect upon this matter, but by 
the assistance of heat it dissolved a portion of it, and as-
sumed a dark colour. The residue had more consistence, 
and was less coloured. It dissolved with facility in water, 
allowing at the same time a greyish bulky matter to sepa-
rate. Thus the matter taken up by the watery infusion 
from pollen has been divided into three portions. 

The alcoholic solution being concentrated by evaporation 
to the consistence of an extract, had a red colour, the odour 
of baked apples, and a taste strongly acid, but disagree-
able. It presented all the characters of malic acid. 'The 
grey matter, which refused to dissolve in water, possessed 
the properties of phosphate of lime. 

The aqueous solution was ascertained to consist chiefly of 
phosphate of magnesia, malic acid, and an animal matter, 
which formed a copious precipitate with the infusion of 
nutgalls. 

Insoluble 	The pollen, thus deprived of- its soluble matter, being 
parts. 	exposed on filtering paper to the open air for a week, in-

stead of drying assumed the form of a paste, and ran ra-
pidly to putrifaction, emitting an odour similar to that of 
old cheese. When dried, this matter, became semitraris:-
parent, and of a consistence resembling that of glue.. Be-
fore being dried it mixed readily with water, and exhibited 
the characters of soap. The fixed alkalies showed the pre-
sence of ammonia in it. When distilled there came over a 
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watery liquid, which gradually becgme coloured as the dis- Chap. II. 
filiation advanced: some time after there came. over a red `—'". 
coloured oil and carbonate of artunonia, partly in' crystals, 
and partly in solution. The liquid also contained a por-
tion of the oil in the state of a soap. The charcoal 1911 was 
voluminous, and difficult of incineration. • When burnt it 
left a considerable portion of phosphate of lime. 	• 

The pollen is partly soluble in muriatic acid. The nitric Action of 
acid reduces it to a paste, azotic gas is disengaged, and acids. 
afterwards, on the application of heat, nitrous gas and car-
bonic acid. A yellowish oil separated and swam upon the 
surface, and alkalies separated earthy. phosphates and oxa-
lates. When the liquid was evaporated to dryness, it left a 
yellowish-red matter, extremely bitter, tenacious, and ad-
hesive, and perfectly soluble in water. This matter, from 
the description of it, must have been a species of artificial 
tannin. Thus it appears, that by the action of nitric acid, 
the portion of the pollen which is insoluble in water is con-
verted into oil and artificial tannin. The oily matter be-
came solid on cooling, and possessed almost exactly the pro-
perties of tallow treated with nitric acid. 

Strong alkaline leys dissolve the pollen, and assume with 
it the properties of soap, while ammonia is disengaged. 

When the pollen, mixed with water, is set aside to fer-
ment, it disengages the odour of new cheese, and assumes 
the form of a tenacious mass. Its taste is extremely sharp; 
it contains abundance of ammonia, partly united to oil, and 
partly to malic acid. From all these phenomena, there is 
reason to believe that the insoluble part of the pollen ap-, 
proaches vegetable gluten in its properties; or rather, that 
it is intermediate between gluten and albumen. 

Such are the properties and constituents of the pollen of 
the date tree, as far as they have been ascertained by Four-
croy and Vauquelin.* We may conclude from them, that 
it approaches very much to the nature of animal matter. 

Professor Link has examined the pollen of the hazel nut. Pollen of 
It differs a good deal from that of the date tree just de- the hazel. 

scribed. He found in it tannin in great abundance, a resin, 
a good deal of gluten, and a little fibrin.t The pollen of 
the tulip, which has been carefully analysed by Grothus, is 

	

* Ann. do Mus. d'Hist. Nat. i. 417. 	Ann. de Chita. lxii. 292. 
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Book IV. also very different from that of the date tree.. He could 
''"v"--d  neither detect in it phosphorus nor pollenin. From.26 grains 

- 	of it he extracted 	 • 
Pollen of 	Vegetable albumen • 	 :. 	20.25 
the tulip. 	Malate of lime with trace of malate of Magnesia 3'5 

Malic acid      3. 
Malate of ammonia } 
Oolouring matter •.. 	- ..... • •,.. 00000  . • • of • • a •;.... • 	115 
Saltpetre? oo 	 

26.0* 

SECT. IX. 

OF SEEDS. 

THE seeds of vegetables,. constituting. one of the most im-
portant articles of food, and being the materials from which 
a variety of useful substances are procured, have 'been mare 
subjected- to chemical experiments than .any of 'the other 
parts of Outs. 

They all Contain. a considerable- portion of starch, though 
eras. 	this matter: differs somewhat in its properties in different 

seeds. aiuteri is like'wise a .common ingredient; -hut -ex-
-. tremely• various both iri its quantity and in -its appearance. 

Some' seeds contain 'if, saccharine matter, as' those of. the 
tycopodizem; but -the quantity is always small, arid. its .pro-
perties are hardly,ever the same as those of true .sugar. 
Fixed,  oil.  is . also a COMMOR'iRireCliefa. In the.  seedsc.ofAhe 
grasses,. thopropartionl of it;  if any can be-detected, is always 
small : the same remark applies to the .seeds :of the, papi;-
leciniteetnis plants; :but the seeds.  Of theicruciform. plants 
abound • in Ili:ill-yid and 	insipid 	: In. .soM o_Seedd 
volatile ciil•fa,present; bat' this is not common.- Some,p0s-
sess a:peculik .cohniritiginatter 'some. possess- a portion.4.of 
bitter- principle, 	see'd's 'of the:.coninion broom tand.)af 
the coffee plant. 	• • - . 	 , 	) -•  

Saussure' junior lias):shown that 'wheat,' and probably 
every other kind of corn;  ..yields it quantity. of phoipbo-
rus, if it be.  charred in a moderate heat, and the charcoal 

* Schweigger's.  Jour, xi. 281. 
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be afterwards violently heated in a porcelain retort. He Chap. H.  
has shown that the phosphorus, in this case, is owing to the `'Y"-- 
decomposition of phosphate of potash, which exists in these 
seeds, and which is decomposed by the charcoal at a very 
high temperature. He has shown that phosphate of soda, 
and even phosphate of lime, "nay be decomposed in the 
same way.* Thus the observations of Margraff, and some 
of the earlier chemists, respecting the phosphorus' which 
may be obtained from the seeds of plants have been verified. 

I shall in this section enumerate, in the first place, the 
properties of those seeds which are known by the name of 
corn, and are used'as articles of food; then the seeds of the 
papilionaceous plants; namely, peas, beans, vetches, &c. 
which are likewise employed .as food. The seeds of the 
remaining tribes of plants have been hitherto but imper- 
fectly examined ; we can only therefore detail the experi- 
ments hitherto made, without any attempt at arrangement. 

The most important genera of corn are, wheat, rye, oats, 
barley, rice. 

1. Wheat, the tritiatm hybernum (and other species) of Wheat. 
botanists, has been cultivated from time immemorial in 
Europe and the northern parts of Africa, and the seeds of 
it employed as one of the most important articles of food. 
Indeed wheat flour is the only substance known from which 
good loaf bread can be made. The seeds, when ripe, are 
ground to a fine powder, and by passing this powder through 
cloth sieves, of various degrees of fineness, it is separated 
into distinct portions. The fine flour constitutes the greatest 
portion; and the bran, which consists of the outer coat of 
the seed, and which is the coarsest of all, constitutes the 
next greatest portion. 

Hitherto the flour of wheat only has been subjected to a constint. 
chemical examination; while the bran, which may vary eats. 
from one-third to one-fourth, has been neglected. The 
two most remarkable substances in wheat flour are the 
starch, which constitutes by far the greatest part of it, and 
the gluten, which is the next ingredient in point of quan- 
tity. It appears also, from my trials, to contain a small 
portion of bitter principle. Saccharine matter exists in it 

Aun. de Chim. liv. 189. 
VOL. IV. 

   
  



258 	 PARTS OF PLANTS. 

Book 1V. also, though in a very small proportion. Mucilage is 
mentioned as a constituent by Fourcroy and Vauquelin; 
and from their experiments, also, it appears that phosphate 
of lime is present, but that they did not detect any phos-
phate of potash.* 

Water in which wheat flpur has been macerated for six 
hours, has an opal colour, and becomes transparent very 
slowly. Its taste is sweetish, it has the odour of unripe 
grain; and does not alter vegetable blues. The infusion 
of nutgalls, chlorine, and other acids, occasion a pre-
cipitate in it. It becomes very rapidly sour. When 
heated, yellowish flakes are separated. When concen-. 
trated by evaporation, its taste becomes more perceptibly 
sweet. When inspissated sufficiently, it assumes a golden 
yellow colour ; has a sweet taste, but is, at the same time, 
acid and acrid; yellowish flakes separate, and a crust of 
posphate of lime coats the capsule in which the evaporation 
is performed. Alcohol coagulates it, and throws down a 
substance which possesses the properties of gluten. Hence 
it is evident, that the water owes its properties to the gluten 
which 'it holds in solution,f and probably also to a little 
bitter principle. It contained also some sugar and muci+ 
lage, and phosphate of lime. 

Rye. 

	

	2. Rye is the seed of the secale cereale, a plant cultivated 
in the northern parts of Europe, in considerable quantity, 
as an article of food. Bread made of it is much denser than 
wheaten bread, and has a brownish colour, and a peculiar 
sweetish taste, which to most persons is rather agreeah)e. 
We are indebted to Einhof for an elaborate analysis of rye-
meal. He published the result of his experiments in the 
summer of 1805.t 

Soluble 	A determinate portion of rye-meal was formed into a 
part; 	paste, washed in pure water till that liquid ceased to ac- 

quire any colour, or take up any thing. The liquid, after 
filtration, had a yellowish colour, an insipid taste, and a 
smell like that of new whey. It slightly reddened litmus 
paper, and was rendered muddy by carbonate of potash, 
sulphate of silver, and infusion of galli. When raised to 

* Ann. de Mus. d'Hist. Nat. No. xxxvii. p. 3. 
t Fourcroy and Vauquelin, ibid. 	Geblen's Jour. v. 131. 
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the boiling temperature, it became muddy, and a number Chap. H. 
of white flakes separated. These, when collected and edul-
corated, had the appearance of curd. They dissolved in 
alkaline leys, were insoluble in alcohol, and possessed the 
properties of vegetable albumen. When the liquid was con-
centrated by evaporation, it deposited a small additional 
portion of albumen. This being separated, the liquid was 
evaporated to the consistence of honey, and digested in 
alcohol repeatedly till nothing more was taken up. The 
residue was .greyish-white and insipid : water dissolved it 
slowly, and the solution, being evaporated, deposited more 
flakes of albumen. The residue had the appearance of a 
solution of gum arabic, and when evaporated to dryness, 
left behind it a portion of gummy matter. 

The alcoholic solution became muddy when mixed with 
water. The alcohol being`drawn off by distillation, there 
remained in the retort an aqueous solution, of a wine-yellow 
colour, with large brownish flakes swimming in it. These 
flakes, when collected, were found to possess the properties 
of gluten. They formed a glutinous mass with cold water, 
the bulk of which contracted when the water was made to 
boil. • Boiling alcohol dissolved it; but ether took up only 
the colouring matter. Alkalies.  dissolved it, and acids 
.threw it down again from its solution. 

The watery solution, thus freed from the gluten, being 
evaporated, left an extract of a wine-yellow colour.. By 
repeated digestions in alcohol, dilutions with water, and 
evaporations, it was freed from a portion of gluten, which 
still adhered to it. Its taste was then sweet, but harsh; its 
colour • wine-yellow ; and it was soluble in water, alcohol, 
and ether. It was considered as the saccharine matter of rye. 

The rye-Meal, thus freed from the matters soluble in Insoluble. 
water, was mixed with a great quantity of water, and by 
repeatedly agitating the liquid, and decanting it off after 
standing some time, it was separated into two portions; 
namely, a greyish-coloured substance, which, being lightest, 
did not so soon subside, and a white powder which possessed 
the properties of starch. The grey-coloured substance, by 
repeated digestions in alcohol and water, was separated into 
three portions; namely, gluten, starch, and the coats of 
the rye-seeds. Such are the constituents of rye-meal, ac-
cording to Einhof.. The following are the proportions of 

s 2 
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Book IV. these different substances, detected by this chemist, in the 
best rye-seeds and rye-meal. 3840 parts of good rye-seeds 
were composed of 

Constitu- 	 Husk • • • • 	 930 
en". 	 Moisture    390 

	

.Pure meal. 	2520  

3840 
A hundred parts of good rye-meal contained 

Albumen. 	  3'27 
Gluten, not dried 	 .. 948 
Mucilage 	  1P09 
Starch 	  61.09 
Saccharine matter. 	 3'27 
Husk 	  6'38 
Loss 	  .542 

100.00 
But the proportion of these substances must -.vary ex-

tremely according to the soil, the climate, and the age of 
the rye. The gluten of rye differs in several particulars 
from that of wheat. It is less tenacious and more soluble. 
When it was allowed to ferment, Einhof perceived a strong 
smell of nitric acid, which is peculiar to this species of 
gluten. The starch of rye bears a striking resemblance to 
that of wheat.. Like this last, it does not form a colourless 
solution with boiling water, and always precipitates at last, 
when the solution is left a sufficient time at rest. 

Ashes. 

	

	Einhof did not examine the ashes of rye; but from the 
experiments of Schrader, we know that the same quantity, 
analysed by Einhof, namely 3840, yielded the following 
fixed substances :* 

Silica 	  3'90 
Carbonate of lime 	 3.35 
Carbonate of magnesia 	 3..55 
Alumina. 	 ,, 0'35 
Oxide of manganese. 	 0'80 
Oxide of iron 	  0'22 

12'17 

* Gehlen's Jour. iii. 50. 
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• 3. Oats are the seeds of the avena sativa, a plant culti- Chap. H. 

vated in considerable quantities as an article of food. No cat\-771  
correct chemical analysis of this seed has yet been made. 
The husk is uncommonly thick, and constitutes a consider-
abl4 portion of the corn. The proportion of starch is like-
wise considerable, though it is difficult to free it from 
another substance with which it is united. 

4. Barley is the seed of the hordeum vulgare, a plant too Barley. 
well known to require any description.' Great crops of it 
are reared annually, partly as an article of food, and partly 
as a material from which malt liquors and ardent spirits 
are drawn. This species of corn has been examined of late 
with considerable attention by chemists, partly in order to 
form correct conceptions, if possible, of the nature of the 
process of fermentation, and partly to ascertain the con-
stituents of barley. Fourcroy and Vauquelin published 
several ingenious remarks and experiments on it in 1806,* 
and Einhof published a still more elaborate analysis about 
the commencement of the same year; having examined 
this grain in different stages of its growth, and after is was 
fully ripe.t 

When, unripe barley-corns are triturated with water, the Unripe bar. 
liquid acquires a milky colour. . If this process be conti Icy -
/wed, adding fresh portions of water as long as the liquid 
passes off muddy, there remains only a green husky matter. 
Whemithis matter is macerated a sufficient time in cold 
water, it acquires .a greenish-grey colour, and when dry 
has the appearance of vegetable fibre. The water in which 
it, was macerated, when boiled, deposits a few flakes of 
albumen, and when evaporated.  to dryness leaves a small 
portion nf extractive. 

The water With which the barley was at first triturated 
is at first milky, and gradually deposits a white powder; 
yet it.does not become transparent;  though allowed to stand 
a considerable time. When filtered, it passes through 
transparent, _while a slimy substance of a greenish-grey 
colour remains upon the filter. This substance posseses the 
properties of gluten. When the solution, now transparent 
and of a yellowish colour, is boiled, it deposits flakes of 
albumen. It reddens litmus paper, and is strongly preci- 

s Ann. de Mus. d'Hist. Nat. No. xssvii., p. 5. 
t Gehleu's Jour. vi. 62. 
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Book Iv. 

Constitu-
ents. 

Ripe bar-
ley. 

pitated by lime-water, nitrate of lead, and sulphate of iron, 
indicating the presence of phosphoric salts. 

The liquid being evaporated to the consistence of a 
syrup, and the residue treated with alcohol, the solutiOn 
diluted with water, and the alcohol distilled off; to sepa1ate 
some gluten which still remained, a syrupy matter was ob-
tained, having a sweet taste, which was considered as a 
saccharine matter of the barley. A portiOn refused to dis-
solve in alcohol. This portion was considered as extractive. 

The white powder which precipitated from the water in 
which the barley had been originally triturated possessed 
the properties of starch. 

Such are the constituents of unripe barley, according to 
the experiments of Einhof. The following 'are the propor-
tions of each which he obtained from 2880 parts of unripe 
barley.* 

Green husk, &c 	 • 478 
Albumen, with phosphate of lime . , 13 
Gluten 	  5 
Saccharine matter 	  160 
Extractive     76 
Starch.. 	  420 
Volatile matter 	 1500 
Loss 	  182 

2880 
When ripe barley is steeped in water a sufficient time, 

and then cautiously kneaded between the fingers in a cloth, 
every part of the grain is washed away except the husk, 
which by this process may be dried and weighed. 

When barley meal, previously made into a paste, is 
treated in the same way,, a brownish residuum remains, 
consisting chiefly of the husk, though it contains also por, 
lions of starch and gluten which cannot well be separated. 
The water in which the meal has been washed gradually 
deposits a white powder, but does not become transparent 
though left at rest. It runs very soon into acidity. Indeed, 
if we believe Fourcroy and Vauquelin; barley often contains 
an acid; the water in which it has been macerated redden-
ing the infusion of litmus: this acid is the acetic. The 
colour of this water is reddish-brown. It holds in solutiog 

* Gehlen, vi. 83. 
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a considerable portion of matter, which, according to Chap. II. 
Fourcroy and Vauquelin, consists chiefly of gluten, but "---\(-1  
which Einhof found to be of a more complicated nature, 
consisting of albumen, or rather gluten, mucilage, and sac-
charine matter. It contains in solution likewise a notable 
portion of phosphate of lime. 

When barley meal is macerated a sufficient time in 
alcohol, that liquid acquires a yellow colour, and becomes 
muddy and more odorous, and by evaporation leaves an oily 
matter of a yellow colour and an acrid taste, having the 
consistence of butter. This oil burns like a fat oil, and 
forms soap with alkalies. It is but imperfectly soluble in 
alcohol.* This oil escaped the observation of Einhof. I 
obtained it by a process, similar to that afterwards described 
by Fourcroy and Vauquelin; but its colour was asparagus 
green, and it did not burn with the same readiness as an 
oil. It has very, much the appearance of olive oil coagu-
lated, but its consistence is less, and its colour is darker. 
To this oil the peculiar flavour of spirits from raw grain is 
ascribed at present. If this opinion be well founded, the 
oil must be dissipated or destroyed by the process of malt-
ing. 

The following are the proportions of the constituents Constitu- 
obtained by Einhof from 3840 parts of barley-corns : 	ents.  

Volatile matter 	  430 
Husk 	  7'20 
Meal 	 2690 

3840 
From the same quantity of barley-meal he obtained 

Volatile matter 	  360 
Albumen    44 
Saccharine matter 	  200 
Mucilage 	  176 
Phosphate of lime, with some albumen 	 9 
Gluten .    135 
Husk, with some gluten and starch 	 260 
Starch, not quite free from gluten 	2580 
Loss    76 

9840 

Fourcroy and Vanquelin, Ann. de Mus. d'Hist. Nat. No. mail. . 8. 
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Book IV. Besides these -substances, Tourcrofand Vauguelin ascer-.  
tained the presence of phosphates of lime and magnesia, 
and of silica and iron ; and I found in it, besides these 
substances, phosphate of potash and nitrate of soda. The 
presence of phosphate of potash was ascertained likewise 
by Saussure junior. 

Rice. 	5. Rice, the seeds of the orysa saliva, have been analysed 
by Braconnot. He found in this grain the following con-
stituents: 

Carolina Rice. Piedmont Rice. 
Water . 	  5'00 	.... 7'00 
Starch 	  85.07 	• . 83.80 
Parenchyma 	  4'80 	• • .. 4'80 
Vegeto-animal matter. 	 3'60 	. • • • 3'60 
Uncrystallizable sugar. 	 0.29 	.. • • 0'05 
Gummy matter approaching starch 0'71 	• • .. 0.10 
Oil 	 

	

 	 0.13 	• • • . 	0'25 
Phosphate of lime .. 	  0.13 	• • • 040 

.100'00 100'00 
Besides traces of muriate of potash, phosphate of potash, 
acetic acid, sulphur and lime and potash united to a vege-
table alkali.* 

6. Maize. This is the seed of the zda mail, or indian 
corn. Some experiments on it have been made by Proust. 
It is • converted into charcoal in the usual way, and leaves 
about.4th its weight of charcoal. This charcoal is ex-
trenelyrdifficult of incineration. It contains" some phos-
phate of potash.± 

Having now given an account of the constituents of the 
various spediei of corn hitherto subjected to chemical ex-
aMinatioir, let -us proceed to the.  seeds Of .1fe 'papilion'a-
mous plants. The 'most 'remarkable of these' ardi peas, 
beans, kidney-beans, lupines, Ientiles, &d. • 

7. Peas. The seeds of the 'pisune satiiitt41. 'constitute' 
very common and nutritive article of 'food. They have 
been examinecl.in different states by Einhof,t who has 
devoted his chief attention to ,this pecidiar branch of 
chemical investigation. 

• Ann. de Chim. et Phys. iv, 370. 	t Nicholson's,  Joar., xviii. -239. 
; Gehlen's Jour. vi. 115. 

Maize. 

Peas. 
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By treating the green plant nearly in a similar manner Chap. 11. 

with barley, he obtained from 3840 parts the following —̀v-1  
Green constituents : 	 plant. 

Volatile matter 	 8000 
Starch 	  53 
Vegetable fibre 	 400 
Gluten*. 	  70 
Albumen 	  35 
Phosphate of lime •••• 	4 
Saccharine matter 	 176 
Extractive 	 25 
Loss 	  77 

3840 
The green pod or husk of the pea, by a similar treat- Pod. 

lent, yielded, from 3840 parts, t 

Volatile matter 	 3120 
Vegetable fibre 	 344 	' 
Starch   90 
Green gluten 	 22 
Albumen 	  I %- 
Phosphate of lime •••• 
Saccharine syrup 	 182 
Loss 	  61 

3840 
The peas themselves, when very young, are often filled Juice. 

with a sweet juice, which may be obtained by a slight 
pressure. Einhof examined this liquid. It has a greenish-
yellow colour and a very sweet taste. When exposed to 
the air, thin cuticles formed on its surface, and white flakes 
precipitated. It, gradually underwent a kind of fermen-
tation and became sour. From 1440 parts of this juice, 
Einhoftiobtained, by analysis,I 

Albumen . 	 10 
., Extractive 	 13 
.Saccharine syrup 	 155 

f In the same state as that from the leaves of plants, and mixed with 
the green colouring matter. 

+ Gehlen's Jour. vi. 119. 	 t ibid. 120. 
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Rook IV. This syrup had much the taste of raw sugar, but could not 
be made to crytallize. 

Ripe peas. From ripe peas, by macerating them in water, and em-
ploying a mode of ,analyss similar to that used for ascer-
taining the constituents of . barley, Einhof obtained the 
following products.. 	The 	quantity. employed was 3840 
parts.* 

Volatile matter 	• 540 
Starchy fibrous . matter, with the coats

} 
 

of. the peas 	  840 

Starch 	  	 1265 
Animo-vegetable. matter. 	  559 
Albumen 	  66 
Saccharine matter 	  81 
Mucilage 	  

	

 	 249 
Earthy phosphates 	  11 
Loss 	  229 

3840 
starchy 	The second of these constituents, entitled starchy fibrous 
fibrous 
matter, 	matter, was what remained after the peas,. reduced to a 

pulp with water in a Mortar, had been washed with water 
till they ceased to discolour it, or to give out any soluble 
matter to it. This residue was in part composed of the 
coats of the peas, and partly of a white fibrous matter 
without taste or smell. When dried, it became yellowish, 
and was easily reduced to powder; and the powder formed 
a paste with water, and dissolved like starch in hot water. 
-It then bore a certain resemblance to starch, and agreed 
in its properties with the fibrous matter of potatoes.j' 

An imo- 	The fourth of the preceeding constituents, entitled animo- 
veg 
Mal cr 

etable vegetable matter, was obtained in this manner: the milky t  
water in which the peas had been macerated, after depo-
siting the starch, still continued muddy, but neither de-
posited any thing, nor would pass through the filter; but 
when diluted with its own bulk of water, it gradually de-
posited a powder, the whole of which, being collected on 
a filter, constituted the substance to which Einhof gave 
the name of animo-vegetable matter. It approaches most 
nearly to gluten ; but as it differs in several particulars both 

* Gehlen's Jour. vi. 13. 	 t Ibid. p. 123. 
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from gluten and from .all other vegetable constituents, we Chap.11. 
must consider it as a peculiar principle. 	, 

Its colour Was at first. white ;• it had no taste nor smell, 
but reddened 'vegetable blues, even. after having been re-
peatedly washed . in . cold water: It was -glutinous and ad-
liesive, and could be kneaded into a.paste. It was insolu-
ble in water, both cold and hot; but when mixed with that 
liquid it soon putrified ; and on being treated with lime, 
gave out the smell of ammonia. In the. pure alkaline leys 
it dissolves readily, • and • forms a kind 'of soap ; but the 
carbonates require heat to produce' the solution. Sulphu-
ric acid dissolves it; the solution is light-brown, and when 
diluted with water, lets fall 'a white thread-like substance. 
It dissolves also iri muriatic acid and chlorine, and in 
acetic acid. Nitric acid gives it a lemon-yellow colour. 
It dissolves also in alcohol, and the solution becomes milky 
when mixed with water. The tincture of galls throws 
down a copious white precipitate. Ether and volatile oils 
have no action on it. When dried it assumes 'a light-
brown colour and the 'semitransparence 'of glue, and is 
easily reduced to powder.* Such are the properties of 
this substance, as far as. they have been ascertained by M. 
Einhofit 

When 9840 parts of ripe peas were reduced to ashes, 
the residue Weighed 112 parts. From these ashes Einhof 
extracted phosphoric acid, sulphuric acid, muriatic acid, 
alumina, silica, carbonate of lime, phosphate of lime, oxide 
of iron, and 'phosphate 'of. ammonia and magnesia.$ 

8. The seeds of the vicia faba, a small bean, becoming Marsh 
blackish when ripe, and used as an article of food, have bea"' 
likewise been examined by Einhof. The analysis Was con-
ducted in th°e same way as his other experiments already 
described. From 5840 parts of the ripe beans he obtained 
the following Substances : 

• tinhof remarks, that be has seen the gluten of wheat assume this 
appearance. I have observed the same thing twice. In both cases 
the wheat was very inferior in quality, and had • been the growth of a 
;very rainy season. 

Geblen's Jour. vi. 124. 	 Ibid. p. 132: 
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Book W. Volatile matter 	  600 
Skins 	  386 
Starchy fibrous matter 	 610 
Starch 	  1312 
Vegeto-animal matter 	 417 
Albumen 	  31 
Extractive, soluble in alcohol 	 136 
Gummy matter 	  177 
Earthy phosphate 	  371 
Loss 	  133+ 

   

Kidney 
beans. 

Lendles. 

3840° 
Fourcroy and Vauquelin, who made experiments upon 

this substance likewise, found the ashes which it leaves, 
when incinerated, to consist of the phosphates of lime, 
magnesia, potash, and iron, and of uncombined potash. 
They could detect no sugar in itt 	 ..),. 

9. Kidney beans, which are the seeds of phaseolus trulganis 
have been likewise analysed by Einhof. They are.chara41  
terized by the great proportion of animo-vegetable matter 
which they contain. From 3840 parts of these beans  
obtained the following substances: 

)1 Skins 	  88 
Starchy fibrous matter 	, • • • 11 

	1 • 
	 . 425 .1 	r Starch     98u 

Anitho-vegetable matter, not quite free from stirciii "7D91` 
r Extractive 	 I 

 

Albumen, with some vegeto-animal matter I 	., 
gni

51% 
Mucilage  	744 _. Lois  	t 

fll 	:th` 

10. Lentiles. To the same indefatigable, chel* we 
indebted for the analysis of the seeds .of 
From 3840 parts he obtained the following,puN4nees ,1,14 „, 

• Gehiens Jour. vi. 136. 
Ann. de Mus. d'Hist. Nat. No. xxxvii.i9. 
Geblen's 'Jour. vi. 545, 
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Fibrous matter 	  720 
Albumen 	  44 
Earthy phosphates, with a little albumen 	 22 
Extractive, soluble in alcohol 	 120 
Gummy matter 	  230 
Starch 	 .1260 
Vegeto-animal matter 	  1433 
Loss 	  11 

269 

Chap. T. 

3840* 

Here the proportion of animo-vegetable matter is still 
greater than in the kidney bean. 

LentileeP 'were examined by Fourcroy and Vauquelin 
but whether the same species as the preceding they do not 
put it in our power to determine, as they omit the botaniCal 
name. The liquid in .which the flour of these seeds' was 
macerated was not acid : it bad a slight and rather' dis-
agreeable taste; and was precipitated copiously by infusion.  
of 'galls, 'chlorine, and sulphate of iron. In Short, it 
exhibited nearly the same phenomena.  as are described bye  
Einhof. When the flour of lentiles is digested in alcohol, 
the liquid assumes a greenish-yellow colour, and a bitter 
acrid taste. When distilled it has the odour of vanilla very 
strongly, but acquires a disagreeable smell when mixed with 
water. The residue is greenish-yellow, has the appearance 
of a thick solution of soap, and a green oil swims upon the 
surface. The pod of the lentiles contains a portion of 
tannin.t 

11. 'White lupine. To rourcroy and Vauquelin we are White iu-
indebted for the analysis of the seeds of the lupinus albus ; pine. 

the farina of which, according to their experiments, differs 
from, that of All the other liguminous plants hitherto tried, 
as it contains neither starch nor saccharine matter. They 
fOund hI it a yellbwish-green oil of an acrid nature, which 
approaChes the fixed oils in its properties; a vegeto-animal 
matter, 4hich- appears to -  bear a strong resemblance to 
gluten a considerable portion of phosphate of, lime and 
magnesia, and traces of phosphates of potash and of iron.t 

12. Hemp-seeds. These seeds have • been subjected Hemp-
seeds. 

Gehlen's Jour. vi. 542. 
f Ann. de Mus, 	Nat. No. xxxvii, 10. 	/ Ibid. p, 12. 
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Book iv. to a chemical examination by Bucholz. The following are 
the results which he obtained. 

Sixteen parts of hemp-seed- yielded by expression rather 
more than three parts. of a yellow-coloured oil. Its taste was 
mild, and it possessed all the characters of. the fixed oils. 
From-the residue he procured, by digestion in water and 
coagulation by heat, about 3-1- parts of albumen, and not 
quite half a part.  of fibrous matter. The insoluble coats 
and husks of the seeds weighed 64. parts. About one-fourth 
of a part of a brown coloured resin was obtained by means 
of alcohol, and about the same quantity of a substance to 
which Bucholz gives the name of mucilaginous sugar, and 
soapy extract, and about 1+ part of gummy extractive.* 

Coffee. 

	

	13. Coffee. This is the seeds of the co fleaarabica, an 
evergreen-tree, usually of a small size.,  It was originally 
brought from Arabia, and was unknown in Europe till 
1650.t The entire fruit has some resemblance to a cherry. 
Under a pulpy skin it-contains an oval kernel, which sepa-. 
rates longitudinally into two parts, each covered 'with' a thin 
coat, and marked longitudinally with a furrow on the flat 
side, where they are joined. The ripe fruit is dried in the 
sun, and heavy rollers passed over it, by which the seeds 
are parted and the coats broken. They are afterwards 
separated by winnowing. 

Many experiments have been made by chemists to ascer-
tain the constituents and qualities of coffee ; • Neumann, 
Geoffroy, Dufour, Kruger, Westfield, &c. published sue-,  
cessively the result of their trials on it. The latest analyses 
are those of Hermann and Cadet.§ They neither agree 
well with each other, nor with those of preceding writers. 
It is probable that these differences ought to be ascribed 
partly to the different mode of analysis followed, and partly 
to variations in the berries examined. 

Infusion. 

	

	The infusion of coffee in boiling water is of a yellowish-,  
green colour; but the. decoction, by continuing the boiling, 
becomes brown. It becomes turbid on cooling. The alka-
lies render it more brown. It strikes a black with sulphate 
of iron, but does not precipitate , with glue. Chlorine 
nearly destroys the colour; but if an alkali be added the 

Gehlen's Jour. vi. 615. 	t Neumann's Chemistry, p. 378. 
t Crell's Annals, 1800, ii. 108. 	§ AWL de Chime lviii, 266. 
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liquid becomes red. Cadet obtained a decoction, with Chap.11. 
coffee which produced no effect upon vegetable blues ; but- -̀'-v-1  
other chemists describe it as changing thel to red, and 
Hermann obtained with alcohol a solution which produced 
the same effect. 

When water was distilled from , coffee, what came over 
had an aromatic odour, and a few drops of a substance 
similar to myrtle wax swam on the surface of it ; the resi-
dual liquid became milky when mixed with alcohol, and 
let fall a substance possessing the properties of gum. 

When alcohol- is digested on coffee, it acquires some 
colour. The solution when mixed with water becomes 
milky, and lets fall a whitish resinous matter. The residue 
being evaporated to dryness leaves a substance composed 
partly of extractive, and partly of the bitter principle dis-
covered by Chenevix. From these experiments, chiefly 
made by Cadet, we see that coffee contains an aromatic 
principle, a little oil, gallic acid, mucilage, extractive, and 
bitter principle. It contains also, according to Cadet, sul-
pinite ,of alumina, lime, muriate of potash, and a little 
albumen, • which separates from the decoction in the form 
of scum. The result of Cadet's experiments was nearly as 
follows. Sixty-four parts of coffee yielded 

Gum 	  8'0 	Constitu- 
Resin. 	  1.0 	eats. 
Extract and bitter principle . 	1.0 
Gallic acid . 	  3.5 
Albumen 	  0.14 
Fibrous insoluble matter 	 43.5 
Loss 	  6'86 

0 	 61'00 
Hermann obtained from 1920 parts of Levant and Marti-
nique coffee the following proportions respectively : 

Levant. Martinique. 
Resin 	  74. 	.... 68 
Extractive . 	 320 310 
Gum 	  130 	.... 144 
Fibrous matter. 	 1335 1386 
Loss 	  61 	.... 12  

1920 1920 
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Book iv. 	When coffee is roasted, a portion of tannin is formed in 
"---v-1  it by the action of the heat. It appears also that a new 

coffee.
Roasted 

	

	substance, having a peculiar agreeable smell, is developed; 
but the nature of this new principle has not yet been ascer-
tained. It is developed also by roasting barley, beans, and 
a great variety of other vegetables, which are on that ac' 
count occasionally employed as substitutes for coffee. 	. 

An elaborate analysis of coffee has been published by 
Paysse. Ile examined with particular care the bitter 
principle of coffee, first pointed out by Chenevix,"and has 
endeavoured to show that it is in reality a peculiar acid, to 
which he has given the name of cqffic acid. It reddens 
vegetable blues, but in other respects does not seem better 
entitled to the name of acid than tannin. He detected in 
coffee, besides this substance, a quantity of albumen, resin, 
and extractive. It contains a great proportion of matter in-
soluble in water. Its ashes yield muriate of potash and 
carbonate of lime. Payssd could not succeed in ascertaining 
the presence of tannin in roasted coffee. When coffee is 
distilled it yields, according to him, an acidulous water, a 
thick brown oil, and carbonate of ammonia. Very little 
gaseous matter was obtained.* 

Coco. 

	

	' 14. Coco. This is the fruit of the cocos nucifera, one of 
the most valuable vegetable productions of India. A de-
tailed account of the management and products of this 
tree has been published by Ler  Goux de Flaix ;t but we are 
still unacquainted both with the constituents and chemical 
properties of the nuts. The outer coat is fibrous, and 
formed by the natives into excellent cordage. The kernel 
contains a considerable proportion of fixed oil, used by the 
Indians for lamps.t 

Almonds. 

	

	15. Almonds. This is the fruit of the a.nygdalus corn- 
minis, used both as an article of food and in medicine. 
There are two kinds, the bitter and sweet. The latter con-
sists chiefly of fixed oil and starch, or albumen; chemists 
have not yet ascertained correctly which. Bitter almonds, 
besides these two substances, probably contain also a por-
tion of bitter principle. Prussic acid is likewise a consti- 

• Ann. de Chim. lix. 196. 
f Phil. Mag. xx. 316; and xxi. 7? and 110. 
/ See Tennant's Indian Recreations, ii. 282. 
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Went of them; but hitherto almonds have not been sub- Chap. II. 
jected to a regular chemical analysis. 

16. Nutmeg. This is the seed of the myristica moschata, Nuuneg, 
a tree which is cultivated in the Asiatic islands. 'The co-
vering of the nut is. known by the name of mace. The 
nutmeg varies in size and figure; • it is furrowed on the out-
side, and greyish brown internally. Those that want white 
streaks are the best. From the experiments of Neumann, 
we learn that this substance contains two species of oil ; a 
volatile oil, to which it owes its peculiar smell and taste, 
and which in his trials amounted to about AZ part of the 
nut; and a solid fixed oil resembling wax, and amounting 
to about +d of the nutmeg. He detected also a quantity 
Of gum ; * and it is probable, from the appearance of the 
kernel, that.it contains likewise starch. By expression, the 
solid oil is separated, and mixed with the volatile oil: In 
that state it is sold under the name of oil of mace. 

17. Pepper. . This is the seed of the piper nigrum, a Pepper. 
shrub cultivated in India for the sake of its berries. Its 
outer coat is of a dark brown colour ; when deprived of it, 
the berry is known by the name of white pepper. 

Pepper, when macerated in cold water, does not lose its 
shrivelled appearance. The infusion acquires a brown 
colour, reddens vegetable blues, and has both the taste and 
odour of pepper. If we repeat the maceration a number 
of times, the liquid still continues to acquire a colour, but 
it ceases to have the smell and flavour or pepper. White 
pepper does not communicate any colour to water. Hence 
the colouring matter must reside in the outer coat. It pos-
sesses most of the properties of extractive. When pepper 
is macerated in alcohol, the liquid acquires a light yellow-
ish green colour. When distilled, it leaves a green co-
loured matter; partly resinous, and partly oily. This oil 
is the source of the odour and taste of pepper. Its taste is 
extremely hot, and its smell, when dissolved in alcohol, 
and diluted with water, extremely pleasant. It possesses 
nearly the properties of volatile oil. When water is boiled, 
for some time with ground pepper, it acquires the property 
of forming; with the infusion of nutgalls, a precipitate, 
Which dissolves again when the liquid is heated to 1200. 

41  Neumann's Chem. p: 404. 

VOL. IV. 
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Book IV. 

Anatto. 

Phytolacca 
berries. 

Club moss. 

Hence it contains a portion of starch. These three sub-
stances, starch, oil, and.extractive, are the most remarkable 
of the constituents of pepper.* 

18. Anatto. This pigment is obtained from the seeds 
of the bixa orellana, a tree cultivated in Guiana and other 
parts of the West Indies.• When ripe, the capsules are 
gathered, and the seeds being separated, are pounded, 
steeped in water for weeks or months, then subjected to the 
press ; and the colouring matter thus obtained is suffered' 
to subside, collected, and dried. A shorter process has 
been lately proposed by Leblond. The colouring matter, 
which is confined to the surface of the seed, is separated 
by maceration and washing, and, then thrown down from 
the water by an acid.- Anatto is usually in hard cakes;  
brown without, and red within. It dissolves much more 
easily i❑  alcohol than in water. vVeak alkaline leys 
solve it likewise with facility. The decoction Of anatto has 
a peculiar smell and a disagreeable taste: Its colour is 
reddish yellow ; alkalies render it orange yellow; and from 
this mixture the acids throw down an orange-coloured 
precipitate.t The chemical nature of this colouring matter 
has not been ascertained, though it appears to be inter-
mediate between extractive and resin. 

19. Berries of the phytolacca decandra. These berries 
give a beautiful purple colour to water, of a very fugitive 
nature. A few drops of lime water change it to yellow ; 
and this yellow liquid is the most delicate test of acids hi-
therto observed. The smallest quantity of acid restores 
its purple colour. Braconnot, to whom we are indebted 
for these observations, has shown, that it is at least four 
times as delicate as the infusion of litmus. Unfortunately 
it alters its nature in a few hours, and then loses its delicacy 
as a reactive. It can only be used when recently pre-.  
Oared.§ 

20. The seeds of the lycopodium davaturn, or common 
club moss, have been long remarkable for their comblisti, 
bility. They are extremely small ; and when blown into 
the flame of a candle they take fire, with a small. expla- 

See Nicholson's Jour. ii. 7. 	+ Ann. de. Chico. xlvii. 113: 
Berthollet, Elemens de l'Art de la Teinture, ii. 268. 
Ann. de Chico. lxii, 81. 
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sion, and are used in theatres to imitate the appear-,  Chap. 11. 
once of lightning. They have been subjected to chemical `"*"'•/""" 
analysis by Bucholz. From 1000 parts of the seeds he ob- 
tained 60 parts of a axed oil, soluble in alcohol like castor 
oil; 30 parts of sugar; 15 of a mucilaginous extract. There 
remained a matter insoluble in water, alcohol, ether, oil of 
turpentine, and alkaline leys. But when boiled with, the 
last of these agents, ammonia was disengaged, and a kind 
of extract formed. When 2000 grains of this substance 
were distilled, they yielded 290 ounce measures of .gas,„ 
Which was a .mixture of carbureted hydrogen and carbonic 
acid; 1080 grains of a brownish oil, containing ammonia; 
330 grains of a watery liquid, holding acetate of ammonia 
in solution. The residue in the retort, amounting to 310 
parts, had very much the appearance of anthracolite. 
When, the insoluble part of the seeds was boiled in nitric 
acid, a portion of oil soluble in alcohol was, likewise 
formed" 

21. To Braconnot we are indebted for an elaborate Husk of 
analysis of the outer husks of the common nuts which are ""' 
frequently employed in France as a dye stuff, probably as, 
a substitute for nut galls. He obtained from the fresh 
husks of nuts the following substances.f 

Starch. 	 Citric acid. 
An acrid and bitter substance. 	Phosphate of lime. 
1VIalic acid. 	 Oxalate of lime. 
Tannin. 	 Potash. 

SECT. X. 

OF FRUITS. 

THE fruits of vegetables are equally various with the 
seeds. But few of them have been hitherto subjected to 
chemical analysis. "They almost all contain an acid ; and Constitu-
this acid is usually the tartaric, the oxalic, the citric, or el's' 
the malic, or a mixture of two or more of them. Hardly 
any other, except perhaps the acetic, has hitherto been 

Gehlen's Jour. vi. 593. 	t Ann. de Chim. laaltv. 803. 
T 2 
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Book IV. found in fruits. They usually contain likewise a portion of 
gummy matter, sometimes starch; and the fleshy fruits 
contain also a fibrous matter, not yet accurately ex-
amined. The colouring matters of fruits, especially the 
red, dissolve readily both' in water and alcohol ; but very 
speedily decay when exposed dry to the action of the sun 
and weather. Hence they cannot be used as dyes: 

A list of the acids contained in a considerable number 
of fruits has been given already in a former part of this 
work. As' very few vegetable fruits have hitherto been 
analysed, little can be added to what was given there. The 
only analyses, indeed, hitherto published, are those of 
tamarinds, grapes, and cucumber. 

Tamarinds. 1. Tamarinds.—This substance consists chiefly of i:pulpy 
matter which fills the pods of the tamarindus indica, and 
covers the seeds. It is brought to Europe preserved in 
sugar. We are indebted to Vauquelin for an analysis,pf 
this substance, published however at a very early period of 
his chemical career. By treating the pulp,  of tamarinds, 
such as they are sold by the apothecaries, Erit.with cold 
water, and afterwards with hot, he separated the following. 
substances:* 

Supertartrate of potash.. 300 
Gum . 	  432 
Sugar • 	 '1152 
Jelly • • • • • • 	  576 
Citric acid 	  864 
Tartaric acid 	 144 
Malic acid .-.. 	... 40 
Feculent matter 	 2880 
Water . 	..... • ...... . —3364. 

9752 
Grapes. 2. Grapes.—Though grapes have been repeatedly., ex-

amined by chemists, we are not yet in possessiOn of an ac-
curate chemical analysis of their constituents. It has been 
ascertained, however, that they contain supeitartra-  te -  of 
potash, artaric acid, citric and inalic acids.f They fOn- 

• Ann. de Chhn. v. 92. 
$ouillon, Jour. de Phys. xxix. 3. Parmentier, Ann. de Chim. 

Jiii. 119. 
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tain also abundance of sugar, a portion of mucilage and Chap. H. 
jelly, some albumen and colouring matter, and, according 
to Proust, a portion of gluten. 

3. Cumber.—This is the fruit of the cucurbita citrullus, Cucumber. 
and is well known as.  an article of food. It was subjected 
to analysis by Dr. John, who found 600 parts of it'com- 
posed of the following ingredients: 

Water 	  582'8 
Substance similar to fungin 3'2 
Soluble vegetable albumen 	 0.8 
Resin 	  0'25 
Extractive with sugar . 	 9'95 

Mucus 	  
Phosphate of lime 
Phosphate of potash 
Phosphoric acid 	 
Ammoniacal 'salt . 	 3.0 
A malate 	 
Sulphate of. potash 	 
Muriate of potash 	 
.Phosphate of iron , 

600.0° 

Pears, apples, lemons, oranges, &c. have not yet been 
subjected to chemical examination. The few facts which 
have been ascertained respecting them are detailed in a 
different part of ,this work. 

SECT. XI. 

OF BULBS. 
.. 	 , . 	 . 

. By bulbs are understood tubercles. connected with the 
xoots pf vegetables, very analogous to the Pusls, and _contain 

l ing, the, embryo of a future. plant. The potatoe is a well 
knowt7 ;example of a bulb.  

Bulbs vary considerably in their constituents and pro-
perties, as well as the other parts of plants ; but they bear, 

• Schweigger's Jour. ix. 34. 
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Eook 1 v. upo'n the whole, a considerable resemblance to the seeds of 
1/4—v --1  those grasses whiCh are Cultivated under the name of corn;. 

at least starch constitutes a notable poftion of most of the 
bulbs hitherto examined. Hence several of them are em-
ployed as articles of food. Few of them hitherto have 
been subjected to a chemical analysis. 1 can only there-
fore specify the following.: 

Potatoes. 	1. Potatoes are the bulbs of the solanuni tuberosum, an 
American plant, first brought to this country by Sir Walter 
Raleigh, and now cultivated in every part of Europe, and 
in Britain constituting one of the most important articles 
of food. The plant and the bulb are too well known to 
require description. 

Potatoes have been repeatedly subjected to chemical ex-
amination. Parmentier published an elaborate dissertation 
on their culture, uses, and propertie4, about the year 1776, 
which contributed considerably to 'promote the cultivation 
of them on the continent. Dr. Pearson 'contributed to the 
Board of Agriculture a valuable essay on .potatoes, con-
taining a set of chemical experiments on theM, performed 
with his usual skill and ingenuity; and Einhof has published 
a' very elaborate analysis of the root in the fourth volume 
of Gehlen's Journal. 

The variety of potatoe whiCh 'chieflY occupied the atten-
tion of Einhof, Was that which has a red` akin find flesh= 
coloured juice. "When dried by a moderate h6at; till they 
ceased to lose any weight, potatoes were reduced to 4-th of 
their original weight.'' 

The analysis Of this root was conducted by Einhof pretty 
much in the same manner as his analysis of barley and 
rye. A determinate quantity of potatoes was reduced with 
water to a pulp, and then washed on.  a searcc till the liquid 
Ceased to come off milky, or to hold any thing in solution. 
What remained on the cloth was the fibrous matter of the 
potatoe; but it differed essentially from the fibrous matter 
-of most plants. With boiling water it formed a paste 
similar to that made by means of starch, and when dry it 
assumed a semitransparent appearance. This matter, 'when 
triturated in a mortar, and again washed , with water, 
yielded a considerable portion of starch. The residue, 

Gehlen's Jour. iv. 457. 
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which was of a light-grey colour, being triturated &second Chap. 11. 
time, formed a powder which bore a considerable resem-
blance to starch, both in its appearance and properties. 

The liquid with which the potatoe was washed was at 
first milky,. but deposited, on standing, a heavy white 
powder, which was starch. When filtered it had a carmine-
red colour, and reddened vegetable blues. When boiled 
a flaky precipitate separated, partly white and partly red. 
This precipitate possessed the properties of albumen. The 
residue, evaporated to the consistence of an extract, had 
a brownish colour, was insoluble in alcohol and ether, 
soluble in water, and, according to Einhof, was a mucila= 
ginous matter. The following were The proportions of 
these various substances obtained from 100 parts of pota-
toes : 

Starch     15 
Fibrous starchy matter 	  7 
Albumen 	  14 
Mucilage, in the state of a thick syrup 	 4 

Constitu-
ents. 

    

274 
To ascertain the nature of the acid which exists in pota- 

toes, Einhof separated the juice of potatoes by a gentle 
pressure. He had first frozen and then thawed them, to 
facilitate the 5eparation! Lime-water was added in excess 
to this liquid, and the precipitate was digested in diluted 
sulphuric acid, to separate the lime from the acid. Thus Contain 
obtained, it was found to be a mixture of tartaric and tartaric and

phophoric phosphoric acids.* The sap, thus deprived of its acid, acids. 
contained an excess of lime in combination with the mu- 
cilage. Einhof found, that this lime became gradually 
saturated with carbonic acid, even though the sap was kept 
in close vessels ; and that in process of time, if a sufficient 
quantity of lime were present, ,the mucilage acquired a 
sweet taste; and when.treated with alcohol, a portion dis- 
solved, which yielded crystals of sugar. This he considered 
as a conversion of the mucilage into sugar. 

From 1829 parts of dried potatoes, ,Einhof obtained 96 Ashes. 

Though Einhof obtained phosphoric acid by the method described 
inin the text, it does not follow that it existed in.  the potatoes in an un-
combined state. It might have been in combination with lime, an  
in solution in the potatoe juice by means of the tartaric acid. 
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Book IV. parts of agreyish-white ash. Of these, 64 parts were solu- 
"--v--1  ble in water. They consisted chiefly of. carbonate of 

potasli; but contained likewise 10± parts .of phosphoric 
acid, k of sulphuric acid, and two of muriatic. The-
soluble, 85 parts consisted of earths and oxides., .From 20' 
parts of it he obtained 

2.5 silica. 
6'0 lime. 
4'0 alumina. 
7.0 magnesia, with some manganese or oxide of iron. 

19'5 

Einhpf examined different kinds of potatoes. He, found 
ihe same ingredients in mill, but the proportions .varied 
considerably. It is not necessary to state the repults of his 
experiments, because the same variations doubtless , occur 
even in the same kind of potatoe. 

But as it may be useful to know 'the ,quantity of starch 
furnished ,by different varieties of potatoe,. the following 
table, drawn up from the experiments of Mr. William 
Skrimshire, junior, is subjoined. Five pounds avoirdupois 
of fresh potatoes were used, and the starch was separated 
by grating the potatoe,, and pouring water upon it placed 
upon a searce.* 	 • 

• 

Substances. 
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0 3* 

3 15 
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Total..... 6 0 5 	0 5 050 5 	0 505 0 5 	0 

• Nicholson's Jour. xxi:  '1. 
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When potatoes are exposed to the action of frost, it is Chap. II. 

well knovin that they become soft, and acquire a sweet Action of taste. This taste is succeeded by a sour taste, owing to frost on po. 
the rapid evolution of acetic acid, and the root soon passes  tatocs.  
to putrifaction. .From the experiments of Einhof, we learn 
that the sugar is formed at the expense of the mucilage; 
for the other ingredients were found, in potatoes sweetened 
by frost, in the usual proportions. He considers this 
sweetening process as connected with the vegetative powers 
of the root. 

When potatoes are boiled, they lose from 1 to 4 per Boiling. 
cent. of their weight. The juice, which may be separated 
from them, is sweet-tasted. The meal is insoluble even in 
boiling water, though potatoe starch forms a transparent 
solution with hot water. Thus it appears, that by boiling, 
the albumen, fibrous matter, and starch combine together, 
and form' an insoluble compound.* 

From these experiments, it appears that potatoes differ 
essentially from wheat and barley by containing no gluten. 
They approach, in some measure, to the nature of rye. 

2. Garlic.—This is the bulbous part' of the root of the Garlic. 
allium satibum, and is well known, and remarkable for its 
strong smell and peculiar taste. It was much celebrated by 
the ancients, both as an article of food and as a, medicine. 
It has been repeatedly examined by chemists. The analysis 
Of Neumann?  considering the state of the art of examining 
vegetables at that time, must be considered as very cxact.t 
Cadet has subjected it to a chemical examination.$ 

When dried, it loses nearly two-thirds of its weight; 
but this.proportion is doubtless subject to considerable vari-
ation. The expressed juice of garlic is of a thick consist-
ence like mucilage,- and slightly reddens vegetable blues. 
When diluted with .water, and • filtered, it yields flakes of 
albumen when boiled. The residue consists chiefly of mu-
cilage, of which garlic yields a very great proportion, 'and 
of extractive. This last is somewhat acrid in its nature. 
When garlic is distilled with water, it yields a portion of 
yellow.coloured volatile oil, at first lighter thfin water, but 
gradually becoming heavier as the distillation advances. 

• Gehlen's Jour. iv. 485. 	f Neumann's Chem. p. 4BL 
I Ann. de Chim, lix,106. 
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Book iv. To this oil garlic owes its most remarkable properties. Its 
taste is very acrid, and its smell strong. When applied to Contains an 	s 

-acrid oil: the skin, it produces an irritation not inferior to canthat 
rides, and, like that drug, might be employed to blister the 
skin. When triturated with oxide cf iron, it immediately 
'strikes with it a black colour.; but it has no effect upon any 
other metallic oxide. 	• 

When garlic is treated with alcohol, the liquid assumes 
a reddish-yellow colour, and leaves, when evaporated;  it 
brown extract, very acrid, which attracts moisture from 
the air. • Other con- 	When garlic is distilled, it yields • first a liquid slightly 

stituents. coloured, and having a very acrid taste; then a thick 
brown oil, and abundance of inflammable air and carbonic 
acid. The liquid in the receiver emits the smell of am-
monia when mixed with lime. When 40,320 parts of 
garlic were incinerated, they left 4896 parts of ashes, or 
about i-th of the original weight. From 172 parts of these 
ashes Cadet obtained the following substances : 

Potash 	  33 
Sulphate Of potash with some muriate 	 58 
Alumina 	  2 
Phosphate of lime 	  15'6 
Oxide of iron 	  1'5 
Magnesia 	• 	  9 
Lime..' 	  14 
Silica . 	  8  

From 1406 parts of fresh garlic he obtained 
Mucilage 	  520 
Albumen . 	  37 
Fibrous matter 	 48 
Water, by estimate 	 801 

1406 

Onion. 	3. Onion.—This is the bulbous root of the alliwn cepa. 
A few experiments on it had been made by Neumann and 
Cadet. But Fourcroy and Vauquelin have published a 
very curious and accurate analysis of it. When reduced 
to a pulp, and subjected to the press, it yields a viscid 
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juice, somewhat opaque, at first colourless, but becoming Chap. II. 
gradually red in consequence of the' oil which it.  contipins. 
It has a strong smell, and reddens vegetable blues. It is 
precipitated by acetate of lead, lime water, oxalic acid, 
nitrate of silver, and potash. • When distilled it yields a 
milky liquid, slightly acid, on the surface of which swim 
some drops of oil. It contains a little sulphur dissolved 
in the oil; for chlorine gives it the property of pre-
cipitating nitrate of barytes, and when distilled in a cop-
per vessel some sulphuret of copper is formed. The por-
tion of juice not distilled deposits a fawn-coloured sediment, 
having a strong oniony odour. Alcohol deprives this sedi-
ment of oil and of sulphur; the residue seems to possess 
properties analogous to those of gluten. The liquid, from 
which this precipitate has separated, contains phosphoric 
acid, sulphur, and gluten. 

When onion juice is kept at a temperature between 60° 
and 70° it emits no gas, but it changes its colour succes-
sively to red and yellow, and lets fall a fawn-coloured sedi-
ment. It is now converted into vinegar still retaining the 
oniony odour; a proof that the volatile matter remains unde-
composed. This vinegar contains in it a good deal of manna, 
which readily crystallizes in needles. On examining recent 
onion juice no manna could be found in it, merely a consi-
derable quantity of uncrystallizable sugar. This sugar, in 
a heat between 60° and 70°, is'gradually decomposed, and 
converted into acetic acid and manna. The fawn-coloured 
matter, which precipitated during this acetification, con-
sisted of gluten, oil, and sulphur. 

Onion juice is capable of undergoing the vinous fermen-
tation. .When eight ounces troy 'were mixed with 122 
cubic inches cf water, and somewhat less than one ounce of 
harm, they underwent a brisk fermentation, and yielded by 
distillation about 2.35 ounces troy of strong alcohol. By 
lavoisier's experiments 3.7 ounces of sugar would have 
yielded the same quantity of alcohol. 

Besides 'the preceding constituents, Fourcroy and Van-
quelin found 'in onion juice mucilage, phosphate of lime, 
Aid citrate of lime.* 

4. Squills.—This is the bulbous root of the scilla niari- 

• Ann.' de 6him. lxv. 161. 
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Pima, and is employed in medicine as a diuretic, and to 
excite,i  nausea and vomiting. It has been subjected to a 
chemical examination by Vogel, and was found by him to 
owe its peculiar properties to a species of 'bitter principle 
which he distinguished by the name of scillitin, which has 
been described in the preceding chapter. From dried squills 
he extracted the following substances : * 

Gum 	 6 
Scillitin 	 35 
Tannin 	 24 
Citrate of lime 
Sugar 	 
Woody ,fibre 	30 

SECT. XII. 

OF Lictittis. 

History. THE lichens are a class of plants which differ almost-in 
every respect from other vegetables. Many of them have 
not the smallest appearance of plants, but form hard crusts, 
which covet rocks, wood, trees, &c.; others have the form 
of leaves or of branches, but nothing resembling flowers is 
visible. It was .to Tournefort and Micheli .that botany is 
indebted for first fixing the word lichen, formerly vague and 
ill'defined, to a peculiar set of plants. Afterwards Linnteus 
placed them among the algae, and described 8L species. 
Since that time a great variety of botanical _writers have 
devoted considerable attention to them, particularly ',in 
Ascertaining and describing their parts of fructification,. and 
the various changes which they undergo in the different 
periods of their vegetation ; but few only have attempted to 
analyse them, or to point out the useful purposes to which 
they may be applied. Willemet. has given us a . historical 
Account of 41 species of, lichens,' and detailed their. medical 
and economical uses with considerable accuracy. Amoreux, 
in a dissertation on the, subject, has given us still moretopi- 

* Ann. de Chim. lxxxiv. 14?. 
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oils details, and has published likewise a brief chemical Chap. IT. 
analysis of some of the most remarkable hams. Hoff-
mann, who had .previously distinguished himself by his 
botanical arrangement of the lichens, published an account 
of their chemical and economical properties in 1787,• and 
has given us the chemical analysis of several, made by 
Georgi with considerable care. Westring turned his atten-
tion particularly to the uses of the lichens in dyeing; and, in 
seven dissertations, published successively in the Stockholm 
Transactions from 1792 to 1797, has examined almost all 
the lichens of the north, and described the colours which 
each of them is capable of yielding, and the manner of ob-
taining it. It is to these writers, and to Georgi, that we are 
indebted for the few facts known respecting the composition 
and chemical properties of the lichens. 	. 

The lichens are found in all countries and climates, and 
are very nnmerous;.  considerably more than two.  hundred 
species have been described by botanists as natives of Britain. 

From the experiments of Georgi, professor of chemistry soma Ii- 
in Petersburgh, we learn, that the lichen farinaceus, glau- ch.ens eon- 

cus, and physodes, form with water a mucilage which yields, is  gum. 

when evaporated, a gum as transparent and tasteless as 
gutty arabic.,  Lichen puhnonarins yields likewise a gum, 
but its taste is somewhat bitter. The gum yielded by these 
lichens amounted to ith of their weight. When treated 
with alcohol,' the -liquid acquires a green colour and n bitter 
taste.* Amoreux, who repeated these experiments, ob-
tained from the lichen pulmonarius a reddish gum, much 
less-  transparent than gum arabic. This lichen gave a yellow 
colour to alcohol. Probably he had examined a different 

-species from that tried by Georgi, or if not, the lichens must 
shave been of very different ages. 

• Amoreux 'found, that when the lichen prunastri was 
steeped in water,• its branches- became transparent like 
-animal membrane, and adhered strongly to paper. In this 
-state it is insipid, . but as friable ,as celery. He obtained 
_abundance of gum from the lichen islandicus, and from all 
the broad-leaved lichens tried. , He succeeded in extract- 

• See the experiments of Georgi; as quoted by Amorous, in his Re-
searches et Experiences sur les divers Lichens, p. 94. 
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Book IV. log -gum from the lichen fraxineus, caninus, and eaperatus. 
This last gave a lemon-yellow colour to ammonia.. 

Some may 	Georgi • found, that when the lichen physodes, hirtus, 
be used as 
food. 	farinaceus, and pulmonarius, were boiled in water, they 

yielded a yellowish mucilage nearly insipid, and that the 
lichens thus treated might be eaten with salt. They all yielded 
a portion of resin to alcohol, but it did not give a taste to the 
water in which they were boiled. When incinerated, these 
lichens yielded a little potash, lime, and silica, but no sul-
phuric or muriatic salt. When distilled, they yielded an 
acidulous water, and a yellow or blackish oil -which sunk in 
water. 

Such are the imperfect experiments hitherto made on the 
constituents of a few of the lichens. One of them, however, 
the lichen islandicus, has been subjected to a rigorous and 
curious analysis by Berzelius. He obtained from 100 parts 
of this lichen the following constituents : 

Syrup 	  3.6 
Bitartrate of potash with some tartratei 1'9 of lime and phosphate of lime .... 
Bitter principle 	 

	

 	 3 
Green wax 	  
Gum .. 	. 	  	 3.'7 
Extractive colouring matter 	 DO 
Starch 	  44'6 
Starchy insoluble matter 	  56'6 

101.6f 
Berzelius afterwards examined the lichen plicatusilichen 

harbatus, lichen fastigiatus, and the lichen fraxineus. He 
found them all characterized by the presence of a species of 
starch which possesses several peculiar properties. 

I shall now mention such of the lichens as are most re-
'markable for the colouring matters which they yield. 

Archil. 	1. Lichen roccella.—This lichen, which grows abundantly 
in the Canary islands, but which is found also on the south 
coast of England and France, yields the dye stuff called 

• See the experiments of Georgi, as quoted by Amoreux in his Re-
searches et Experiences sur les divers Lichens, p. 9i. 

t Ann. de Chim. xc, 277. 	 S81. 
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archil: If we believe Tournefort, this dye stuff was known Chap. H: 
to the ancients, and was employed .to produce the colour `"--\(-1  
known among them by the name of pulde of anzorgos.. Be 
that as it may, the colouring property of the lichen roccella 
was accidentally discovered by a Florentine merchant in 
1300, who observed that urine gave it a fine violet colour. 
Since that time it has been an article of commerce, and was 
long prepared in Florence. The lichen, reduced to powder, 
is put into a vat with urine and quicklime, and regularly 
stirred, fresh urine and lime being added till it has acquired 
the destined colour. Other substances were likewise added ; 
but it has been shown that these only are essential. Hellot 
ascertained, that by treating lichens with lime and ammo-
nia, their colouring matter, if they have any, will be deve-
loped; and Westring has simplified the process by substi-
tuting sal-ammoniac for ammonia. 

Archil thus prepared is used occasionally to brighten 
other colours, but the colour which it yields is far from 
fixed. It is employed to tinge the alcohol used in thermo-
meters. Nollet observed that this tincture became colour-
less when kept excluded from the" air, but that it recovered 
its colour again when air was admitted. The nature of the 
colouring matter of archil has not yet been ascertained by 
chemists. 

2. Lichen parellus.—From this lichen, which grows 
abundantly in the mountains of Auvergne, and other parts 
of France, and which is common also in Britain, the pig-
ment called archil of Auvergne is prepared. The process is 
pretty much the same as that by which the lichen roccella is 
prepared, and the pigment is distinguished by the same 
name, and applied to the same use, but is not considered as 
€o valuable. .It is obvious that the colouring matter of each 
is analogous. 

3. Lichen pertusus.—Treated with lime and sal-ammo- Other  li- 
niac, it yielded a brown colouring matter to Westring. 	chenisn 

g 
o. c 
 

4.. Lichen ventosus.—This lichen dyed wool of a brown louring
ieid 

colour, which resisted the action of alkalies. 	 matters. 

5. Lichen hcematoma yielded a wax-yellow colour. 
6. Lichen. corralinu4.—This lichen was found.  by West-

ring to abound ip colouring matter. By simple infusion in 
water with a :little I common salt, it dyed wool-yellow. 
Without addition, it gives a deep brown of considetable  • 
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Book iv. permanence. It yielded the same colour when treated with 
sal-ammoniac and lime. 

7. Lichen pseudo-corralinus yielded a fine orange, which 
was brightened by muriate of cobalt. 

8. Lichen tarlareus yielded a fine brown. 
.9. Lichen centrifugus, with fixed alkalies, yielded a fine 

wax-yellow ; with water, a brown; with common salt and 
nitre, an orange. 

10. Lichen saxatilis.—This lichen, with soda, yields a 
yellow ; with lime and Sal-ammoniac, a nankeen ; and with 
muriate of soda and. nitre, an orange. 

11. Lichen physodes, . by the same reagents, yields va-
rious shades of yellow and brown; lichen juniperinus, yel-
low and brown ; lichen tenellus, yellow, olive, and reddish-
brown ; lichen furfuraceus, yellow and brown. The same 
colours were obtained from a considerable number of leafy 
lichens. 

Lichen croceus, with lime and sal-ammoniac, gave out a 
red colour. Westring obtained several colours from other 
lichens; and by mixing several of them together, he varied 
the shade, and produced a new set of colours, differing. 
both in their intensity and fixity. But for the particulars 
of his numerous experiments, the reader is referred to his 
dissertations on the subject.* 

SECT. XIII. 

OF MUSHROOMS. 

History. 	Tax mushrooms are a class of plants proverbial for the 
rapidity of their growth and their speedy decay. When-
they putrify, they give out an extremely unpleasant odour, 
and appear to approach animal matter much more closely 
than other vegetable substances. They have lately at-
tracted the attention of M. Vauquelin, and M. Braconnot, 
to whom we are indebted for the analysis of no fewer than 
17 species of this hitherto neglected tribe of vegetables. 

• The first has been translated into French, and printed in vols. xv. 
end xvii. of the Annales de Chimie. The others are inserted in Crelt's. 
Annals for 1796, 1797, and 1799. 
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Bracontiot has distinguished the insoluble spongy portion dimp. It. 
which characterizes the mushrooms by the name of fungi; "--Thr-d 
and under that name it has been described in the preceding 
chapter. It approaches woody fibre in its properties; but 
seems to be sufficiently distinguished from it by various 
characters particularly by constituting a nourishing article 
of food, and by being much less soluble in alkaline legs: 
Braconnot likewise ascertained the existence of two new 
acids in mushrooms. One of these has been described in 
a former part of this work under the name of boletic add. 
Th_e other, which appears to constitute a very general in- 
gredient in mushrooms, he has on that account distin- 
guished by 'the name of fungic acid.* 

Fungic acid was extracted from the boletus juglandis in Fungic 
sufficient quantity to examine its properties. He found "id' 
it also in the merulius cantharellus, boletus pseudo-ignarius, 
peziza itigra, and the phallus impudicus. Braconnot ob- 
tained it from the boletus juglandis by the following pro- 
cess. The juice Of that mushroom ways pressed out, boiled, 
and filtered, in order to separate the vegetable albumen . 
The filtered liquid was evaporated to the consistence of an 
extract, and digested repeatedly with alcohol. The undis- 
solved portion was dissolved in water, and the solution 
mixed with acetate of lead. A copious precipitate fell, 
consisting chiefly of fitngate of lead. This precipitate was 
decomposed in a gentle heat by means of dilute sulphuric 
acid. The fungic acid thus disengaged was saturated with 
ammonia, and the fungate of ammonia purified by. re- 
peated solutions and crystallizations. It was then dissolved 
in water, the fungic acid was precipitated by means of 
acetate of lead, and the fungate of lead, after being care- 
fully washed„was decomposed by means of diluted tiP 
phuric acid. Fungic acid thus obtained possesses the fol-- 
lowing properties. 

It is colourless, has a very sour taste, does not crystal- 
lize, and deliquesces if it be evaporated to dryness and ex7  
posed to the, air. 

* This name is unhappy, because according to the received principle 
of naming acids it indicates that the acid so named is a compound of 
fungin and oxygen ; att opinion so far from being established that it has 
not even been advanced. 	 • 
• VOL. IV. 	 IT 
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Book IV 	With potash and soda it forms =crystallizable salts, very 
%—va  	soluble in water, but insoluble in alkohol. Funtes. 

With ammonia it forms a salt which crystallizes in re-
gular six-sided prisms. 

With lime a salt not altered by exposure to the air, and 
soluble at the temperature of 73°  in 18 times its weight of 
water. 

With barytes, a salt difficultly crystallizable, and soluble 
in 15 times its weight of water, at the usual temperature of 
the atmosphere. 

With magnesia, a salt soluble in water and in small gra-
nular crystals. 

With alumina, an =crystallizable salt having the ap-
pearance of gum. 

With oxide of manganese, a salt, similar to the fungate 
of alumina. 

With oxide of zinc, a salt moderately soluble in water, 
which crystallizes readily in parallelopipedons. When ex-
posed to the heat of a candle it burns without frothing and 
leaves the oxide of zinc pure. 

When dropped into acetate of lead it occasions a white 
precipitate soluble in acetic acid. When dropped into 
nitrate of silver no precipitate appears; but a precipitate 
falls when an alkaline fungate is dropped into that salt.* 

The following are the different species of mushroom 
hitherto subjected to analysis. 

Agaricus 	1. Agaricus campestris.—This agaric, which is a corn-
campestris. mon article of food, was analysed by M. Vauquelin, who 

found in it the following substances : 
(1.) Adipocire. This substance was obtained by boiling 

in alcohol the matter that remained after' the juice of the 
agaric was pressed out. The alcohol on cooling deposited 
the adipocire in flocks. It has a brownish-white•colour, it 
has a fatty feel like that of spermaceti, melts when heated, 
and gives off a white vapour, having the odour of fat. 

(2.) An oily or fatty matter. 
(3.) Vegetable albumen. 
(4.) The sugar of mushrooms. 
(5.) An animal matter soluble in water and alcohol. 

* Ann. de Cliim.lxXxVii. 244. 
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When heated it gives aut the smelt of roasting meat: Si- Chap. H. 
milar to .the substance called osmazome. 

(6.) An animal substance insoluble in alcohol. 
(7.) Fungin.. . 
(8). Acetate of potash.* 
24 Agaricus' volvaceus.—This a;:raric, according to the Agaricus 

analysis of Braconnot, contains the following constituents: volvaccus.  
(1.) Much water. 

Fungin. 
(3.) Gelatin. 
IC) Vegetable albumen. 
(5.) A great quantity of phosphate of potash. 

• (6.) Acetate of potash. 
(7.) Sugar of mushrooms. 

,(8.) A ,fluid brown oil. 
(9.) Adipocire. 

110). Wax. 
..,-(11.y A very fugaceous deleterious matter. 

(12.) An .uncombined acid, suspected to be the acetic: 
(13.) Benzoic acid.- 

Mtirlate of potash.t 
8. Agaricus aoris or. piperatus.—This a,,ouricus- was exa- Agaricus 

mined by Dr. Lister in 16724 He obtained from it a  acris. 
milky juice with taste hotter than pepper, not discoloured 
by exposure . to the air, nor by the blade of a knife. It 
speedily coagulated when kept in a glass vessel ; but did 
not lose its hot taste. Trommsdorf made some experiments 
on it, and extracted from it a peculiar acrid matter and 
vegetable albumen. When distilled it yielded a consider- 
able quantity of carbonate of ammonia.§ Braconnot sub- 
jected it to an elaborate analysis, and extracted from it 
'the following, substances : 

Water. 
Fungin. 
Vegetable albumen. 
Gelatin. 
Much adipocire. 
Acetate of potash. 
Sugar of mushrooms. 

41  Ann. de Chim. lxxxv. 7. 	t Ibid. lxxix. 276. 
Phil. Trans. vii. 5116. 	Ann. de China. xaii. 220. 

v2 
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Book IV. 

Stypticus, 

PARTS OP PLANTS. 

Phosphate of potash. 
A peculiar vegetable acid united to potash. 
An oily matter. 
A very acrid and fugaceous matter. 
Muriate of potash.* 

4. Agraricus stypticus.—Twenty parts of this agaric ana- 
lysed by Braconnot, yielded 

Tungin 	 .. 	16'7 
Resin ..   1.8 Adipocire. 
Unknown gelatinous substance .. 
Combustible acid united to potash. 	1'5 
A fugaceous acrid principle .... 

20'0 t 

	

Bulbosus, 	5. Agaricus bulboius.—Vauquelin subjected this agaric 
to some experiments, and extracted from, it the following 
substances. 

An animal matter insoluble in alcohol. 
Osmazome. 
A fatty soft matter, of a yellow colour and acrid taste. 
An acid salt, which is not a phosphate. 
The sceleton of the agaric when distilled yielded an acid.$ 

Theogalus, 6. Agaricus thcogalus.—Vauquelih extracted from this 
agaric, 

Sugar of mushrooms. 
A fatty matter of a bitter and acrid taste. 
An animal matter insoluble in. alcohol.. 
Osmazome. 
A. salt with a vegetable acid. § 

Muscarius. 7. Agaricus inuscarius.—This agaric was. examined. :by 
Vauquelin, who extracted from it 

The two animal matters contained in the last agaric. 
A fatty matter. 
Muriate, phosphate, and sulphate of potash. 
The sceleton both of this and the preceding -specie's 

yielded an acid when distilled. II . 

	

Boletus ju. 	8. Boletus juglandis.,Braconnot subjected), this • ..boletuq 
glandis, 

4k. Ann. de Claim. lxxix. 285: ; 	f Ibid:  htxxvii; 260. 
1bid. lxxxv,, 23. 	§ Ibid. p. 244 	. „o 'bid, 1- 
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to an elaborate and ingenious analysis.. He found •126O Chap. 
parts of it composed of the following constituents, 

Water 	  1118'3 
Fungin 	  95.68  
Animal matter insoluble in alcohol 	 18 
Osmazome 	  12 
Vegetable albumen 	'7.2 
Fungate of potash  	6 
Adipocire     .. 	P2  
An oily matter  	P12 
Sugar of mushrooms  	0•5 
Phosphate of potash 	  Trace  

1260.0* 
9. Boletus visciclus.—Braconnot found this boletus corn- viscidus, 

posed almost entirely of an animal mucus, which acquires 
cohesion when heated, and becomes in part insoluble in 
water. t 

10. Boletus pseudo-igniarius.— A large boletus of this Pseudo•ig-
species was subjected to an elaborate analysis by Brecon- narius, 

not, who extracted from it the following substances : 
Water. 
Fungin. 
A sweet-tasted mucilaginous matter. 
Boletate of potash. 
A yellow fatty matter. 
Vegetable albumen. 
Phosphate of potash in small quantity. 
Acetate of potash. 
Fungic acid in a state of combination. 
11.. Boletu.3 laricis.—This plant, in a dr/ state, is used on Lricis, 

the continent as a medicine; and sold under the name of 
agaric. It has been examined by Bouillon La Grange. § 

It is in pieces, which are white, light, and friable. The 
outer skin is leathery and dark-coloured. Its taste is at 
first sweetish, but it leaves a bitter and acrid impression in 
the mouth. When steeped in water, it communicates a 
yellowish cOlour and a sweetish taste to the liquid. The 

• Ann. de Chile. lxxxvii. 237. 
t Ibid. lxxx. 272. 

6 

i• Ibid. lxxix. 302, 
§ Ibid. li. 76. 
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Book Ir. infusion' reddens vegetable blues; and holds in •solution 
sulphate of potash, sulphate of lime, and muriate of potash. 

When this substance is boiled in water, the liquidacquires 
a gelatinous form as it 'cools. Evaporated to dryness, and 
treated with lime, the odour, of ammonia becomes percepti-
ble. Alcohol, boiled upon the boletus, acquires a red co-
lour; and when mixed with water, lets fall &copious preci-
pitate, which exhibits the properties of a resin. This. resin 
has a yellow colour, is brittle, semitransparent,. and. has a 
sour and bitter taste. When treated.with lime, and the so-
lution afterwards decomposed with muriatic acid, Ja.quantity 
of benzoic acid is obtained from it. FrOm these,  experi-
ments it is evident that this substance contains resin, ben-
zoic acid, different salts, some extractive, and some animal 
matter, to which the gelatinous form of the decoction must 
be ascribed. 

Sulphuric acid dissolves and rapidly chats the .boletus. 
Nitric acid' acts with energy ; nitrous gas is disengaged, and 
the boletus becomes brown. By continuing the action of 
the acid, crystals of oxalic acid are obtained; malic acid is 
likewise formed, together with some resin, and a substance 
which approaches the nature of wax in its propertiep. The 
fixed alkalies give it a red colour, render it gelatinous, and .• 
a great quantity of ammonia is disengaged.,* 

Boletus ig- 	12. Boletus igniarius.—This boletus is not uncommon in 
niarills* t this country on the trunks of trees. A variety :of it is used 

in Germany and some other countries as tinder It is pre-
pared for this purpose by boiling it in, a solution of saltpetre, 
beating it till it becomes sufficiently soft, and then' boiling 
it a second time in the same solution. In 1750 it was re-

. commended by Brossard, a French surgeon, as an' excellent 
styptic; and various trials were made with it, -both in. 
France and Britain. It has been subjected to a chemical 
examination by Bouillon La Grange.t 

When boiled in water the liquid acquires a deep brown 
-colour and a slightly astringent taste. It holds.in-solutiOn 
sulphate of lime and niiirrate of potash. When-evapdrated 
to dryness, it leaves a brown-coloured extract,- which•at-
tracts moisture from the atmosphere. This substance, when 

* Bouillon la Grange, Ann. de Chim. 1i..76. 
+ Ann. de Chim. by. 92. 
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incinerated, left d white ash, containing a considerable por- Chap. II. 
tion of potash; and when dissolved in water, exhibited, by 
reagents, the presence of lime, and of muriatic and sulphu-
ric acids. The residual portion of the boletus, being cal-
cined, was found to contain phosphates of lime and mag-
nesia, and some iron. 

Alcohol has scarcely any action on this boletus ; but 
when assisted by heat, it dissolves a small portion of resin. 
Nitric acid dissolves it readily ; malic and oxalic acids are 
formed, and probably also a portion of bitter principle, 
while carbonic acid and nitrous gas are disengaged. Alka-
line leys dissolve it with difficulty ; forming, however, a• 
soapy liquid, and separating a small portion of ammonia. 
From these experiments, we learn that this boletus differs 
in many respects from the preceding. It contains much 
less resin, and a much smaller proportion of 'animal mat-
ter, 'and yields no traces of benzoic acid. * 

.13. Hydnum repandum.—This hydnum is not uncom- liydnum 
mon in the. woods. It has a yellow colour. Braconnot rcpandunt.  
subjected it to analysis, and extracted from it the following 

'substances: 
Water. 
rungin. • Gelatin in small quantity. 
Sugar of mushrooms iii considerable quantity. 
Much acetate of potash. • 
Fungate.  of potash. 
A little phosphate of potash. 
• Another vegetable alkali -united to potash. 
An oil. 
Adipocire. 
A very fugaceous acrid matter. 
MUriate of potash.t 

• 14. -Hydnum hibridum.—This hydnum has a blackish- Hibridunt. 
brown colour, has not an acrid, taste, and when distilled 
yields no ammonia, but leaves a very alcaline ash. Its con-
stituents according to Braconnot are 

'I Bouillon La Grange, Ann. de Chirn. liv. 92, 
t Ann. de Chim. botix. 291. 
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Water. 
Fungin 
gelatin. 
Sugar of mushrooms. 
Vegetable albumen. 
Acetate of potash. 

T'hosphate of potash. 
Fungate of potash. 

ipoci re. 
A. brown oil. 
A colouring matter. 
Muriate of potash.* 

Book IV. 

Merulius 
cantharel- 
lus. 

15. Merulius or a garicus cantharcllus.-7This sub.stanctbas 
a yellow colour and an agreeable odour. When taken into 
the mouth its taste is at first acrid ; but soon becomes ex-
ceedingly agreeable. It is very much used as an article .of 
food. According to the analysis of Braconnot its  con- 
stituents are 

Water, 
Fungin. 
Gelatin. 
A considerable proportion of sugar of mushrooms. 
Acetate of potash. 
Phosphate of potash. 
rog4tP of potash. 
Oil, 
Adipocire. 
An acrid matter destroyed by heat. 
An uncombined acid similar to the acetic. f, 

Phallus im- 16. Phallwivuclicus.—This fungus, well known in con-
pudicus.

1 sequence of the intolerable odour which• it exhales, was 
found by Braconnot to contain the following constituents : 

Water. 
Fuzigifi, 'much animalized. 
Albumen. 
Animal. matter. 
Mucus. 
Superacetate of potash. 

little soperacetatcf pf Amrpozda. 
Adipocire. 
At; oily matter. 
Sugar of mushrooms, 
A little phosphate of potash. 
A.combustible acid united to potash.t 

r Ann. de Chim. lxxix. 297. 	f Ibid. p. Soo. 	4 It'id.14xx, 294, 
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17. Peziza nigra or lycoperdon truncatum.—This fungus Chap. II. 

is common upon the bark of oaks soon after they have `....,-v—.1  
been.cut down. Its surface has a black colour, while the Pg

ez
m

iza ii-
fleshy part is gelatinous, semitransparent, and elastic. Four 
hundred parts of it analysed by Braconnot yielded the 
following constituents: 

Water • 	 5769 
Cerasin . 	  t 	 18.4 
Gam 	 , '8.6 1 
Fungic acid chiefly tree.... ,  	8.0 
Sugar of mushroom's 	  0.1 
Matter soluble in alcohol very little animalized 0'4 

.Fatty matter, rendered purple by potash 	 k 	1 
Potash and lime 	  Trace 

407'2° 
18. Zycoperdon tuber, or tuber ciborium; truffles.-7This Truffles: 

is a globular fungus found four or five inches under ground, 
in woody places, and is considered as one of the best of 
the eatable mushrooms. Bouillon La Grange has subjected 
it to a chemical analysis.t It was attempted nearly in the 
Arnarmer formerly described for ascertaining the constituents 
of the different species of corn. 

It was grated down small, and then washed with water 
upon a searce, till the liquid ceased to carry off any thing. 
A blackish fibrous matter remained upon the searce. The 
liquid let fall a brown coloured matter when left at rest. 
The liquid produced no effect upon vegetable blues. The 
brown deposite does not resemble starch In its pOperties. 
Water produces but little effect upon truffles. Warm 
water, however, dissolves a, portion, which possesses the 
characters of albumen. 

When the plant was treated Ivith nitric acid, a solution 
was accomplished ; nitrous gas, carbonic acid, and azotie 
gas were disengaged ; and the solution,. by 'distillation, 
yielded a liquor containing prussic, acid. The residual 
liquid yielded bitter principle, an oily .matter, and small 
crystals, which Bouillon La Grange considered as a corn- , 

• .itaa. de Chita. htiavii. 2537 	t Ibid. xlvi.,197!  
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rook iv. bination of oxalic acid and bitter principle. He suspected 
also the presence-of malic acid. 

Alcohol dissolves- a small portion of brownish bitter 
matter, -which acquires the properties of resin by exposure 
to the atmosphere. 

When truffles are left in the state of a paste with water, 
they acquire the smell of cheese. When mixed with sugar 
and water they undergo fermentation, carbonic acid is dis-
engaged, and aleOhol formed. 

When 'distilled, truffles yield an acid liquid, a black oil, 
carbonate of ammonia, carbonic acid, and carbureted hy-
drogen. The charcoal contains magnesia, phosphate of 
lime, iron, and silica.* 

Several experiments have been likewise made upon this 
plant by Robert and Antoine, which confirm those of 
Bouillon La Grange. 

Mucor sep- 19. Reticularia portensis, or mucor septicus.—This singular 
ticus. vegetable substance appears upon the leaves of ivy and 

beech, but it is most common upon tan in hot houses. It 
has no certain size or figure, but has a fine yellow colour 
arid at first resembles cream beat up to froth. In 24 hours 
it acquires a thin filmy coat, becomes dry and full of a 
sooty powder adhering to downy threads. According to 
the analysis of Braconnot its constituents arc, 

Fungin,very much divided. 
A notable quantity of carbonate of limes 
Albumen. 
An animal matter. 
A yellow fatty matter. 
Acetate.of potash.t 

Tremelta 	20. Tremella nosloc.—I place this singular vegetable 
 stance here on account of its resemblance to the preceding 

species. It has more similarity to an animal than a ve-
getable body. Some naturalists indeed are of opinion that 
it is the spawn of the frog or of some similar animal. ,Bra-
connot subjected it to analysis and extracted from gooyaFts 
of it the following ingredients: 

* Bouillon La Grange, Ann. de Chirp, xlvi. 197., 
+ Ann. de Chirn. lxxx. 283. 
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. 	Water. 	.. 	  385.0 	Chap. It. 
Cerasin 	  IS'S 	'---v—i 
Mucus, having a spermatic smell  	1.2 
Fat .: . „ .. 	 
Phosphate of lime . •  Carbonate of lime .. in small quantity. Muriate of potash .. 
Sulphate of potash .. 

' Potash 	  
0.11.•/••••••••••• 

• 200.0*  

SECT. XIV. 

OF FUCI. 

Ric' are well known plants that vegetate in the sea, and History. 
by the combustion of which the impure alkaline body called 
'Kelp is obtained. Great quantities of fuci are burnt for ;
this manufacture on the coasts of Scotland and Ireland. 
The same.  substance is made on the coast of Normandy, 

-arid is known in France by the name of varec. Some of 
these fuci were examined in 1777 by Macquer and Poulle-
tier de la Salk, chiefly in order to determine the different 
saline substances which they contain, and the result of their 
experiments was published by Macquer in the second edi-
tion of his dictionary.f But chemical analysis had at that 
time made too little progress to enable these gentlemen to 
determine with accuracy the nature of the different salts 
which they had to examine and separate. Besides, they did. 
not distinguish between the different species•of fuci; but 
subjected them indiscriminately to the destructive agency of 
fire.' 	 • 

After die discovery of iodine in ''kelp the attention of 
'chemists was naturally turned towards- the fucin  by means 
of .  Which kelp is procured. Several of them accordingly 

.Were 'examined in 1814, by Sir 'H. Davy, rho detected 
4 iiices 'of iodine in' their ashes. f In 1815, an' efaborate • 
analysis of six different species of filet's was published by 

Ann. de Chim. lxxxvii. 265. 	+ Under the article Varec. 
Phil. Trans. 1814, p. 505. 
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M. Gaultier de Claubry.* During the same. year Dr. John, 
actuated by the same motive, a desire to determinelvhether 
iodine could be detected in fuci, made a set of experiments 
on the fucus vesiculosus, which he likewise .published4 
Vauquelin had previously made some observations on the 
saccharine matter contained in different fuci, and had 
shown that it possessed the characters of manna, and this 
was fully confirmed by the subsequent experiments of M. 
Gaultier de Claubry. I shall in this Section give the con-
stituents of the different species of fucus hitherto subjected 
to analysis. 

1. Fucus saccharinus.—This which is very common on 
our coasts consists of a single linear eliptic leaf, without 
any midrib. It has a tawny-green colour, and when full 
grown is about 5 feet long and 3 inches wide. But it varies 
prodigiously in size. Gaultier de Claubry analysed this 
fucus by treating it first with water, then with alcohol. He 

and potash. Finally, he subjected it to combustion and 
examined it also by means of sulphuric acid, nitric acid, 

analysed the ashes which remained 'behind. The constitu- 
tion of it was found very complicated, as no fewer than 
21 ingredients were extracted from it. The following were 
the substances: 

Muriate of magnesia. A saccharine matter. Manna. 
Mucilage in considerable Hyposulphite of soda.$ 

quantity. 	 Carbonate of potash4 
Vegetable albumen. 	Carbonate of soda. 

Hydriodate of potash: Green colouring matter. • 
Oxalate of potash. 	Silica. 

Subphosphate of lime. Malate of potash. 	
Subphosphate of magnesia. Sulphate of potash. 	
Oxide of iron probably united Sulphate of soda. 	

with phosphoric 'Ibid. Sulphate of magnesia. 	
Oxalate of lime.§ Muriate of potash. 

Muriate of soda. 
2. Fucus digitatus.—This fucus is olive-coloured : it con- Digitatus, 

* Ann. de Chim, xciii. 75 and 113. 	f Schweigger's Jour: xiii. 464. 
/ I am not acquainted with this salt, nor do I know any'method.by 

which it could be formed. Probably the salt oPtained by M. Gaultier 
de Clfiubry was sulphite of soda. 

§ Arm. de Chim. xciii. 83. 

SOO 

Book IV. 

Fucus sac- 
charinus, 
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sists of a cylindrical stem sometimes as thick as a walking Chap. II. 
stick and about two feet long. The summit of the stalk ."--se"d  
suddenly dilates into a plain broad leaf, sometimes about a 
foot in breadth and a foot and a half in length, and divided 
almost to the base into sword-shaped, ribless segments, from 
four to about twelve in number. It is much employed in 
Scotland as a manure for the land. It was subjected to 
analysis by Gaultier de Claubry, who found in it the same 
constituents, as in the preceding species, but in different pro-
portions. The quantity of hydriodate of potash which it 
contained was much smaller.* 

3. Fucu vesiculom—This very common fucus consists Vesiculo- 
of a dichotomous leaf, t'he edges of which are entire, and sus  
in the disc of which near the edges are immersed a number 
of air bladders about the size of a hazel nut, the use of which 
seems: to be to cause' the leaf to float in the water. From 
the analysis of Gaultier de Claubry, it appears to contain 
nearly the same constitnents as the preceding species. 'He 
did note obtain the mucilaginous matter which the' fucus 
saccharin us yields in such .abundanee. It 'contains less 
malic acid and less iodine than the fucus saccharinus, but 
its other constituents are the same.t John from 100 parts 
of this fucus in a dry state obtained the following con- 
stituents : 
A brownish-red slimy matter 	  
Flesh-red extract with some sulphate and muriate 	4 

of soda 	  
A peculiar, acid' 	 
Resinous fat 	  1 0 • 21  

Sulphate of soda with some common salt 	 3'13 
Sulphate of lime with much sulphate of magnesia 

and, some phosphate of lime    12.87 
Trace ,of oxides of iron and manganese 	 
Membranous matter or albumen of fuci 	 78 
Silica ? 	  

II•minmmem••••••••••• 

100.001 
4. E4ezis„$.erratus..7—This fucus like the- preceding is a Senatus, 

4ichotomoys leaf; but its edges are serrated, and it wants 

• Ann. de Chim. xciii. 113. 
X Sehweiggei's• Jour. xiii. 464. 
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Book IV. the'air bladders which characterize the vesiculoSus. When. 
-.r 	analysed by,  Gaultier de Claubry, it yielded abundance of 

mucilage and albumen. Alcohol separated from it a bitter 
substance of a brownish-red colour; likewise a green Metter 
which precipitated when the alcohol was cooling, and which 
had a bitter and disagreeable taste. The salts are the same 
as in the preceding species ; but it contains more iodine 
than fucus digitatus or vesiculosus ; it 'contains likewiseia 
greater quantity of carbonate of soda.44 

Siliquosus, 5. Focus siliquosus.—This fucus consists. of a waved 
coriaceous stalk, about four feet long, greatly branched, 
dark-olive when fresh but quite black when dry. The 
fructifications have the appearance of little flat pods. ,When 
examined by Gaultier de Claubry he obtained abundance. 
of albumen, mucilage having a brownish-red colour, a 
very bitter substance soluble in alcohol, la substance of a 
greenish-brown colour, soluble in hot but 'insoluble in cold 
alcohol; the same salts as in the preceding species; but 
very little iodine, When dried it becomes covered with a 
notable quantity 'of manna sugar. 	 . 	J 

)'dun. 

	

	6. Rats Atm.—This consists of a cylindrical thread 
from the size of a fiddle string to that of a whip cord, and 
often twelve feet long. Its colour is olive-green. When 
dry it becomes nearly black ; but by exposure • to. the lair 
it acquires a yellowish or nearly white colour. When ex-,  
amined by Gaultier de Claubry, he found in it scarcely ant 
sensible quantity of albumen, a good deal of mucilage.; a 
very little green matter soluble in hot alcohol, and precipi-: 
wing as the liquid cools: The same salts as in the proud, 
ing species ; but very little iodine. 

SECT. XV. 

OP THE DISEASES OF PLANTS. 

HAVING now given such an account of the parts of plants 
as the present. imperfect state of the vegetable chemistry 
permitted, it remains for us to point out the new substances 

* Ann. de Chim. xciii. 119. 	t Ibid.  p.121. 	1Ibid. p.123. 
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generated in plants by. disease, and to describe the proper- Chap. II. 
ties of these substances. But though the diseases of plants c—Ne---)  
are numerous and well marked, and though the effects 
which,they produce on those vegetables which are employed 
as articles of .food are often severely felt, yet little progress 
has been made, either in ascertaining the nature of these 
diseases, or the method of preventing or removing them. 
The following are the only observations, strictly chemical, 
which can be at present offered : 

1. Old trees are frequently affected with a kind of ulcer, ulcers. 
the chief seat of which is under the bark. There the juices 
undergo a change, and acquire a certain acridity, which 
enables tbein to corrode and destroy the solid parts of the 
plant. We are indebted to Vauquelin for an examination 
of the sanies or morbid liquid which flows from the ulcer 
in these cases. He collected the matter which he examined 
from the elm, which is particularly subject to this disease.* 

This liquor is sometimes nearly transparent like water, 
and having an acrid and saline taste; sometimes it is slightly 
coloured, sometimes blackish or brown. It deposits upon 
'the side& of the ulcer a.soft matter, which is insoluble in 
water., L The bark over 'which the transparent sanies passes 
becoMes white „like chalk, acquires an alkaline taste, and 
effervesces powerfully with acids. It becomes friable, loses 
its,fibrous texture, and exhibits the appearance of crystals. 
By means of a glass small rhomboids and four-sided prisms 
can be distinguished in it. When the liquid is dark-
coloured, the bark assumes a black appearance, and looks 
as if covered with, a coat of varnish. This black matter is 
sometimes in such quantity that it assumes the appearance 
of stalactites. It is soluble in water, has an alkaline taste, 
effervesces witl4 acids. 

The white matter which was deposited on the bark of 
the elm round the ulcer, was found composed of 

Vegetable matter' 	 60'5 
Carbonate of potash 	 34'2 
Carbonate of lime 	 5•0 

• Carbonate of magnesia 	 0.3 

100.0 

• Anel  de chim.xxi. 39. 
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Book IV. ' The black shining.matter consisted of carbonate of potash', 
`---Nr---" and a peculiar substance which was obviously ulmin. 

The destructive tendency of such ulcers in trees is suffi-
ciently obvious. • Vauquelin has shown, that to produce 
the quantity of white matter which surrounded the ulcer 
of the elm, and on which he made hiaexperiments, 500 lbs, 
weight of the wood of the tree must have been destroyed.*' 

Blight in 	2. The blight is a disease which attacks the different spe+ 
wheat, cies of corn, especially wheat, and in some seasons nearly 

destroys the crop. It begins first upon the leaves and 
stem, and at last, attacking the seed, destroys a consider-
able part, or even the whole of it,. leaving a black matter 
in its place. Botanists have shown, that this black matter 
is a species of small fungus, which draws its nourishment 
from the wheat.t The wheat thus loaded with the black 
fungus has been lately examined by Fourcroy and Vau-
quelin, in order to ascertain how far the experiments of 
former chemists were precise. The result of their exami-
nation has been published in the sixth volume of the An-
Dales de Museum d'Histoire Naturelle4 

When the wheat' was macerated with alcohol, it gave. out 
a portion of acrid oil, of the consistence of butter, of a deep 
green. colour. Water in which it was steeped acquired 
acidity, and when saturated with potash let fall an animal 
matter, mixed with phosphate of ammonia-and-magnesia, 
and held phosphate of potash in solution: of course, the 
acid which it contained was the phosphoric.- It still re-
tained in solution a matter similar to gluten of wheat al-
lowed to run into putrifaction. The residue, distilled, 
yielded. water, holding in solution acetic acid, and acetate, 
of ammonia, a brown oil, and a quantity of charcoal,. 
amounting to nearly +th of the original weight. The 
suit of the experiments was, that blighted wheat contained 
an acrid oil, putrid gluten, charcoal, phosphoric acid, phos- , 
phate of magnesia and ammonia, and phosphate of limed 
but no traces of starch could be detected. , 

In barley. 	8. Barley is subject to a similar disease with wheat, and, 
doubtless, from the same' cause. Einhof has §ubjected , 

* Ann. de Chim. xxi. 39. 
+ See an account of this fungus, with figures of it, and ingenious con- 

jectures respecting its propagation, by Sir Joseph Banks. Nicholson's 
'Jour. x. 225. 	 / No, xxxv, p. 332. 
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this Olin, damaged by the rubige; or.bliglit, to.  Ei chemical Chap. 
eicaiiiiiiation. 	The result of hiS trialS coincides pretty -̀--Ne--" 
nearly with the OtperirsehtS of. Fourcroy and Vauquelin 	. 
on blighted wheat. He could detect iib starch in it. The 
infusion of k in water reddened vegetable blues;. and con-
Wiled an acid, which appeared to be the phosphoric. 
There was present a peCuliar animal matter,. differing in its . 
proPertig atm any of then principleS of barley, and a quan-
tity of charcoal.. 

CHAP. III. 

OF VEGETATION. 

WE have now seen the different Substances which are 
COritained itrplantS, and Of whiCh theY are con posed ; but 
we•have still to eititnine The nianner in which these sub-
statices are prodifcedi dnd tb erideavour tiitraee the different. 
processes which constitute vC etatioh. tut 	ust waini 
the reader riot Id di:Peet coMpiete inforniatiOn in this chap-
ter. The Nsionciers.of the vegetable kingdom are still but 
irery itriperrebtly .ekploied ; roan y of the organs of plaritt are 
-tot. Minute: for our senses; inid Scarcely a 'Single process 
can 	editiVieiely traced. 

The .multiplicity of 4erattolis' &ritiiiriaW going on iri 
l'ryketablei l  at.  the *aim' tune, and the variety of different, 
and even bpilosite 'Siihstancei; fOrin'ed 'ohe of the same in-
gredients, arid almost at the same place, astonish and 'con- 
fo\Ad us. ' The order; too, and the 	'with which every 
ihirie is ebnductea; are no less surprising. No two opera.: 
tioris 	; there is .no 'discord, noirregularity, no dis-* 
turbtince ; 'every &Sadist gained; 'aud'every thing is ready 
for its intended puriiose-, Thi§'is too wonderful 'to escape our 
observation, and.of , too-  nutai importance not to claim our 

. attention. Many phiI6sOpliel'il, 'accordingly, distinguished 
equally by their indatry 	sagacity, have dedicated 
great.. part of theft lives to' the study of vegeotiah: But 
hitherto their success haS not t)ea equal to their exertions'.. 
No person •has been able to detect this Agent, always s4. 

Jour. vi. 91. 

VOL. IV. 	 X 
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Book IV. busy, and performing such wonders, or to discover him at 

his work ; nor ,have philosophers been much more fortu-
nate in their attempts to ascertain the instruments which 
he employs in his operations. A great variety, however, 
of curious and interesting facts have been discovered. 
These I shall attempt, in the, following sections to collect 
and arrange., to point out, their dependence on each other, 
and perhaps to deduce such consequences us obviously Fer  
suit from this mutual dependence. 

• Or 	 

SECT. I. 

GERMINATION. 

Plants pro- 1. NATUIL4.1, historians have proved, by a very complete 
duccd from induction of facts, that all plants arise from seeds. The steds. 

pretended exceptions have disappeared, one after another, 
as our knowledge of vegetables increased : and now, there 
remains scarcely a single objection entitled to the smallest 
regard. The late attempt of Girtamier* to revive the 
doctrine ,of equivocal generation, deserves no attention. 
whatever; because his conclusions are absolutely incompa, 
tible with the experiments of Mr. Sennebier upon the very 
substance on which his theory is founded. 

.Seeds corn- A seed consists of three parts; namely, the cotyledons; 
thrce

ed
p
o
a
l
as ; the radicle, and the piumuk, which are usually inclosed in a 

cover. 
viz. Coty- 	If we take a garden bean, we may perceive each of these lcdon, 

three parts with great ease; for this seed is of so large a: 
size, that !all its organs are exceedingly 	When 
we strip off the external coats of the bean, 	a 	• 
which are two, and of different degrees of A% 	to  

thickness in different parts, we find that 	J ip easily divides, into -two lobes, . pretty  
nearly of the saute size and figure. Each of 
these lobes is called a cotyledon (fig. a.) 
The cotyledons of the bean, then, aro two 
in number, 	 • 

Ann de,Chira,-xxxiv.- 35. 

, 	, : 
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Near that part of the lobes which is contiguous to what Chap. III. 
is called the eye of the bean, there is a small round white """‘"---1  
body (b), which comes out between the two lobes: This Radicle, 
body is called the radicle. 

Attached to the radicle there is another small round body I'lumula. 
-(e),' which lies between the cotyledons, and wholly within 
them,, so that it cannot be seen till they are'separated from 
each other. This body is called thep/unzukt. 

The appearance and shape of. these three parts differ 
very much in different seeds, but there is no seed which 
wants them. The figure and size of the seed depend chiefly 
upon the cotyledons. This is evidently the case with the 
bean, and it is so with all other seeds. The number of 
cotyledons is different in different seeds. Some seeds have 
only one cotyledon, as the seeds of wheat, oats, barley, and 
the whole tribe of grasses; some have three; others six, as 
the seeds of the garden cress; but most seeds, like the bean, 
have two cotyledons. 

2. When a seed is placed in a situation favourable to Germina- 
vegetation, it very soon changes its appearance. 4  The tadi. son 
de is converted into a root, and sinks. into the earth, the 
plumula on the other hand, rises above the earth, and be• 
comes the trunk or stems When these changei take place, 
the seed is said ,to germinate : the process itself has been 
called germination. Seeds do not germinate equally and 
indifferently in all places and seasons. Germination, there-
fore, is a process which does not depend upon- the seed 
alone: something external must also affect it. 

3. It is a well known fact, that seeds will not germinate Requires 
unless moisture have access to them; for seeds, if they are moisture, 
kept perfectly dry, never vegetate at all, ,and' yet their 
power of :vegetating is not destroyed. Water, then, is es-
sential to germination. Too inuch*ater, however, is' no 
,les4 prejudicial to most seeds than none at all. The seeds 
of water plants, indeed, germinate and vegetate extremely 
well. in water; but most other seeds, if they are kept in 
Water beyond a certain time, are rotted and destroyed alto-
gether. 

4. ̀ It is well . known also, that seeds will not germinatel Heat, 
even though supplied with water, provided the temperature 
be below a certain degree. No seed, for instance, on which 
the experiment has been tried,. can be made to vegetate at. 

x 2 
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Book iv. or below thefreezing point: yet this degree df cold does 
not injure the vegetating power of seeds; for many seeds 
will vegetate as. well as ever after having been frozen, or 
after having been kept in frozen water. We may conclude, 
then, that a certain degree of heat is necessary for the ger-
mination of seeds: and, every species of plant seems to have 
a degree peculiar to. itself, at which its seeds begin. to ger-
minate;. for every seed has a •peculiar season at which it 
begins,  to germinate, and ,this season varies with the tempe-
rature of the air, MrJ Adanson found that seeds, when 
sown ate the same. time' n France and if) Senegal, always 
appeared sooner above ground in the latter country, where 
the climate is hotter. than in France.* 

And oxy. 	5. Seeds, although supplied with molstute and placed in 
gen gas. a proper temperature, will not germinate, provided atmos,  

pherical air be completely excluded from them,. ,Mr. Ray 
found that grains of lettuce did not germinate in the vacuum 
of an air-pump, but they began to grow as .sooh as Hair was 
admitted to theuk.t Homberg made a number of experi-
ments on the same subject, which were, published in the 
Memoirs of the French Academy for the year 1693.,  He 
found, that the greater number of seeds which he tried re,  
fused, to vegetate in the vacuum of an air-pump:. Some, 
however, did germinate but Boyle, Muschenbroek, and 
Boerhaave, who made experiments on the same subject,  in 
succession, proved beyond a doubt that no plant Vegetates 
in, the vacuum' of an air-pump; and that. in those trios in 
which. Homberg's seeds germinated, the vacuum was.  far 
from perfect, a quantity of air still remaining in the receiver. 
It follows, therefore,. that no seed, will gerriiinate tffiless 
atmospherical airy or some air having. the same properties, 
have access• to it. It is for this reason that, seeds will riot 
germinate at a certain, depth. below, the surface of the earth. 

Mr. Scheele found that beans would not germinate! ex-
cept oxygen :gas were present : Mr. Adiard lifterwards 
proved, that oxygen gas is absolutely necessary for the ger-
mination/ of all seeds, and that no seed will gettninate iii 
azotic gas, or' hydrpgen gas, or carbonic acid gas, Unless 
these gases contain a mixture of oxygen' gas. 'These expe- 
riments have been cbtfirnied by Mr. adugh;- 	Cridtk- 

• Encyc. Method, Phpiel. Veget. 12+. 	t Phil. Tian. Nd. iii i. 
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ehanlc, and many other philosophers.* It follows, there- Chap.III. 
fore, that it is not the whole atmospheric air, but merely ‘""'Y 1  
,the oxygen, gas which it contains, that is necessary for the 
germination of seeds, 

Nay, Mri Humboldt has ascertained that seeds vegetate 
-more rapidly when steeped in chlorine, ior when watered 
with it; and this substance is well known for the facility 
with which it decomposes svater and sets at liberty oxygen. 
It seems even to augment the fvegetative power of seeds. 
At Vienna several seeds which had been long kept, and 
which ,had constantly refused to germinate, grew readily 
.when treated with it.t 

6. Light also has considerable influence on the germina- Impeded 
tion of seeds. Ingenhousz found that seeds always germi- by light 

nate faster in .the dark than when exposed to the light. t 
Adis eXperiments were repeated by Mr. Sennebier with 
equal success. § But the Abbe Bertholin, who distinguished 
himself so much by his labours to demonstrate the efect of 
electricity .on vegetation, .objected to the conclusions of 
these philosophers, and affirmed that the difference in the 
germination of seeds in the shade and in the light was 
owing, not to the light. itself, but to the difference in the 
moisture in the! two situations; the moisture evaporating 
roach faster from the. seeds in the light than from those in 
the shades laud he affirmed, that when precautions were 
Inken.•to. keep the seeds equally moist, those in the sun 
germinated sooner than, those in the shaded! But when 
Mr. Sennebier repeated his.former experiments; and em- 
ployed ) every possible precaution to ensure 'equality of 
moisture in both situations, he eonstantly found the seeds 
in. the shade germinate sooner than those in the light.** 
We may conclude, therefore,. that light is injurious to .ger- 
anination ; and hence One reason for covering seeds -with 

Carradori, indeed, bas lately attempted to show that seeds will 
begiii to germinate without 'oxygen. (Ann. de Chim. xiviii. 188.) But 
we learn froth the experiments of Saussure, that the water in which the 
se.edsin,theie cases are steeped, contains in solution as much oxygen as 
4.0 spfricient to'  nable the seeds just tocommeAre germination, but not to 
make any progress (Recherches Chimiques sur la Vegetation, p. 3.) 

, fi  Jour. dePhys. xlvii. 63. 	Experiences sur les Vegetaux, iir 
§ igem. Physieo:Chimiques, iii. 41. 

Jour. de Phys. 1789, December. 
0.nc)C, Atetli: Physiol. Veget. ig6. 
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Hook IV. the soil in which they are to grow. But from -the recent 

'''Ne*-1  experiments a Sanssure, there is reason to believe that 
light 'is only injurious in consequence of the heat which it 
produces; for when the direct rays.of the sun were inter-
tepted, though, light was admitted, the germination of the 
'seeds was not sensibly retarded.* 

7. Thus we have seen that seeds will not germinate unless 
moisture, heat, and oxygen be present. Now, in what man-
nerr dof these/substances- affect the seed? What, are the 
changes which they produce ? 

Phenomena It ,  as observed before',  that all seeds have one on more 
of germina- 

	

tion. 
	cotyledons. These cotyledons , contain a quantity of fari- 
naceous matter, laid up on purpOse to supply the embryo 
plant 	food .as soon as it begins to require. it. This 
food, however, must undergo some previous, preparation, 
before it can be .applied by the plant .to the formation or 
NoMpletion 'of its organs. It is probable that all the phe-
nomena of germination, 'which we can perceive, consist in 
the chemical changes which are produced in that food, and 
the..consequent developercent of the organs of the plant.,  

-,When a seed. is placed in favourable circumstances, it 
gradually ,imbibes Moisture,. and very soon after- emits - a 
quantityrof carbonic, acid gas, even though no oxygen .gas 
be:present.t lino oxygen gas be present', the process stops 
here, and no, germination,takei place; , ,but if oxygen gas be 
present,' a portion, of it is converted-into carbonic acid gas 
From-the experiments, of Saussure, it, appears, that if seeds 
bfl  legato germinate, in a determinate portion of oxygen gas 
or common. air, ,the bulk,  of that gas -is-, not altered;: the 
carbonic Acid, formed being -equal to; the oxygen which has 
disappeaaed,ii Hence it follows, that the carbonic acid con:. 
tains 	,;it 1,exactly, 'the: whole ,oxygen, consumed.I No 
oxygen itheni ris,absorbed by the•seed ;I or at least,' jf it be 
absorbed,. none of it, is :retained, the whole being thrown 
out in.combination with carbon. The quantity of oxygen 
thus, changed:Ann), ,carbonic .acid, by the germination of 
seeds, is in some measure proportional to the weight of the 
seed; but some seeds require more than Others. In the 

Recherches. Chimiques sur la Vegetation, p. 23. 
fi Cough, Manch. Mem. iv. 315. Cruikshank, Rollo on Diabetes, 

p. 452, 	 # Jour. de Phys. X1ix. 92. 

Carbonic 
acid emit- 

Oxygen of 
the air di-
minished. 
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:experiments of Saussure, wheat and barley, weight for Chap.M. 
weight, consumed less oxygen than peas; while peas eon. 
sumed less than beans and kidney-beans. The oxygen 
consumed by wheat and barley amounts to between , t.r.Anyth 
and' o  th of their weight; whilethat consumed by `beans, 
and kidney-beans, may athount '13.6t11 part of their 
Weight* Similar'experiments were made by Dr. Wood- 
tbuset 	 • 

It doei*not' appear" any water is decompoied during 
the process of germination, at least we have' no evidence 
that it is so.,  I. Neither hydrogen nor oxygen gas' are emitted. 
It would not be surprising if a portion of water, so far 'from 
heliiordeconiPosed, were actually formed by the union of 
itS Constituents previously existing in the grain. When 
Sansstire dried seeds at a certain temperature' before. ger:-
initiation, ail& afterwards brought them to thelsame degree 
of drydesit'after germination, he always found that the loss 
bf Weight wag' greater than lit ought to hintebeen. Thus 
78 'peas; Which together (when dried at 770) Weighed 200 
grainS", when left with five times their weight of water in a 
iressd.)Ifull Of air, and standing overrnereury for two days, 
gerininated; land produced 44 cubic inches of carbonic acid. 
They+ weretaken Out, and dried slowly at the same tempera-
titre; during their drying they changed 4+ cubic inches more 
of oxyg,twin to efulbOnie acid. Now these nine inches of car-
bonic acid ' contain 1,7 grains of carbon. The water in 
which peas had• been. placed while germinating, when eva-
porated Vidryness; 'left 015 grains of mucilaginous matter. 
Thus the peas;, by germinating and drying, ought to have 
lost only 2'45 grains; leaving a residue of 197.55 grains. 
But,  their weight 	only 189.  grains. T.So that they had 
lost eight,grains more than care be accounted fore bythe 
mheilagei taken-up by. the watery and carbonic.-  acid formed. 
We are obliged'to suppose this loss'owing to water. Froin 
Saussure's eneriments, this 'cater .. teems to be formed or 
set at liberty during the drying•of the seeds, for the quantity 

* Recherches, p. 13.. 
+ He tried the seeds of the zea mays, opium petroselinum, lactuca 

sativa, cucurhita citrulla, phaseolus sativus, sisymbrium sativum, rapha. 
nits sativa. They changed oxygen into carbonic acid. Nicholson)* Jour. 

161.. 
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and Sennebiec ascertained by .experiment. immediately Chap. III. 
stops. The food therefore is conveyed from the cotyledons .̀."-Y-1  

N
c

hi
es
ch he- 

a 
 into the radicle; the radicle increases in size, assumes the V 

form of a root, sinks down into the earth, and soon be- root.. 
conies capable of .  extracting the nourishment necessary for 
the future .growth, of the plant. Even at• this period, after 
thefradicle has become a perfect root, the plant, as Setine- 
bier ascertained by experiment, Ceases to vegetate if the 
cotyledons be cut off. They are still, then, absolutely no. 
icessary for the vegetation of the plant. 

'rho cotyledons noi assume the appearance of leaves', Seminal 
and appear above the ground, forming what are called the leaves. 

seminal leaves of the plant. After this the plunrula gra- 
dually increases in site, rises, out of the earth, and expands 
itself into , branches and leaves. The seminal leaves, soon 
after , this, decay and,  drop off, and the plant carries on all 
the processes of vegetation without their assistance. 

As it does not appear that there is any communication 
between the cotyledons and the plumula, •it must follow that 
the nourishment passes into the plumula from the radicle; 
and accordingly we see that the plumula does not begin to 
vegetate till the radicle has made some progress. Since the 
plant ceases to vegetate, even after the radicle has been 
converted into a root, if the cotyledons be removed before 
the plumula is developed, it folloWs that the radicle is in- 
sufficient of itself to carry on the processes of vegetation, 
and that the cotyledons still continue to perform a part. , 
Now we have seen already what that part is I they prepare Digest the 
food for the nourishment of the plant. The root, then, is  food sent by 
of itself insufficient for this purpose. When tho cot*. 

the Ma. 

dons assume the form bf seminal leaves, it is evident that 
the nourishment which was originally laid up in' them for 
the support of the embryo plant is exhausted, yet they still 

,continue as necessary as ever. They must therefore re- 
ceive the .nourishment which isimbil3ed by the root; they 
must produce some changes on it, render it suitable for the 

.purposes of vegetation, and then send it back again to be 
transmitted to the plumula. 

After- the .plumula has acquired a certain size, which 
must be at )east a line, if the cotyledons be cut off; the, 
plant, as Mr. Bonnet ascertained by a number of experi- 
Ftents, aftPrwilr4 repeated with equal success by Mr. Sen.. 
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Book iv. nebier, does not cease to vegetate, but it continues always 
"Ne.**1  a mere pigmy : its size, when compared with that of .a.platit 

whose cotyledons are allowed td remain, being only as two 
to seven.!1' 

When the plumula has expanded completely into leaves, 
the cotyledons may be removed without injuring the plant, 
and they very soon decay of themselves: It appears, then, 
that this new office of the cotyledons is afterwards per-
formed by that part of the plant which is above ground.. 

Thus we have .traced the phenomena of germination as 
far as they have been detected. sirhe facts are obvious ; 
but the 	in which they are produced is a profound 
secret. We can neither explain how. the food enters into 
the vessels, how ,it is conveyed to the different parts of 
the plant, how it is deposited in every organ, nor how it 
is employed to increase the size of the old parts;  or to forth 
new parts. These phenomena 'are analogous to nothing in 
mechanics or chemistry, but 'resemble exactly 'the or„aani4 
zation and nourishment of animals. They belong there.,  
fore to that difficult branch of science known by the 'name 
of Physiology4 

;SECT, II. 

Or THE FOOD Or' PLANTS. 

PLANTS, after they have germinated, do not remain Eta., 
tionary, but are continually increasing in .sizep A trea,, 
for instance, every season adds considerably to its former. 
bulk. , The root• sends forth new shoots, and , the old oneg 
become larger ,and, thicker. The-,Sanie ,ineremehrtakes 
place in the branches and.the trunka. ,Whenl.we examine' 
this increase more minutely,' we find that a new,layer of 
wood, or rather Of; alburninn,t .has been added 'to ithetree 

ri 

• Encyc, Method. Thysioi. Veget. 42.,  
+ The wood, ,when we inspect it withi ,atteption, is not), through 'its . 

whole extent, the same; the part of it next the bark is much softer and 
whiter, and pore juicy than the rest, and has for,that reason obtained a 
particularnathe it hae'been Called the alburnum or tidier. The per-
fect' wood is brown&," and harder, and dense': than the alhurnum, any; 
the layers increase in density the nearerdley are to the centre. 
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in every part, and this addition has been made' just under Chap. 
the, bark. We find, too, that a layer of alburnum,  has 
assumed,  the appearance of perfect wood. Besides this- ad-
dition of vegetable fibre, a great number of leaves have 
been produced, and,  the tree puts forth flowers, and'forms 
seeds. 	. 
• It is evident from all this, that a great deal of new matter Plants re-
is continually making its 'appearance in plants. 'Hence, quire food. 
since it would be absurd to suppose that they create new 
matter, it must follow that, they receive it by some channel 
or other. Plants, then, require food as well as animals.: 
Now, what is this food, and whence,  do. they derive it? 
These questions can only be answered by an attentive surf 
vey of the substances which are contained in vegetables, 
and an examination of those substances which are necessary 
for. their vegetation: If we could succeed completely, it 
would throw a great' deal of light -upon the nature of soils 
and of. manures, and ion,  some of the most important 
questions lin aariculture. But we are far indeed at present 
from being able to examine the -subject to the bottom. 

1. In the first place, it is certain that plants will not ve. Water ne- , 
getate without water; for whenever they are deprived of ''essarY• 
it, they wither and die. Hence the well-known use of 
rains and dews, and the artificial watering of ground. 
Water, then, is at least an essential part of the food of 
plants. But many plants, grow in pure water; and there-
fore it may be questioned whether water is not the only 
food of plants.. 'This' opinion was adopted very long 'ago, 
and numerous experiments have been made- in order to des 
rnonstrate. it Indeed it wits .the general opinion of the 
17th,  Century; and' tsome' of the most succeisful i'mprover4 
of the physiology of - plant's, in the 18th eentury,i have em= 
braced,it. The most - zealous .advocates for it were, Van: 
Helmonti Boyle, Bonnet, Duhamel, and Tillet: 

Van HelMont . planted a' willow, which weighed five Supposed 
pounds, in an earthen vessel filled with 200ths of soil pre- tfooheds°01fa  
viously dried in an oven, and moistened With rainwater. plants; 
ThiS, .vessel he sunk into 'the earth, and he watered his 
willow; sometimes with rain, and sometimes with distilled 

d 

in.WWCJI it wpi 
After five years nit weighed.  1¢64.,lhs an the eart1;1  

;planted,, when again, ,driccit,  was found to,  
, 
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Book iv. have lost only two ounces of its original weight,* Her0, 

it has been 'said, was an increase of 1611bs. and yet the 
only food of the willow was pure water; therefore itfollows 
that pure water is sufficient to afford nourishment to plants. 
The insufficiency of this experiment to decide the question 
was first pointed out by Bergman in 17784. He showed, 
from the experiments of Margraff, that thorain water em-
ployed by Van Helmont contained in it as much.  earth as 
could exist in the willow at the end • of five years, For, 
according to the experiments of Margraff, one pound of 
rain water contains one grain of earth./ The growth of 
the willow, therefore, by no means' proves that the earth 
which plants contain has been formed out of water. Be-
sides, as Mr. Kirwan has remarked, § the earthen vessel 
must have often absorbed moisture from the surrounding 
earth, impregnated with whatever substance the earth' con, 
tained ; for unglazed earthen vessels, as 'Hales and Tact 

But with- have shown, readily transmit moisture. 'Hence. it is evi- 
out reason. dent, that no conclusion whatever can be drawn from this 

experiment ; for all the 'substances which 'the willow con-
tained, except water, may have been derived from the rain 
water, the earth in the pot?  and the moisture imbibed from 
the surrounding soil. 

The expeilinents of Dultarnel And Tillet are equally in,. 
'conclusive; so that it is impossible from theft' td decide the 
question, Whether water be the sole'nonriahment of plants 
or not ? But all the attetnpts- hitherto made tolaisVpiants 
from pure water have &fled ; the,  lants Vegetating only for 
a certain' time,' and never perfecting' their Seeds. These 
experiments were made by Hassenfrat4L SauSsure, and 
others, with the same unfavourable result. Duhatnel found' 
that an. oak, which'he had raised by Water fuom an acdrri, 
made less and less progress every year. We see; too;. that 
those bulbous toots, such as' hyacinths, tulips, &c. Which 
are made to grOw in water, unlesai they be planted in the 
earth every other year, refuse at last to flower, and even to 
Vegetate; especially if they produce flew' bulbous toots 

• I 
* Opera Van Ilehnont, p, 105. Cornplexionum atque Mistionum 

Elementaliura FignieRtutn, Sect. 30. 
• + Opusc. v. 92. • ;$ Mi; i.15 and 19. 	Trans. •v, 160.. 
.Ii Veget. Stat. i. 	 .1" Mem. Par. 17794 2.9. 

   
  



FOOD OF PLANTS. 	 7 
minnally, and the• old ones decay. From all these facts chap. ill. 
and experiments, it its reasonable to conclude that water is "---•(--° 
not the solo food of plants.* 

So far, indeed,• is water from being the sole food of plants, A certain 
that in general only a- certain proportion of it is serviceable, pon

ro
ty
po

r
r
e
t
q
l o
u?  

too much being equally prejudicial to them as too little. site. 
Some plants, it is true, grow constantly in' water, and will 
not vegetate in stay other situation ; but the rest are entirely 
destroyed when kept immersed in that fluid beyond a 
certain .tirne. Most plants require a certain degree of mois-
ture in order to vegetate well. This is one reason why 
different soils are required for different plants. Rice, for 
Instance, requires a very wet 	were we to sow it in the 
ground on which wheat grows luxuriously, it would not 
succeed a, and wheat, on the contrary, would rot in the rice 
ground. 

We should, therefore;  in choosing a soil proper for the 
plants which we mean to raise, consider the quantity of 
moisture which is best adapted for them; and choose out 
soil accordingly. Now the dryness or moisture of a- soil 
depends upon.two things; the nature and proportions of the 
earths which compose it, and the quantity of rain which 
falls upon it. Every soil contains at least three earth's, 
silical limey and alumina, and sometimes also magnesia. 
The silica is always in the state of sand. Now soils retain 
moisture longer or shorter according to the proportions or 
these earths. Those which contain the greatest quantity of 
sand. retain it -the 4shortest;  and those which contain the 
greatest quantity of alumina retain it longest. The first is 
a dry, the second a wet soilo Lithe and magnesia are inter- • 
mediate betyteen these two extremes they render a sandy 
soil more retentive of moisture, and diminish the wetness of 
a clayey soil, It is evident, therefore, that by mixing toge-
thee proper proportions of these four earths, WQ may form 
a soil of any degree of dryness and moisture that we please. 

The exparinients of Braconnot, who has endeavoured, to prove that 
water is the sole food of plants, are by no means decisive. See Ann. de 
Chim. lxi. MT. He raised plants on sand and metallic oxides by means 
of water, and found that the plants had all the usual vegetable, earthy, 
and alkaline constituents. But in experiments of that nature it is impos. 
sible to guard against every channel, by means of which these substances 
may have access to plants. 
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Book iv. 	But whatever be the nature of the soil, its moisture must 
depend in r  general. upon the quantity of .rain which falls. 
If no rain at all fall, a soil, however retentive of moisture it 

• be, must, remain dry; and if rain were very frequently fall-
ing, the soil must be open indeed,, if it be not constantly 
wet. The proportion of the, different earths in a soil, there-
fore, must depend upon the quantity of rain which falls., Iii 
s, rainy country, .the, soil ought tot be open ; a dry coun-
try, it ought to be retentive of moisture. In the first, there 
ought to be a, greater proportion,of sand; in the second of 
clay. 

Plants ab- 	2. That air is necessary for the vegetation of plants has 
sorb food been completely proved; and that a considerable portion at from the at- 
mospherc ; least of the carbonaceous matter which they contain is ab-

sorbed from the air, has been rendered probable by the late 
experiments of chemical philosophers.. Three articles 
which furnish nourishment to plants' are supplied by the 
atmosphere; namely, carbonic acid, oxygen, and moisture; 
but it has been,disputed• how hr plants are capable of ab-
sorbing carbonic acid, without the assistance of the soil on 
which they usually vegetate. 
, Mr. Hassenfratz analysed the, bulbous roots of hyacinths,. 

in order to discover ,the quantity tof , watery carbon and hy-
drogen, which they contained; andiby repeating the analr 
sis on a number of bulbs, he discovered how much of these 
inaredieuts was contained. 	given weight of the bulb. 
He analysed, also kidney beans and cress seeds in the. same 
manner.,  Then he made a nnmber of each of these vegetate 
in pure water, taking the precaution • to weigh them before 
hand, in order to ascertain, the precise quantity of carbon. 
which they contained.. The plants being then placed, some 
within doors, and others in the open air, grew and flowered, 
but produced no seed. He afterwards dried them, collecting 
with care till their leaves and every other part which had 
dropped off' during the course of the vegetation. On sub-
mitting each plant to a chemical analysis, he found that the 
quantity of carbon which it contained, was somewhat less 
than the quantity which existed in the bulb or the seed front. 
which .the plant had sprung.* 	 • 

These experiments have been repeated by Saussure with 

* Ann. de Chun. xiii. 188. 
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a very different result. Sprigs of mentha piperita, allowed Chap. III. 
to vegetate for some time in distilled water, nearly doubled c"-Y-1  
the portion of carbon which they originally contained ;* 
but' when the same experiment was repeated in' a place 
where but littler light had access, the Carbon, instead .of 
being increased)  ,was somewhat diminished, as Hassenfratz 
had found. Hence it is probable, that the result obtained 
by Hassenfratz was owing to the want of light. Thus it 
cannot be doubted, that plants, even when they vegetate in 
pure watery are capable of absorbing nourishment from the 
air; but as plants in this situation cannot produce perfect But this not 
seeds, and as they gradually , decay and cease to vegetate)  it sufficient. 
is obvious that water and air alone are not sufficient. 

3. The third, and only remaining source from which 
plants can draw their food, is the soil on which they grow. 
Now this soil. consists of two parts; namely, pure earths, 
which. constitute its basis, and the remains of animals and 
vegetables applied as manure. 

One use of the earthy part of the soil is.to furnish a stip- 
port for , the plants, and to administer the proper quantity 
of water to them ; but as all plants contain earthy and saline 
matters, and as' these substances are constantly present, we 
cannot avoid considering them as in some measure constitut- 
ing an esaential part,of plants. Now there is reason to believe 
that thee pkoportion of earthy and saline matters in plants is,  
considerably influenced by the soil on which they vegetate. 
Saussure made 'beans grow in three different situations. 
The first set wasIsupported by distilled water; the second 
was planted ins sand and supported by rain water; the third 
set was planted ins a pot filled with mould, and-placed in a 
garden: The ashes yielded by these different plants were PropOrtion 

	

to. each other in the following proportionst 	 of earth in 

1. Those fed by distilled water , 
	earth in 

with ies 

2. ThOse fed by rain water 	7.5 	
the soil. 

3. 'Those arowhicr in soil .. 	12.0 , . 
Here' the quantity of fixed matter yielded by the beans 

which 'had vegetated in soil was more than three times 
greater than what was obtained from those,which had been,  
fed solely by distilled water. 

. 	Recherches Chhniques sur la Vegetation, p. 51. 	t Ibid. p. 944 

   
  



The sanie philosopher examined the fishes of various 
plants growing on a granitic and On a calcareous soil.* The 
plants which grey on the granitic soil contained a consider-
able proportion of silica and metallic oxides; those which 
grew in the calcareous, little or none of these bodies, but a 
greater proportion bf calcareous earth thati the granitic 
plants. . Thus the pinus abies, the product of each of these 
soils, yielded the following proportions of fixed bodies : 	, 

Granitic. 	Calcar. 
Potash 	P  s  J 	. 	3'60? 
Alkaline sulphates and muriates 	.4•24 • • • • 15  
Carbonate of lime d . I p 	 V.,41104 46'34 • • . • • • 68 
Carbonate of magnesia . • • • st • • • 6: 6'76 	0 
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Silica • i 1•‘• • • 	 4•••••••IM•r• 13'49 ••••e•• 	.0 
Allarnitia • • • . . • • • d• ••••• •••••• 14.86 	 16 
Metallic oxides I    10'52......0 

99'82 	94t  
Thus it cannot be doubted, that the proportion of earthy 

matter contained in plants is considerably influenced by 
the nature of the soil on which they grow ; but whether 
plants derive the whole of these flied principles from the 
snil, cr whether they are Capable of forMing them to a cer-
tain extent by the unknown powers of vegetation, are qu.es: 
dons not yet finally decided. The experiments of Saussure 
would lead us to believe, .that all the earths found in plants 

Whether are absorbed from the soil ; while, those of Schrader seem 
Plan"ene-  to prove that a pOrtion bf them. is formed by vegetation, rate earth. 	• 

even whent plants are • so situated that they Can derive no 
-fixed principle froin the soil on which they grow. 

:The Berlin, Academy proposed as a P prize question's. To. 
determine the earthy:constituents of the dW'erent ,kinds of corm 

" These soils were.composed of the following 	 , 
CalcIreous. 

Carbonate of lime 	 98'000 
Alutiiinal.117  ; 	 T0.6251 

	

..f...4..u...., 	

Oxide of iron 	 0.6Sk5 ' 

	

99.24 

	Petroleum 	 00.25 
------I-4-  

. 9.00 

99.275 4. I.. 

f Phil. Mag. tiii. 185. •Jour. de Phys. lii. 27. Seethe. table of inci-
nerations. printed- in p.• 194 of this voliy where the result of all the experit .. 
meats of this philosopher is given. 

Granitic. 
.Silica • . • ...• •,„ 	 ,75.25 
',Alumina 	r 	13.23 
Lime . 	 F74 
Iron and manganese. 

f 	- ' 	L. ,. 
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and to ascertain whether these earthy parts arc formed by the Chap. III. 
process of vegetation. The prize was gained by Schrader, 
an apothecary in Berlin, and the result of .his experiments 
was published by the Academy in 1800. He amilysed the 
seeds of wheat, rye, barley, and oats, and ascertained the 
portion of earth which each contains. He analysed in the 
same manner rye-straw.* After having in this manner de- 
termined the proportion of earth which these seeds con- 
tained, he endeavoured to make them grow in some medium 
which could not furnish any earthy ingredient whatever.- 
For a long time his attempts were baffled, every substance 
tried containing less or more of earth, and being therefore 
improper. At last he found that sulphur, in the state of Experi. 
'Bowers, might be used with success, as it. contained no me" °I 
earthy matter whatever, and as the seeds grew in it, and. Schrader. 

sent out their roots perfectly well, when it was properly 
moistened with water. The oxides of antimony and zinc 
were the substances which answered best after sulphur.' 
The seeds, then, were planted in sulphur, placed in a gar- 
den at a distance from all dust, put into a box to which the 

. light and the air had free access, but from which all dust 
and rain were carefully excluded, and they were watered 
with distilled water. The corn raised in this manner was 
found by Schrader to contain more earthy matter than had 
existed in the seeds from which it had grown.t Here, then, 
it would appear was the formation of earthy matter, unless 
we conceive that the air might havecontained a sufficient 
quantity floating in it to furnish all that was found. Since_ 
the publication of his prize dissertation, Schradq has given 
to the public additional experiments on the same subject. . 
in these he notices the trials of Saussure, and the results 
which were obtained from vegetables growing in caleireons 
and granitiO soils; and particularly draws the attention of 
chemists to the fact ascertained by Saussure, that plants ve- 
getating in a calcareous soil, which contained little or no 
silica, were yet found to yit.ild a considerable portion of that 
earth.$ Einhof likewise fo,und in the ashes of a pines syl- 

• The result of these analyses have been given in page 193 of this 
Volume. 

Braconnot's experiments agree ' with those of Schrader, but they 
were not made with the same precautions. See Ann. de China. lei. 1£1. 

Gehien's Jour. iii. 53E1. 
VOL. IV. 
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Book IV. vestris, which had grown in a, soil that yielded no traces of 
Lime, no less than 65 per cent. of that earth. He informs 
us also, that h'e has frequently observed the Men primastri 
.and ciliaris encrusted in the months of August and Septem-
ber with a coat of carbonale of lime, when no lime was to 

.be found in the neighbourhood, and when other plants were 
not encrusted in that manner.* 

Saussure has observed very justly, that the absorption of 
earthy matter does not depend so much upon the earths 
which -constitute the basis of the soil on which they 'grow, 
as Upon the portion of earth held in solution in the liquid 
part of the soil. This observation will explain several of 
the facts above stated, but is by no means sufficient to set 
aside the experiments of Schrader, which go directly to 
prove that earths are formed by the processes of vegetation. , 

Soil con- 	1. Besides earths, plants always contain a portion of saline 
tains salts, :matter. Those that grow at a distance from the sea con-

tain potash, while sea-plants contain soda and common salt. 
Phosphate of lime is a constant ingredient, and phosphate 
-of potash h very common one. Some plants contain pecu-
liar salts. Thus nitrate of soda is usually present in barley,. 

Which act nitrateOfpotash in nettles and the sun-flower, &c. It'ap-
on plants. pears, froth the experiments that 'have been made,.ihat pe-

culiar salts promote the vegetation of peculiar plants. Sea-
plants require common salt, and 'languish in soils where it is 
,not to be found. Borage, nettles, and pellitory, thrive only 
in soils which contain nitrate of lime 'orpotash ; 'gypsum 
promotes the vegetation of lucern and Cloven+ 

Salts then are not inactive; and when properly applied, 
'they promote the growth of vegetables. In theie cases they 
appear to be absorbed by'the plants which they invigorate. 
Duhamel found that sea-plants made little nrogress in soils 
which contain no common salt. Bullion made seeds.of sun-
flower to grow in a sandy soil containing 'no . traceof nitre. 
On examining the plants, no nitrate of potash could be de-
tected in them, but the salt • made its appearance as.usual 

•when the plants were watered`vvith a weak nitrous solution. 
From the experiments of Saussure, we 'learn that plants 

absorb saline 'solutions in fiery different 'proportions, and 
that in general those are absorbed in greatest quantity which 

* Geblea's Jour. iii. 563. 	fi Saussure, Recherches, p. 264. 
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pre most.injurious to vegetation. He dissolved the follow- Chap. M. 
ing substances M water, ,in such proportions, that each So- 
IlltiO1i CiP 

	

	ri-if 	 Plants ab- tained th part of ,its weight of the substance suit) differ_ 
'diSsOliTCL except the last, which contained -Ath pa);t. 

etinotns o 
propor- 

tions 
 Muriate of potash. 	 salts. 

2. Muriate of soda. 
3. Nitiate of lime. 
4.. Sulphate of soda effloresced. 
S. Muriate of ammonia. 
6. Acetate of lime. 
7. Sulphate of copper. 
8. Crystals of sugar. 
9. Gum arabic. 

10. 'Extract of soil. 

Into each of these solutions he put plants of polygon= per, 
sicaria, or. of bidens,ccinnabina, furnished•with their roots. 

The polygonura grew .for five weeks in tbe solutions of 
muriate of potash, nitrate of,lime, muriate of soda, sulphate 
of soda, and. extract of soil; and the roots increased in 
them as usual. It languished in the solution of sal-ammo-
niac, and the roots made no progress. It died .in eight or 
ten days in the solutions of gum and of acetate of lime, and 

.in less than three clays -in tho solution of sulphate of copper. 
When such a number of plants of polygon= were put 

into the solutions as to absorb one half of each in two days, 
the remaining half was found to Jhave lost very different 
proportions_ of the salt which it had originally contained. 
Suppose the portion of salt originally in, solution,to be 100, 
the following 'table exhibits the quantity of each which had « 
disappeared'when-one halt of the liquid was absorbed: 

„ 	• 	• • 
Muriate of potash 	 11.1 
Muriate of soda , . • 	 113.  , 

,Nitrate of lime , 	 
,Sulphate of soda 	 14.4 
Muriate of ammonia ... 	 12 
Acetate pf lime , 	 S 
,Sulphate of copper , 	 47 
Sugar 	 
Gum'

W. 29 
	  9 

xtract of soil 	 5 r 
Y 
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The bidens absorbed pretty much the same proportions, 
but in general did not vegetate so long as the polygonum4 
In these trials, it was the sulphate of copper and the'sugar 
that were absorbed in greatest abundance, and these werft 
the substances which proved most injurious to the ,plant. 
Saussure explains this apparent anomaly by supposing 
that a portion of the roots were soon destroyed,- in these 
liquids, and that then they absorbed the solution indiscri-
minately. 

When various salts were dissolved at once in the same' 
solutions, and plants made to vegetate in them,dt was found 
that different proportions of the salt's were absorbed. The,  
following table exhibits the result of these trials, supposing,  
as before, the original weight of each salt, to. have been 
100. Each solution contains Thth part of its weight of 
each .salt. 	 1 	• 

1 5 Sulphate of soda effloresced 111 
Muriate,of soda ... 	22'0 

2  {Sulha of soa effloresced 	 112 
Mu

p
riate

te 
 of potash 	 t 

{Acetate of lime 	, 	. „ 	 8 3 	Muriate of potash .. 	 33 
Nitrate of lime . • . • 41 • • • 4.5 
Muriate of ammonia. 	 J • 16'5 

,{ Acetate 'of lime 	  31,  
5  , 	Sulphate of topper 	i 	 I  ,31'' 

Nitrate of lime 	 it 17  
6 

	

	 , 	cl, Sulphate of copper .... , ....3fk • 

Sulphate. of soda .. • ._. 4 4 a ii • i SI 
t

'  
7 . 	Mnriate of soda ,  • 	10 . 	. 

4cetatn r pf lime, . ,,..... ,,..... 0,, 
4 ....!.. :...,...; 26,  

iSugar ,.;.. .., 4 • • • i ...  ... . . . r 34 
These experlmentS; succeeded nearly equally: with itilier 

plants, as the mentiza piperiitt and the Scotch fii.'"Whei 
the roots were eui or removed; the plants a'bioibbd tt41110-
tions indiscriminately: On exnit;ining the plants, t4'iaiti!' 
absorbed vreie.  fOun' d in diem unaltered. • t  

4 • Skussure,Itclrerches, Li: fl47ieGt; , 
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, Thus it appears that plants do not absorb saline bodies Chap. III. 

indiscriminately.. Saussure supposes that the difference de- """st---)  
o pends rather upon the degree of liquidity which the solu- 

4on possesses, than upon any discriminating power in 
the root. But if this were the case, it would be difficult to 
explain how so much greater a proportion of water should 
be absorbed than of the salt which it holds in solution. 

Water, then, carbonic acid, and oxygen, and perhaps Manure no- 
also earths and salt's, constitute a part of the food of plants; TesagrrYoZ  
but it is very clear that the whole food is not furnished by of plants. 
these substances. It is well known, that if vegetables be 
successively raised on the same ground, they at last exhaust 
it, or render it sterile; and to prevent this, farmers are 
obliged tev supply their grounds annually with a quantity 
of manure. Without this manure, or some .equivalent, 
plants cannot be made to thrive, or to perfect their seeds. 
Neither water, air, nor earths, nor salts, will prevent them 
from perishing. Giobert mixed together the four earths, 
silica, alumina, lime, and magnesia, in the, proper propor- 
tions to constitute a fertile soil; and after moistening them 
with water, planted, several vegetables in them: but none 
of them grew well till he moistened • his soil with water 
from a dunghill. Lampadius planted different vegetables 
in compartments of his garden; filled each with one of the 
pure earths; and 'watered them with the liquor which exuded 
from a dunghill. They all grew, notwithstanding the diver- 
sity of the soil; and each contained, the usual earthy con- 
stituents of plants, notwithstanding the absence of these 
constituents from the soil. 

It is not tie earths which Constitute a fertile soil, but 
the reMains:Iof animal and vegetable substances, and the 
proportion of these capable of being held in solutiOn by 
water. It appears from the experiments of Mr. Hassen. 
fratz, that substances emplqed as manures produce effects 
in times proportioned to their degree of putrifaction ; those 
substances ,which are most putrid producing the most 
skedy-eiteFts', • ana pt course soonest losing their efficacy. 
1)691g illanu,"ied,, two pieces of the same kind of soil, the 
one with Wu  a inixitire of dung and straw highly putrified, 
the other with the same mixture newly made, and the straw 
almost fresh, he observed;' that (hiring the first year, the' 
plants which grew cm .t4e land manured with the putrified 
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Book nr. clung produced a much better crop than the other : but the 
"—Y—"'' second year (no new dung being added), the ground which 

,had been manured with the unputrified dung produced the 
best crop ; the same thing took place the third year; aft 
which, both seemed to be equally exhausted.* Here it is 
evident that the putrified dung acted soonest, and was 
soonest exhausted. It follows from this, that carbon only 
acts as a manure when in a particular state of combination; 
and this state, whatever it may be, is evidently produced 
by putrifaction. Another experiment of -the same chemist 
renders this truth still more evident. FIe allowed shavings 
of wood to remain for about ten months in a moist place 
till they began to putrify, and then spread them over a 
piece of ground by way of manure. The first two year§ 
this piece of ground produced nothing more than others 
which had not been manured at all; the third year it was 
better, the fourth year it was still better', the fifth year it 
reached its maximum of fertility ; after which it declined 
constantly till. the hint!), when it was quite exhaus‘ted.-f 
Here the effect of the manure evidently depended upon its 
progress in putrifaction. 

Ve-,etal)le 	When' vegetables are allowed to putrify in the open air, 
manure ; they are converted into a loose black substance, well known. 

under the name of vegetable mould. On this mould plants 
grow with great 'vigour. It is the substance which renders 
newly cultivated lands in America, &c. so fertile. When 
exposed to the air, in the course of cultivation, • it is gra-
dually wasted and destroyed, and the lands are thus im-
poverished. This vegetable would, therefore, is obviously 
one of the grand sources of the food of plants. It deserves, 
therefore, an accurate examination. 

Its proper- 	To aussure and. Einfrof Ve are indebted for a chemical 
ties, 	examination of its properties and constituents. Snussure 

employed in his experiments pure vegetable soil, which he 
procured either from the trunks of trees or froM elevated 
rocks, where it was unmixed with any animal matter; and 
by passing it through a scarce,. he removed from it the re-
mains of undecayed vegetables with which it was mixed.$ 
By distilling 20o grains (French) of mould from the oak, 

* Ann. de Glum. xiv. 57. 	 + Ann. de Chim, xiv. 53. 
Recherches sut la Vegetation, p. 162. 
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12,g obtained the following products; while the same quan- Chap. irr. 
tity of undecayed oak yielded him the following proportions 
of the same constituents: 

Mould. 	 Oak. 
1 Carbureted hydrogen gas .. 3.24 inches (French) 1] 6 

Carbonic acid  . 	 34 	  29 ' 
Water, containing pyrolig-

} 
 53 grains (French), 80, ' 	nate of ammonia . 	 

.Empyreumatic oil 	 10 	  13 
Charcoal.. 51 	  4 
Ashes 	 8 	  011., 
Nearly the same results were obtained by ma'king similar 

experiments on other vegetables, and the mould which 
they yield when decayed. It appears from them, that the 
mould contains more charcoal, weight for weight, than the 
vegetables from which it proceeded. It yields also more 
ammonia,. and therefore contains more azote. 

Acids do not act powerfully on mould. Alcohol takes 
up 4 portion, of extractive and resin. The fixed alkalies 
dissolve it almost completely, and ammonia is disengaged 
during the solution. Acids throw down a small portion of 

brown cornhu.stible powder. Water dissolves a portion 
of extractive; but the quantity is small, especially from the 
mould of fertile soils. Ten thousand parts of water, left 
for five days on the mould of turf, were found to have dis-
solved only 26 parts of extract; and the same quantity, IA 
on the soil of a field which bore a fine crop of wheat, was 
found to have dissolved but four parts. It appears from 
the experiments of Saussure, that a mould which yielded 
to boiling water, by repeated decoctions, ..th of its weight 
of extract, did not produce so good an effect upon beans as 
a mould which contained only half that quantity of soluble 
matter; But'when mould is deprived of its soluble part 
by boiling water, though its appearance is not altered, yet 
it does not support plants nearly so well as mould which 
has not been ,thus exhausted.* 
. The extract thus obtained from mould by Saussure did 
not deliquesce when exposed to the air. When distilled 
it yielded carbonate of ammonia. It produced no change 
on vegetable blues. When reduced to the consistence of a 

Recherches;  p. 170. 
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syrup it had a sweet taste ; it precipitated by exposure to 
the air, and became turbid when mixed with lime-water, 
carbonate of potash, and most metallic solutions. Alcohol 
dissolves only a portion of it, and this part is very deli. 
quescent. * 

From the experiments of Einhof, it appears that the 
extract obtained from mould possesses. very nearly the pro-
perties of the extractive principle. The mould which he 
employed in his experiments was from the soil of a wood, 
and had been formed by the leaves of the trees and the 
putrified herbs. It was black; firm, produced no , change 
on vegetable blues, and contained no unclecayed plants. t 
Water in which this mould was boiled was' at first colour-
less; but by exposure to the air it acquired a brownish' tint. 
The substance which it, held in solution possessed, exactly 
the characters of extractive. 	 I., 

Experiments upon vegetable mould have been made also 
by Braconnot. He found no portion of it soluble'in water. 
His other results resembled those of Saussure. Wlin an 
alkaline ley was boiled with, mould a portion was dissolved. 
The residue had the exact appearance of pit coal. 11 	I f 

Besides this fertile vegetable mould, Einhof has examined 
another of a different nature, to which he has givenhthe 
name of acid vegetable mould. It occurs in, low-lying 
meadows and marshes, and the plants which grow upon it 
in these situations are the different species of carex, juncos,' 
and eriophorum. It constitutes also the principal part,  of the 
mould in high-lying situations, and moors,where the soil' 
is covered with heath (erica vulgaris.) This .mould is dis-;  
tinguished from the preceding by containing a notable por-
tion of phosphoric and acetic acids, which .give.it the pro-. 
perty of reddening vegetable blues. The extractive *hick 
it contains is chiefly insoluble .in water.§ This Lour 'egeta.. 
ble mould bears a considerable resemblance to peat, into, 
which indeed it probably passes. Like it, peat contains a 
portion of phosphoric acid, and probably 010 of,I acetic• 
acid, and an extractive readily.soluble in alkalies, though 
but sparingly in water. II 

• Recherches, p. 174. 	 t Gehlen's Four. vi. 373. 
Aun. de Chitn. lxi. 191. 	§ Gehlen, vi. 379. 
Einhof, Gehlen's 	400. 
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Einhof has observed, that acid vegetable mould never Chap. 111. 
occurs in those soils which abound in lime, and that'it is \--v-rd  
counteracted and brought to the state of good mould by the Lfre:,:i  
ction of lime and marl. It is clear that these manures mould. 
ill neutralize the acids, and thus enable the extractive, and 

other vegetable substances, to be acted upon by the atmos-
phere, to yield carbonic acid, and to assume those states 
which, I are proper for the nourishment-of vegetables. It is 
probable that they act also directly upon the vegetable 
matter, and occasion decompositions favoUrable for vegeta-
tion. Hence the efficacy of lime when applied to, peat moss, 
and to sour lands'in general. 

Upon the whole, then, it appears, that plants are fed. 
chiefly by that portion of vegetable matter which becomes 
soluble in water, and assumes the properties of extractive ; 
that the quantity of it in soil must neither be too great nor 
too small; that the insoluble part of vegetable mould 
gradually assumes this state, either by the action of the at-
mosphere, or of earths or salts; that the presence of air 
acid, by counteracting this change, injures the nourishing; 
quality of vegetable.  mould ; and that lime is serviceable, 
partly by neutralizing the acid, and partly by accelerating 
decomposition of vegetable mould. 

Animal manures probably supply similar materials with Animal 
vegetable mould. They probably prevent the formation of manure% 
acids; or neutralize, them when formed: and likewise pro--  
mote the decomposition and solubility of `vegetable matter. 
The striking -effects 'which animal manure produces on 'the 
growth of vegetables are well known; though it is riot possi-
ble at present to point out the way in which they act. Two 
elaborate and ingenious sets of experiments bn this subject 
have • been 1 ilat6ly Published. The 'first, by Einhof \.'and. 
Thaer,4 consists of an examination of the ei.crements of 
black cattle; * and the second, by Berzelius, is upon the 
human ifexcrementitiouS mattent These add considerably 
to.our knowledge of animal substance's, and shall therefore 
be noticed in a subsequent part of this Work; but as they 
throw little light on the use of these matters as manures, it 
is unnecessary to give a detail in this place of the constitu-
ents of which they found them composed. 

• Gehien's Jour. iii. 276. 	f Ibid. vi. 509. 

   
  



330 	 V.E GETATI 

Book IV. 	Such is the present state of our knowledge respecting 
the food of plants, as far as it is supplied by the soil in 

Food ab- 
sorbed by which they vegetate. It is probable that it is imbibed by. 
the ends of the extremities of the roots only; for Duhamel observed&  
the roots, that the portion of the soil which is soonest exhausted iir 

precisely that part in which the greatest number of the ex-
tremities of roots lies.* This shows us the reason, why the 
roots of plants are continually increasing in length. By, 
this means they are enabled, in some measure, to go, in, 
quest of nourishment. The extremities of the roots* seem 
to have a peculiar structure adapted for the imbibing d 
moisture. If we cut off the extremity of a root, it never 
increases any more in length ; therefore its use as a root has 
been in a great measure destroyed. But its sides send ott 
fibres which act the part of roots, and imbibe food by their 
extremity. Nay, in some cases, when the extremity of a 
root is cut off, the whole decays, and a new one is formed 
in its place. This, as Dr. 13ell informs us, is the caw with 
the hyacinth.t 

it must be 	The extremities of the roots contain no visible opening, 
in a state of Hence we may conclude that the food which they imbibe,. 
solution. whatever it may be, must be ilk a state of solution ; while 

the absolute necessity of water renders it probable that 
water is the solvent. And, in fact, the carbonaceous matter 
in all active manures, is in such a state of combination that 
it is soluble in water. All the salts which we can suppose. 
to make a part of the food of plants are more or less solu, 
ble in water. This is the case also with lime, whether it 
be pure or in the state of a salt; magnesia and alumina 
may be rendered so by means of carbonic acid gay; and 
Bergman,. Macie, and Klaprotb, have shown that even 
silica may be dissolved in water. We can• see, therefore, 
in general, though we have no precise notions of the very 
combinations which are immediately imbibed by plants, 
that all the substances which form essential parts of that 
food may be dissolved in water. 

Physique des Arbres, iii. 239. j Manch. dem. ii. 412. 
. 	• 
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SECT. III. 	 Chap. M. 
"—Ne''•"1  

OF THE MOTION OF THE SAP. 

SINCE the food of plants is imbibed by their roots in a 
fluid state, it Must exist in plants in a fluid state; and un- 
less it undergoes alterations in its composition just when im- 
bibed, we may expect to find it in the plant unaltered. If 
there were any method of obtaining this fluid food from 
plants before it has been altered by them, we might analyse 
it, and obtain by that means a much more accurate know- 
ledge of the food of plants than we can by any other me- 
thod. This plan indeed must fail, provided the food under- 
goes alteration just when it is absorbed by the roots: but 
if we consider, that when, one species of tree is grafted 
upon another, each bears its own peculiar fruit, and pro- 
duces its own peculiar substances, we can scarcely avoid 
thinking that the great changes at least which the food un- 
dergoes after absorption, are produced, not in the roots, 
but in other parts of the plant. 

If this conclusion be just, the food of plants, after being. Sap of 
imbibed by the roots, must go directly to those organs Plants. 
where it is to receive new modifications, and to be rendered 
fit for being assimilated to the different parts of the plant. 
There ought therefore to be certain juices continually as- 
cending fium the roots of plants; and these juices,' if we 
could get them pure and unmixed with the other juices or 
fluids which the plant must contain, and which have been 
secreted and formed from these primary juices, would be, 
very nearly at least, the food as it was imbibed by the plant.. 
Now, daring the vegetation of plants, there actually is ajuice 
continually ascending from their roots. This juice has been 
Called the sap, the succus communis, or the lymph of plants. 

The sap is most abundant during the spring. At that Flows out 
season, if a cut be made through the bark and part of the Itnp,.1̀:ge, 
wOod of some trees, the sap flows out very profusely. The 
trees are then said to bleed. By this contrivance any quan- 
tity of sap we think proper may be collected. It is not 
probable, indeed, that by this method we obtain the ascend- 
ing sap in all its purity; it is no doubt mixed with the 
peculiar juices of the plant: but the less progress vegetation 
has made, the purer we may expect to find it; both be. 

   
  



3,323 	 • VEGETATION'. 

Book IV. cause the peculiar juices must be in much smaller quantity, 
and because its quantity may be supposed to be greater. 
We should therefore examine the sap as early in 'the sea-
son as possible, and at all events before the leaves 'have exd 
paneled. 
_ Though a number of experiments, as we have seen in 

the last Chtipter,,  have been made upon the sap, they tire 
not of such a nature as to throw much light upon the food 
absorbed by plants. Chemistry has not made such' progress 
as to enable' even the most expert analysis to separate. and 
distinguish small quantities of the vegetable matter. It is 
even possible that the food, after it has been imbibed, may 
be, to a certain extent, modified and altered by the roots. 
In what manner this is done we cannot say,•as we know 
very little about the vascular structure of the roots. .We 
may conclude, hqwever, that this modification is nearly the 
same in most plants : for one plant niay, be -engrafted on 
another, and each continue to produce its own peculiar 
products; which, could not be, unless the proper substances 
were conveyed to the digestive organs of all. There are 
several circumstances, however, which render the modifying 
power of the roots somewhat probable. 'It is even possible' 
that the roots may, by some means or other, throw out 
again some part of the food which they have imbibed as 
excrementitious. This has been suspected by several phy-,  
siologists ; and,there are several circumstances whiciu render • 
it probable. It is well known, that some plants will not 
vegetate well after others; and that same again ,vegetate -
unusually well when planted in ground where certain plants 
had been growing. These facts, without doubt, may be 
accounted for on other principles. If there be-  any .excre-
mentitions matter emitted by the roots,-  it is much,more 
probable that this happens in the last stage of vegetation; 
that is to say, when the food, after digestion, is applied• to• 
the purposes which the root requires. But .the fact Ought 
to be supported by experiments, otherwise:it cannot be ad' 
witted.. 	 1 . 

4ixed with ,Mr. Knight, to whose ingenious and important, experii'i 
true sap in ITI.ClItS and observations vegetable _physiology liesrunden, 
ics ascent.. so' many obligations, has rendered it extremely probable 

that the sap, as it ascends, is rthed with a quantity,of mat-
ter, pieviousli deposited in the alburnum for that' purpose,- 
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-and ready prepared to-be assimilated to the different vege- Chap. HI. 
table organs.* According to him, plants, after they have —̀v—I  
attained their full growth, are employed during the latter 
tart of summer in preparing food for the expanding of the 

tcls and blossoms in the succeeding spring. This food 
whpn prepared is deposited in the alburnum. Here it con-
tinues during the winter ; and in next spring, mixing with 
the ascending sap, It affords nourishment to the buds and 
leaves. This ingenious opinion Mr. Knight has supported 
by experiments and observations, sufficient, I think, to 
establish its truth. It constitutes a very important step in 
vegetable physiology, as it enables us to explain many cir-
cumstances in a satisfactory manner that appeared formerly 
altogether anomalous. 

He ascertained, by experiments, that the sap increases in. 
density as it ascends towards the leaves. Sap extracted 
from"the,sycamore, close to the ground, was of the specific 
gravity 1..001; while that which flowed out at the height of 
seven feet, was ,1•008, and at the height of lg .  feet 1-012. 
The sap of the birch was somewhat lighter, but its comps. 
rative,  increase of density, according to its height, was the 
same. When extracted near the ground, the sap, both of 
the sycamore and birch, was nearly tasteless; but it became 
sensibly. sweet at some height, and the sweetness increased 
with the distance from the ground. Thus it appears, that 
the .quantity of vegetable matter in sap increases as it flows 
towards the leaves; a direct proof that it imbibes and 
mixes with something during its passage.- That this matter 
was lodged lin -the alburnum was rendered probable by 
comparing with each other the alburnum in winter find in 
summer. For if nutriment be laid up in the alburnum in 
winter)  Auld employed in summer for the purposes of vege-
tation, it is obvious that the alburnum during winter ought 
to be, denser, and ought to yield more extract to water, 
than the wee substance in summer both of which Mt. 
Knight foimd.to be the case. Oak poles, of the same age, 
and growing from the same stool, were felled, partly in 
December and partly in May. They were placed in the 
same situation,. and dried for seven weeks by a fire. The 

• On the State in which the Truo'Sap of Trees is deposited duriii:' 
Winter. Pbil,Trans, 180, 
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Book IV. specific gravity of the winter felled wood was 0.679, of the 
summer 0'609. When the alburnum alone was weighed, 
the 'specific gravity of the winter felled was 0:583; of the 
summer felled 0'533. One thousand grains of each beizv.; 
mixed with six ounces of boiling water, and left .to maa-
-rate for 2,t hours, the winter felled infusion was mpch 
deeper coloured than the other. Its specific gravity was 
1•002; while that,of the summer felled infusion was P001. 
This deposition.of nutritious matter ecplains why the al-
iburnum of trees felled • in winter is much more solid and 
valuable than the alburnum of trees felled in summer. 
• The sap, as Dr. Hales has shown us, ascends with a 
every considerable -force. It. issued during the bleeding 
season 'with such impetuosity from the cut end of a vine 
branch, -that it supported a column of mercury 324 inches 
high.* 
• Now, what is the particular channel through which the 
sap ascends, and what is the cause of the force with.which 
it moves? These are questions which have excited a.great 
deal of the attention of those philosophers.who have made 
the physiology of vegetables their particular study; but-the 
examination of them is attended with so many difficulties 
that they are very far from being decided.. 

Sap as- 	It is certain that the sap flows .from the -roots towards 
cends, 	the summit of the tree. For if in the bleeding season a 

number of openings be made in the tree, the sap begins 
first to flow.from the lowest opening, then from theiowest 
-but one, and• so on successively, till at last it makes its.ep-
pearance at the highest of all ; and when Duhamel and 
Bonnet made plants .vegetate .in coloured liquors, the co-
louring matter, which was deposited in the wood, appeared 
first in the lowest part of the tree, and gradually ascended 
higher and higher, till at last it reached the , top of the 
tree, and tinged the very leaves. 	 • 

Through 	It seems certain too that the sap ascends through the 
the wood, wood, and not through the bark. of -the tree : for -aplant 

continues to grow oven when• stripped of a•great. part of fits 
bark ; which could not happen if the sap ascended through 
the. bark. When an incision, . deep • enough .td penetrate 
the bark, and even part of the wood, is carried quite round 

* Veg. Stat. r.105. 
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a.  branch, proVide'd the wound be covered up from the ex- Chap. III. 
ternal air, the branch continues to vegetate as if nothing 'Thr-d  

, . 
 

had happened; which could not be the case if the sap 
scended between the bark and the 'woo.d. It is well known, 
oo, that in the bleeding season little or no sap can be got 1.? 

'from a tree unless our incision penetrate deeper than 'the 
'bark. 

These conclusions have been confirmed by the experi- 
ments made by Coulomb and Knight. Coulomb Observed 
That no sap ever flow,s from the poplar till the tree be cut 
nearly to the centre.* Mr. Knight observed that coloured 
infusions always pass through the alburnum, and that when- 
ever the album= is cut through the plant dies.-1- 

As the sap is never found in the -parenchyma, it must of In peculiar 
necessity be confined in particular vessels; for if it were vessels' 
not, it would undoubtedly make its appearance there. Now, 
what are the vessels through which the sap ascends? 

Grew and Malpighi,. the first philosophers who examined 
'the structure of plants, took it for granted that -the woody 
fibres were tubes, and that the sap ascended through them. 
For this reason theygave these fibres the name of lymphatic 
vessels. But they were unable, even when assisted by the 
best microscopes, to detect any thing in these fibres which 
-had ,the appearance of•a tube; and succeeding observers 
have been equally unsuccessful.. The conjecture therefore 
.of Malpighi and 'Grew, about the nature and use of these 

• fibres, remains totally unsupported by any proof. Duha-
-mel has even gone far to overturn it altogether : for be 
ibund that those 'woody fibres are divisible into smaller 
fibres, and these 'again into still smaller; and even, by the 
'assistance of the 'best microscopes, he could find no end of 
this snbdivision.t Now, granting these fibres to be vessels, 
it is scarcely posiible, after this, to suppose that the sap 
'really moves through tubes, whose diameters are almost 
kinfinitely .43incill. There arc, however, vessels in plants 
which may easily be distinguished by the help of a small 

!microscope, and even 'in many cases by the naked eye. 
These were seen, land distinctly described, by Grew and 
3Malpighi.- They consist of ,a fibre twisted round like -a 

* Jour. de Phys. xlix. 392. 
I Physique des. Arbres, i, 67. 

t Phil. Trans. 1801, p. $56. 
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Book IV, corkscrew. If we take a small cylinder of wood, and 
wrap round it a slender brass wire, so closely that all the 
rings of the wire touch each other, and if, after-this, We 
pull out the wooden cylinder altogether, the brass wire thur/ 
twisted will give us a very good representation of these ves1 
sels. If -we take hold of the two ends of thebrass wire thus' 
twisted, and pull them, we can easily draiv out the wire tot 
ecOnsideriible length. ' In the same nianner, when we 14) 
hold'of the tWo' eKtremities of ' these vessels, kve'ean drawl 
them oht to a great length. Malpighi and'Grev% findingt 
theth always empty, concluded that they were intended fort 
the circulation of the air through the plant, and therefore" 
gave' them 'the name of tracheae; which Word is used to 
denote the windpipe of animals. These' trachece are 'noel 
found in the bark; but Hedwig has shown that they are' 
much more numerous in the wood thaniwas'isupposed and' 
that they are of very different diameters; 'and Iteichel has 
demonstrated that they go to the 'minutest !brandies,' and' 
spread through every leaf. He has shown, too, that they' 
contain sap; and Hedwig has proved that the notion which 
generally prevailed of their containing nothing but kir,1  
arose fro m . this 'circums tan ce, 'that the larger trachete, vvIlich; 
alone were attended to, losetheir -sap as soon as' they are,  
cut; and Of course: unless they are tinSpected the instant' 
they are diVided, they appear empty 	Is it not probable, 
then, from the discoveries of that Very ingettions phYsiolo-
gigt,j  that the trachete 'are, in reality, the Sap Vessels or 
plait? Indped it seem4.  established , 	' the bxperinientsi  

'both Of Reich& and fiedwio., that almOsil all' the VeiselsT 
u of plants may, if we attend only to their strcture, be 

urinated trochee. But whether the structure bf the' 	tap 
vessels be sinlilar4  to that of theltrachete or hot, it'hafi been 
perfectly ascertained that the sap ascends 	Vessel and' that I 
those vessels are situated in the wood, thi'efly indeed in the 
alburnum. Vence.  Mr. Knight'has given' them 'the iaiittidi 
of &burnous vessels. 	 ) t 

ascen- 	But by what powers is the sap made tofascend ion,, these 
sion. 	Vessels? and totl only to ascend, but,  to move whir very 

considerable force; a force, as Hales has' shown, snfficient; 

Funclanwate- Histi Nat, MUSGQY• F1.94CIc86 rail L. p.. 54, 
1 
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to overcome the pressure of 43 feet perpendicular of Chap. 
water ?* 

Grew ascribed this phenomenon to the levity of the sap; Ascribed to 
thich, according to him, entered the plant in the state of its levity; 
al very light vapour. But this opinion will not bear the 
slightest examination. Malpighi supposed that the sap was 
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madp to ascend by the contraction and dilatation of the air 
contained in the air vessels. But even were we to grant ' 
that. the tracheae are air vessels, the sap, according to this 
hypothesis, could only ascend when a change of tempera-• 
ture takes place; which is contrary to fact. And even if 
we were to wave every objection of that kind, the hypothesis 
would not account ter the circulation of the sap, unless the 
Sap vessels be provided with valves. Now the experiments 
Of ,dales and Duhamel show that no valves can possibly 
exist in them : for branches imbibe moisture nearly equally 
by either end ; and consequently the sap moves with equal 
facility both upwards and downwards, which it could not 
do were there valves in the vessels. Besides, it is known, 
from many experiments, that we.may convert the roots of 
a tree into the branches, and the branches into the roots, 
by covering the branches with earth, and exposing the roots 
to the air.t Now this would be impossible if the sap 
vessels were provided with valves. The same remarks 
overturn the hypothesis of Mr. de la Hire, which is merely 
that of Malpighi, expressed with greater precision, and 
with a greater parade of mechanical knowledge. Like 
Borelli, he placed the ascending power of the sap in the 
parenchyma. But his very experiments, hail he attended 
to them with care, would have been sufficient to show the 
imperfection of his theory. 

The greater number of philosophers (for it is needless to 
mention those who, like Perrault, had recourse to fermen-
tation, nor those. who introduced the weight of the atrnos. 
phere) have ascribed the motion of the-sap to capillary at-
traction. 

• Veget. Stat. i. 107. 
1 Mr. Knight haslately shown that the inverted shoots by no means 

grow so well as when in their natural position; and has even made it 
probable that the vessels of the bark ate furnished with valves, or with 
Something equivalent. Butnn evidence has been adduced to induce ut 
to believe that this is the case with the sap vessels'-See his Obiervationt 
on the Motion of the Sap of Trees. Phil. Trans. 1804. 

VOL. lV. 
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Book iv. 	There exists an attraction between, many solid bodies 

and liquids ; in consequence of which, if these solid bodies 
7 
To capilla- be formed. into small tubes, the liquid enters .them, 'and attrac- 
tion. 

	

	rises in• them to a certain height. But this is perceptible? 
only when the diameter of the tube is very smal1.1 Hence 
the attraction. has been denominated Capillary., We know 
,that there is such an attraction between vegetable fibres 
and watery liquids ; for such liquids will ascend through,  
dead vegetable' matter. It is highly probable, therefore, 

-that the food of plants enters the roots, in consequence of 
'the capillary attraction which subsists between the sap ves.s 
sels and 'the liquid imbibed. This species of attraction,' 
then, will account perfectly well for the, entrance of mois. 
ture into the mouths of the sap vessels but will it account 
also, as some have supposed, for the ascent of the sap, and• 
for the great force with which it ascends? 

The nature and laws of capillaiy attraction have been 
very much overlooked by philosophers. But we 'know 
enough concerning it to enable us to decide the present 
question. .It consists in a certain attraction between the 
particles of the liquid and of the tube. It has been demon-I 
strated, that it does not extend, or at least that it produces 
no sensible. effect, at greater distances than tzyz, th• part of 

• an inch. It has been demonstrated, that r the water as-
cends, not by the capillary. attraction of the whole tube,1 
but• of a. slender film of it ; and Clairaut has. shown that 
this film is situated at the lowermost extremity of the tube.? 
This. film attracts the liquid with .a. certain. force; land if 
this force be greater than ,the cohesion between the,,par!, 
tides of the liquid,, part enters the tube,' and continues to 
enter, .till the quantity above the attracting film of the, tube 
just equals, by its weight, the excess of the capillary atr. 
traction between the tube and the liquid above the cohesion 
of the liquid. The quantity of• water; therefore, in the 
tube is pretty nearly the measure of , this excess; for.the ate 
tractingfdin is probably Very minute. 

11 J ••J 

a  The action of 	the' other films, of which.the tube is nomposed,fork 
the water, as far as it is measured by its effect, iS nothing at Olt: For 
every particlei  of water in the tube (except those attracted by, the under 

film)' is attractedupwards and,  downwards.  by the same:nnmbef•of 
films: it'is'ilierefdie'precisely in the same state as if it were int ititaeteit 
at 4..4 
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It has been demonstrated, that the heights to which li Chap. 1ff. 

quids rise in capillary tubes are inversely at the diameter 
, of the tube. Consequently the smaller the diameter of the But with: 

be, ithe greater is the height to -which the liquid will rise. 
nut 

reasee, 

the particles of water are not infinitely small; theiv-
fore, .whenever the diameter of the tube is diminished be.. 
yond a certain size, water cannot ascend in it, because its 
particles are now larger than the bore of the tube) Con-
sequently the ;rise of water in capillary tubes must have a 
limit : if! they exceed a certain length, ho* small soever 
their 'bore :nay be, water will either not rise to the top of 
them, or it will not enter them at all. \Ve have no method 
of ascertaining the precise height to which water would 
rise in a capillary tube, whose bore is just large enough to 
admit - a single particle of water. Therefore we do not 
know the limit of the height to which water may be raised 
by capillary. attraction. But whenever the bore is ditni-
nished beyond a certain size, the quantity of water whiclr 
rises in it .is too small to be sensible._ We can easily as-
certain the height which water cannot exceed in capillary 
tubes before this happens; and if any person calculate, he 
will find that this height is not nearly equal to the length of 
the•sap vessels of many plants. But besides all this, we see 
inemany plantsJvery long sap vessels, of a diameter. too 
large ford liquid to rise in them.a Single foot by capillary 
attraction, -tult yet the sap rises in them to very great 
heights. 
t If any person says that the sap vessels of plants gradually 
diminish in diameter as they ascend; and that, in conse-
quence of this contrivance, they act precisely as an nide-, 
fitiite•InuMber 'bf capillary tubes, one standing upon :ano-
ther; !they linferiOr'serving as a. reservoir for the superior— 

anstver; that , the sap may ascend' by that Means to a 
considerable height but certainly not in Any greater quan-
thy 'than Pif the wholg sap -vessel had been precisely of the 
bore of its upper extremity.; • for the 'quantity' of ; sap raised 
must depend upon the bore of the upper extremity, be-
eauselt-must all pass through-that extremity. 
• But farther, if the sap moved only in the vessels of plants 
by.  • Capillary attraction, it would be so far'from flowing 
at the the of ibranch,,with a force sun:went to over-
come the pressure of a Column of Water fS feet high, that 

z 2 
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Book iv. it could not flow out at all. It would be impossible in 
that case for any such thing as the bleeding of trees ever 
to happen. 

If we take a capillary tube, of such a bore that a liquid 
will rise in it six inches, and after the liquid has risen to 
its greatest height, break it short three inches from the 
bottom, none of the liquid in the under half flows over. 
The tuber  thus Shortened, continues indeed full, but not a 
single particle of liquid ever escapes' from it. And how is 
it possible for it to` escape? The film, at the upper extremity 
of the tube, must certainly have as strong an attraction for 
the liquid as the film at the lower extremity. As part of 
the liquid is within its attracting distance, and as there is 
no part of the tube above to counterbalance thisf  attraction, 
it must of necessity attract the liquid nearest it, and with{
force sufficient to counterbalance this attraction of tilie un-
dermost film, how great soever we may suppose 
course no liquid can be forced up, and, coinsequently, none 
can flow out of the tube. Since, then, the sap flows,  out at 
the upper extremity of the sap vessels of plants,e are 

f w 
absolutely certain that it does not ascend in them nie-ily1  
by its 'capillary attraction, but that there is some other 
6use.. 

It is impossible, therefore, to account fofi the ,r.rf iotr of 
the sap in plant by any mechanical or chemical princirples 
whatever ; and he who escribvs it to these principles has 
not formed to hiMself any clear or accurate conception of 
the subject. We know indoxil that. hcat 1is . an' tiFii4 fur 
Dr. Walker found that the ascent of the sapi4'mych,  pip-
tpted by heat, and that after it bad begun 191  fip4v from 
seVeraI incisions, cold made it give over flowingi froin 'the 
higher orifices while it continued to flow at the ioWeirYtut 
this cannot be owing to the dilating power of heat ; for 
unless the sap vessels of plants were furnished mlithiValves, 
dilatation would rather retard :than promote the ast{ent of 
the sap. 

The vessels We must, therefore, ascribe it to%soine other cause : the 
must con- vessels themselves must certainly act , Many philosophers 
tract. have seen, the necessity of this, and ' have actordingly 

• 

Edin. Trans. i. 
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ascribed the ascent 'of f the sap to irritability. But 'the first clap-111. 
person who gave a precise view of the mariner in which,the `— 1̀*--1  
vessels probably act ,was Saussure.: He supposes that the 

tap enters the ()Pen M9uths of the vessels at the extreniity 
of 	roots • that these mouths then contract, and by ih4 
contraction 11 propel the 'sap upwards; that this contraction 
grAiltially follows the sap, ptishing it up from the extremity 
of the toot to the summit of the plant. In the mean time 
the Mouths are receiving new sap, which in tbal 'sanie Man- 

is pushed upwards.* Whether we suppose tbeitcoff-
tiaCtion to take place precisely'in this manner or not, we 
• " can scarcely deny that it must take place; but by vat 

imeans it is impossible at present to say. The agents cannot 

prpcise.ly resemble the muscles of animals ; beTrac the 
whole tube, howeirer cut or maimed, still retains its contract-

po'wer, grid becanse,  the contraction is perforMed with • 
equal readiness in every direction.1- It is evident, however, 
that theryiritist 'be the' same in kind. .Perhaps the particular 
structure of , the vessels may fit them for their oflice. Does •0•11. ,t' 	Ji 	I rplg after / Ting I contract its diameter 	The contracting 
.iiffen:thatlever l ithey are, seem to be excited to act by 
some stimulus Communicated to them by the sap. This 
icapacity of tieing excited to action is known in physiology • • by the name of 	; and there are not wanting proofs 
that phirltai•T possessed of it. It is well known that dif-
Ierent -Part of plants move when certain substances act il, 1 	1 	! 

Upon, them.  Atlas the flowers of many open at sunrise, 
land* close again at night. Linnaeus has given us a list of 

) y 
thesè   plants;  Des Fontaines has shown that the stamina 
1"`t  Anthems Of many plants exhibit distinct motions. Dr. 

mail  I has observed, that -the stamina of the barberries are 

igncycl. Meth., phys. Veget. p. 267. 
t Mr. Knight thinks it probable that. the sap is propelled by the con-10 !/. 

traction and expansion of what is called by carpenters the silver grain of 
the wood, between the lamina of which the vessels run. (Phil. Trans. 
1/3'01, p.'5;14.).  By silver grain is meant those thin longitudinal fibres, 

4Iiverging, in revery direction from the pith, and composed of the lymphatic 
oesaels agrew.and Malpighi. I do not see how the contraction of these 
lamina could propel the sap through the sap vessel, destitute as they are 
of valves, unless it were a contraction precisely similar to whut Saussure 
supposed to take place is the sap vessels. 

t. 1}10E11. Par. 1787. 

   
  



juice form' that it there undergoes certain alterations, and is converted 
ed by the into another fluid called the swells proprzus, peculiar juke, or leases. 

J.,' 	• 
Peculiar 	IT has been ascertained that the sap ascends to the leaves, , 	, 

312 	 VEGETATION. 

Book IV, thrown into motions when touched.* Roth has ascertained 
`"ThE'd  that the leaves of the drosera longifolia and rotundifolia have 

the same property. Mr. Coulomb, too, who has adopted 
the opinion that the motion of the sap in plants is produced'
by the Contraction of vessels, has even madeit number of 
experimentS in order to show this- contraction. But the- 
fact is, that' every one has it in his power'td make a decisive , 
experiment. Simply cutting a plant, the euPhaf:bra pephs 
for instance, in two places, so as to separate a portionof die' 
stem from the rest, is a complete demonstration that the 
vessels actually do contract. For whoever makes thel  ex-
periment, will find that the milky juice of that' plant flows 
out at both ends so completely, that if afterwards we cut the.  
portion of the.  stem in the middle no juice whatever appears: 
Now it is impossible that these phenomena could take plaCe' 
without a contraction of the vessels; for the vessels in that 
part of the stem which has been detached cannot haVe lieert 
more than full ; and their diameter is so small, that if it 
were to continue unaltered, the capillary attiaction-Woidd 
be more than sufficient to retain their contents, and copse, 
qucntly not a drop would flow out.. Since, therefore, the 
Whole liquid.escapes, it must be driven out fOrcibly, and 
consequently the vessels must contract.- 

It seems pretty plain, too, that the vessels are excited to, 
contract by various stimuli; the experiments of Coulomb' 
and Saussure render this probable, and an observation of 
Dr. Smith Barton makes it next to certain. He found 
plants growing in water vegetated with much much. greater 
vigour, provided a little camphor was throWn into the witex.t 

SECT. IV. 

COP THE 1?LINCTIONS,4111 THEi IXAVES• 1 , 

• nil. Trans, lxxviii, 	 + Ann. de Chba. xxiii. 63. 

   
  



FUNCTIONS OF THE LEAVES. 	 343 

true gap; which, like the blood in animals, is afterwards Chap.IIt. 
employed in forming the various substances found in plants. ""Thr'" 

. Now the changes. which the sap undergoes in the leaves, 
provided we,can trace them, must throw a great deal of 
light  upon the nature of vegetation. These changes are 
produced impart during the day, in part during the night.' 
Now, as the functions of the leaves during the daY are very 
different from what they are during the night, it Will he 
proper to consider them separately. 

• I. No sooner has the sap arrived at the-  leaves, than a 
s
Pa
ap

rt
tran
ofte „  	• great part of it is thrown off-by evaporation. pines. 

1. The quantity thus perspired bears a very great propor- its van_ 
tion to the moisture imbibed. Mr. Woodward found that titY• 
a sprig of mint, weighing 27 grains, in 77 days imbibed 
2,558 grains of water, and yet its weight was only increased 
15 grains:; therefore it must have given out 2543 grains. 
The, same, experiment was repeated by this philosbpher on 
other plants; tie following table exhibits the result: * 

. 	• 	. 
We'ght. 

_ 

: When When Gain Water 
Plants and Water. put taken in 11 mist- 

in. out. days. ed. 
—...— 

. I 	 r , gr. gr. gr. gr. 
Spearmint in spring water .. 	 '27 42 15 2558 
Spearmint in rain water 	 .. 	• 28' r 453 T T 17' 3004 
Spearmint in Thames water 	' 28 54 26 2493 
Common nightshade in spring water 	 49 106 ' 57 8708 
Lathyris in spring. water 	. . 98 101+, 34- 2501 

,.. 	 ,, 	• 	4 

These experiments demonstrate the great quantity of 
matter which ,is constantly leaving the plant. Dr. Hales 
found that a cabbage transmitted daily a quantity of mois-
ture equal to about half its weight; and that a sun-flower, 
three feet high, transmitted in a day 1 lb. 14 oz. avoirdu-
pois.f He showed, 'that the quantity of transpiration in 
the same plant was proportional to the surface of the leaves, 
and -that wherY the'leaves were taken oft the transpiration 

e'aied:f By theie obieryittionS,.he demonstrated 
• • 	t 

• Phil. Trans. 1699, 'mix. 193. 	+ Vegei. Stat. i. 5 and 15. 
Veget.,Stat. p. 30. 
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Book IV. that the Jeayes are the organs of transpiration, He found, 
L—Nc—')  too, that the transpiration was nearly confined to the day, 

fiery little taking place during the night; that it was much 
promoted Ly heat, and stopped by rain and frost : 
NOlar,t Guettard,§ and ,Sennebier, have shown that the • • transpiration, is also very much promoted by sunshine., , 

The quantity of moisture imbibed 1.)37 plants depends very 
rinch 'upon; what, they transpire ; the Tension, is evident : when 
the -vessels are once filled with sap, if done be carried of; no 
more can enter; and, of course, the quantity which enters 
must depend upon the quantity emitted. 

2. Iti order to discover the nature of the transpired 
matter, Hales• placed plants in large glass vessels, ant.t by 

Nature of that means collected a quantity of it.11  He found,  dint it , the perspi- resembled pure water in every particular, excepting 	that red matter. it sometimes had the odour of the plant. He remarlret too, 
as Guettard and Duhamel did after him, that when kept 
for some time it putrified, or at least acquired a stinging 
smelt Sennebier subjected a quantity of this. liquid to a 
chemical analysis. 

He collected 13030 grains of it from a vine during the 
months of May and June. After filtration he gradually 
evaporated the whole to dryness. There remained behind 
two grains of residuum. These two grains consisted of 

	

nearly 4- grain of carbonate of lime, 	grain of sulphate'd 
.4- grain of matter soluble in water, and having the 

appearance of gum, and 4- grain of matter which was soluble 
in taleohol, and apparently resinous. He analysed 60168 
grains of the same liquid, collected from the vine during th4 
months of July and August. On evaporation, he 'Obtained 
2115- grains of residuum, composed of;- grain of carbonate 
of lime, grain of sulphate of lime, a grain of mucilage, aril 

grain of resin, The liquid transpired by the aster Novice 
Anglifp afforded precisely the same ingredients.** 

Proportion 	3. Serniebier attempted to ascertain the proportion whieh 
to the liquid the liquid transpired bore to the quantity of 'moisture in." absorbed. 

bibed by the plant. But it is easy to see that Such dxpe- 
riments are liable to too great uncertainties to be depended 

* Vert, Stat. p. 5. 	Ibid. p. 27 and 48. 	t 'Ibid. p. 22. 
§ Mem. Par. 1748. 	 H Veget. tat., j. 49. 
" Encyc, Meth. Phys. Veget. 287. 
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on. 

	

	His method Wai as follows:- be }lunged die-  'thick end  • 
rog ithe btainh bit which he made the expeiimenf iinto 
'bottle 'or kvatei, while 'We other rid, con ihing all its 
Ileays; `W;as thrhst into `a Tery 'large 'glaSk'gl?be. )  Tiles  
pal•atirA'wtir then' exposed to the sunshine. 1:  he luaitity 
imbibed 'was luircl4neicaCtlj, 	the'water 	disappeared 
fi`d;n-the"bdttle, arid the ,quantify trapsbirCd'was)udged of 
'bPthe 	which COndensed Rttcl trkkled downT • the sales 

i6lasS'.0.1dle. The following i'able.e:a7ibiti'ihe'reult 
rof 	 : 	 ri 

Plants. 	Imbibed. 	i 	Perspiresl. 	Tiple. t'eami.0 . i 	, 
 I c  	, 	i ',106 gr. , 	 35 gr... .. ,. r i-77  

ikii., . .. ., . . , r  -216 , . .. .. . , '  90  • ' ' i t •."i1.77 1)160  i  """  . ". ' 220 	 120 .. ,4—.1 1 14171 Ilirit  .s  .  ... l' 	.200 1 	po . ..,   	i ;2, daysi  'Thet0'.." '..1..'.' 7.1  575 	 Itals113
1.1..ii.:

•;i 	ii,.75 	i. 120 	 „ .. t.b, loi  

Waco. 1..., ,.'..,..: i232 	 
560 	. • r• • A, 

...., It1,11011 -' I • I 0 	I 	
764 	...,r...., ,. 	2.  reach: . . .. ' ... 	710 '  	 ... 295 ...: i  . , . 	 l• 

• Aprieq. .. " . 210 p4 	 180 	 4  1 I Ott AMMO 	fli'T ;' t 	it 	1 
3,11Iniornelor.hio idxperiments no liquid at' all was .c on-
figlIgd•Ipjfigrwei it ie 'evident that the quantity of matter 
"MaP§Pir•04•cannta be deduced from these,experimenta, The 
1110.0?i,pg-t4 ,glass globe does,  not seem to have been eel 
StIFA!..dYn,0419sed;, The Ilia within, it communicated with th4 
Slitffnat 1.104. Consequently the quantity condensed inu$t 
li,ftv,flqpprulqd. entirely upon The state of the external air 
01f4tliiftCrr , 1 	p ,  i 

b. ;hi  ,AP APP.gyeat. hange; then, which takes,  place I uport 
tbpi np, Rftqr it, ari;ives at the leaves, is the evaporation !of a 

it,;_ oot_sequeutly what remains' mist be ti iLy 
(49Terkt, itl ith pc9phrtiohs from the` saps The Inates seen Peculiar to have parAenlar organs adapted for throwingioff part Of organ of 
thq Pt31:1AI,  t94spiro.tiou ; for.tbe experiments of Gitettarti,* tjoanns.Pira  

Show that it is (performed chiefly 
by, it,b p miler qptfa'ees, of.leaves4 i and, may .bte nearly topped 
t40,getlipr ,147 typrqi0,1ing ,tha murfo Go, t 	.1 . 	i 	, 

The leaves of plants become gradually less and ltss fit Why the 
t whaz  ulr leaves fall for this tran • • 	 b.  • f ,p, 	t9 i„, 	lewl lei fogs t 

Trait des Fouilles, 1. Mein. 	
Plq1414Q44 	154. 

Oft. 
• • 	.4. 0 	• I, 

* MniCt taii.t117461." 
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Book IV. other things are equal, the transpiration is much greater in 
`"'v"--/  May than in September.* Hence the reason that the 

leaves are renewed annually. Their organs become grate 
dually unfit for performing their functions, and therefore it 
is necessary to renew them. Those trees which retain theit 
leaves during the winter were found by Hales ;and suc-
ceeding physiologists to transpire less than others. It is 
now well known that these trees also renew their leaves./ 

Leaves ab- IL •Leaves have also the property of absorbing carbonic 
sorb airbo- 	• .3 gas  
nic acid. aClu 	from the atmosphere. 

1. We are indebted for this very important discovery to 
the experiments of Dr. Priestley. It has been long known 
that when a• candle has been allowed to burn out in any 
quantity of air, no candle can afterwards he made to burn 
in it. In the year 1771, Dr. Priestley made a sprig of 
mint vegetate for ten days in contact with a quantity of 
such air: after which be found that a candle would burn in 
it perfectly well.t This experiment he.repeated frequently, 
and found that it was always attended with the same result.. 
According to the opinion at that time universally received; 
that the burning of candles rendered air impure by corn- ,  
municating phlogiston to it, he concluded from 	that 
plants, while they vegetate, absorb phlogiston. 

Carbonic acid gas was at that time supposed to contain 
phlogiston. It was natural, therefore, to suppose that it 
would afford nourishment' to plants, since they had the 
property of absorbing phlogiston from the atmosphere. 
Dr. Percival had published a set of experiments,' by which 
he endeavoured to show that this was actually the .case:i 

These experiments induced Dr. Priestley; in 17,76p to 
consider the subject with more attention. , But as,,  hi all 
the expeOmenta which.  he made,. theplantS confined in.car-,  
bonic acid gas very soon died, he concluded, thatIcarbbnic 
acid gas was not a food, but a poison to. plantsit My s 
Henry of Manchester was Jed ,  in 1784, probably by thol 
contrariety of these results, to examine 'the subject. i Inis-
exp'eriments, which were published in the Manchester 
Transactions,§ perfectly coincided with those df.Dr.:1Pa%I 
dilal.. For he found that .carbonic add.  gas soffarfrorn- 

* Eneye. Meth. Veget. 285. 
On Air; 1. 100. 

+) Pn Air?, iii.h 241. 
VOrii if 	11 
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killing plants, constantly promoted their growth .and.  Chap. M. 
vigour. Meanwhile Mr. Sennebier.  was occupied at Geneva "'''\,e""id 
with the same subject ; and he published. the result 
of • his researches in his Memoirea Physico-Chymiques 
about the year 1780. His experiments showed, in,  the 
clearest manner, that carbonic acid gas is used by plants as 
food.. The same thing was supported by Ingenhousz in his 
second volume. The experiments or Saussure junior, iiub-
lished in, 17970 ,  have. at last put the subject beyond the 
reach of dispute. From a careful comparison of the ex-
periments of these philosophers, it will not be difficult for 
us to discover the various. phenomena, and to reconcile all 
the seeming contradictions which occur in them. The facts 
are as follows : 

2.. Plants will not vegetate in. an atmosphere of pure 
carbonic acid, nor if their atmosphere contains tths of its 
bulk of that gas. They vegetate in the sun when confined 
in atmospheres containing 4.„ , 4th, or .ith, of that gas, and 
the vegetation improves as the quantity of gas diminishes. 
When the atmosphere contains only yrtli of carbonic acid 
gas, plants grow in it considerably better in the sun, than 
when placed in 'an atmosphere of common air; but when 
plants are placed in the shade, the presence of carbonic 
acid raiways injures their vegetation instead .of promoting 
it* 

S. M. Saussure has shown, that plants will not vegetate Emit oxy- 
In the.-sun when totally deprived of carbonic acid gas. gen  gas.  
They vegetate indeed well enough-. in air which has been 

. previously deprived of carbonic acid gas;. but when a 
quantity of lime was put into the glass vessel which con-
tained them, they no longer continued to grow, and the 
leaves hi a few days fell off.- The air, when examined, 
was found to contain no carbonic acid gas. The reason of 
thig phenomenon is, ,that plants (as we shall see afterwards) 
have thb power of forming and giving out carbonic acid in 
•certain circumstances:I I  and this quantity is sufficient to 
continuo, ,thcir- vegetation for. fl certain time. But if this 
uewlforrned gas be also withdrawn, by quicklime for in-
stance,', which absorbs it the instant it appears, the leaves 

• Saussure, qtecharches Chimiques sur la Vegetation, p. 
t Ann. de Chim. xxiv. 145, 148. 
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Enokt iV.1 droop, 'and refuse to perform their functions.* 'Carbonic 

acid gas, then, applied I to the leaves of plants, is esseittial 
to vegetatidn. 
J iY. Theldirect tontrary -takes place in the shade. Plantie  

not only continuo to Vegetate when 'deprived of all carbdnie 
bYrmeabsoof lime; but they 	'more ihM, if it' 

ty:ere allowed tolkemainit 	 , 	, 
Emit 	ar.vTriegticy, rte whom we are indebted for rtiNiiy l ot 
*IxYgen gas• the r most I ii mpoitarit 'facts relative tb vegetation,t. elbserVed, 

int the! tyearf II 77'4, that plants, in certain eireiimIstafice4 
emitted oxygen gas; and Incenhousz very goon ''aftee dis- 
covered That this gas is emitted by the leat,) bf 	arid 
only when they are exposed to the briihtlight dl' daP. 

:His method 'was to plunge the leaves of "differoilt plants 
into ,Vossels full of water, and then lexpds'el  thertil tier 'the 'stin, 
as Bonnet; who had observed the same 	 thoitgh 
he had 'giverr a wrong explanation of 'it; Ali id tlone 'before 
hinw Bubbles of oxygen gas very scion Vetaehed'flibtig 
selires from the leaves, and were collected in ith' 
glass vessel.§ He observed, too, that itltwaS' not' 
of, indifference what kind of water was nsed. 	water, 
for instadce,0 had been presionslYi boiled," hide '8r' 1.18 
oiygoti gas1 escaped ,  from the 	;urivei1 /4VateP'afforded 
'hilt little gas; but pump-water was theltntise'niOatiaiv i bf 

, 	 ,,sit i t 
By decom: Iii8efiriebielli.proved, that if the water' 
posing  car- prived; 	Ail its' air by'boiling, the leaveiAl l  bonic acid. 

particle [of air';1  that those kinds' of watch Which Sie.fdIiidist 
air( i'ontaity in them• the greatest' quantity 'qf icArbonic abid 

tha`t• iedires 	hot' 	any oxygen Vlieit plunqd ri 
wateriotalif destitute -of' carbdnic acid gas; . 4titi 'they einii 
it 613tifidantiY1  Niiiien the water,"liendered UngroCluaive l ty 

"irtiptegnated with carbonic acid gtii'l;"thidihe 
quantity of oxygen emitted,' and s'el;6n 
portional to the quantity of carbonic acid, gat/ whicht the 
water contains; that water,  impregnated with earboniceatid 

Ir 

. • liraponnot, has rendered it prohnblei that'in this ,exPeritn6nviik t'vas 
not Oe absence of, carbonic• acid'  but the l delettriong effects41  of tht# 
lime ANI! 	pinntitiu Saussure's experimentsJIIiiAmieraeChiM. 

11 	I 

	

it 	 d ,,4 	 i Saussurey Itechkrches,4.:3(% 

	

. 	t  

	

4 pg.Ain,,iiit ,484., ii , , 	Itigeohousa.ont Veget:idtg, Sze. 
IngeuhOusz on Veget, i. 15, 33. 

   
  



FUNCTIONS OF THE LEAVES. 

gas gradually loses the property of affording oxygen gas Chap. 
with leaves; and that whenever this happens, all the carr 
bonic acid gas has disappeared ; and on adding more 
carbonic acid gas the property is renewed. These expe-
riments prove, in a most satisfactory manner,, that the 
oxygen gas which the leaves of plants emit-depends upon 
the presence of carbonic acid gag; that the leaves,absorb 
carbonic acid gas, decompose it,, give out the oxygen, and 
retain the carbon. They have been lately confirmed by 
the experiments of Dr. Woodhouse, To this gentleman 
likewise wq are indebted for a very full set la expetimenta 
on the quantity of gas produced by exposing different Plant$ a in water to sunshine for given times.t 

6. Sennebier has ascertained,, that the decompositiojibT The decom-
the carbonic acid takes place in the parenchyma. He found position

ed 
 

that, the epidermis of a leaf would, when, separated, give tc;the pa-
out. no air, neither would the nerves in the same ei,XOUF04. renchyma. 
stangcs;, but ,upon, trying the parenchyma, thus,separated 
from its, epidermis, and part. of its nerves, it continued to 
glye out oxygen,as,b0kqe,I 	 1 

That Ate decomposition is performed by peculiar orgads;  
frpm an experiment of Ingenhousz. LpAvest, cut 

into. srgal ,pieces continued to give qut oxygerkfts before; 
imp `leavel ponnded in a mortar lost the property entirely! 
In the first state, the peculiar structure remained ; in the 
other, _it was destroyed,. Certain eperiments la Count 
Rumford, indeed, may seem incompatible with this con/ 
e• 
plosion ; and they will naturally occur te the reisdeil as itt4 

i4efogq. that dried leaves of black popla4 fibre 
of raw silk, and even glass, when pinnace] into wateti  gave  
out, oxygen gas by the light of thq shit; but,when Sqhhey  

qer,i, repeated these experiments, they did not.succeed. § 
t i Nvit.,s I  probably the air contained in the water, which sepal  

rated in the' Count's experiments, II 
• 

Enoybh,Mbelloil. Physiolt.#egdt. rl 8 1, 
ifi;SPeiNiPholsoit's,Jour. 	1541iiand Ann. do 	400, 

Encyc. Method. Physiol. Veget. 180. 	§ Ann. de Chim. i. 115. 
PiliiWOodhouse.tried xlie experiments with filurnehts bf ti5,14st us, 

horserliairl,cottom pannicleS of rhus cotiuus,, Cottbn bf astleplaY 
syri!lca,,bairyi plumes of clematis crispa, spikes of paniciin klhacum'; 
charcoal powdec;,  eachi of', liese, •he affirms, yielded in water a little 
oxygen gm, titit less,pitethaw the leaVes of plants, Nicholson's „tour, 

1,5t). 	 , 
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Book IV. 	7.. From the experiments of Saussure, we learn that the 
`—‘(--) quantity of carbonic acid thug absorbed and decomposed- 

Carbonic a- varies greatly in different plants, even when placed in the 
cid absorb- 	. • 
ed varies  in  same circumstances:  The lytlerunt salicaria was found td- 
different absorb. seven orr eight times its bulk of this" gas in a clay'; 
plants. while the cactus opuntia, and other fleshy=-leaved•plants,- did-

not absorb above a fifth of that quantity. The portion ab-
sorbed, according to Saussure, depends upon the surface of 
the plant; and therefore thin leaved plants must absorb 
more than those that have fleshy leaves.* 

The whole 8. It does not appear that the whole of. the oxygen con- 
oxygen not tained in the carbonic- acid absorbed- is-emitted again by the 
emitted. plant. A considerable portion of it seems to be retained. 

This, at least, is ,the result which follows from a set of expe-
riments made by Saussure on purpose to ascertain the 
point. He mixed carbonic acid with common air, in such 
a proportion that it occupied 7k hundredths of the mass. 
Jars, standing over mercury (covered with a thin film of 
water), were filled • with this mixture; and plants of vinca 
minor, growing in a small vessel filled with water, were in-
troduced into the jar. These plants,. thus placed, were ex-
posed for six successive days to the suns from five in the 
morning to eleven, while the temperature of the air was 
700 ; during all which time they vegetated with great vi-
gour. The bulk of the Air in the jar was not sensibly al-
tered. No carbonic acid could be detectedin it. The pro-
portion of oxygen was 24+ per cent. The following table 
exhibits the proportion of: the Constituents of this air, in 
French cubic inches wheni put into the jar, and after the 
plants had vegetated in it six days.t 

When taken out. When.put in. 

	

Azote •6004••11 11°0 	  218'95 
Oxygen 	 56•33 	 71'05 
Carbonid acid: 	21'75 	 1.0'00.  

, 1 	1 290'00 i 	a90'00 

Some azote 
et fitted. 

Thus the whIole 	inches'Or carbonic acid were ab- 
sorbed;' but the oxygen emitted was only •fttli gifiches, 
whereas the whole oxygen in the carbonic acid' wdhid We' 

• Recherches Chimiques, p. 56. 	t Ibid. p.40. • 

   
  



FUNCTIONS OF THE LEAVES. 	 351 
amounted to 21.75 inches.. • The difference, amounting to Chap. III. 
about seven inches, was made up by a quantity of azote, 
which had been given out by the plants along with the 
oxygen. The following table exhibits the result of similar 
experiments, made by this philosopher, on other plants, 

the numbers denote cubic inches. 

	

Jo 3109 Jo 	0 o I et 0 
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-on!p try 

luaa .wd'ppu 
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C.- 
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CO 

C• 
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litastid 
Jo Nina 

ra 
is; 

Co 
oo Co 
oa 

9. Thu it appears that plants, when exposed to the light, 
absoKbi  ,car,bonic acid, decompose it, and throw out Aga in 

neatest !part o' the oxygen of this,gas mixed (it would 
seen) with a little apte.* It is extremely probable, that 

* I presume that Saussure ascertained merely that the new portion 
.I 	i 	 I • 
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Book iv.. plants, by this process, acquire the greatest part of the car. 
bonaceous matter which they contain; for if we compare the 
quantity of carbon contained in plants vegetating in the 
dark, where this process does not go on, with the quantity 
which those plants. contain which vegetate in the usual man.,  
ner, we shall perceive a.very conspicuous difference. Chaptal 
found tliat a byssus, which was vegetating in the dark, con-
tained only nth of its weight of carbonaceous matter; but 
the same plant, after being made to vegetate.in' the light for 
SO days, contained .2--(th of its weight of carbonaceous mat-
ter,* Hassenfratz ascertained that plants growing in the 
dark contain much more water, and much less carbon and-
hydrogen, than' Omits growing in the light. Sennebier 
analysed both.  with the same result. Plants growing in the.,  
dark yielded less hydrogen. gas and oil : their resinous mat-
ter was to that of plants growing in the light as 2 to 5.5, 
and their moisture as 13 to 6; they contained even one-
half less of fixed matters" 

The quantity of carbonic acid thus absorbed is consider-
able. In Saussure's experiments, the plants absorbect daily 
more than their own bulk of this gas : But when they grow 
in the open air, where the quantity of carbonic acid is 
much less considerable, not exceeding -3q,7,-th part, the pro-
portion absorbed is no doubt less. 

Plants emit 10. Ingenhousz found that plants emit no oxygen wheti 
no oxygen made to vegetate in the dark, and' that in these circum-in the dark. 

stances they rather injure air than improve it. Now, as 
the emission of oxygen has been found to depend upon the 
absorption of carbonic acid, it is probable that this acid is 
absorbed only in the light. Saussure indeed has endea-

lvoured to prove, that plants, even in the dark, absorb and 
decompose carbonic aoid ;. but the quantityt  if any, must 
be so extremely small, that it cannot well be appreciated. 

Green co- III. The green colour of plants has been shown, by Sen.. 
lour pro- nebier, to depend upon the absorption of carbonic acid. It duced by 
1411 t. 

of gas, to which he has given tbe name of azote, did not diminish with 
oxygen, and did not render lime-water turbid. Many other gases pos.: 
Bess these properties. It might have been ionic inflammable gas. Hy. 
drogen would have detonated ; but some of the compound iLflammablor 
gases would not, when diluted so largely with common air. 

• 'Kew. Par. 1786. 
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appears only when plants vegetate in the light: for when Chap. I 
they vegetate in the dark they are white; and when exposed `"---v."-1  
to the light they acquire a green colour in a very short time, 
in whatsoever situation they are placed, even though plunged 
irk water, provided always that oxygen be present; for Mr. 
Gough has shOwn, that light without oxygen has not the 
power of producing the green colour.* 

Sennebier has observed, that when plants are made to 
vegetate in the dark, their etiolation is much diminished 
by mixing a little hydrogen gas with the air that surrounds 
them.1- Ingenhousz had already remarked, that when a 
little hydrogen gas is added to the air in which plants vege- 
tate, even in the light, it renders their verdure deeper: t 
and he seems to think also, that he has proved by experi- 
inents, that plants .absorb hydrogen gas in these circum- 
stances. § Mr. Humboldt has observed that the poa annum 
and compressa, plantago lanceolata, trifolium arvense, cheiran- 
thus cheiri, lichen verticillatus, and several other plants 
which grow in the galleries of mines, retain their green 
colour even in the dark, and that in these cases the air 
around them contains a quantity of hydrogen gas. This 
philosopher concludes, from his observations, that the 
white colour of etiolated plants is occasioned by their re- 
taining an unusual proportion of oxygen, and that this is 
prevented by surrounding them with hydrogen gas. This 
May perhaps be true in certain cases; but the experiments 
of Mr. Gough, mentioned above, are sufficient to prove 
that the retention of oxygen is not the only difference be- 
tween green and etiolated plants. II 

The green colouring matter of plants has been, shown Plants sup. 
by Rouelle to be of a resinous nature. From this, and nosed to dc- 

oae 
from the circumstance of its being formed only in the light, yfirr. 
Berthollet has inferred that the leaves of plants have the 
property of decomposing water as well as carbonic acid 
when exposed to the light of the sun. The oxygen emit-
ted, according, to him, is derived partly from the decom-
posed carbonic acid and partly from the, water, while the 

• Man. Mem. iv. 501. 	+ Encyc. Meth. Physiol. Veget. 75. 
Ann. de Chirn..iii. 57. 	§ Ibid. 61. 

11 Plants of a white -colour, from vegetating in the dark, are called 
etiolated, from a French word which signifies a star; as if they grew  by  
star light. 
• VAL. IV. 	 2 A 
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Book Iv. carbon anehydrogen `elitef ifita the composition .,of the 
inflammable' parts' of Abe' plant. J; This ingenious 'theory, 
though' 'sufficiently' 'Probable,. ia,  not susceptible o' -direct 
proof. From the. experiments of Saussure, we learn.that 
when 'Wants' aie thiide 'to Vegetate' in put'd waterpinitmeisf 
Pheres destitute' Of "carbonic acid 'gas', i thOitivantity lof,-)theip 
fixed mittIr -does nat.increase;.but when their 'annOsphereS 

acid gas,; the increase lof ;weight,  whichl,thefy 
receive 	' cotiaiderably (:kreatei than) etin be ikecou rite& for 
by the carbon and oxygen 'derived frothAlle carhoffici aeid 
absorbed.* Hence Tit' is Clear, ' that a por'tilliv the water 
inust enter into 'their composition. It ;is 4norelifeely -that 
the-elements C4';' this' portion arrange themselves in wdiffei4 
enCway, :than that they 'still contirine the state 'of water'. 
The'se.facti certainly Strengthen the ,hypotlieSitiof 
let. Indeed, if we consider the great quantity 'of hydrogen 
contained 'in planta,-it' 'is difficult tole conceive Buis they 
site:kik' 'obtain it; provided the 'water which !they; absorb 
doea'nbttantribute to furnish it. 	1 	I 

Plants ab- - IV, Plants will not vegetate nnlesii• atmospherics pair or 
sorb oxy- 
gen, 	64(ren' 	have hecesslo their leaves, This .was rendered 

probable by those philosophers who, about the -endrof. the 
17th centul:yourned their attention' particularly towards 
the physictll properties of the air; but Dr.Ingenhousz *as 
pe'rhaps 'the fikt 'of the 'modern chemists who put it beyond 
doubt. He JtoUnd that Carbonic acid gas,' 87,410; 1411d,h3F1  
drOgeri gas, destroyed plants altogether, ;: unless they'svere 
mixed with -atmospheric air or oxygen gas. r. He foimd also; 
that planes grew very well in Okygeri gas anaill atmospheric 

'From these experiments, it was pretty clear that the 
leaves of plants absorb oxygen; and • the .whole series i‘of 

, chAnichl eliperiniehti on plants-led td the supposition that 
this absdrptiiitl N4ag'confined td the 1.iightil The:iubjectlas 
fatel?' tidetc\tiry 'fully investigated.  by Saussure, *hi)] his 

64tifiilifietrithefse gappositions byidecisivb.expeki+ 
mental,' Eli sada& in'ailyliew' facts not Previously,2suipected.4. 

greaTei4JanibOlif plants refuse:to vegetateoth4 
CSnfined 	 11.44/3.11kily ciMaiitit1841) 	ibli 
are abundantly supplied with green parts, as the cactus 

'* Recherches, p. 217. 	 phssiin. 
t Recherches, p. 60. 
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opuntia, Std. When plants,continue to vegetate in azote, Chap. III. 
it is because they give out.a portion of oxygen during then  `•••••-•,--d  
day ; r the absorption of which during the , night preserves 
them .t 

2. When the leaves ,'of plants are put, in contact with 
common air during ,the night, they diminish ,the bulk of 
their' atmosphere by absorbing oxygen. „.Some .plants 
change, at, the same time, a portion of the oxygen into 
carbonic.acid, while• others form no perceptible quantity of 
this last gas. The leaves, for example, of the cactus opun, 

crassula cotyledon, sempervivum tectorum, agave,eimerit 
cana, and.  stapelia variegata, simply absorb oxygen; while • 
the leaves of the f  guercus robur, sedum refle,t-um, T eesciaus 
hyppocastanum, and robinia pseudo-acacia, absorb oxygen, 
and. form a portion of carbonic acid, inferior in quantity to 
the oxygen which has disappeared.t 
• 3: This inspiration of oxygen takes place only when the 

leaves retain their organized form. If this be destroyed, 
by reducing them to a paste for example, all absorption QS 
oxygen is prevented, though a portion of ,it 4 even then 
converted. into carbonic acid by the action,of the carbons* 
ceous•matter present. t, 	 - 	, e,1 	1 ' .7  

4. The oxygen thus inspired by , the leaves of plants, 
not separated from, them again by putting, thern.intei  the 
exhausted receiver of the air pump. By that meansti in-
deed, they yield a little air, but always muOi less than,* 
oxygen absorbed ; and this air is precisely.cf, the saine,na-
tare with the atmosphere in which they, yerejeon4Rel3. 
Neither is the oxygen extricated by exposing, the leaves to 
the greatest heat which, they, are capable of bearing without 
being destroyed. §   

5. There is reason to believe that the oxygewgns thus And con-
absorbed by plants is converted into carbonic acid withiA girtointr 
the plant, and that it is only after the plant is saturated with acid.,  
this acid (if the .expression may , be permitted), that the 
surrounding oxygen is partly converted into ,carbonic acid, 
by combining with the carbonaceous matter of the plant. 
When the leaves are exposed, to the light, this carboniC 

• Recherches, p. 197. 	• 	+ &more, ibid. p. 61. 
Saussure, ibid. p. 74. 	E Recherches, p. 69. 
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Time. 
September 
September . 
May. 	 
September. 
September . 	 
September'  
June 	 

_Oxygen 
absorbed. 
	 cl".66 
	 .. 146 
, . 8120 

1'36 
2'23 
•1' 
1•gr  

356 	 VEGETATION. 

Book iv. acid is decomposed, and a' quantity of oxygen thrown out, 
`--N-e—j  usually greater than what was inspired. But the oxygen 

given out in the light '(when plants grow in atmospheres 
destitute of carbonic acid) is always proportional to the 
oxygen inspired during the night; being always greatest 
when the plant has absorbed the' greatest quantity of 
oxygen. 

Differ in 	6. Plants differ very much from each other in the quan- 
ye absorb- tity of oxygen which their leaves absorb during the' night. 

td. 

	

	Fleshy-leaved plants absorb the least oxygen; probably be- 
cause they emit no carbonic acid gas. Hence they can 
vegetate in high situations where the atmosphere is rarefied. 
Next in order come the evergreen trees, which, though 
they absorb more oxygen' than the fleshy-leaved plants, yet 
require much less than those trees. which lose their leaves 
during winter. Those -plants which flourish in inarshy 
ground likewise absord but little oxygen. The following 
tables exhibit the result of Saussure's,  experiments oh this 
point.. The first column contains the names of the plants. 
whose leaves were employed ; the second the month in 
which the experiments were made; and the third the bulk 
of oxygen "absorbed, supposing the bulk of the leaves used 
in each 'experiment to be always Poo.*' 

I. Leaves of Evergreen Trees. 
Leaves of 

Alex aquifolium 	 
Buxus semper virens 
Primus laurocerasus 
Ditto . 	  
Viburnum tinus ' 	 
Hedera helix .. 	 . 
Vin'ca minor. 	 
Ditto. 	 '.September. 
Pirius abies 	' 	 September . 3 
Beupleuruin frtiticosuni'May 	" 	' 	• • ••• . 4 ' 
Juhiperniiabina... 	'June 	 
jiriiperus eonittuttiis` 	June 	 4' 

1046 

4.*1 
f .11 

‘,.litecherches, p. 99. 

Tables of 
the propor- 
tion abscu b- 
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11. Leaves of Trees which lose their Doves' in Winter. 	Chap.III. 

9 
I 	. 	 Oxygen 

Time. 	 absorbed. 
August . ...• • i t .0 • 8 

	

May 	 .1,•  4  • • 5 
September . .. , ... 

Leades of 
ragus syl vadat . 	 
Carpinus betulus .„ . , 	 
Ditto 	- 
Quercus.robur.. 	, 

• t • • 
igscuips hypocastanus 
Populus alba, 
Ditto . 	 ,••i  ,Prunus Armeniaca ..e  . 
Amvgdalus Tbersica , . 

-pia() : . . 	 f  •• • * 

jughins regia ......., 
Ditto     • • • 

'Platanl us occidentalis 
itObinia pseudo-acacia 
Ditto 	  
S"yringa vulgari 

r I I Fraxinus excelsior 	 
Ditto. 
Pyrus 
Ditto. 	 . 
Rosa centifolia. , 
Magus castanea '  

6 
May, 	 A A 1 5.15 

September . . • 	 • , • 5.4 
September . 	 4'8 
lay 	  6.2 
September . . .,,,. r 	 4'36 
September , 
June 	 6•6 
September . 	 4'2 
May.... r 	 . 6.6 
September . 	 44 
September . , 	 3 
May •••• ta •. Ise'', •II 6 

8 • 

September , 	 6.7 
May : 	 9'36 
September. . 	 2.2 
May 	1 	  4'32 

	  September . 	 911 
	 May 	 $.2 
	 September 	 

June 	 5'4 
	 July. 	  5•6

i  
EL Leaves of Herbaceous Plants, not Aquatic. 

• Oxygen 

So lanum tuberosum . 	 .2*$ 

Ditto 	  
Urtica ureng. 4 . 	 e • September , 	a‘. 2 
Mercurialis annua . 	 . . Sept. an flower 
Daucus carota 	 . ,,,,,Septepber„..ditto ! , 
Vida flba .. 	Before, o)vering , 
Ditto 	  Tn flower....."• • • • 
Ditto.  	,After.ditto. 	• 
Lilium candidum. .... May, in flower .. • • 
Ditto ..... 	 Sept. after ditto ... 

Leaves of 	. 	 absorbed. 

Brasica oleracea  	 2•4_ 

Time. , 
September .4 • • • • 

. Ditto, young leaves 
Sept. old leaves. .. 

2'3$ 

0'7 
2 
1.6 
0•66 
O*5 
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Book 1V. • • Leaves of.1 
Tropmolununajus . 
Digitalis-ambigua .r 	 
Brassica rapa 
Avena sativa 	 
Tritieura'Eeitivwn 
Pisurir'sativum 	 
Ruta graveolens 	 • 

Oxygen 

	

Time. 	 absorbed. 
Sept in, flower 
July 	41**,6 • M. • 4.41# 44,2 

Sept. in flower, .. 1'25 
June, before ditto . 2.7 
May, before ditto ,5.0 
May, 	 3.'72 

	

.August 	priil 2 
, ]'.'.eaves of flOciti.e.  paptv,-  

biyeee 

Heat may 
t)a evolved. 

Leaves oft 	 Time. 1r, 	„ I  absorbed. 
Alisma plantago 	1;AUptit. .. r ,'..4  • o 0.7 
-Link dysentericaw 	September14,1 41  174 • . ri:6 

molle10.104, 	11.93YA! •31:t 1174 
Sisymbrium nasturtium) September .g.:•111c.) .2);§ 
Polygommi,  jPersi6ovia '4 Sept. iilliflPWer,x4•,t'jg Ai r 
yeronica , bec.pabunga Jr September .4 i).1,  ‘f J'AT 1711  

Ranuneulitsu•eptans)i; ./J-Septethber.. .4  1,1.1, 3a4 (155 
tythmintsalicariaw.r. 4 3lay,L1leore, flower -J2T 
Caltha i)alustris.-4414 	-1VI43441.1m!im rii IT" I Ito; 1 r,, 
Carex acuta... 	4i . 'May, . :4,14.111'64 . 4 )215j, 

. 
 of tote T,L411 	 ?. 	• 

	

*,fitfIr • e41)6:S 	0 "4"' VYL,1:1"!.!• .)5:7' ill 	". xygen o 

	

/..eaVesranf ' 11 	7 rR Time: 	)1) I libsorbed.)I 
-Cactus 	 lAUgusb 	i it 1- 
Akalie-Am'ericank 	i• 	ttxgusi 	:.1:.0.81. 
SeMpervivuta teetorura5i3uly  
Sedum globbsain d.-i ..c8ept61beiv% 4+1 	11•6.c 
Saxifrage cOtyledon 	Septettiber tiv vv.; • 
Sedurn reflotimi 	• I Amer; ... 	4.. 11 •J 
Stapelite viriekata • 	 ri &Bt. 
'MesettlitYantheinuni 	J

l
tui 

	

deltoides,J.6 4 fd 1 P. 	 Y 	7 ' 	• • f.' ,r 
tt is 'not' 	 ihdt by the .11bibigtoV 

and the trtTi'o 	carbonic b6iiie 	 104+1'1'4Y 
be e' 	"A;;I:64i4 	thOil0 'the liquaiAity: 

	

must be too small to  r 	appreciated. 	appear hat 
certain cases a very considerable degree of heat ii0)410a, 
by vegetables; though it has' riot yet teen' idcregiried. Whe-
ther the appearance of it is connected with the absmytion 
pf oxygen. A very extraordinary instance of this is related 
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by Bory de St. Vincent on the authority of Hubert. The chap. TI!. 
stamina of the anon carchfolium, at the moment of bursting, 
produced so great a heat, that twelve of them placed round 
the bulb of a thermometer raised it from 79°-.to 1.44°... The 
enperiment was repeated a great number of imes with 
similar results,* 

so 
8. it 'appears, from the experiments of Saussure, that Roots ab-

the roots absorb oxygen as well as the leaves, and that they n
rb oxy-

transmit tile carbonic acid formed to the leaves to be de- 
composed. 	

ge 
The branches likewise absorb it. Flowers do 

not expand without its presence. 
Thus it appears that during the night plants absorb oxy- 

gen; that they form with it carbonic acid ; that a portion 
of this gas is sometimes emitted, together with a little azote ; 
but that the. greatest part is retained 'and decompOsed by 
the leaves,  during the day. Plants will not. live without 
this nightly-inspiration, even though supplied witli_ carbo- 
nic acid,,  provided the oxygen formed 'by them during the 
day be constantly withdrawn at the approadiof night. 

V. The leaves of plants' absorb water is lvellrfaS oxygen Leaves ab- 
from dui air.. This had been suspected in, all ageg: the sorb water. 
greareffect which dew, slight showers, and even:wetting 
the leaves of plants, have in recruiting their(strepgth, and 
making them vegetate with vigour, are id many proofs that 
the leavei imbide moisture from the atmosphere. Hales 
rendered this still more probable, by observing that plants 
increase considerably, in weight when • the atmosphere is 
moist; and Mr. Bonnet put the matter beyond doubt in his 
Researches concerning the Use of theLeaves. Ne showed 
that leaves continue tto live for weeks when one, of their 
surfaces 'is Applied, to water 1 and that they not oulyyege- 
tate themselvep, ,but even•iirribibe enough of-,water,io• sup- 
port the vegetationof a whole prapOs, and, the.leaves be- 
longing  to it. Ile'discovered also,, that the two Surfaces of 
lgavesiffiger vierxisonsiderably in tlicir power 	hnpihing 
Ittoksture,-;•144Avrees,if,thd lira is 	tnder surfajee 
sIssgs tilmost !the, whole Of the property, while the cool. 
( 	1).' 14" ' 	f " .'' 1 tia17,1 	93any19 ;the t 	aptsktie kidney 1.)e/if! 

rA1SilnifF':0,911 'it 	It +_l 	i:T, 
if t1Rts,prorye' not of ley}  tnat 	o 1.? a , (IN q it 	aaa 	.= 	a 	•  ir 

* Jour, 	 4i I 	
fix. 281, 

JI 
r. de 	

• 

; 	J1 	/.s 
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-Book iv. the power of absorbing moisture, but also that the absorp-
-y---1  tion is .performed by.very different organs from those which 

' emit moisture; for these organs lie on different sides of the 
leaf. If we consider that it is only during the night that 
the leaves of plants are moistened with dew, we can scarce3y 
.avoid concluding, that, except in particular teases, rit is 
during the night that plants imbibe almost all the moisture 
which they do imbibe. 

Thus we have seen that the leaves of plants, p&fortn, very 
'different operations at different times. During the day they 
are 'giving out moisture, absorbing carbonic acid gas, and 
emitting okygen gas;, during the night, on the contrary, 
they are absorbing moisture, giving out carbonic acid gas, 
and absorbing oxygen gas. 

Sap con- 	By these processes, and perhaps also by others which 
vented into have not yet been detected,. the sap of plants is new modell- nutritive 	• 
juices by ,ed, and brought to the state which is. adapted for the oncin- 
2'"`ses . 	rishment of the plant. To describe in what manner these ces 

changes take place, is impossible; because we neither know 
precisely the substance into which the sap has ,ibeen con-
verted by the operations performed during the.day;  .nor the 
new substances formed by the operations of the night. 
Vvie have reason, however, to conclude, that ,during the 
day the parboil of 'the sap is increased, and that during the 

'night the hydrogen arid :oxygen, are increased; but the 
precise new substances formed are unknown to us. Nor 
let any one suppose that., the increase of the hydroffen,and 
of the oxygen of the sap is the same thing.as ,the -addition 
of a, quantity of water. In water, oxygen and hydrogen 
are,already combined together in a certain proportion; and 
this combination must be broken, before these elementary 
.bodies can, enter into those triple compounds withi,carbon, 
of which a great.,part of the vegetable productsi consist. 
We have not the smallest conception of, the manner rtin 
which ;hese triplu combinationg are formed, ;and as little,pf 
the mariner ip which, the 'bodies which eoutpose,vegetable 
substances arecorribioed together. The oorebination may, 
for any thing rve know to the contrary, be very!compli-
cated ; ,thopg4,4,consists wholly of three ingredients; 'and 
analogy,leads ns to suppose that it, actually is. very,compli-
cated : for in chemistry it-may be considered as a truth, to 
which at present few or no exceptions are .knmn; that 
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bodies are decomposed with a facility inversely as the aim- Chap. in. 
plicity of their composition ; that is to say, that those '""Ne-1  
bodies which consist of thefewest ingredients are most dif-
ficultly decomposed,' and that those which are formed of 
many ingredients are decomposed with the greatest facility. 

Neither let' any one suppose that the absorptiOn of car-
bonic acid gas during the dayis balanced by the quantity 
emitted during the night; and thatthereftire there is no 
increase ° of ,  carbon : for Ingenhousz and Saussure have 
shown that the quantity of oxygen gas emitted during the 
day is much greater than the carbonic acid gas emitted 
during the night; and that in favourable circumstances, the 
quantity of oxygen,  gas• in' the air surrounding plants is in-
creased, and the carbonic acid gas diminished ; so much 
so, that both Dr. Priestley and Dr. Ingenhousz found, that 
air which had been spoiled by a lighted 'candle, or by 
imima14, was rendered as good as ever by plants. Now we 
know that. combustion and respiration diminish the oxygen 
gas, and add carbonic acid gas to air; therefore vege-
tation, which restores the' purity of air altered by these 
processes, must increase the oxygen,lind diminish the car; 
bonic acid rgas •of'lhat' air; consequently the quantity of 
carbonic acid. gas absorbed by plants during the day is 
greater than the quantity emitted by them during the night; 
and 	course the carbon of the sap is' increased in the 
leaves. 

It is true, that when plants are made to vegetate for a 
limber of clays in a given quantity of air, its ingredients 
are not found to be altered. Thus Hassenfratz Ascertained 
that the air, in which young chesnuts vegetate for a num-
'ber' of days 'together, Ira not altered in its properties, 
whether the chesnuts were vegetating in water or in earth;* 
and Saussure, junior, proved that peas growing for ten days 
in 'cater did not alter the surrounding air.t But this is 
.precisely. What •Ought ? tO be the case, and What must take, 
'place, provided the conclusions Whi'clx "r haVe 'drawn be 

ust. • • For' if plants only emit' oxygen gfii by' absOrbing and 
• decomposing icarbonic acid gaff, it 'is &Idea; 	unless 
'carbonic acids be present, they 'cati.emit idbxygen gas ; 

tad whenever they ha* deCoMpbted all the ciirbonic acid 
• ,1 	 1  

+ Ibid. 	1.8g. • Ann. de Clam. Kill. 325:" 
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Book- IV., gas contained in a, given quantity of air, 	have no longer 
any reason to look.for their emitting any more oxygen gas; 
and, if the quantity, pf carbonic acid gas emitted during the 
'night be smaller, than that absorbed during the day,, lit 
evident that during the day the plant will,constantly decom-
pose all the acid which had been formed during the night. 
By; these processes the mutual changes of day and night 
compensate each other ; and they, are prevented from more 
than compensating each other by the forced state of ,the 
plant. it _is . probable, that when only part of a plant ,is 
made to vegetate in this forced 'state, some caibureted sap 
(if I may be allowed theexpression) is supplied by the rest 
of ,the plant; and. that, therefore .the quantity of carbonic 
acidzas. emitted durinathenight may bear a nearer pro-
portion to that emitted in a state of nature, than that of the 
absorption of 'fixed air can, possibly do. And probably, 
even when the whole plant is thus confined, the nightly pro-, 
cess goes on for a certain time at the expense of the carbon 
already in the sap ;.,for Hassenfratz found,, that in „these 
cases the quantity of carbon in, the plant, after it had vegel-
fated for some time in the, dark, was less than it had been 
when it began to vegetate.* This is, the _reason that plants 
growing in the dark, ; when confined, absorb all the oxygen 
gas, and emit carbonic.:acid gas :,,and,.wheneyer this has 
happened, they die ; because then; neither the daily nor 
nightly processes can go on. 

SECTrc Vc 

OF THE PECUI44It :TIJIFES O1 PLftNrS4 

	

BY these changes wild; 	 leaves, the nature 
of the sap is altogether changed. t  it is ,now .eonTerteil 

fcg what,  is called the 	illic4" 	 sap; 1 ! and t§  fit 
for being ass.pild.ea 'iOthe if event parts of the plant,-  fifia 

	

‘. 	 ,1 , for  .beii?g  • emplue51,0%' the foryuattOn ,  of tnoie` secretions 
-which are necPsary tof 	p'urpdS4s of t  t6 

• I 	
vegetable  

rlOnly? 

-!*9. 49.ChiliAJ 	Aqf 
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" 	The leaves, therefore, may be considered as the,digestino• Chap. III. 
organs of plants, and as equivalent in 'some measure to  the "—v-
stomach and lungs of animals. The leaves consequently c

l
i 
 v

s
v e  

are not mere ornaments; they are the tarok important phrtg organs of 
or the plant. Accordingly we find; that whenever We strip Plants-
a plant of its' leaves, we strip it entirely of its vegetating,  
powers till 'new leaves are formed. It is *ell known- that 
• wheri the leaves, of plants are' destroyed by insects 'they 
vegetate no longer,' and that their fruit never makes .any 
farther progress in ripening, but decays and dries up. Even 
ih germination no progress is made in1  the growthlof the 
stem till the seed-leaves appear. As much food indeeclis 
laid' tip in the cotyledons as advances the plant to a. certain-
statd : the root is prepared, and made ready to perform its 
functioni ; but the Sap which it imbibes must be first carried' 
td The seed leaves, and digested there, before it be proper 
0..1%i:tiling the plumnla into a stem. Accordingly if the 	• 
seed-leaves are cut off, the plant refuses to 'vegetate. •• 

'It will be very natural to asit, if this be true, how come How they 
the leaves themselves to be produced ? I had endeavoured adruw 
tO'renaer it prbbabld, that food for the purpose of nourish-" 
ing and developing them was laid up -in the buds' them'',  
selve's i' but the late experiments of Mr. Knight, formerly 
detailed, have shown that the alburnum is ' the part of the 
tree in which this food is deposited. After the plant has 
developed all the parts which.-are to appear during the 
summer, and after the buds are fabricated and rolled up, 
the leaves still continue_ to manufacture new food, and to 
send it to the alburnum. Here it is deposited, and em-
ployed next spring in feeding and developing those organs 
of plants which are absolutely necessary for enabling them 
to perform the functions of vegetation. From this important 
fact, Mr. Kiiight hag drawn a number of curious conse-
quences, pf great,  importance to the practical gardener and 
farmer. 	 N 1 

This deposition of tbdd for thefuture supply a the plait' 
explains to us why Che hrarich.of a vine, if it be introducecl 
into a hotlhonsl during the winter, 'Puts forth leaves', aha 
vegetates with ,vigour, while every other parebr the Pita 
gives no signs toelifd. -It explains to us also why the sap 
flows out of trees very readily in spring before the 'leaves 
appear, but after that the bleeding wises altogether.' It is 
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Book tv. evident that , there can be- scarcely any circulation of sap 
\---Ne--)  before the leaves appear; for as there is no outlet, when 

the vessels are once :full ithey can admit no more, It 'ap-
pears, however, from the bleeding;  that the roots are dya-
ble of imbibing, and the vessels of circulating, the sap with 
vigottr. Accordingly; whenever there is an -outlet, they 
perform their functions as Usual, mid the tree bleeds; that 
is, they send up aquantity of sap to be digested as usual i 
but as there are no digesting organs, it- floivs' out, because 
the sap that flows out would .hot have been imbibed at all, 
had iv not :been for the artificial- .opening.• Bitt 'Mien the 
digestive organs appear, the 'tree will, not bleed ; because 
these-organs require all-the sap, 'and it is constantly 'flowing 
to them.. 	1 	 - 

Absolutely If a tree be deprived of its leaves,..new,leaves.make their 
slecessarY* appearance, because they are already prepared for that purA 

pose.. But what would be the; consequencelf.atree were 
deprived of its leaves, and of all its buds' for five years brick ?. 
That plants ,do not vegetate withoutieavesis evident from 
an experiment of Duhamel. Hestripped the bark off a tree 
in ringlets, so as.to leave five or six rings of it at some 

.tanee fronveach other, with no bark in thei,ntervals4 Some 
of these'rings:had buds, and leaves.; these increased con" 
siderably in size; but one ring whichhad none of these re-1 
„rnained for years unaltered. Mr. Knight found that a shoot' 
of the vine, when deprived,of its leaves died altogether.* 

Form the 	The suecus pr*rius  , or peezzliar juice .of.plants,. may be 
peculiar considered as analogous to the blood, ofianimals. It is the juice. 

food altered by digestion, and renderedi  fit for•beind assimi-
lated and converted into a part of the plant itself by the 
subsequent processes of vegetation. , That it flows from the 
leaves of the plant towards the roots appears from .this cir-
cumstance, that when we •make,ap, incision into the plant, 
intofwhatever position we put it, much- more ofi lhe,succus 

which 	prOpr271$ flows from,that side of the wound which is next the 
flows from leaves and branches , than, from f the-, other side: and f this 
the leaves. happens even though; the leavestand ,branches ,be held unf.1 

dermost,t, When; afligature is tied about ka_pltuat, ,a swelling 
appears above but;not below,the ligature. 	, , 

In vesselr. 	The vessels. nontaiuing the peculiar juice have.been.traced 

Trani. 1801y.p. 338. 	t $cU, Manch. Mera,.ii, 401. 
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by Mr. Kn ight: &inn the leayes.intoth;:cortical layers of the 
inner bark.'. fledWigi  who has examined the vessels ofplants 
with Very-great care, seems to consider them as. of the same 

• structure with the'trachete ; but Mr. Knight is of a different 
opinion. ,It appears evidently from the expetimentS of this 
last gentleman, that-they communicate with no part of the 
plant which is situated-at a greater distance from the met, 
than the leaf from which they themselves originate, ?For' 
when two circular incisions are made through the bark 'of 'a 
branch above and below' a leaf, ,and at some 	from 
it, only that part of the portiofi-confinedl between the two 
incisions which is tituated below the leaf increases hi size. 
From the experiment of Mr. Knight, there is- reason 
fo believe that these Vessels are much better calculated to 
carry the true sap front the leaves towards the roots, than 
in the .contrary direction. By passing the slender shoots of 
a vine through the earth of a garden-pot, he made theta 
send out roots. The shoots were then cut off from the 
parent trees leaving ran equal portion on each side of this 
'new root. Each of these portions was turned up at a. 
similar angle4 and had a bud at a little .distance from the 
cut-off extremity. Here ,  were two stems growing from 
oneroot. But the -one was obviously inverted, while the 
other.was in its natural position,,  In the first, the woad be-
tween the bud and the .cut-off extremity increased in size; 
but in the othet,  it did. not: indicating a.disposition in the 
title sap to move its. original direction from the leaves to 
the root. In like manner when shoots,  of gooseberry and 
currant bushes ire' planted inverted, theupper part always 
decaved.t These experiments are favourable to the opi-
nioni  that these-vessels are furnished with valves. • • 
-, When all c nimunieation between the leaves and roots 

is cutoff, by , tnovingra portion of- the bark all roand the 
tree*  •it appear r front , the experiments of Knight, that 
the,alburnous vcssels acquire' tild property of -transmitting 
a iportion of:th .0 true sap.'to the roots).so. as to maintain the 
powers of vegetating; but the quantity. is greatly diminished, 
The surplus appears to' be lodged ring  the alburnmn, which 
thus becomes denser; .rand if- the plant ,be.. allowed to 
vegetate, this food is expended mitt season upon the upper 

+10 

Phil, Trans, iaoi, p. Ur. 	t Nicholsoces hurl x; 289. 
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part of the plant. -Thus the quantity of blossoms onto the 
brancloof an apple tree is greatly increased 'by removing 
a section of its bark the season' before the .blossom is to• 
appear:* 

The true sap is easily known by its colour and its consist-
ence. In some plants it is green, in some red, in many 
milky. It cannot be doubted that its motion in the vessels 
is performed in the same way as' that of the sap. 

If we had any_method of obtaining this peculiar juice in 
a state of purity, the analysis of it would throw a great 
deal of light ,uponlvegetation ; ibut this is scarcely possible, 
as we cannot extract- it without dividing at the same time, 
the vessels which .contain the sap. In many cases, however,r, 
the peculiai juice. may be known by its Colour,' and then its 
analysis, tnay -be performed, with. an  approach, r towards Acys. 
curady. The facts , respecting its'constituents, .litherto 'est.; 
eertoined by chemists, have, as ,far 	acipainted with 
thern„, been detailed in.  the preceding Chapter .r , These ek-
periments prove, as might' .have been .eXpected,, that ,ithe 
peculiar juices .differ very considerably, from ., each ilother, 
and, that, every plant has a juice peculiar to itself.-whence; 
itt?follows; that ,  the processes which .go on in the leaves o£ 
plants must differ at lead lin; degree, and. that,we have no, 
right to transfer the conclusions deduced from experiments 
on' one specieekif plants td those lef another speciesw It is,  
evem probable, that4the processes hi differentplants are nob 
thisamdlin kind for. it' is not reasonable ,to suppose that; 
the phenomena of vegetation iin an ,agario or a'boletus Bret 
precisely, the same as those which,  take place,  sin itrees ) and 
,iry larger, vegetables, on'twhic& alone experiments have' 
hitherto been;macle.,411 	 I 

The true sap is conveyed to every part of the plant;, Lind, 
all the substances -which we find in plants, )andJeVeni the 
organs theinselves by which therperform their functionso 
are formed .fromit. But the.thickest veil covers the 'whole+ 
of -these processes; 'and sal.far. have philosophers hitherto: 
been front remoyingi this `veil,,  that they have mit elfer; bethir 
able• to approach, itY. -  All.these operations,  hadeedycareevili 
dently chemical decompositions and ,continati0i144 

.m' 	 iniihe:Oh the tii,dited A rtio'n 'of' tile Alburnoili Ves413','-ef i'reesit 
Phil. Ttans,. 1806: 	• 	 . LO1 	

I 
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neither know cwhit these dqcompositiiitis and combinations chap. 
are, . nonthe4  instruments, in ;which they take: place, nor the "--Ne--1  
agents by which they, are regulated:, 

WI 	 1 

SECT. VI. rr 
' Of' THEL I  DECAY OFuPLANTS: 

Sum, as far as L iuni acquainted with theitt, are the Plants de-
changes,  produced by vegetation. But plants do not con- cay and die. 

tinue to vegetate for ever; sooner or later they decay and, 
wither and rot, find are totally. decomposed. This change 
indeed does not happen to all plants at the end of the same 
time, Sonde live only _for a single season, or even J for a 
shorter period; others live two seasons, others three,,others 
a .hundred or /more ;: and there are some plants which con-
tinue td vegetate for thousand years;. but sooner orbiter 
they all cease to live; and then those very chemical and. 
mechanical' powers which had promoted vegetation combine. 
to destroy the remains of the plant., Now, What is the, 
cause of thistchange? Why do plants die ? 

This iqqestiow clan. only be answered by examining with 
son* carembatitasmhich constitutes.the life of plants: for, 
it is evident,,l/hatuifiVie eau discover+ what that is which, 
constitutes. the)lifddofi(a plant,. it cannot be difficult to dis 
cover.,whatevertconstitutes; its: death. 	1 . 

iNovrithe'phetiornenn! of )vegetable life are ,in generalue.Thenomena 
getation:i. As:lopg asia:plant continues to vegetate, we saymiiZezetable  
that it lives ; when it ceases to vegetate, We conclude that: it. 

dead.)) 	io l ire- 	• .• i 	. •-t4 11' 	 I 

The, life loft: egetables,ihowever, is not so :intimately con-; 
nectedmv.itkth heribincua a vegetation• that they cannot 
be separdtedo any seed.si war be 'kept ifotlyears without; 
givingnanyqflyp cab! lif,:legetation1;11 yet • if the-y4  vegetate) 
!Abed puttintof tlfe leatti.14 AviiisayithatIthey possess life; land' 
ifrwe ,wouldokr,kaltil'aecuruteLypi*ellthust Isay also that they 
possessed lle;eveidihefo rhi they (were (p ut intoi.thel ea the for; 
it would e absurd to suppose that the seed obtained life 

ereirDy:being. p1.4. ot94.4e,,,e4rt4t L14  like manner  
i4 

 many 
plants decay, and give no symptoms of vegetation, 
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. Book IV. winter; yet_ if they vegetate when the mild temperature of 
—̀v---1  spring affects them, we consider them as having lived all 

winter. The life of plants, then, and the phenomena of 
vegetation, are not precisely the same thing ; for the one 
may be separated from the other, and we can even sup-
pose the one to exist without the other. Nay, what is 
more, we can, in many cases, decide, without hesitation, 
that a vegetable is not dead, even when no vegetation ap-
pears; and the proof which we have for its life is, that it 
remains unaltered; for we know that when a vegetable is 
dead, it soon changes its appearance, and falls into decay. 

Thus it appears that the life of a vegetable consists in 
two things: .1. In remaining unaltered, when circumstances 
are unfavourable to vegetation; 2. In exhibiting the phe-
nomena of vegetation. when circumstances are favourable. 
When neither of these two things happens, we may say that 
a vegetable is dead. 

The phenomena of vegetation have been enumerated 
above. They consist in the formation. or expansion of the 
organs of the plant, in the taking in of nourishment, in/ 
carrying it to the leaves, in digesting it, in distributing it• 
through the plant, in augmenting the bulk of the plant, 
in repairing decayed parts, in forming pew organs when 
they are necessary, in producing seeds capable of being 

Owing  to a converted into plants similar to the parent. The cause of 
vegetative  these phenomena,. whatever it may be, is the cause also of principle. vegetable life, and may be distinguished by the name of the 

vegetative principle. But an inquiry into the nature of this• 
principle belongs to the screnee of physiolog,y, and would 
be foreign to the nature of this work. 

Death of 	'The  death of plants, if we can judge from the pheno.,  plants. mena, is owing to the organs becoming at last altogether 
unfit for perforining their functions, and incaritible of being 
repaired by. any of the powers which the 4egetative 
ciple possesses. The changes which vegetable substancelv 
undergo after death come now to be examin'd. They shall 
form the subject of the ensuing Chapter. 
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CHAP. IV. 	 Chap. IV. 

OF THE DECOMPOSITION OF VEGETABLE SUBSTANCES. 

'THE most striking distinction between the substances be- 
longing to the mineral kingdom and those which Make a 
part of animals or vegetables, is the following : mineral Difference 
bodies show little or no tendency to change their nature ; betw

minera ls and when left to themselves, undergo no spontaneous de-and living 
compositions : whereas animal and vegetable substances matter. 

are continually altering; and when left to themselves in 
favourable circumstances, always run through a regular 
set of decompositions. I propose in this chapter to treat 
of the spontaneous' decompositions of vegetable bodies; 
those of animal bodies belong to the next Book. 

We have seen in the last Chapter, that during vegeta- Vegetable 
tion the constituents of plants are continually going through go through
a regular set of changes, losing the properties of one sub- a series of 

s 

stance, and assuming those of another. Thus a substance changes' 

which in -the young plant has the properties of mucilage, 
assumes in the old the properties of starch ; what in green 
fruit is an acid, in' ripe fruit becomes sugar. Vegetable 
principles, then, are not fixed or stationary in the living 
plant; they are gradually running into one another. But 
this tendency to change, or rather this continual decompo- 
Sition in consequence of the mutual reaction of the different 
simple substances- of which the vegetable principles arc 
composed, is by no means confined to the living state. It 
goes oti with equal or with greater energy in favourable cir- 
cumstances in vegetable matter after it has been completely 
separated from the living plants. It has been observed that 
this tendenc to spontaneous decomposition is usually 
greater in ani al than in vegetable bodies ; and that those 
vegetable bodi 	in which the tendency is greatest, bear 
the closest res blance to animal matter. Hence the 
common chemi al phrases  that such substances are- more 
animalized. T is is the case with gluten in particular, 
which under s spontaneous decomposition more rapidly 
than most t ier. vegetable bodies. 

Durin the spontaneous decomposition which vegetable T
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Book IV. a different manner from that in which they were formerly 
united, and form a new set of compounds which did not 
formerly exist. Now it has been observed that the specific 
gravity of these new compounds is almost always less than 
that of the old body. Some of them usually fly off in tire 
state of gas Or vapour. Hence the odour that vegetable 
bodies emit during the whole time that they tire running 
through the series of their changes. •When the odour is 

every offensive or noxious, the spontaneous decomposition 
is called putrefaction; but when the odour is not offensive, 
or when any of the new compounds formed is applied to 
useful purposes, the spontaneous decomposition is called 

Called Per- fermentation. This word was first introduced into chemistry 
snentation. by Van Helmont.* It is supposed by some to have ori-

ginated from the intestine motion which is always percep-
tible while vegetable substances are fermenting; while by 
others it is derived from the heat which in these cases is 
always generated. The term fermentation is now very often 
applied to all the spontaneous changes which vegetable bo-
dies undergo without regard to the products.. h therefore, 
in that sense, includes putrefaction ; and certainly there is 
no impropriety in thus extending the 'term so as to make 
it comprehend every case of spontaneous decomposition. 
By fermentation, then, is now meant all the spontaneous 
changes which take place in vegetable substances after they 
are separated from the living plant. 

All the phenomena of fermentation lay for many years 
concealed in the completest darkness, and no chemist was 
bold enough to hazard evefi an attempt to explain them. 
They were employed, however, and without hesitation too, 
In the explanation of other phenomena; as if giving tO one 
process the name of another, of which we, are equally ig-
norant, could, in reality, add any thing to Our knowledge. 
The darkness which enveloped these phenf inena has lately 
begun  to disperse; but they are still sulrounded With a 
very thick mist; and we must be much etter acquainted 
with the composition of vegetable substarn s, and the nits- • 
tual affinities of Their ingredients, than w are at present, 
before we can explain theni in a satisfactory !harmer. 

Fermentation never takes place unless vegetable substab- 

e 	Futidarneni. Chem, i. 124. 
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ces contain . a certain portion of water, and unless they are Chap. Iv. 
exposed to a temperature at least above the freezing point: "-v--d 
When. dry or freezing, many of them continue long with- 
out alteration. Hence we have an obvious method of pre- 
Fenting fermentation. 

If we take a view of all the vegetable principles described Tendency 
in the first Chapter of this Book, we shall find that they different 
differ much from one another in their tendency to run into bodies. 
fermentation. Gum, sarcocol, starch, indigo, wax, resins, 
camphor, caoutcliouc, gum resins, wood, and suber, though 
mixed with water, and placed in the most favourable tem-
perature, show scarcely' any tendency to change their 
nature. Oils absorb oxygen from the atmosphere but too 
slowly to produce any intestine motion. Tannin, some of 
the acids, and extractive, are gradually decomposed; the • 
surface of the liquid becomes mouldy, and an insipid sedi-
ment falls to the bottom ; and when the process has once 
begun, it goes on with greater rapidity. Albumen and 
fibrin putrify very quickly, but the products have not been 
ascertained ; gluten gradually changes into a kind of cheese. 

But it is when several of the vegetable principles are Greatest it, 
nliXed together', that the fermentation is most perceptible, cpriu;ds. 
and th change, most remarkable. Thus when gluten is 
added to a solution of sugar in water, the liquid soon runs 
into vinegar, or in certain cases to alcohol and vinegar. 
When gluten is mixed with starch and water, alcohol and 
vinegar usually make their appearance; but the greatest 
part of the starch remains unaltered. It has been observed 
th4 curtain substances are peculiarly efficacious in exciting 
fermentation in others; These substances have received the 
name of ferments. 

1314 the phenomena of fermentation do not appear in 
their greatest erfection in our artificial mixture of vege-
table princip0  s.. Those complicated parts of plants in 
which various rinciples are already mixed by Nature, espe-
cially the liqu. parts, exhibit the finest specimens of it; 
:such ps the sal of trees, the juices of fruits, the decoctions 
,of leaves, seed &c. It is from such natural mixtures that 
we obtain 	the,  products of fermentation which mankind 
have ap ed to useful purposes; such as indigo, beer, bread, 
yin 	, wine, &c. In the present imperfect state of the 
subject, I shall satisfy myself wit4 an account of the roost 

2 B 2 
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Book Iv. important of these products of ferMentation, .and of the* 
phenomena which take place during their formation. I.  

Division. shall divide this Chapter into three Sections : in the first, I 
shall treat. of the fermentation which produces intoxicating 
liquors ; in, the second, of the fermentation which produces 
vinegar; and in the third, of that which reducesithq sphL 
stance to soil. These are usually called the vinous, deploys, 
and putrifactivp fermentations. 

SECT. I. 

Or THE VINOUS YERMENTATIONY 
• • 

UNDER. this name is comprehended every species 'of 
mentatiou which terminates in, the formation of ;an in-
toxicating liquid: Now these , liquids, though numerous, 
may be comprehended under two general heads; namely, 
those which are obtained from the decoctions of seeds, and 
those which are' obtained from the juices of plants. I The 
liquids of the first class are denominated beer or ,ivash, 
those of the second,  wine. 

I. IEErt, 
f 

The method of making beer was known in the most 
temote ages. The Greek writers give the honour .of.the 
invention to the Egyptians. Almost every species I of .cbrn. 
has been employed for the purpose, In Europe it ii usually 
made from barley, in India frbm rice; in the 'interior ,of 
Africa from the holcus spicapis ;*. but whateVer grain,isemt. 
ployed, the process is nearly the same. NI e shall there. 
fore select, as ran example, :the beer made 	this country 
from barley, 	 , 

1. As the grain in its-natural, state. has eery found un- 
suitable for yielding good beer, it is usual, 	the first place, 
to convert it intoitnalt. 	 , 

The term malt is applied,to grain which hag ,heent made 
fl 

J1. 	 I 

Park's Trav?ls, ?, 63, 87QIEditIon. 

   
  



VINOUS PERMENTATIOIT. 	 873 
ta- germinate artificially to a certain extent, after which 'the Chap. TV. 
process is stopped by the application of heat: 

The barley is steeped in cold water for a period which (as s ; 
regulated by law) must not be less than 40 hours; 'but barley. 
beyond that period the steeping may be 'continued asp long 
as•is thought proper. Here it imbibes moisture, and in-
creas'ei• ih bulk ; 1Thile at the same time a quantity of car-
bonic acid is emitted, and a part of the- substance of the 
husk, is dissolved by the steep-water. The proportion of 
water imbibed depends partly on barley, and partly on the 
length of time that it is steeped. From the average of a 
good many trials, it appears that the medium increase of 
weight from steeping, may be reckoned 0'47; that is_to 
say, every 100 pounds of barley when taken out of the steep 
weighs 147 pounds. 1 The average increase of bulk is about 
a fifth; that is to say, that 100 bushels of grain, after being 
steeped, swell tor the bulk of 120 bushels. The carbonic 
acid emitted. while the barley is in the steep is inconsider-
able; and it is probable, from the experiments of Saussure, 
that it owes its formation, at least in part, Xo the oxygen 

. held in solution by the steep-water. 
The steep-Water graduully acquires a yellow ,colour, and 

the peculiar smell and taste of water in which straw hai 
been steeped. The quantity of matter which it, holds in 
solution varies from ---th to Thth of the weight of barley. 
It consists chiefly of an extractive matter of a yellow colour 
and disagreeable bitter taste, •which deliquesces in a moist 
-atmosphere, and contains always a portion of nitrate of 
soda. It holds in solution most of the carbonic acid dis- 
ehgageds 	extractive matter is obviously derived from 
the,huskbf the barley, and is that substance to which that 
huskkowes its .colour. Accordingly grain becomes much 
paid! by.Atee ing. 
4.:TiAfter:the g in has remained a sufficient time in the steep, Couch. 
the water is th ined off, and the barley thrown dut of the 
eistdm upon e malt-floor,,where it is formed into a rect-
angtlarlheap, called the courh, about 16 inches deeps In 
this situation t is allowed to remain about 26 hours. It is 
then turn ,, by Means ,of wooden Shovels, and diminisled

a

a

t 

 
little i depth. This turning is repeated twice a day or 
oft 	and the grain is spread thinner and thinner, till  
last its depth does not exceed a few inches. 
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Book IV. When placed on the couch, it begins gradually to absorb 
ox3-aen from the atmosphere, and to convert it into carbonic 

while
Changes acid ; at first very slowly, but afterwards more 'rapidly. on 
the malt- The temperature, at first the same with that of the exter-
floor, nal air, begins slowly to increase; and in about 96 hours 

the grain is, at an average, about 1.0° hotter than the sur-
rounding atmosphere. At this time the grain, which had 
become dry on the surface, becomes again so moist-that it 
will wet the hand, and exhales at the same time an agree-

,able odour, not unlike that of apples. The appearance of 
this moisture is called sweating. A small portion of alcohol 
appears to be volatilized at this period. The great object 
of the maltmen is to keep the temperature from becoming 
excessive. This they do by frequent turning. The tempe-
rature which they wish to preserve varies from 65° to 62°, 
according to the different modes of malting pursued. 

At the period of the sweating the roots of the grains 
begin to appear, at first like a small white prominence, at 
the bottom of each seed, 'which soon divides itself into three 
rootlets, and increases in length with very great rapidity, 
unless checked by turning the malt. About a day after the 
sprouting of the roots, the rudiments of the future stem, 
called acrospire by the maltsters, may be seen to lengthen. 
It rises from the same extremity of the seed with the root, 
and advancing within the husk, at last issues from the oppo-
site end : but the process of malting is stopped'before it has 
made such progress. 

As the acrospire shoots along the grain, the appearance 
of the kernel, or mealy part of the corn, undergoes a con-
siderable change. The glutinous and mucilaginous matter 
is taken up and removed, the colour becomes white, and the 
texture so loose that it crumbles to powder, between the 
fingers. The object of making is to producdithis change 
whn it is accomplished, which takes place w4ien the acros-
pire bus come nearly to the end of the seed' the process is 
stopped by drying the malt upon the kiln. The tempera-
ture at first does no0exceed 90°; but it 's raised very ' 
slowly up to 1100, or higher, according 'to Orcumstances. 
The malt is then cleaned, to separate the rool3fas, which 
are considered as injurious. 	 1 • 

Loss sus- 	Such is a short sketch of the process of malting. bailey. 
rained in by being mating, 	 converted into malt, generally increases two or 
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three per cent. in bulk; and loses at an average, about a Chap. Iv. 
fifth of its weight, or 20 per cent. But of these 20 parts 12 1 /4—v—i  
are to be ascribed to kiln-drying, and consist of water, 
which the barley would have lost had it been exposed to 
the same temperature : so that the real loss does not exceed 
eight per cent. From a good many .trials, made with as 
much attention to all the circumstances as possible, the fol-
lowing seems to be the way of accounting for this loss: 

Carried off by the stee -water 	 1'5 
Dissipated in the floor 	 3.0 • 
Roots, separated by cleaning 	 5.0 
Waste 	  	 0'5 

The loss on the floor ought to be entirely owing to the 
-separation of carbon by the oxygen of the atmosphere; but 
were this the only cause, it would be much smaller than 
three per cent. Two other causes concur to produce this 
loss:-1. Many of the roots are broken off during the 

• turning of the malt; these wither •and are lost, while others 
wow in their place :-2. A certain portion of the seeds 
lose the power of germinating, by bruises or other acci-
dents, and these lose a much greater portion than three 
per cent. of their real weight. From a good many trials, 
made with as much care as possible, I am disposed to con-
clude that the quantity of carbon, separated during the 
whole process of malting, by the formation of carbonic 
acid gas, does not exceed two per cent. and that the weight 
of the roots formed amounts often to four per cent. These 
two, in reality, include the whole real loss of weight which 
barely sustains when malted. What is lost in the steep, 
being busk, eed scarcely be reckoned. 

The roots pear, from the process, to be formed chiefly 
from the mu laginous and glutinous parts of the kernel. 
The starch is of employed in their formation ; but under-
goes a chant , intended no doubt to fit it for the future 
nourishment • f the plumula. It acquires a sweetish taste, 
and the • operty of forming a transparent solution with 
hot wa 	In short, it approaches somewhat to the nature 
o 	agar; but is much more soluble, and much more easily 
decomposed, than that principle. From the experiments 
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of Saussure on the, conversion of starch into sugar of 
which an account has been given in a preceding Chapter, 
there is reason_to conclude that this change is brought about 
by the combination of the starch with water. The action 
of hot.water on.. barley-meal seems gradually to inducea- 
similar one. 	 . 	 1 

4'. Malt thus prepared is ground in a mill,, and infused 
in) a, large, cylindrical, vessel, • called, the nzash-tun, with 
somewhat more than its own bulk of water, of a tempera-
ture varying from 160° to 180°, according to .the fancy of 
the brewer. . The infusion is left covered for two or three 
how's, and, then the liquid drawn off by a cock tat the bot,  
tom of the vessel, . More hot water is afterwards added, 
and the infusions repeated in a similar manner,. till the 
malt is sufficiently exhausted. 

The liquid thus obtained is called wort. It has albrowiii 
colour, a. luscious. sweet taste, a peculiar smell, andl when: 
the process is properly conducted is perfectly transparent. 
It consists of the water- employed holding the mealy part 
of the, malt in solution. When examined by, reagents, it 
appears to consist chiefly of four different substances held 
in solution together: namely, 1. A sweet-tasted substance, 
to which the name of saccharine matter has been given! it: 
is by far the greatest in point of quantity, This substance 
when separated has a light-brown colour; when dried at 
'160°, it forms a brittle mass with a glazed surface; at the 
temperature of .180°, or a little higher, its colour becomes 
darker; and if we keep it in that temperature, moistening 
it occasionally, it becomes at last almost black, ,loses its 
sweet taste altogether, and acquires a sharp disagreeable 
ono. Iu la ,temperature somewha, higher,' but under the 
'boiling point, it is charred. It is very soluble in wate4, 
and, a if once 'dissolved can scarcely be recov :red again by. 
ervaporation without considerable loss. , Ale°, of dissolves it 
very imperfectly 0214 and when heat is apiflied it deprives 
the, alsphol a a portion of water, and. form; a tough mass 
like itPIPRPtiiDel which refuses,  to dissolve. The specifici 
gravity of this saccharine matter,  is 1,552. Iii appears to 
bq t4e, essential, censtitueut, of, Wort. 24 Sterelts  The,pre1-1 
saw of  this. substance ,is easily dcteeted by drotining the' 
infusion,of nutgalls into wort; ,a precipitate appears,'"Welr 
ip 09¢0y-redi,ssplved by 'beating the liquid. to .109, I)  4, The 
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insoluble part of the precipitate is a combination of glut6 Chap. tv. 
and tannin. The proportion of gluten in wort is very in- 
considerable. ,  That of the starch probably diminishes in 
proportion as , the barley is more Completely malted. I 
have detected starch - in pretty old and perfectly transpareht 
ale; but the gluten had disappeared. New ale, however, 
Often contains traces of it. 4. The fourth ingredient in 
wort is mucilage, which precipitates in flakes when the 
wort is dropped into alcohol. Its quantity is more consi- 
derable in the worts last drawn off than in the first worts. 

The wort is boiled with a quantity of hops, which vary 
considerably, but which may be stated iu general a,t about 
11-64111 of the weight' of the malt. When sufficiently con- 
centrated, it is thrown into very wide flat vessels called 

.coolers, placed in the most open situation that can be had. 
Here it is .cooled down to the temperature of about n°, 
and then lot down into a deep round wooden vessel called 
the fermenting ill12, The-specific gravity of the watt when 
put into,  the-  fermenting. tun varies very much, The wort 
of strong ale is sometimes as low as 1'060; sometimes as,  

4  high as Ir1127. In the first case it contains 1425 per cents 
/ of solid matter; in the second 28.2 per cent. The Wort of 

sthall beer v./vie§ from 1,015 to 1'040; the, first containing 
not quite 3.5 per cent. and the second about 9%5 per cent. 
of Solid matter. 

The use of the hops is partly to communicate a peculiar Hops. 
flavour, from 'the oil which they contain ; partly to cover 
the sweetness of saccharine matter by the bitter principle 
which they contain  ; and partly to counteract the tendency 
which wort has to run into acidity. 

If the wort be let down into the fermenting tun at the 
temperature o 60°, or rather higher, the substances which: 
it'holds in so ration begin gradually to act upon each other, 
and teltdeorn1, se each other. The temperature 'rises, an 
'intestine,  tnoti s z takes place, a scum 'collects on the stir.;' 
faced and 'ear nic acid gas is emitted.' This intestine 
motion is calk fermentation. The disposition of wort to 
ferment is n• sufficiently great to induce it to do so with 
the-reqins.  rapidity. It takes place.  so slowly and iniper- 
teddy, t at the liqtior runs into acidity before 'the forma- 

it 1g requisite to add'to,, tho wort some sithsiance 
sufficient progress. To prevent s, tib u hie has made  
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Book IV. the property of inducing speedy fermentation. The sub-
stance made choice of is yeast, or the frothy matter which 
collects on the surface of the beer while fermenting. ,The 
quantity of yeast used by brewers is but small, generally 
about a gallon to every three barrrels of the wort. 

The yeast thus added appears to act..*chiefly upon the 
saccharine matter held in solution in the wort, to decom-
pose it while it undergoes partial decomposition itself. By 
this mutual action the saccharine matter disappears, the 
specific gravity of the wort diminishes, and its properties 
alter, being converted into the intoxicating liquor called 
ale. During this mutual action the temperature of the 
liquid increases, and the increase depends upon the vio. 
lence of the fermentation. In ale worts the rise of tem-
perature is but small, amounting 'at an average to about 
15°, because the quantity of yeast is small ; but in the fen-
orientation of wash, it often amounts to 50°, or even more 
in some cases. 

nalysis of Considerable exertions have been made by chemists, of 
yeast. late, to ascertain the nature of the substance in yeast which 

produces this striking effect upon wort, and to discover it 
if possible in other substances. Westrumb examined the 
yeast of beer.. From 15360 parts of it he obtained the 
following substances: 

Potash 	 
Carbonic acid . 	 

13 
is' 

Acetic acid . 	 •••• 10 
Malic acid 	. .. .. 45 
Lime 	 69 
Alcohol 	 240 
Extractive 	 120 
Mucilage 	 
Saccharine matter .... 34C)  

240 
1 

Gluten 	 4q 
Water. 	 13501 

151'13 
Besides some traces of phosphoric acid and a, silica.* But 
it is obvious, that all these ingredients are k,it essential. 
From the experiments "of Westrumb, it appears blizhen 

r 
* Crell's Annals, 1796, 1.1s• 
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the yeast is filtered, a matter remains upon the filter which Chap.  IV. 
possesses the properties of gluten; that when this sub- ‘v--""' 
stance is separated the yeast loses the property of exciting 
fermentation, but recovers it again when the gluten is 
added. Hence it follows that this glutinous matter is the Gluten its 
essential constituent' of the yeast. When yeast is kept for =t1- 
some time in cylindrical glass vessels, a white substance not tat. 
unlike curd separates, and swims upon the surface. If 
this substance be removed, the yeast loses the property of 
exciting fermentation. This substance possesses many of 
the properties of gluten, though it differs from it in others. 
Its colour is much whiter; it has not the same elasticity; 
and its particles do not adhere with the same force. It 
dissolves more readily in acids: I have little doubt that 
this is the part of yeast which is the real ferment. It may 
be, considered as gluten somewhat altered, and much more 
disposed to decomposition. It existed, no doubt, in the 
raw grain, but underwent considerable modifications during 
the process of malting, and probably others during the 
fermentation of the beer from which it separated. 

That a substance analogous to gluten is the real ferment, 
appears also from the experiments of Fabroni, who pub-
lished a Treatise on Wine-making in 1785, which gained 
the prize proposed by the Florence Academy. By heating 
the juice of grapes, and passing it through a filter, lie se-
parated an adhesive matter which possessed the properties 
of gluten. The juice deprived of this substance refused to 
ferment, but it fermented as usual when the glutinous 
matter was again added. The observations of Thenard 
confirm those of Fabroni. He found in the juices of all 
fruits examined, a substance similar to that described by 
Fabroni, an44  which, according to him, is absolutely the 
same with puce yeast. This substance is insipid, does not 
change vegetate blues, is insoluble in water, loses -ths of 
its weight wherf dried, and is decomposed like animal sub-
stances. Whell eight parts of it were distilled, they left 
2.83 of charccal, and yielded 1.61 of water, 1•81 of oil, 
and a quant' y of ammonia, which, when saturated with 
muriatic id, formed 1.46 of sal-ammoniac; the gas ob-
tained eighed 0.33, and consisted of -.1i-th carbonic acid, 
an ;the of carbureted hydrogen, requiring 14- time its 
bulk of oxygen  to consume it. Nitric acid, even when 
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Book IV. diluted, converts it into a species of tallow. With potash 
it forms a soap, while ammonia is disengaged. When 
mixed with sugar and a sufficient quantity of water, fer-
mentation takes place; carbonic acid is disengaged, and it 
vinous liquor formed. By this action 'the ferment loses the 
whole of its azote, and becomes incapable of eXciting felt= 
mentation when mixed with a new portion of sugar.*,  An 
experiment of Kirchhoff throws considerable light on the 
nature of yeast. Barley-meal contains botht gluten and 
starch. If pure starch be infused in hot water it, is not 
-converted into sugar. Neither does gluten become saccha-
rine matter when treated in the saute way. But if a mix-
ture of pure, dried, pulverized wheat gluten and potatoe 
starch be infused in hot water, the starch is converted into 
sugar. During the process an acid is evolved. The gluten 
is little altered in appearance, and if the liquid be filtered 
most of it remains upon. the filter. But it cannot be em-
ployed successfully a second time to convert starchy into 
sugar. It appears then that it is some substance connected 
with the gluten that acts upon the starch, and converts it 
into sugar.t 

The essential constituent of yeast, then, may be consi-
dered as a species of gluten, differing in several 'respects 
from the gluten of wheat. When mixed with the wort, 
this substance acts upon the saccharine matter; the tempera-
ture rises, carbonic acid is disengaged, and the saccharine 
matter is converted into ale. The yeast soon collects on 
the top of the liquid, but the brewer occasionally mixes it 
again to continue the fermentation. The quantity of yeast 
employed being small, the saccharine matter is but imper- 

Ale. 	fectly decOmposed. Hence a considerable portioi 'of it 
still remains in the ale, and gives it that glutinousness and 

i body' for which it s remarkable.' The spec'tho graVity of 
ale varies very Much according to the origoal. strength or 
the wort, and the extent to which the I' •nientation 
been carried: The limits may be 'stated at tbout f•Ot kind 

The properties 'of alei  are so well known bat no descrip-' 
Lion is deemed necessary. Tt' possesses intoxitikting quart; 

* Thenard, Ann. de Chim. xlvi. 303. 
Schweigger's Jour. xiv. 3$9. 
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ties, and holds a quantity of alcohol in solution; which Chap. 1V. 
varies considerably according to the original strength of the \--NE-1  
wort. I distilled a quantity of London brewed ale. The 
specific gravity of the wort was 1•0676. , The specific gra- Alcohol to 

ble=nd of the ale was 1'0255. One hundred parts of it by b lyeight yielded • 
'9'351 parts of proof spirit of specific gravity .. 0'91985 

Or, 
5'817 parts of alcohol of the specific gravity . 0'825 
Another pechnen of 'ale was distilled. The specific gra-

vity of the wort was 1.0813. The specific gravity of the 
ale after fermentation was 1'02295. One hundred parts of 
.it hy, Weight yielded 

11'13 parts of proof spirit. 
q.92 parts of Alcohol of the specific gravity 0.825. 

Mr. Brande* distilled ale and brown stout porter. The 
quantity of alcohol which he extracted from each by mea-
sure was as follows: 

Brown stout .. 6'80 per cent. 
Ale 	 8.88 

When „reduced to weight, the quantity of alcohol of the 
specific gravity 0'825 obtained from each, will be as follows: 

Brown stout 	 5'61 per Cent. 
Ale 	 7'33 

II. WASH. 

Ale being intended as an article of food, and its value de-
pending in a great measure on its flavour and appearances  
particular attention is paid to obtain these in as great per-
fection as pMsible. But there is another species of ale 
yvhieh, is brewdi by the distillers for the express purpose of 
procuring &milt ardent spirits by a subsequent process. 
The niepho4 which they follow is in several respects differ, 
ent. . In particular, they endeavour to carry the fermenta-
tion to as great'a length as possible, because the quantity 
o 'spirits is/proportional tothe saccharine matter decom-
posed, wpatever remains unaltered yielding none. It is 

Phil. Trans. 141?  p. S46. 
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Book IV. here, therefore, that, the effects of fermentation can be best 
observed. 

Brewing. 

	

	1. In. this country the distillers do not brew from pure 
malt; they use chiefly raw grain. The proportion of malt 
varies from a third to, a tenth part of the raw grain em-
ployed. This mixture they grind to meal, fame with water 
at a heat considerably lower than that of the water used by 
the brewers, and employ much more agitation to mix it 
completely. The wort is drawn off and cooled in the usual 
way, and fresh water poured on to exhaust the grain. 

The wort thus formed is not so transparent as that from 
malt, but its taste is nearly as sweet. It would appear, 
therefore, that the starch in the raw grain undergoes a cer-
tain change during the mashing, and is brought towards 
the state of saccharine matter. • 

In this country, where the duty is levied chiefly upon the 
wash,* the distillers make the specific gravity of their wort 
as high as from 1'084 to 1•110; this they do not by boiling, 
but by Lobbing ; that is, by preparing a strong infusion of 
the flour of malt, or of barley and malt and hot water, and 
adding this almost saturated solution to the wort till it has 
acquired the requisite strength. But in Holland, where the 
duties arelevied hi a different way, the specific gravity of 
the wort is much lower. 

Fermcnta- 	The wort thus made is let down into the fermenting tun 
tion• 	at a temperature varying from;55°' to 70°, acc&ding to the 

quantity, the season, the goodness of the' yeast, and the 
skill of the distiller. Here it is mixed successively with 
considerable portions of the .best 'yeast that can be pro-, 
cured, and'the firmentation is I urged as far as it can be 
made to go. The process lasts about ten.days,- and the 
temperature rises usually to between '90° and 100°,'and 
sometimes even higher. Great quantities of ilarbonie acid 
are disengaged, and the liquid becom'es specifically lighter; 
sometimes sinking to'' 1.000, and usually to from 1.001 to 
1.002. The success 'Orthe fernientation estimated by this 
loss of specific gravity. 

The wash' thus prepared is distilled. Wkat comes'over 
first is denominated loiwzbinci, and is concentNkted by a 
oond distillation. 

t• This is the nettle given to the fermented wort of distillers. 

   
  



VINOUS FEILIIENTATION. 	 383 
This fermentation is obviously thg consequence of the Chap. Iv. 

action of the peculiar ferment in yeast upon the saccharine `'"\e"—)  
matter of the wort. Even when the fermentation is carried Always in-
tO its greatest extent, it does not appear that the whole 'Piet' 
solid matter' held in solution by the wort is decomposed. 
Nine trials were made upon the wort of pure malt; in all of 
them the fermentation went on pretty successfully, as may 
be seen from the following table : 	 • 

Specific gravity 	Specific gravity .  of the wort. 	 of the wash. 
1'04.0     1'0014 
P056 	. P0016 
1'050 	  P000 
P0492 	  P0012 
P0465 	  P0015 
P045 	 P0047 
1.0465 . 1 	  P0007 
P051 	 P0007 
1'0521 	 P0001, 

`When a portion of these different liquid& was evaporated 
to dryness, the quantity of solid matter which it left was 
found to amount to +th, at an average, of the original quan-
tity. Thus Iths had been decomposed by the fermentation, 
and +th still remained. This matter was still capable of 
fermentation, when redissolved in water and mixed with 
fresh yeast. On comparing the quantity of alcohol of 0.825, 
obtained in these trials with the weight of solid matter of 
the malt which had been decomposed by the fermentation, 
the result was, that every pound weight of solid matter, so 
decomposed, furnished almost exactly half a pound of al-
cohol, of the specific gravity 0.825. 

When sugar, dissolved in four times its weight of water, 
mid mixed with yeast, is placed in the proper temperature, 
it ferments precisely as wort does, and yields the same pro-
ducts. It has been employed, therefore, by chemists as a 
less complicated means of ascertaining the phenomena of 
fermentation. Thenard . mixed 60 parts of yeast with 300 
of sugars  and fermented them in the temperature of 59°. 
In four or five days, he informs us, that all the saccharine 
matter had disappeared.* The quantity of carbonic acid Produce. 

• There is reason to doubt the precision of this assertion, as it never 
happens in the great scale, where every thing is much more favourable, 
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Book IV. evolved amounted, by weight, to 94'6 parts -It was per-
fectly pure, being completely absorbed by water.* The 
fermented liquid, being distilled, yielded 171.5 parts of 
alcohol, of the specific gravity -822. When the residue 
of the distillation was evaporated,. 12 parts of a nauseous 
acid substance were obtained; 'and 40 parts of the yeast 
still remained; but, upon examination, it had lost the 
whole of its azote. This experiment gives us the following 
quantities : 

'1. Substances fermented. 
Sugar 	  300 
Yeast 	  60 

360 

2. Products of fermentation. 
Alcohol of .822 	 171.5 
Carbonic acid 	 94•6 
Nauseous residue . 	 12.0 
Residual yeast 	 409 

3181 
Loss 	  4P9 

• But as the nauseous residue and residual yeast, nearly 
make up the quantity of yeast employed, let us consider 
only -the products of decomposed sugar, supposing the loss 
to be proportionally divided between the carbonic acid and 
alcohol. Now alcohol of the specific gravity 0'822 contains 
one tenth of its weight of water which can be separated from 
it; and if we suppose with Saussure, that absolute alcohol 
contains 8'3 per cent. of water, then the products of sugaf 
decomposed by, fermentation, according to the preceding 
experiment, are as follows : 

Alcohol 	 47'70 
Carbonic acid 	 35•34 

8391 

• The 'very pungen't aromatic odour which carbonic acid has.when dis-
engaged from the fermenting tun shovis that it contains a portion of the 
wash; and this has been verified by actual experitnent. 

   
  



'VINOUS FERMENTATION: 	385 
Or in 100 part.? 	 Chap. IV. 

Alcohol 	 5'7.44 
Carbonic acid 42.56 

• 100•Q0 
This result approaches so nearly that of Lavoisier, that 

there is reason to suspect that the coincidence is more than 
accidental. 

We have found reason to conclude that sugar is com- 
posed of 

• 5 atoms oxygen.... = 5 . 
6 atoms carbon .... = 4;5 
5 atoms hydrogen . = 0'625 

10.125 
Alcohol appears to be a compound of 

I atom oxygen.... 1 
6 atoms carbon 	.. = 1.5 
S atoms hydrogen . = 0'375 

2.875 

And carbonic acid of 
2 atoms oxygen = 1 
1 atom carbon = 1.5 

2.5 
Now if we suppose I atom of sugar and 1 atom of water 

to be decomposed by the fermentation, it is obvious, that 
they may be converted intq 2 atoms of alcohol and 2 atoms 
of carbonic acid. For an atom of alcohol and an atom of 
water are coPposed'of 

6 atoms oxygen. 
6 atoms carbon. 
6 atoms hydrogen. 

Oxygen. Carbon. Hydrogen'• 
2 atoms of alcohol consist of .. 2 atoms, 4 atoms, 6 atoms,  
2 atoms of carbonic acid of .. 4 	2 

Wring together 	... .. . 6 • 	 6 
vol.. sr., 	 2 c 
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On that supposition, the weight of 'Z 	„ 
the 'alcohol evolved ought to be 51 

5. 
4' 

, that of the carbonic acid . 	.5%5 
'Oilier cent. 	' ' 

' 	:5142 
Carbonic acid ..48P88' 

160.60 
/, T 	' 	 I 	 't 	• 	9 

a
Wh

a
etihebe ._e Fabropi 'found, that the gluten of wheat acted but irnpep-

n cd
ry t e tly' as a ferment; but that its efficacy was much improved necessa 

for firmed- by the 'addition of tartar. Berthollet repeated these etation. periments successfully. He ascribes , the efficacy, of tartar 
.to 'th'eproperty which it has of promoting the,solubility orf 
the gluten. The presence of an acid was supposed formerly 
to be necessary. for fernientation ; but. this doel.,not seem 
to be the case. 'It is, true, indeed,„that an acid usually 
snakes its appearance d4ing fermentation. Thec follnation 
of this acid has bTen ascribed to the actioni  of the yeast 
Upon /  the mucilaginous or starchy arts 'o14,41e 	OTt 
from the experiments of FoUrcroy, and Vanquelip, •  Apr  
pears, that always makes its appearance when wort is.  fer-
mented :iythal4' any yeast. In these, trials .they;  obta,med. 
OUT .t,inegair:and no alcohol. When the wort, ieither 
raw grain or of malt, is fermented at the temperatutoy 
80°, without any ,yeast, the gas which comes over consists 
of one-half carbonic aCid, and one-half hydrogen; 'but at a ,,,J ower temperature pure malt-wort japes npt yield any, in- 

11 	 Irr 	 It 
thunMable gas.,, 	 — 

tn., WINE, 

• t There-is a considerable' number of ripefruits frorri which 
a sweet -liquor may be expressed, having at- the' sarfieAinib 

Fruits af- a certain degree of acidity. Of suciffruiti. 	Nave 
wine.
fording 	_country the apple, -the :cherry, the igooseberiy; 

tran4 &chi hut,by far the( most valuable of these fruitsig the 
frap4 which 'grows ltixoriantly'lin the :southernr.parti4, ibi 
„Earopet From •grariesi "fully ripe; may,  +be cxprestedla 
Jiquid.of a. ,sweet taste; it9 'which the nathe of 6ust Was beets 

Must. 	given. r.  This( liquid awl composed,  ahnott ,eutirely- oh, fiver 

	

4 	 .1 

%WAS VAC 

Ann. des Mus: 	vii. 16. ' 

586 
Book IV. 

   
  



VINOUS FERMENTATION: ' 	 3S7 

ingredients; namely, water, sugar,, jelly, gluten, -and tar Chap. IV. 
taric acid partly saturated with potash. L The quantity of —̀"Nr"--1  
sugar which grapes fully ripe-contain is very considerable; 
it may be obtained in crystals by evaporating must-to she 
consistence of syrup, separating the tartar which precipi-
tates during the evaporation, and. then setting the must 
aside for some months. The crystals of sugar are gradually 
formed.* From a. French pint of must, the Marquis de 
Buillion extracted half an ounce (French) of sugar, and 

t- OnnIce of tartan -1- According to Proust, the Muscadine . 	 J 	• grape conituna about So per cent. of a peculiar speciei of ' 
.:sugar. 

When must' is put into the temperature of about 70°y Undergoes 
lthA rdire'rerit in<;•redients begin to act upon 6aeli other, and the y ' fermenta- 
\What is calledi vinous fermentation commences. The phe- Lion. 

thiS-Ifermetitaiion are an intestine motion in the 
tt be4Ombs 'thick' and muddy, its temperature • creases, ana carbonic acid gas is evolved. In Short; the 

ver.§ 	changes take place as have been remarked when 
Idescribid'ille 'fermentation of, ale. In a 'few days the for-
inentatioti 6ea.4es, the thick part subSides to the'botrom, or 
Vises to the 'surface, the liquid becomes clear, ihas lost its 
sacchAne taste; and assumed a new one; its specific
gravity is' diminished; land it has become the liquid well 
known uniler.the name of wine. 

As this' ferm'entation takes place -without addin4 any fer-
ment, iOs obvious that the requisite substance ;S present 
hi the juice: This substance was separated, and found by 
Fabroni to be analogous to the gluten of plants ; and gluten 
being substituted for it, the fermentation succeeded. Fa-
broni has shown. that the saccharine part of must resides in,' 
the cells'ef,the grapes; while the glutinous matter, 'pr fer-
anenti  is 'lodged on! the membranes that separate 'the 'cells. 
Renee it follows, that in the fruit these two substances are 
:not inasontact, It is only after the juice is Squeezed out 
,that. they. are 'mixed. All other juices Ivbich -undergo a 
APAntaneons fermentation at the requisite- temperature, have 
been Abown., by, Thenard and. Seguin2,to contain a similar 
substance:, (The I formation of.twine; then,1 is owing to the 
action of this glutinous matter on the saccharine sub- 

• Bullion)  Jour. de Phys. iaix. S. . t Ibid. p. s.. t Ibid. hi.113. 
2 c 2 
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Book IV. stance of the juice, precisely as happens in the fermentat; 
"Tho"--'? tion of ale. 	 + • r 

Gay-Lussac has shown that the juice of grapes, and in-
deed 

 
the juice of all fruits will not ferrnent,J if completely 

excluded from the air. But if a little oxygen.gasr be let up 
to it, this gas is immediately absorbed, a brisk &rmentation 
commences, and the quantity of carbonio i acid gash evolved 
is 100 times as great as that of the oxygen gas absorbed.* 
It would be curious to know whether the same thing holds 
with' respect to the wort Of malt. It is not improbable,  that 
it does; .but wort ferMenta so imperfectly without the 'addi,  
tion of, yeast; that it would not be easy to,  try .the experi4 • 
ment. 

All, thoSe Juices of fruits which undergo 'the vinous fer41 
mentation, either with or without the addition-of sugary 
contain an acid, We haveseen already in the First Chaps' 
ter, that the,vegetable acids are obtained chiefly,fromfruitS: 
Thetapple, -for .instance, contains malie acid; i'the lemon, 
citric acid ; the grape, tartaric and malic acids. Ther Marz 
quis de Bullion+ has ascertained that must will not formal 
if all the tartar which it contains be separated from it; IbuiF 
it ferments, perfectly well on restoring that Salt.t The 
same chemist ascertained that the strength +of+ wine istonel,  

.siderably increased by adding tartar and sugar to the;nMst.t 
We may conclude from these facts, that the presence of a,  
vegetable' acid is of importance in these spontaneous fer-4 
mentations. It deserves attention, that Bullion +obtained 
more tartar,from. verjuice than from wine ;:tind heibbsexved, ' 
that the more the 'proportion .ofi sugar in grapedincreased,. 
the more that of tartar diminished; S,  . 

f It: seems +more + than probable,' from ;the experiments of ,  
Bullion and Chaptal, that the tartaric acid is partlydecom;zr 
posed during the ferinentatioN and that arPortion. of ,  m'alit,  
acid, is formed.,  fThe process, thereforek 
cated thantwas+iuspected by.Lavoisien It isEbbviofislPftnaa 
logous tol combustion, as is. evident:ft-mild-le seVcilutionnof 
caloric and the formation Of0 carbonic acid,=4whiCh 	Tro4e. 
duct ,of combitstion.ri ;Probst lbas_ ascertained :thd4Pdurine 

4 	

f 
'qX 	i .-Ann. de 	 un. xin. 4 .d 1  

' t Jour. de Phys. xxix. 4. But thetylditioa asalt.9gsvood sorrel did 

	

not restore the fermpntat?ml  1 	 .1 ,,. 
. 	Ana. *de Chinn. xixvi. 20. 	iJourAe,Rhyhoxix. 4, .. 
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the fermentation, not only carbonic acid, but azotic gas Chap. 
also, is disengaged. This is a demonstration that all the 
constituents pf -must are concerned; for sugar does not 
contain that principle's Thenard could detect no azote in 
the carbonic acid from. wort. 	 • 

After the fermentation has ceased, the liquor is put into 
casks, -.where .the remainder of the sugar is decomposed by 
a Slow, fermentation; after which the wine, decanted off 
the extractive matter, is put up in bottles. 

c:p
:i 

 :nt:imotnent  
The properties)of wine differ -very,  much from each other, 

according to the nature of Ithe grapes fromlwhich the must 
was_ extractedoand according to the manner in which the 
process was conducted. These differences are too well 
known to i reqUireLm 'particular description. But .all wines 
contain "Iless, or more of the !following ingredients; not to 
mention • water, which constitutes a very great proportion 
of every wined I 

4.1  vihairAcid.---all wines give a red colour to paper An acid, 
St811164-  1%01th, turnsole, and . of course contain nn acid. 
Chaptalt has ascertained that the acid found in greatest 
ahundanoe.) in! wine is the malic, but he found traces also 
of Citric acid; and it is probable that,  wine is never entirely. 
destitute _of tartar► tAll wines 'which have the 'property L 
frothing .when, poured into a glass ,  contain also carbonic• 
acid, to which they owe ,their briskness. This is the case 
with champagne. These wines are usually weak; their fer-
mentation proceeds slowly, and they are put up in dose 
vessels before it be,over. Hence they retain the last por. 
Lions, of carbonic acid that have been evnlvedt 

2. Akohol.—All .wine contains less or more.of this prin- Alcohol, 
ciple, ,,to which it • is. indebted for its strength; but iii,  what` 
Particularostate of combination it exists in wine.  cannot( 
easily, be ascertained., It. is undoubtedly. intimately. corn-4 
bingdpwith.the,  other component parts of wine; buts Mr. 
Brandedilias►shown by-.very Aloqisive,.experiments that all. 
wine'scgontain alcohol !ready formed, and that it, is merelyt 
Seen rated iduting the distillation of theseliquidk, land -not 
fqrined, ,h4d been:advanced: iby Yabkoni.t ,These. experi-
ments were afterwards confirmed by Gay-Lussac.t Who 

L 

'Join'. de hys.'ivi. 1131. ' 
♦ Phil. Trans. 1811, p. 337; sind1813; 824, 

1 Asa. de Chitn:.1.txxvi. 175. 
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Book IV. wine is distilled, the alcohol readily separates. The-distil. 
s—v-1  lation is usually continued as long as the liquid which .  

comes over is inflammable. The quantity obtained varies 
according to the wine, from a fourth to a fourteenth part of 
the wine distilled. The spirit thus obtained is well known 
under the name of brandy. Bullion has observed,, that 
when wine is distilled new it yields more alcohol than if it 
be allowed to get old.° 'What -remains after this distilla-
tion is distinguished in France by,the name of vinasse. It 
consists of tartar, &c. and when evaporated to dryness, and 
subjected to -combustion, yields potash.  

Extract, 	3. Extractive matter.—This matter 'exists in' 	: 
but its proportion 'diminishes accOrdirig t5a the, age of the 
wine, as it gradually precipitates to the bottom. 

oil, 	4. .Every wine is distinguished by a ',peculiar flavour, and 
odour, which probably depends upon the,  presence of a 
volatile oil, so small in quantity that it .cannck be separated.,  

And co. 	5. The colouring matter of wine is originally contained 
lourin

atter. 
g 	in the husk of the grape, arid is not dissolved till the ait;o- m 

hol be developed. This matter is 'an'alogons , td'Ithe other 
colouring Matters . of plants : a set of bOdies 'Possas?d ;of 
remarkable properties, but too little examined hifyerWto 
,be introduced with much advantage into a' System pfche-
mistry. This colouring matter precipitates when!the„wine 
is exposed to the heat of the: sun., r It sometimes( also,ipee-
cipitatee:inrold wine, and it maybe easily ,separatedly 
pouting lime-water intci}wine.t I • 
' The following table, Contiinitig the_ different inbSt#es 
which Neumann extracted `from 'vario'us-'wines• i4"wOrth 

• I'll preservifig. 

Jour:,:de t1;45. xxix. 6. 
t The most precise account of wine and ortbe vinccis fertiiesdion, 

'hitherto published,-is by Chaptal, and is containedin the-36th-and-37th 
volumes of the Ann. de Chirn. 

I Nerithann't'ChethiStif,`p. 4 Ott  k 
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Chap. IV. 
0tImmy and Water. 	

1/4-"-Nr""•° 
tartarous 
matter. 1 

oz. 	dr. gr. oz. dr.- gr, 	 t:> . dr. gr. 0
.----4,---
z. dr.  gr. lb. 

 

1 	6 	00 3 2 001 5 00 2 5 3 ,00 
3 	6 ' 00 6 0 2010 1 40,2 ' 2 6' 00 

Burgand*. • . 2 2 00 0 4 00;0 1 ' 4012 8 0 20 
Caresmsone 1.4 . 2 6 001r) 4 100 1 2012 ' 8 4 30 

. Champagne 2 5 1 200 6 40,0' • t 0012 8 3 00 
French 	 3 0, , 00i0 ',. 6 4010 1 00,2 • 8 0, 20 1 . Frontignac, 	 3. 40. 0013 + 000 5 20'2 .4 ,6 80 

, Vita de Grave 	 2, 0 000 6 0010 2 00,1 2 9 0 00 
'Hermitage: 	 2 7 0011 2 00 0 1 40't2.• . 7 ' -5-  20 

, Madeira... I: 	 2 3 00,3 2 0012 0' 00,2 4 3 - P-00 
' Malmi4 	' ,4' '0' 001 4 3 00 2 8 0012 T' 12 ' 00 
.L- Vino 'de' r 	] 	ir 	- 	I 	

' ' 	7  . 'Monte 	.21 6:'. 0010 3 0010 2 41 • a c),0 : 20 
[ r1,Pulcianij. 	 , 	:, 

	

,Moselle .:15 . y. 2 .. 2 00,0 4 200 , 1 302;r 9, .Dr 10 	, 
, Mu.scadino. ,,„3 , 9, 00;2 , 4 001 i 0 i ppt2 .5 4; r  00 
i  Neufchatel 	 3 2 00 4 0 0011,  7 ,, 00,2 2 „ 7' 00 

Palm ,Sec 1.: 	 2  3 00'2 4 0014 1  4•`' - 00,2 .2 ';'.5 00 
l'ontad 	' 2 'o 'oo'o 5 2010 ' 2 ' bci12 '' 9` '0 40 
Old Rhenish * 	 2 ' 0 0011 0 00!o 2 r2o;2 J 8 gu 40 
Rhenish. .. . : 2 2 - ' 0010 ' S 20 0 1,1  34'21 9 1 06 

nSalarnancm.  : : 8 0 ' 00 9 ' 4 00 2* Ol• 00 2 3, 04 00 
Sherry ..}r4 	 Si' 0 10016 0 00 2,  t  2‘ 00 2 0 6 00 
Spanish . 	 1 2. 0012 4 00 9 4. 0Q I, 10 6 00 
_Vino Tinto , 	 8 ' O., 066 * - 00 1 , 6 00 2 0; 6 00 
'okai,  ... T  . : 2 2 00*,  $ • .00,5, 0 00 2 0 3 00 
Tyro red 1 

Wine .. .. 1 4 0&1 2 00 0 4 00 

Red wine 	!, 6 00!0 4 40 q 2 29 
ypite.....-. t— 	 2., ,,O, polo 7 • po o 8 00 

I 
r 

To this head belong not only.common,wine„,,bntiall the 
intoxicating liquors made from vegetable juices; as cider 
from apples, perry from pears, currant wine, &c. likewise 
the liquor made from the juice of the sugar cane, the sugar 
maple, &c. 

I shall here subjoin a table of the quantity of alcohol . by 
measure of the specific gravity 0.325 which different wines 

A quart of 

Aland 
Alicant 

Highly recti-
fied Spirit. 

Thick, oily, 
unctuous, re- 
sinous mat- 

ter. 

  

I 8 	00 
2 9.

' 
 3 20 

2 7 	00 
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Book Iv. yielded to Mr.. Brande in his different experiments. The 
`---yr-• ' results of these trials are the:more valuable, because the 

wines examined were all genuine.* 

	

, • 	, , 	, , 	I 	, - 

	

Alcohol per cent. 	 Alcohol per cent. 
by measure. 

r' ...  	fr 	 f, 	 j 	1 
	;i  1 ,by 1?:IFtytIrcri 

Kassa . .r.•....... • . 28•00 ,Marsala:p ‘.., r  ,ce,. ti  1.736L 
21'90 Dittos , 	 Ditto  ' - "/  /r 1r  vtifilos4P°30, 

..

,

.

,

-

1

,,
•  , r 
 
•

1

, 

	

D, 

	

.  	

: 125;59Port ...  	 •1 	, 	...1 	!. 
Ditt.-7  :,'„' . 

	22•80 , lied champag
t
rl,,, i1r1•*

,.

1 

 

, 
Ditto. 	 23•69 White ,chanmagp!,,,1'8,9 . 
Ditto! 	 ?II Burgundy. 	d A 
 ,•,.., li ..t f'.3 

7

.., .., ,t , 	 24'29 	Ditto. , T  6. 7 .1 T;r•#'11 	•WRII 
±iittof rI1  o .•• ; , t  • • 25'83 'White gerpitags lrli•llo  
4)itto! . ,. 1 . c, ..;,. 11'40 ' Red ier14tage,,,. 1 1Tpgr, , 

 

toitto..:  .,.,. .,... . 19.00 Hock. ., .a. .1  tl  $1. r, f f'37t, 
Macleira • . , • 	- , 19.61 Ditto, . t  . „i.i.,...,t 1,, nnis, 
Ditto 	' , , 21,49, . Vin, de Grate .,•it .„1,13,9t! 
Ditto...,.. T  .... 1  .. 23.93 ,Frontignac..,i. q .14)11P.;479 ‘1 
ditto... • . T  ... , .... ,t.'4.2 • Cole Rocif r t  ,r, ; A, el lill,AqD• 

18.25 Rousillon .;,. 0,,r,rP,  11  Ai -Shcrry •, . 1?  • • 110 • • • 
DitY) oil  . • 	. 	18'79 Cape Madeira ,... e  ., 1 ,...11, , 
Pittos. rr f  r  4. 	 19'81 Cpe Muschat , • ,•4.1f .  p5,, 

1  o 07‘r• 
1Ditto. ,,..., it I., I fit ? .., ? • 	9•83 i  Constantia ,..i. r. e r, Ilk . r  ...,,',...?,, 
Care,, • • i • • . A • l• • 12.91 , Te4 • . 5  ,. r. • 11 • 115 1.1 Al°. 
)Ditto. ..., ., . ,.. .. 	 , 14'08 	Shereez., • • . 4 t)rit,*-Pi 11 	 g1 
J)itt.0 I , 	I. 116'32 Syr4,cus. titity s. .,t ii ,lApAo  

Calc"ayella. . 	 • • 18'10 Nice 
Lisbon ... • • 	 18'91, TolceyrT; :,,:fmirtf  .rt.,:b;,:149:14;+ 

alaga 	 17.261 .Raisin Wine, tit A '1M r2fit771 

	

.Ditto, kept, since , 	• , Gpsq,Winerivit •,...,1  A 4 ,I 1 ,.. 

1.6q6 . „, t  .,„ 1'00 Currant Wipq.lip-iriJgcOrl 
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SECT. U. 

OF THE ACETOUS FERMENTATION. 

Chap. 
%—"Y°  

•If Vine 'or beer be, kept in a temperature between 700  Wine fer-
ci 

 
and.  6Cc:'; it gradually leComes thick, its temperature aug-1,nec"„:„," 
merith;cfilaruents are seen moving through it in every direc- sour. 
'flori an a kind of hissing noise may be distinguished. 

— 	• Thesiintestine notions gradually disappear, the filaments 
attaget ilieniierigto the sides and bottom Of the vessel, and 
the Etiqhor beeomes'trarisPaxent. 'But it has now lost its 
forth& Properties, and, is converted-  into acetous acid. This 
inteitineldeeOMpOsition haS been long distinguished by the 
nadeof lacetods-Phitentation,r  because its product is acetic 
acid.Y t;:rhat this fermentation may take place, certain con- 
ditiOnn, must' be attendedi  to. The Most important of these 
will appear from The folldwing observations : 

Neither pure alcohol, 'for alcohol diluted with water, Alcohol not 
is susceptible of this change. The weaker the wine or the soufs`therible 
beernis On which the'exp'eriment is Made, the' More readily change. 
.it isl Icii-riverted gnu!) vinegar : the stronger they are they 
resin the change with the greater obstinacy. But it results 
froM'aie-experinients of Beecher, that strong wines, when 
theycitre made to undergo the acetous fermentation, yield a 
mucb'heiterand stronger vinegar than weak wines. Hence 
it follows that alcohol, though of itself it refuses to undergo 
the thb.hke, yet when other bOdies are msent'whicb readily 
ferment, is decomposed thiring the process,' and contributes 
to the. formation of the acetic acid. 

2.- Wine, entirely deprived of glutinous matter, 'either Glutinous  
by spontaneous' deposition or by clarification, does not matter  c' 
undergo the Oetons fermentation, unless some mucilaginous 

cessary. 
 

mattir.be mixed with it. Chaptal exposed old wine desti- 
tute of this matter, in open bottles, to the greatest summer 
heatiof Montpelier for 40 days, and yet it did not become 
sour : but upon adding some vine leaves to the same wine, 

• it became! mid in a few days.* When..lae. water in which 
gluten of wheat has been allowed to ferment is mixed with 
sugar, the liquid is converted into vinegar without fermen-
lotion, without effervescence, and without the contact of 

• Ann. de Chin). xxxvi. 245. 
3 
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Book iv. air.* The nature of this curious change haanot been ex-
plained. 

Carbonic 	3. Wine never becomes sour, provided it be completely 
acid form- deprived of all access to atmospheric air. The reason is, cd. 

that during the acetous fermentation J the, :oxygen of the 
atmosphere is partly converted into,carbonic acid. It was 
supposed to have been absorbed but the late experiments 
of Saussure havesh own that this is not the case4 -He found, 
that when wine was converted into vinegar tin is given pcir-
tion of air, the bulk was not diminished ;_the, quantity of 
carbonic acid just compensating the oxygen which bad,dis-

.appeared, excepting in •as far as that carbonic acid was 
absorbed by the liquid. The quantity of carbonic acid 
formed during this conversion of wine into vinegar does 
not seem to be great; amounting, in Saussure's 
about twice the bulk of the wine.t Hence' the reason that 
wine or beer is apt to become sour after the cork has been 
drawn, and still more apt when part has been . poured out 
of the bottle. 	 t 

A certain 	4. A pretty high temperature is necessary for the ;cora-
tempera- • mencement of the acetous fermentation.- Wine or beer 
:4(7 regun-.(unless very weak) scarcely becomes sour under the tempe- 

rature of 659 or 7er. The fermentation is very apt to com- 
mence when the temperature suddenly rises. It is said, too, 
that wine and beer are more apt to become sour at certain 
seasons of the year than at others. 	J 	i 

The vinegar makers in this.country. keep their wash in 
stoves, heated to about the temperature ofi 804,, till .the 
change is completed From the experiments A:of Fourgroy 
and Vauquelin, it appears that, vinegar Made from grain 
holds in solution a quantity of gluten, and that aigreat part 
of it is separated by heating the vinegar boiling hot.pifiThis 
separation prevents the vinegar from being so apt to spoil. 

Effects of 	5. When the acetous fermentation is completed, the 
the fcrnten- whole of the malic acid originally contained in the wine has 
""""' 	disappeared as well as the alcohol. ,We must conclude, 

therefore, that they have been both converted into acetic 
acid. Part of the glutinous Matter has also undergone the 

. same Gbangeir,and seems incked to hAvAPV, cl}e,~nbst ace 

• FutirCroy and Vauquelin, Ann. de Mo. d'Hist. Nat. vii. 4. 
f RechirolieS Chimique sur la Vegatation,.p.:1446 ir 
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-that first began the change. Part of it is deposited in the Chap. Iv. 
state of flakes ; part remains in solution, and disposes the --"\f""' 
vinegar . to decomposition. Vinegar also contains a little 
tartar, and probably also citric acid. Malic acid is also. 
found in new vinegar; a proof that this part of, the wine is 
the last to undergo the acetousfermentation. 	, 

From the experiments of Cadet it appears,t that at/gar 
is the essential constituent- in liquors to be converted into 
vinegar, And that the,quantity of vinegar formed is propcir- 
4-lonal to the ingab.; Butif the sugar exceed an eighth part 
of the, liquid, ,  the whole qs not decomposed}  Seven water, 
one sugar,. and some yeast, ferment in a proper temperature, 
and form 'tm:e7toellent vinegar.* 

1. Acetic acid is-formed in many other cases of the Acetic acid 
decomposition of ,vegetables besides. the acetous fermenta- o

fo
th
rm

er
e
r
d by 

lion: -These have been pointed out with much. ingenuity ceases- 
,by,  Vauquelin and .,Fourcroy. They may be reduced. under 
three heads. .., First, when sugar, gum, wood, &c. ,are dis- 
tilled in a retort, or even burnt in the open fire,' acetic acid 
separates in; combination with an einpyreumatic oil; which 
giVes it a 'peculiar odour. Hence it-was Anstaken,for .other 
-acids, and distinguished by the names of pyramucous, pyro- 
-lignous, acids, till 'its real name was ascertained by• these 
distinguished chemists.t Secondly, when; concentrated 
sulphuric !acid is poured upon the -same vegetable bodies%  
they are decomposed in a very different manner; being 
converted into- water; . charcoal, and acetic acid. Thirdly, 
acetic acid is evolved iu considerable quantity during the 
•apontaneous decomposition of urine and some other animal 
substances. Thus it ,appears that the component parts of 
acetic acid are ;extremely apt to combine together in those 
priiPortionvyhich constitute that important acid. 

SECT. In. 

O PUTRIrAMON, 

1A11.1, 1vekiiable inthStiuiCe, both COMplel  te plants and their Nature of 
component parts separately, when left entirely to them- It'iuot:ifac- 

t 	 r, 
• Ann. deLehiavlsii..246. 	 t Ibid, xxxv. 83. 
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Book Iv selves, are gradually decomposed and destroyed, provided 
moisture be present, and the temperature be not much 

. under 45°, nor too high to evaporate suddenly all the 

.moisture. This decomposition has obtained the name of 
putrefaction. 

It proceeds with:most rapidity in the ropen air; but the 
Contact of air is not abtolutelyinecessary. Water is in all 
cases essential to the process, and. therefore is most proba- 
bly decoMposed: 	 Irti 

Putrifactier4 is constantly.' attended with ,a fetid + Tetleur;-
owing; taethe remission of certain; gaseouk,  /natters, + 'which -
differ a&ording• to the • putrifying• substarice.'i Some `stgel-.1 
tablelsubstanees, • as gluten and: cruciform plants, 'emit tun-
moniafp others,- as onions, seem. to• emit Phimphotleted hp= 
drogen gasi +Carbonic acid gas and hydrogen! gas, impreg4+ 
nated with unknown vegetable matters, are almost conk 
stantly remitted, in abundance. Front the experiMents of-' 
Sauisure, we learns that when moist Wood' it, left exposed 
to the air, a portion of the oxygen of the atmosphere is eorti-
iverteci into carbonic acid; for the quantity of this acid formed 
is just equal to the bulk of the oxygen which disappears. 
When, the experiment is made under receivers, no other 
gas cam be detected except carbonic acid; but in the 'open 
air the wood losis a much greater proportion of its weight 
than can be accounted for by the carbon thus ebstractedl 
This he ascribes 'to the escape of oxygen and hydrogen 
under the form of water. Hence the quantity of carbon,  in 

given weight of rotten wood is greater than in the same 
weight .ot fresh ; but when the .putrifaction goes On.  
water without the contact of air, the wood becomes white 
and light; and contains a smaller proportion of carbon than 
when fresh.* The nature and constituents of vegetable 
mould,. -as far as known, have been detailed in the preeed-A-• 
ing Chapter4,  Our,chemical knowledge of vegdtable corn.,  
pound& is still by far too limited to enable.  us! to Tont)* this+ 
very complicated: process of ,putrifaction • with' ahy :611110'1  
Of SLICCeSS.1 

illechlekhes 	sur 6 Veietatiolt.: 
• II, 	+ 	, Y,. 	t 	I • 	fi 
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BOOK V. 	 Book V. 

OF ANIMALS, 
WHEN- we compare animals and vegetables together, Animals 

each in.their most perfect state, nothing can be easier than tip "6CM' 
to distinguish them. The plant is confined to a particular 
spot, and exhibits no mark of consciousness or intelligence; 
the animal, on the rcontrary, can remove at pleasure from 
one place to another, is possessed of consciousness, and a 
high degree of intelligence. But on approaching,  the con-) 
tiguous extremities of the ,animal and vegetable kingdom, , 
these striking differences gradually disappear, the objectsl 
acquire .s. greater degree r of resemblance, and at last -ap- 
proach each .0ther so nearly, that it is scarcely possible toy 
decide,  whether some of those species which are situated on, 
the ,,very boundary, belong to the animal or vegetable, 
kingdom., 

To.draw a line of distinction,' then, between animals and Not easily 
vegetables, would) be a very difficult task: but it is ,not edids.tinguish. 
necessary at present to attempt it; for almost the only ani,4 
teals, whose, bodies have been hitherto examined with any:  
degree of ,chemical accuracy, belong to the Most perfect 
classes, rand consequently are in no 'danger of being con,. 
founded with plants. Indeed*, the greaterntiraber of facts' 
which I have to relate apply, only to the human body, and 
to those of a few domestic animals. • The task of analysing 
all animal bodies is immense, and must be the work of ages 
of indefatigable ;industry. 

This part of the. subject naturally divides itself into four 
C.,hap,ters. ' In, the First Chapter, I shall give an account 
ofd the .diffe.Yent ingredients hitherto found in animals, such 
of tthem,  at least as have been examined with any degree.of 
accuracy,;, iini the second, I shall treat of the different 
members of which animal bodies are composed;, which must 
consist each of various combinations of the ingredients de. 
scribed in the first, Chitpter,: in the third, I • shall treat of 
those animal functions which • may be elucidated by che- 
mistry : and, in the fourth, of the changes which animal 
bodies undergo after death. 	 . 
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Book V. brIA13. I. • 

OF ANIMAL SUBSTANCES. 
i 

THE substances which have been hither detededin the 
animal kingdom, and Of which the different iiarts;of ani- 
tnals, Si far as these parts have been analysed; are found-tb 
be composed, may:be arranged .under the following head's: 

1 	Gelatin. 	 10. Can igridin:' I  ' 1 	.! 	-• 	
., 

• 2. Albumen 11. Cochenealin. • , 	1  • PA 	 i t 3. Fibrin.' 	 .12 Oils. 
4. 

   
4:Colouring matter of , 13 Resins. . • , 

	

Mood. 	' 	14. Sulphur.. 
5, V. t  '.  ucus 	 ' 15. Phosplecrits." ' 
6. Osmazome, • 	16. Ada.  L ill 

' Picromel. .,4  '17. Alkalies. 
8. Urea. ' 	 ,18. Earths. '  
9. Sugar. 	 19, Metals. 

11 . 	1 11 t 
These substances shall from the subject.of the follow ng 

sections. 

SECT. I. 

OF GBLATIN: 

How ob- 	1. IF a piece of the flesh skin of an arum' 	goit 
taincd. instance, after the hair and every impurity isri 

carefullpcp, 
J1  

rated, be washed. repeatedly in cold water 	f thplAqq 
ceases to be coloured, or to abstract any thing; df itl4e041,  
thus purified, be put into a quantity. of purT i ,wqw*?  ted 
b oiled for some, time, part of it will be flissolyeclui 	t'itc 
decoction ,be slowly evaporated till it is.,p,iltics‘l Sq,f,s1:11.0 
quantity,.,aud then, ,put.aside t? c9oldi N4P111Wid,  Ygi 
be found,,,to have assumed d 	 AmAtp.c7sqWg 
precisely that , tremulous substance well• known, pr,,S10-31_, 
body under 	nam9_,,of 1  iThis is theAubstfilep 5311,e,Ti 
in chemistry gelatin. If the evaporation be still ftAcil 
continued, by exposing ths jelly to dryai0t hscopilq,ba!"' , 	k4 in semitransparent, breaks with a glassy fracture, an, . 1`: 
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short the substance so much employed in the different arts Chap. 1. 
under the name of glue. Gelatin, then, is precisely the 
same with glue; only that it must be supposed always free 
from those inipurities with which glue is so often 'con-
taminated. 

12. ,Gelatin is semitransparent and colourless when pure. Properties. 
Its .consistency and hardness vary considerably., The best 
kinds 'are very hard, brittle, and break with a glassy frac-
ture. Its taste is insipid,. and it has no smell. 

When thrown into water it swells very much, but 
does not readily dissolve ; and when taken out, it is soft 
and gelatinous; but when allowed to dry, it recovers its 
former appearance. If it be put in this gelatinous state 
into. warm water, It very soon dissolves, and forms a solu-
tion of an opal colour, .and the more opaque according to 
the quantity of g̀elatin which it contains. Tremulous 
gelatin dissolves in a very small portion of hot water; but 
as the solution cools, it gelatinizes afresh. If this solution, 
as soon as it assumes` the tremulous form, be mixed with 
told water 'and shaken, a complete solution takes place. 

From the experiments of Dr. Bostock, we learn, that 
when one part of isinglass (which is nearly pure galatin) 
is dissolved in 100 parts of hot water, the solution on cool-
ing is.wholly converted into a jelly. But one part of isin-
glass, in 150 parts of water, does not become concrete; 
though the solution is to a certain degree gelatinous.* 

Dry gelatin undergoes no change when kept; but in 
the gelatinous state, or *heti dissolved in water, it very soon 
initrifie4; an acid makes its appearance in the first place 
(probably the acetic,) a fetid odour is exhaled, and after-
%quids ammonia is formed. 

'Wheh dry,gelatin is exposed to heat, it whitens, curls 
41  like luirn, then blackens, and gradually consumes to a 
coat; 	Itrertiuloui Olefin first melts, assuming a black 

',J1ntii•. ,I''Whn 'distilled, it yields, like most animal sub-
itanCes,“a .0)•atery liquid impreg,hated with ammonia, and a 
fetid 'erniVietniidtic 	10v/14, btilkY Charcoal of diffictl! I 	4 ; 	 ;t; 	; !1 ;11  ;,;;  mcm6ratidn.' It 'is ny no means A. ver ,  combustible sub- 

1!!! 	ail ii 71 'l t 

4 	IACTdidits@Vie 	 Oen 'when, 	
acids, 

of 
^f 	 I 	, ;1 0 111;7 	;; 	11 	I 	 d  
)• • Nichoison's Jour.. xi. C250. 
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Book V. especially when assisted by heat; but we are still ignorant 
of the changes produced upon it by these agents except by 
nitric acid. When. this acid is digested on it, a small 
quantity of azotic gas is disengaged, then' abundance of 
nitrous gas; the gelatin is dissolved, except an oily matter 
which appears on the surface; and converted partly into 
oxalic and malic acids.* 

Muriatic acid dissolves gluewith great ease. The solu• 
tion is of a- brown colour, and still continues strongly acid. 
It gradually lets fall a white powder. This solution preci-
pitates tan in great abundance from water; and may be 
employed with advantage to detect tan when an alkali con-
ceals it. Sulphuric acid acts much more slowly. The 
solution is brown, and gradually deepens; sulphurous acid 
is exhaled during the action of sulphuric acid on glue. Nei» 
ther sulphuric nor muriatic acid occasion any change in the 
solution ot glue in water. 

141hen a current of chlorine gas is passed through a soli. 
tion of gelatin in water, a white solid matter collects on 
the smface, and whitish filaments swim through the liqiild. 
This solid matter, when separated by the filter and purified, 
possesses the following properties : its colour is white; it is 
specifically :lighter than water; it has little or no taste; 
when dried in the open air it falls to powder; it is not soh): 
ble in boiling water; it dissolves in hot nitric and acetic 
acids, but precipitates again as the solution cools when 
triturated with potash it emits the 'smell of ammonia; it 
does not affect vegetable blues.t Bouillon La Grange, to 
whom we are indebted for these facts, has given the Bela. 
tin thus altered the name of oxygenized gelatin. 

Of alkalies 

	

	Alkalies dissolve gelatin with facility, especially when 
and "'the. assisted by heat;, but the solution does not possess the pro-

perties of soap, 
None of the earths seem to combine with gelatin; at 

least they do not precipitate it from its solution ,in water. 
The following table exhibits the effect of different earthy 
solutions when mixed with a pretty concentxated solution of 
common glue: 

4. 	:I 

• Scheele, Crell's Annals,ii. IT. Eng..Trans. 
t 'Bouillon La Grange, Nicholson's Jour. xiii. It07. 

• id 

r. 

   
  



GELATIN. 
' Substances. 	 Effects. 

Lime water 	 No change. 
Strontian water 	 No change. 

S-  Became' milky. Precipit. barytes water' 	 t 	dissolved by acetic acid. 
Muriate of barytes 	 The same us the lust. 
Silicated potash 	 No change. • 
Aluminated potash .. „ . 	 No change. 
Oxalate of ammonia 	 Became milky. 
Phosphate of soda • 	 Became slightly milky. 

401 

Chap. I. 

not 

The milkiness produced by some.of these reagents was 
not owing to their effect upon the gelatin, but upon the 
lime and the sulphuric acid which it contained. 

The metals in their pure state have no effect upon gela- Of the me- 
tin ; but several-  of the metallic oxides, when agitated in a !adllic "- 
solution of gelatin, have the property of depriving the • 
water of the greatest part pf that body, with which they 
form an insoluble compound. Several of the metallic salt1 
likewise precipitate gelatin from water. The following 
table exhibits the result of mixino.tt, various metallic salts with 
a concentrated solution of gelatin, as far as my experiments 
have gone : 

Metallic solutions. 	 Effects. 
A copious yellowish-white pre-

cipitate. Soluble by adding 
water. 

Becomes slightly milky. 
S A very copious curdy precipi. 
t tate. 

A copious white precipitate. , 
No change. 
Crystals becomewhite 

bakes appear, and the liquid 
becomes transparent. 

No change. 

.Nitromuriate of gold ... 

Nitrate of silver 	 
Nitrate oemercury 	 
Corrosive sublimate* .. 
Superpersulph. of mere. . 

tog A:lel-sylph, of mere. 

Prussiate of mercury .. 
Pernitrate of copper 	No change. 
Muriate of copper   	Becomes milky. 
Persulphale of copper 	No change. 
Cuprate •of ammonia .. .. No change: 

• Dr. Bostock, in his excellent paper on animal fluids, Iforunsia, 
that a solution of one part_oF tisinglass in 100 parts of watcr is not al-
feef,ti by corrpliva sublimate. The result of toy experinicial with com-
f2aon glue was different; probably owing to the impurity of iliat substance. 

VOL. rv. 	 2 D 
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Effects. 
A few yellow flakes appear. 

• Becomes slightly milky, as when . •  alcohol is added. 
	 Assumes a pink colour. 

Permuriate of iron 	 Becomes green. 
Nitromtiriate of tint 	 No change. 
PL-nuriate of tin 	 Becomes slowly milky. 
Nitrate of lead 	 
Acetate of lead 	 
Plumbate of potash 	 
Plumbate of lime 	 
Muriate of zinc 	 
Muriate of antimony 	 

Book V. 	Metallic solutions. 
Sulphate of iron 44 	 
Persulphate of iron t 
Pernitrate of iron 

No change. 

No change. 
A copious flaky precipitate. 

Tartar emetic   No change. 

Of alcohol. 

Of tannin. 

Nitrate of bismuth preci-
} 

 
pitable by water 	 

Ditto, not precipitable by 
water 	  

Muriate of arsenic 	 No change. 
Gelatin is insoluble in alcohol. When alcohol is mixed 

with a solution- of gelatin, the mixture becomes milky"; but 
becomes again transparent when agitated, unless the solu-
tion be concentrated, and the quantity of alcohol consider-
able. Gelatin is most probably equally insoluble in ether; 
though I believe the experiment has not been tried. 

When the solution of tannin is dropped into gelatin, a 
copious white precipitate appears,. which soon forms an 
elastic adhesive mass, not unlike vegetable gluten. This 
precipitate is composed of gelatin and tannin ; it soon 
dries in the open air, and forms a brittle resinous-like sub-
stance, insoluble in water, capable of resisting the greater 
number of chemical agents, and not susceptible of putrifac-
tion. It resembles exactly overtanned leather. The pre-
cipitate is soluble in the solution of gelatin, as Davy first
observed. Neither is the whole tan thrown down,Andess 
the solutions both of tannin and gelatin be somewhat con-
centrated. Tremulous gelatin, as was first '4ol.serleilt  by 
the same chemist, does not, precipitate tannin.; hut if we 

Becomes milky. 

No change; 

* Partly in the state of persulphate. 
With excess of acid. fi Dissolved in a'.(Aol. 

L 	L 
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employ a solution of gelatin so strong that it gelatinizes Chap. I. 
when' cold, and heat it till it becomes quite liquid, it answers 
best of all, for throwing down tannin. It is by this property 
of forming a white precipitate with tannin that. gelatin is 
usually detected in animal fluids. It is not, however, a 
ptrfectly ,decisive test, as albumen is also thrown down by 
tannin. Dr. Bostock has pointed but a very ingenious 
method of detecting.  and ascertaining the quantity of teia-. 
tin contained in an animal fluid. If corrosive sublimate 
produce no precipitate, we may be certain of the absence of 
albumen. Then the infusion of galls being mixed with the 
liquid, in such a proportion that the filtered liquid will 
neither precipitate infusion of galls, or the animal 'liquid 
under examination, a precipitate falls, composed of about 
two parts tannin and three parts gelatin. Hence this 
precipitate, dried cm a steamhath, and multiplied by 0'6, 
gives us the weight of gelatin in the liquid examined very 
nearly.* 

Gelatin does not, properly speaking, combine with oils, 
but it renders them miscible with water, and forms a kind 
of emulsion. 

41. From the effects of different reagents on gelatin, and c
io
ornposi-

from the decomposition which it undergoes when heated, tn.  
we see that it contains carbon, hydrogen, azote, and oxygen. 
It was subjected to an analysis by Gay-Lussac and Thenard, 
who burnt it, when mixed, with chlorate of potash, and 
ascertained the products. According to their experiments, 
its constituent* are as follows ; 

Carbon . 	 .. 4,7•ssi 
Oxygen 	 27.207 
Hydrogen . 	7•914,  
Azote 	...... 16'993 

,100.000 t 
' 1,  ilsTqt being possessed of any definite compound of gela- 

.tin and any other substance with the.weight of which we 

Bostock, Nicholson's Join% xiv. 144. ,Froin the latter experiments 
of Dr. 13Ttock, it appears that the .ompotind. of tannin and gelatin dif-
fers in the propoition of 'ifs constituents according to circumstances. It 
does not, therefore, furnish us with a method of detecting the quantity of 
gelatin In solution. k  Nicholson's Jour. xxj. 1. t  

Reehereles Physico-chitniques,11036: 
2n 2 
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Book V. are already acquainted, it is not in our power, from this 
L.-v.—)  analysis, to determine the constitution of gelatin. But the. 

smallest number of atoms which correspond nearly with the 
preceding numbers, is the following: 

15 atoms carbon . . . . = 11'25 	 5000  
6 atoms oxygen 600 	 26'67 

14 atoms hydrogen .. = 115 	 7•78. 
2 atoms note 	 = 	3.50 	 15'55 

22.5 10000 
Species. 	.5. Gelatin, like all other constituents of animal bodies; 

is susceptible of numerous shades of variations in its proper-
ties, and of course is divisible• into an indefinite number of 
species. Several of these have been long known and manu-
factured for different purposes : and many curious varieties 
ba!Ve been pointed out by Hatchett in his admirable Disser-
tations on Shell, Bone, and Zoophytes, published in the 
Philosophical Transactions for 1797 and 1800. The most 
important species are the following: 

Glue. 

	

	(1.) Glue. This well known substance has been long ma- 
nufactured in most countries; and employed, to cement 
pieces of wood together. It is extracted by water from 
animal substances, and differs in its qualities according to 
the substances employed. Bones, muscles, tendons, liga-
ments, membranes, .and skins, all yield it; but the quality 
is best when skins are employed; and those of old animals 
yield a much stronger glue than those of young animals, 
English glue is considered as the best, owing to the care 
with which it is made.. The parings of hides, Pelts from 
furriers, the hoofs and ears of horses, oxen, calves, sheep, 
&c. are the substances from which it is extracted in Britain, 
and quantities of these substances are imported for.the pur-i 
pose. They are first digested in lime-water td clean' theM, 
then steeped in clean water, laid in• a heap till the ;water 
runs off, and then boiled in brass caldrons withlinreavater. 
The impurities arc skirmiied off as tlieji rise;.) and when the 
whole is dissolved, a' little alum or finely powdered lime 
thrown in. The skimming having been ,continuedilfor 
some time, the whole is strained through baskets and, al- 
lowed to sett'e. The clear 'liquid 	gently poured back 
into the kettle, lolled 4.second ,tirnet  and skimmed tait is 
reduced to the propel. consistency. It is then poured.iinu 
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large frames, where it concretes on cooling into a jelly. It Chap. I.  
is cut by a spade into square cakes, which are again cut L—v--)  
by means of a wire into thin slices ; these slices are put 
into a kind of coarse net work, and dried in the open air.° 
The blest glue is extremely hard and brittle; it•has a dark The 

colour, and an equal degree of transparency with-
out black spots. When put into cold water, it swells very 
much, and becomes gelatinous, but does not dissolve. When 
glue is soluble in cold water, it is a proof that it wants 
strength. Dry glue, according to Dr. Bostock, contains 
IN. per cent. of water. He thinks also that it contains al-
bumen. But from the method of preparing it this can 
hardly be supposed.t 

(2.) Size. This substance differs from glue in being co- Size. 
lourless and more transparent. It is manufactured in the 
same way, but with more care; eel skins, vellum, parch-
ment, some kinds of white leather, and the skins of horses, 
cats, rabbits, are the substances from which it.is procured. 
It is commonly inferior to glue in strength. It is employed 
by paper-makers to give strength to that article, and likewise 
by linen manufacturers, gilders, polishers, painters, &c. 

(S.) Isinglass. This substance agrees with size in being Isinglass. 
transparent, but it is much finer, and is therefore sometimes 
employed as an article of food. It is prepared in Russia 
from the air-bladders and sounds of different kinds of fish 
which occur in the mouths of large rivers; chiefly different 
species of accipenser, as the sturio stellatus, huso ruthenus, 

. and likewise the siluris glanis. The bladder is taken from 
the fish, clean washed, the exterior membrane separated, 
cut lengthwise and formed into rolls, and then dried in the 
open air. When good, isinglass is of a white colour, semi-
transparent, and dry. It dissolves in water with more diffi-
culty than glue, probably because it is not formed originally 
by solution. From the analysis of isinglass by Elatchett, 
we learn,  that it is almost completely convertible into gela-
tin by solution and boiling. Five hundred grains of it 
left by incineration 1•5 grains of phosphate of soda, mixed 
with a little phosphate of lime. 

• denim!. See Johnson's History of Animal Chemistry, i. 315. 
t Xicholson's Jour. xxiv. 7. 

Clennel. See Johnson's History of Animal Chemistry, i. 815. • 
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Book V. 	A coarse kind of isinglass is prepared from sea wolves, 
L—v--)  porpoises, sharks, cuttle fish, whales, and till fish withciu6 

scales. The head, tail, fins, &c. of these are boiled id 
water, the liquid skiiiimed and filtered, and then condenu 
Crated by evaporation till it gelatinizes on cooling. At thrt 
degree of concentration it is cast on flat slabs and 'cut iiuci 
tablets. This Species is used for clarifying, stiffening silk; 
making sticking-plaster, and other purposes, 

Substances 	6. Gelatin exists in great abundance in animals, foi.m.: 
containing . 
C
ontaining mg a constituent part of their solid parts. It forms Hi/ 

essential' part of belies, ligamehts,' tenildns, meinbittriel 
skin, muscles, hair, &c. 	 •" 

Uses. 	7. Its uses are very numerous. In the state of jellY it 
constitutes one of the'thost nourishing and Palatable species 
of food. It constitutes the basis of soups. The greai'va• 
riety of purposes to which it is applied in thd State of giti'e; 
bite, and isinglass, ake well known. 	 I 

SECT. IL 

OF ALBUMEN. 

Contained 	THE eggs Of fowls contain two fiery different snhStanee: 
in oeggs. 	a yellow oily-like matter, called the yolk; and a cOlourless 

glossy viscid liquid, distinguished by the name of whilk 
This last is the 'substance which chemisti haie  agreed to • 
denominate glbumen.f The white of an egg, however, is 
not pure albumen. It contains also some amens; soda, and 
sulphur: but as albumen is never found perfectly Pure, and 
as no method is known of separating it withOttt at the same 
time altering the properties of the albumen, cheirlists are 
obliged to examine it while in combination 'Yvith these 
boei. 

Albumen diks'olv'eS readily in ivatei., and die solution has 
the property of giving a green colour to vegetit1)16 blues, in 

• 
* Fabricius de Ichthyocolla, Jackson on British Isinglassi l'biLTrans. 

.ixiii. and Johnson's Animal Chemistry, i. 231. 
+ This is merely the Latin term for the white of an egg. It was first 

• introduCed into chemistry by the physiologists. 
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Consequence of the soda which it contains. When albumen Chap. J. 
is heated to the temperature of 1650,* it coagulates into a ‘"—\( --1  Coagulatcs white solid mass ; the consistency of which, when other when heat- 
things are equal, depends, in some measure, on the time ed• 

ng which the heat was applied. The coagulated mass 
h 	precisely the same weight that it had while fluid. This 
property of coagulating when heated is characteristic of 
albumen, and distinguishes it from other bodies. 

The taste of coagulated albumen is quite different from 
that of liquid albumen: its appearance, too, and its pro-
perties, are entirely changed; for it is no longer soluble, as 
before, either in hot or in cold water. 

The coagulation of albumen takes place even though air 
be completely excluded; and even when air is present there 
is no absorption of it, nor does albumen in coagulating 
change its volume.t Acids have the property of coagulat-
ing albumen, as Scheele ascertained. t Alcohol also pro-
duces, in some measure, the same.  effect. Heat, then, acids, 
and alcohol, are the agents which may be employed to coa-
gulate albumen. 

It is remarkable, that if albumen be diluted with a suffi-
cient quantity of water, it can no longer be coagulated by 
any of these agents. Scheele mixed the white of an egg 
with ten times its weight of water, and then, •though he 
even boiled the liquid, 'no' coagulum appeared. Acids, in-
deed, and alcohol, even then coagulated it; but they also 
Jose their power if the albumen be diluted with a much 
greater quantity of water, as has been ascertained by many 
experiments. Now, when water is poured into albumen, 
its integrant particles must be farther separated from each 
other, and their distance must increase with the quantity of 
,water with which they are diluted. We see, therefore, that 
.albumen ceases to coagulate whenever its particles arc 'sepa-
rated from each other beyond a certain distance. That no 
other change is produced, appears evident from this cir-
cumstance, that. whenever the watery solution of albumen 
is sufficiently concentrated by evaporation, coagulation 
takes place, upon the application of the proper agents, pre-
cisely as formerly. 

• Cullen. 	1 Carradori, Assn. de Chin. 
Scheele, ii. 58. 
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Bonk V. 	It does not appear that the distance of the particles of 
albumen is changed by coagulation; for coagulated albumen 
occupies precisely the same sensible space as liquid al-,  

mt n. 	 1 	 , 
Inquiry 	s, Now, to what is the coagulation of albumen owing? Will 
into t 
Cd USC.

he on conceive no change to- take place from,,a state af)A-
quidity to that of ,solidity, without some. change inl. the 
figure of. the particles of the body which has undergone 
that change. Now such a change may, take place. three 

.- ways : 1-Theifiguremay be changed by the addition of 
some new ,molecules to each' of the molecules, of the body, 
g4 Some molecules may be abstracted from every integrant 
particle of the body. 3. Or the molecules, of which the 
integrant particles + are composed, may enter into new -coin, 
binations, and form new integrant particles,' whose form is 
different from that of the old integrant' particles. Some 
one or other of these three things must take place during 
the coagulation of albumen. 	 . 	,• 

1., Scheele and Fourcrey have ascribed the coagulation 
of albumen to the first of these causes, namely,. to the.adi 
dition of a new substance. According to Scheele, caloric is 
the substance which 'is added, FourcroY, on the contrary; 
affirms. that it is oxygen. 	 . 	: 

Ascribed to Scheele supported his opinion with that wonderful illge4. 
caloric; nuity which shone so eminently'in- every thing Which he 

-did. He mixed together One parb of white of egg and four 
parts of water, added a little pure alkali, and then dropped 
in 'as much muriatic acid as wag sufficient to saturate the 
alkali.,  The albumen coagulated. But. when he repeated 
the experiment, and. used carbonate of alkali instead• of 
pure alkali; no coagulation ensued. In the first case, 'says 
be, there was a double decomposition,: the murintic -acid 
+separated from a quantity of caloric with which& was coml. 
1)ined,_ and united with the alkali; while,' at -thel same fin,. 
Ahem, the calorie of the acid united with thealbumen; and 
slausecl it to coagulate. The same combination could-not 
deice place' when the alkaline carbonate wail iused,,.because 
.the carboniel acid gas carried off the caloriciiifoil -which it 
thas a strong dank-y.1- 	I 	„ , I r 

fro oxygen. 6 Yonrcroy rotperves, in Support of .his opinion,' thdt ithp 

Cafradori, 	t 	001 
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white of an egg is not at first capable of forming a bard Chap.l. 
coagulum, and that it only acquires that property by ex- ‘...Ne. 'd  
posure to the atmosphere. It is well known that the white 
of a new laid egg is milky after boiling; and that if the 

fell be covered over with grease to exclude the external 
a, , it continues long in that state; whereas the white of 

Nk
. 

 

an old egg, which has not been preserved in that manner, 
forms a very hard tough coagulum. These facts are tin- 

, doubted ; and they render it exceedingly probable, that al-
rumen acquires the property of forming a hard coagulum 
only by absorbing oxygen: but they,  by no means prove 
that coagulation itself is owing to such an absorption. And 
since coagulation takes place without the presence of air, 
and since no air, even when it is present, is absorbed, this 
opinion cannot be maintained without inconsistency. 

2.. The only substance which can be supposed to leave 
albumen during coagulation, since it does not lose its 
weight, is caloric. We know that in most cases where a 
fluid is converted into a solid, caloric is actually disengaged. 
It is extremely probable, then, that the same disengage-
ment takes place here. But the opinion has not been con-
firmed .by any proof. Fourcroy indeed says, that in an 

• experiment made by him, the thermometer rose a great 
number of degrees. But as no other person has ever been 
able to observe any such thing, it cannot be doubted that 
this philosopher has been misled by some circumstance or 
other to which he did not attend.* 

3. The coagulation of albumen resembles exactly what 
takes place when concentrated silicated potash' is exactly 
isaturawd with muriatic acid. The mass slowly assumes an 
opal colour, and. at last concretes into a solid gelatinous 
Mass. Now this jelly consists of the particles of silica 
combined with each other, and with a certain portion of 
-water. These particles were formerly held in solution by 
the potash; that is to say, the affinity of silica for potash 

:was .superior to the cohesive force which exists between the 
particles of silica. The muriatic acid, by saturating the 
'potash, diminished the force of its affinity for the silica. 
.The cohesive force of the silica, now' superior, causes it to 
combine in masses,. consisting of wcqrtain portion of silicA 

Thomson's Fourcroy, 
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gook tri and 'water.. These masses, equally diflilsed through the 
liquid, and at isuch small intervals as to cohere together 
gives the whole a gelatinous form. Something like this 
seems to take place with respect to the albumen. Its par, 
tides, combined with water • and also with soda, are a1 
kept. at equal distances in the liquid; because, this afilni.y 
just balances their cohesive -forces But when heat is ap, 
plied, this affinity is diminished by the additional elasticity, 
or tendency to separate, given to the water and the soda. 
The cohesion of the albumen, now superior, causes its 
particles to combine in sets, forming solid bodies, equally 
distant from each other, and cohering together. Hence 
the gelatinous form, and the solidity of the coag,uhn, 
always inversely proportional to the quantity of water 
present. Thus it appears, that whatever diminishes the 
affinity between the water, and soda, and the albumen, 
occasions its coagulation, by allatving its cohesive force 
to act. 
• Albumen, then, is capable of existing in two states; the 
-one before it has been coagulated, and the other after 
it has undergone coagulation. Its properties are very dif-
ferent in 'each. -It will be proper therefore to consider 
them separately. 

uncone. 	I. Albumen in its natural state, or uncoagulated, is a 
lated albu- glary liquid, having little taste and no smell. When dried men. 

spontaneously, 'or in a low heat, it becomes a brittle trans-
parent glassy-like substance; which, when spread thin upon 
surfaces, forms a garnish, and is . accordingly employed 
by bookbinders for that purpose. When thus dried it has 
a considerable resemblance to gum arabic, to which also 
its taste is similar. The white of an egg loses about lths 
of its weight in drying. It is still soluble in water, and 
forms the same glary liquid as before. 	 • 

From Ithe experiments of Dr. BoStock, it anieard, that 
when one part of -this dry albumen is dissolved in nine parts 
of watei', the solution beconies perfectly solid when coagu-
lated by heat; but if the albumen amounts only, ito th 
the liquid, then, though coagulation takes pace, the ,liquid 
does not become perfectly solid, but may be poured from 

-one vessel 4? another.* 

'• Nichc4son!s J9,4F.,30, A41,' 
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^ :When one grain of albumen is dissolved in 1000 grifins Chap. 1. 
of water, the solution becomes cloudy when heated.* 

'Uncoagulated albumen soon putrifies unless it be dried; its proper- 
in which state it does not undergO any change. It pu- 

ifies more readily whed dissolved in a large quantity of 
niter than when concentrated. The smell of white or 
egg, allowed to run into pittrifaction, resembles that of pus.t 

It is insoluble in alcohol and ether, which immediately 
coagulate it, unless it be mixed with a very great propor-
tion of water ; in which case even acids have no effect. 

When acids are poured upon it, coagulation takes place Action of 
equally ; but several of them have the property of dissolving ac'th. 
it again when assisted by heat. This at least is the cast 
With sulphuric acid. The solution is of a green colour, 
and does not soon blacken even when boiled. It is the 
case also with nitric acid, and probably also with muriatic 
acid. Nitric acid first disengages some azotic gas; then 
the albumen is. gradually dissolved, . nitrous gas emitted, 
oxalic and malic acids formed, and a 'thick oily matter 

	

makes its appearance onithe.surface.I • 	I 

I tried the effect of different acids upon a solution con-
sisting of the albumen of ,a common-sized hen's-egg in 
about a pint of water, and filtered. The results may be 
seen in the following table : 

Effects. 
1. Sulphuric acid 	 f A white coagulum, which ap-

pears at the bottom first. 
2. Muriatic acid 	 f Becomes at once very milky, 

1 flakes fall slowly. 
A very copious precipitate of 

S. Nitric acid . yellow flakes soon falls to the .  bottom, and a slight efferveS-
cence is perceptible. • -, 

Assumes a beautiful white co- 
4. Chlorine 	• 6 	lour, and fine white flakes 

slowly separate, 
5. Sulphurous acid 	 {No change.* Coagulates in 12 .  hours. 
6. A weak fluoric acid 	 No change. 
7. Acetic acid 	 No change. 
S. Distilled vinegar . 	No 'change. 

* Bostock, Nicholsbn's Jour. xi. 247. 	 xiv. 143. 
Scheele, Crell's Annals, ii. 17. Eng. Trans. 

1 	§ The water was saturated with the acid. • 
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Book V. 	It may be proper to mention, that the solution was co-_ 
agulated by alcohol but not by heat. 

Of alkalies When alkalies are mixed with the solution of albumen 
and earths.  in water, no apparent change takes place; but if a concen-

trated .solution of pure potash be triturated with . albumert„ 
for some time, and then allowed to remain at r st, the ti-
bumen gradually' coagulates or rather gelatinize s ; for the 
coagulum has a striking resemblance to jelly. It gradually 
hardens; and  at a particular period of its drying it resem- ' 
bles very exactly the lense of the eye. When quite dry it 
is brittle and transparent. 

The effect of the different earthy bodies op the solutions 
of albumen in water may be seen from the following table. 
The solution consisted of one white of egg .dissolved fun' 
about a pint of water, and filtered to separate the opaque • 
white films which are always mixed in the white of egg,. 

SUbstances. 	 Effects.. 

	

Barytes.  water    No change. 
Strontian water 	 No change. 
Lime water 	 eNo change. 
Sulphate of magnesia 	 No change. 
Alum . , • p • • • • 	  No change. 
Silicated potash..., No change. 
Aluminated potash 	 No change. 

Thus it appears that none of the earth's form insoluble 
compounds with albumen; in this respect they'resemble the 
alkalies. 	 I 

Of metallic The ease is -very-different with the metallic oxides. The 

	

"id"' 	following table exhibits the effects of the metallic salts on 
the same solution of albumen, as far AS mkexPeriinenis 

2  
Metallic Salts. 	 ffe.cts., 

I 	A, copious yellow flaky preci7, 
1. Nitromuriate of gold. 	pirate, redissolved by aral  

monia.* I 	,  
2. Muriate'of platimim .. A. en. o w sh•rw h i te precipitate: 

IJ A copious reddish-brown prc- 
.3._ Nitrate a silver ,.1.. 	cipitate, not. redissolved 

.1 	 j  ammonia., 	_ 	= 
Nitiate of mercury,t . , A white precipitate. .  

* The salt had a slight excess pf,,a9iclf  r, 
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Metallic Sales. 	 Effects. Chap. I 
3. Corrosive sublimate... A light white precipitate. 
6. Supersulph. of do .... A white precipitate. 

la  7. Prussiate of do.. 	No change. 
A green coagulum, redissolved_ 

by adding more of the cop- . 81 Pernitrate of copper.. per, then the mixture be-
comes opaque. 

9. Muriate of copper .... .A copious white precipitate. 
r10. Persulphate of copper . A greenish white precipitate. 

No change. Muriatic acid 
11. Cuprate of ammonia. 	renders the mixture colour-

less, but no precipitate falls. 
12. Sulphate of iron  ' 	Brown flakes precipitate. 
13. Persulphate of ditto in} A copious dirty white preci. 

alcohol .. . ' 	pitate. 
14. Permuriate of iron.... No change. 	. 
15. Pernitrate of iron .. .. No precipitate. Becomes green. 
16. Permuriate of tin . , . .. Becomes slowly milky, 
17. Chlorate of lead. r  .,.' .. A copious white precipitate. 
18. Acetate of lead 	 The same. 	- , 19. Nitrate of lead 	• 	 • The same. 

{ No change; but muriatic acid 
20. Plumbate of potash '.. 	throws down a copious white 

precipitate. 
21. Plumbate of lime .... No change. 
22. Muriate of zing ...... Becomes, slowly very xnilky. 

A white precipitate, which does 
not appear immediately un-.  less there be All excess Of 

23. Nitrate of bismuth... 

24.. Nitrate of antimony.. 
25. Muriate of arsenic ... 
26. Arseniate of 'potash .. 
27. Arseniate of cobalt .. 
28. Prussiate of potash .. 
2% %Oxalate of ammonia.. 

L acid. 
• .A, white precipitate. 
. Becomes slowly milky, 
. No change. 
. No change. 
• No change. 
S A slight white precipitate ap- 
t 	pears after standing an hour. 

Thusisve kee that every metal tried, except cobalt, occa-
sioned a precipitate; but ho precipitate ever appeared when 
the oxide was helot in, solution by an alkali or earths The 
effect of the metallic salts on albumen forms a striking con-
trast with their effect on gelatin: 
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Book V. 	From the experiments of Dr: Bostock,- it appears that a 
-̀ '"\t ' drop of the saturated solution of corrosive sublimate, let 

fall into water containing 	 -„Fth part of its -weight of albu- 
men, produces an evident milkiness, and a curdy precit ,;.. 
tate fa114.4  It is therefore 'a very delicate test of the prr 
sence of albumen in animal fluids. Dr. Bostock has plo-
posed the following ingenious method of estimating .he 
quantity of albumen contained in an animal fluid : Add to 
the' fluid a quantity of corrosive sublimate; more than 
sufficient to saturate the albumen, then heat the mixture. 
By this double action a coagulum is formed,' which may be 
separated by the filter This precipitate, when dry, con-
tains about -,3.ths of it./ weight ofalburnen:t 

Of tan. 	If a solution of tannin be poured into an aqueous solu» 
tion of uncoagulated albumen, it forms with it a very co-
pious yellow precipitate of the consistence of pitch, arid 
insoluble in water. This precipitate is a combination .of 
tannin and albumen. When dry it is brittle, like 'timer: 
tanned leathe'r, and is not susceptible of putrifraction‘ 
This property which albumen has of precipitating vrith•taw• 
nin was discovered by Seguin.r r 

The infusion of galls is by no means so delicate' a test of 
the presence of albumen as of gelatin. When an infusion; 
of galls containing 24. per cent. of 'solid matter, tincl"water 
holding -/Ijin5-th of albumen in solution, are mixed in equal 
quantities, no effect is produced at first,1 but after 80111i 
time a precipitating matter appears and slowly subsides.§ 

Coagulated II. When albumen is coagulated either by heat, alcohol; 
albumen. 	 . 	4 or acids, tt is an opaque substance of a pearl-white colour, 

tough, and of a sweetish mucilaginous taste. It is no longer 
soluble in water, ana is not nearly so susceptible of decom> 

Its proper- position as uncoagulated albumen. Mr. Hatchett kept 4 
for a month tinder water, and yet It did not become putrid. 
It is to the experiments of this ingenious chemist that to 
are indebted for almost every thing at present known rell'- 
tive to coagulated albumen. Byldryinti kin the tempera> 
ture of 212°,' he converted it into it brittle hard yellowisub. 
stance, setnitrlinspatent like horh.II 

• Nicholson's 	ti.1247. 
Ibid; i1272. 	I 
Hatchett, Phil. Trans. 1800. 

i Ibid. J.1,4 1421 .11 ' 
4 Boitock; ibic144 
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• -When 'this substance was digested for some hours in chap. I. 

water, it gradually softened, and became white and opaque 
like newly coagulated albumen. When water is made to Action of 
act upon it long, a small portion of it is taken up. Thee 'water, 

eatery liquid is not precipitated by the infusion of tan; but 
n\romuriate of tin occasions a faint cloud.* 

According to Scheele,, the mineral acids, when greatly Of acids. 
diluted with water, dissolve a- portion of coagulated albu- • 

)men, which is thrown down again by the same acids con- 
centrated. 

When coagulated albumen is steeped in diluted nitric Changed 
i
t
r
i 
 acid, the acid in about four weeks begins to acquire a yel- t
n
to gear 

low tinge, which becomes gradually deeper; but the albu- 
men, though it becomes more opaque, is not dissolved. 
The yellow acid, when saturated with ammonia, becomes 
of a deep orange colour, but does not let fall any precipi- 
tate. When the albumen, thus treated, is immersed, in 
gminenift, the liquid assumes a deep orange colour, inclin- 
ing to blood red. The albumen is slowly dissolved, and the 
solution has a deep yellowish-brown colour. If the albu- 
men, after being steeped in nitric acid, be washed and then 
boiled in water, it is dissolved, and forms a pale yellow 
liquid, which gelatinizes when properly concentrated. If 
the gelatinous mass be again dissolved in boiling water, the 
Solution is precipitated by tan and by nitro-muriate of tin. 
Hence we. see that nitric acid has the property of converting 
coagulated albumen into gelatine. For this important fact 
we are indebted entirely to Mr. Hatchett.$ 

iConcentrated nitric acid dissolves coagulated albumen 
'with effervescence, especially when assisted by heat. It 
becomes orange-brown when mixed with tunmonia, but no 

.precipitate falls. § 
It its readily dissolved by a boiling lixivium of potash, Action of 

ammonia is disengaged, and an animal soap is formed. ulku"'*- 
Thie soap,,Nvhen dissolved in water, and mixed with acetic 
Qr,muriatic.acids, lets fall a precipitate which is of a capon. 

eousditItute, When heated gently .some oil flows from 
it, and a brownish viscid substance remains.11 Tic 

* Hatchetty Phil. Trans: 1800. 	$ Scheele, ii. 57. 	• 
§ Ibid. 	tt Ibid. I }Welton; Phil. Dant. 1800. 
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Book V. 

Composi-
tion of al-
bumen. 

when diluted, and not assisted by heat, act upon it slowly 
and imperfectly. 

These properties indicate sufficiently that coagulated al. 
bumen is a very different substance from uncoagulated al-
bumen. During the coagulation its component paro, raw, 
arrange themselves differently. 

III. From the effects of nitric acid on albumen ; and its 
products, when subjected to destructive distillation, it hat, 
been concluded that it consists of carbon, hydrogen, azote, 
and oxygen. According to the experiments of Gay-Lussac 
and Thenard, its constituents are as follows: 

Carbon- 	 52'883 
Oxygen 	 6.872 
Hydrogen 	 7'510 
Azote 	 15.705 

100.000 * 
The smallest number of atoms that agrees with the pre-

ceding analysis nearly, is the following: 
17 atoms carbon 	 = 12.75 53.40 
6 atoms oxygen .. = 6'00 	• • • • 25'13 

13 atoms hydrogen = 1.625.... 6.80 
2 atoms azote 	 = 3'50 14'67 

Species of 
it. 

23'875 	100.00 
According to this statement it differs from gelatin, by 

containing two additional atoms of carbon and having ono 
atom fewer of hydrogen. 

IV. Like all other animal substances, albumen is capable 
pf existing in various states both when coagulated and ant 
coagulated, forming a nutnber of distinct species; but they 
have not been characterized with ,much precision, ,But kf 
the curdy. part of milk be considered as an albpinen; as some 
chemists do, it constitutes a species essentially distinct from 
the albumen of eggs and blood.f  Coagulated filburneu forms 
an essential part of bone and muscle; brain perhaps may 
be considered as a species of it,' and so may the lense of 
the eye. Cartilage, nails, horns, hair, 	as Hatehett .1;as 
shown, are almost entirely composed of it; ,and it forms the 

Recherches Physieo-chiroiques, ii. 332. 
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membranous part of many shells,. sponges, 8;;c:-'• • In short, chap. 1. 
it' is, one of the most general and important:of the'anirnal 
substances. 	 I 	• 	• . 	, 

V. The property which. shut-ten has of being coagulated 
heat renders it a very useful Substance for clarifying li- 

• q;,tid's. The serum of blood, white of egg, ok any liquid 
cliattiiiiing it, is mixed witli the liquid to be clarified, and 

O
whole is then 'heated.. The albumen c:oarivilates, unit

1‘ carries down with it the' floating partitlei which kendefed 
the liquid opaqUe; 

SECT. LII. 

617  

IF a quantity of blood, newly drawn from an animal, be How Oil-

arildlied to reinaii(at rest .for 'some' tune, ,a  thick red .clot 'tined* 
gradually forms in it, and subsides. • Separate • this clot 
from the.rist of 'the blood; 'put it into a linen cloth, and 
wash it repeatedly in water-till it ceases to give -out any co-
lour.•or taste to. (the liiuidf the IslibStance which remains.  
after thiiiprocess is denominated 	It has' been long 
known-  to physicians -Oder 'the name of the. fibrous part of 
the blood; bait has not till lately been accurately 'described. 

It 'May be' procured ralSo'.'froin; the' Muscles a anithals. 
• Mt. hatcilett; to. whom we .are-indebted for a,veryinterdt- • 
• ing set of experiments • on this substanc'e,. cut a quantity of 
lean beef into Small pieces, 	niaterated it in Water for 
fifteendays, changing the'water °Vey 'day; - and subjecting 
the beef to pressure. at• the,  same tine, in,  order, :to .iqueeze.  
Out_the water. As the weather was bold, it 'gave m.o. signs 
"c•fputrifaCtion during. this process. The shreds' of - muscle,* 
which arnounted ,to about:three pounds,' -Were now boiled 
for five yourS everyday for ',three weeks in- six' quarts. of 
Tresh'We.ter, which was regularly changed every .day. The 
fibrotia part wag now pressed; and dried kby.  the heat of 
iviitee bath. I After, this treatment it Might be considered •as 

as pure as it Can be obtained:* r 	• 
• 2. Fibrin is of a white colour, and has no taste nor smell. Properties, 

L 	• 	, 
IrOcliett, Phil. Trans. 1800. 

so' at. IVe  • 
	 2 E 

   
  



418 	 ANIMAL SUBSTANCES. 

Book v. When newly extracted from blood, it is soft and elastic, and 
1 /4—v-1  resembles the gluten of vegetables. Its colour deepens very 

much in drying. That which is extracted from muscle by 
boiling and maceration has a certain degree of tranTarency, 
and is not.ductile but brittle. ' Its colour 'does not deLpe 
nearly so much a4 the fibrin from blood. 

It undergoes no change though kept exposed to the a--
tion of air; neither does .it alter speedily though kept co-
vered with water. Mr. Hatchett kept a quantity of the 
fibrin Which he had prepared from beef moistened with 
water during the whole month of April; it acquired a 
musty but not a putrid smell, neither were the fibres re-
duced to a pulpy mass. Even when kept two months 'under 
water, it neither became putrid, nor was converted into the 
fatty matter obtained by macerating recent muscle. 

Action of 	3. Fibrin is insoluble in cold water. In boiling water 
water, 	it curls up, and after the boiling has continued for some 

hours, the Water becomes milky; but no gas is evolved. 
When infusion of nutgalls is dropped into the water, white 
flocks precipitate, which do not adhere together when 
heated; as,  those produced by gelatin. ,  The evaporated. 
liquid does riot gelatinize, and leaves a white, dry, hard, 
friable residue, soluble in cold water; and having an agree4 
able taste similar to that of fresh broth. Fibrin by long 
boiling in, water loses its property of _softening and dissolv-
ing in acetic acid.l. 

Of alcohol, 4. In alcohol of the specific gravity 0.81 fibrin 'undergoes-
a species of decomposition, and forms an adipocirous snb,  
stance soluble in alcohol and precipitated by the addition 
of water. It has ofterra strong and unpleasant odour. The 
alcoholic solution leaves when ievnporated a fat residue,-
which did .not pre-exist in'the fibrin. Fibrin after being 
heated in alcohol continues soluble in acetic' acid.$ 

5. Ether acts on fibrin in the same way as alcohol. If 
forms an adipocirous 'matter in much greater; abttfidance, 
and having a stronger and more disagreeable 

Of acid, 	6. In concentrated acetic acid fibrin 'beboniciJ 
ately soft and transparent, and with the' assistance of beat 
is converted into a tremulous jelly.' By adding water "abil 

r 	 I I 	• 

• liatchett, Phil. Trans. 1300. 
t Berzelius, Annals -of Philosophy, ii. 20. 	 § Ibid. 

   
  



FIBRIN. 	 419 

warming it, this jelly is completely dissolved with the evolu- Chap. I. 
tion of a small quantity of azotic gas. The solution is 'J  
colourless and has a mawkish and slightly acid. taste. 

`During its evaporation a transparent membrane appears on 
tae surfacer  and after a certain degree of concentration the 
gelatinous substance is again reproduced. When completely 
d2ed it is a transparent mass which reddens litmus paper, 

(Sat is insoluble in water without a fresh addition of acetic 
acid. When ferrocyauateof potash, an alkali, or sulphuric,. 
nitric or muriatic acid is dropped into this solution a white 
precipitate falls. The acid precipitate is a compound of 
fibrin and the acid If it be washed, a certain portion of, 
acid holding fibrin in solution is 'carried off, and the re-
mainder is soluble in water. This solution contains a neu-
tral compound of the acid and fibrin. The addition of a 
little more of the acid causes it to precipitate again.* 

7., In weak muriatic acid fibrin shrinks and gives out a 
small quantity of azotic gas; but scarcely any portion is 
dissolved even by boiling; nor does the acid liquid afford 
any precipitate with ammonia pr ferrocyanate of potash. 
The fibrin thus treated is hard and shrivelled. When 
repeatedly washed with water it is at last converted into 
a gelatinous mass, which is perfectly soluble in warm 
water. The solution. reddens litmus paper, and yields a 
precipitate with acids as well as alkalies. Fibrin, therefore, 
combines with muriatic acid in two proportions. The one 
givei a neutral compound soluble in water, the other with 
an excess of acid ifs insoluble, but becomes soluble by the 
action of pure water.t 

f f3t  Concentrated sulphuric acid decomposes and carbo-
nizei5 fibrin. When diluted with six times its weight of 
wateri 	acid acquires a red colour if it be digested with 
fibrin, but dissolves scarcely any thing. The undissolved 
portion,is compound of fibrin and an excess of sulphuric 
aciO, Water deprives it of this excess, and a neutral com-
bination obtained, which is soluble in water and possesses 
the same characters as neutral muriate of fibrin.I 

9.1 Nitric acid of the specific gravity 1;25 digested with 
fibrin renders, it yellow and. diminishes its cohesion. The 
fluid becomes yellow, and the surface of the fibrin is covered 

'* Betzelius, Annals of Philosophy, ii. 20. 	t 
2 E 2 
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Book v. with a small quantity of fat formed by the action of the 
%—v---4 acid. Darin °. this operation pure azotic gas is disengaged. 

After twenty-four hours digestion the fibrin is converted 
into a pulverulent mass, of a pale-citron colour, which h 
deposited at the l)ottom of the liquid. When this pulvt-
rulent matter is washed, its colour changes in proportion 'as 
the excess of acid is carried off, and it acquires a dt.11 
orange colour. This yellow matter was considered by 
Fourcroy and Vauquelin as a peculiar acid which they dis-

-tinguished by the 'name of yellow acid. But Berzelius has 
shown that it is merely fibrin combined 'With nitric. acid. 
It dissolves an caustic alkali commmunicating a yellow co-
lour, When, boiled in alcohol an adipocirous matter is 
taken up, but deposited again is the liquid cools. If the 
yellow substance, after being thus deprived of its adipoci-

, rous portion, be digested with water and carbonate of lime 
it slowly decomposes and dissolves the carbonate, and forms 
4 yellow solution. When this solution fi concentrataand 
mixed with alcohol, malate of lime is precipitatel "'The 

portion dissolved in alcohol was nitrate and nitrite of lime." 
ofalkalicS, - 40,. In, caustic alkali fibrin increases in bulks becomes 

transparent and gelatinous, and at length is'completely,dis-
scal~~ed. 

 
The solution is yellow with a shade of green. Acids 

',occasion in it t precipitate which gradually becomes -cotl-
_fluent.. Alcohol, occasions a precipitate iin it. Some tad-
ration is produced upon the fibrin by the alkali, but nothing 
in the least similar to a soap is formed.t . 

-of heat. 	11. When fibrin is exposed to heat, it contracts very 
suddenly, and moves • like a bit of horn, exhaling at the 
same time the smell of burning feathers. 14 a stronger heat 
it melts. When exposed to destructive distillation, it 
yields water, carbonate of ammonia, a thick he!tvy fetid oil, 
traces of acetic acid, carbonic acid, and carbureted„hydro-
gen gas.1 The charcoal, as Hatchett ascertained, is xnore 
copious ,tlian that left by gelatin or *Lunen, A, rq 

pf soda 
cult p) incinerate, owing to the presence,,of c pliovhge 

pf soda and some phosphate pf lime, ',whicb 	 glassy „ 
coat on the surface. A considerable proportiqnt or carbo-
nate Of lime also remain$ after the incincratio4 q tiler, Attar 

0 	 0 J 	 p 

coql.;1 	1r 
► Berzehis, Annals of Philosophy, ii. 20. 	t Ibid. 

rourcroy, ix. 15s., 	ifiatChett, FpFcroy, ix. 158. ' 
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Chap. I. 

Composi-
tion. 

COLOURING MATTER OF BLOOD. 

• n. Fibrin was subjected to an analysis by Gay-Lussac 
and Thenard, who found its constituents as follows : 

Carbon 	  53•560 
Oxygen 	 19.685 
Hydrogen 	 '7'021 
Azote 	 • r 	

1 19.931 

loo•000* 
iThp smallest number of atoms that 

,sthp following: 
18 atoMs carbon - 1310 

5 atoms oxygen 	5'00 
14 atoms' 	hydrogen = 1.75 
3  atoms azote 	= 5.25 

correspond. with this 

.... 52.91 

.... 19.81 

....4 20'59 

25•50 	1,0b•00 . 
lAccording  to this statement' it'contains one more atom of 

chtbon; hydrogen, and azote, and one atom less of oxygen, 
'than'albumen. 

13. Fibrin exists only in the blood and the muscles of Specie4. 
-animals4 but it is a genus which includes as many species 

there are varieties in • the muscles of animals ; and the 
giver" diversity of these substances is well. known. The 
muscles of fish, of fowl, and of quadrupedsj bear scarcely 

,any resemblance to each other. 

SECT. IV. 

I 	OF nit COLOURING MATTER OF BLOOD. 

frirEi blood was very much examined by physiologists 
tithing the last century. Leuenhoeck described its colour-
ing mater as tonsisting of globules of a red colour floating 
iii the 6erutn, arid this description was confirmed by the 
ttrtieroscepieal observations of lIewson and other physiolo-
gats.' 1111 110', Di. WellS published a paper on the sob-
jedt ityvvhiell he'shosVed by very ingenious and stitisrac tory 
arguments that this colouring matter was an animal sub- 

• Recherches Physico-chimiques, 
2 

History 
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Book V. 

AN IMAL SUBSTANCES. 

stance.* But chemists were prevented from acceding to 
.this opinion.  by the experiments of Fourcroy and Vauque-
lin, which were intended to show that blood contains sub-
phosphate of iron in solution, and that it is to the presence 
of this salt that its red 6olour is owinber.f This opinion 
was generally acceded to by chemists till Mrs Brande pub-
lished his Chemical Researches on the Blood in 181i I 
He demonstrated by decisive experiments that the opinion 
of Fourcroy and Vauquelin was ill-founded, that the co-
louring matter of the blood is a peculiar .animal substance, 
which he obtained in a separate State, and the properties of 
which he investigated, 

Towards the end of the' year 1812, Berzelius'i Genera 
Views of the Composition of Animal Fluids sere published 
in the third volume of the Medico-chirurgical Transactions.-
He details the' properties of the colouring matter, and 
shows that it possesses very nearly the same properties ag 
those of fibrin. These experiments had been made long 
before those published by Mr. Brande, and had been in-
serted in the second Volume of his Djur chemien, printed in 
1808, though we only betame acquainted with them in this 
country in consequence of the publication of the paper ii' 
question. Mr. Brande's experiments were 'repeated 'Lind 
confirmed by Vauquelin in' 1815. He pointed but tirh4 
pie process for procuring colouring matter in tt §ttite of 
purity, and examined its properties in detail with hiS tistuit 
precision.§ 

Prepara- 	Colouring matter bf blood' may be obtained pure by the 
tion. 	following process. Let the clot or 'coagulum of blood,- 

freed as completely as possible from serum, be mired with 
four parts of sulphuric acid , diluted with eight parts of 
water. Heat the mixture to the temperature of 1580, ituid 
keep it. at that temperature for five or six hours. Filter 
the liquid while hot, and wash the residue with aS much lot 
water as you employed of acid. Evaporate the liquid to 
one half, and then. add ammonia till the excess of acid' is 
almost, but not completely, 'saturated.- The 'colouring' 
matter precipitates. Decant bff the clear liquid and wash 
the colouring matter with water till that liquid ceases.' to 

• Phil. Trans. 1797, p. 410. 	+ Fourcity, ix. 152. 
Phil, Trans. 1812, p. 990 	§ Ann. de Chim. et Phys. i. 9. 

   
  



COLOURING MATTER OF BLOOD. 	 *23 

precipitate nitrate of barytes. Then throw it on a filter, Chap. I. 
and when well drained scrape it off with an ivory knife, and `— 1̀*-1  
let it dryrin a capsule.* 

'Colouring matter of blood thus obtained, when dry Propcnics. 
appears black ; but when: suspended in water it has a wine-
red colour. It is destitute both of taste and smell. It is 
Woluble in cold water. i Boiling water; according to Ber- 

produces- nearly the same effects upon it as upon 
Abriii1 And alcohol and ether convert it. in part into an 
atliNciroul matter, having a very disagreeable odour. 

ITAuqnelin and Braude found it insoluble in all the acids 
tried ; but Berzelius could not dissolve it in muriatic acid. 
He, obtained an insoluble matter, containing an excess of 
acid, ,which became soluble in proportion as the excess of 
acid, was removed by water. 

The , alkalies dissolve it and the solution has a purple 
colour. • Berzeliusfound that it formed a brownish.jelly in 
caustic fixed alkali, which ,was dissolved by a sufficient 
quantity of water. The alkaline solution is precipitated by 
alcohol, which however acquires a red tinge by dissolving 
a small quantity of the compound formed•of the,  colouring 
matter with the excess of alkali. 

Dilute, nitric acid dissolves the colouring matter of blood 
without altering its colour. • Muriate of ba.rytes does not 
occasion any precipitate in its solution in muriatic acid. 
Neither is any change produced by gallic acid or ferrocy-
anate of potash. The infusion of nutgalls precipitates it 
but does not occasion any change of colour. Nitrate of 
silver does not render its solution in nitric acid turbid; but 
acetate of lead throws down a brown precipitate. 

Mr. Braude tried to form a lake by precipitating its acid. 
solution by means Of different earthy and metallic salts. 
Neither alainina nor oxide of tin answered the purpose 
well, Corrosive sublimate or nitrate of mercury succeeded 
1?est,. They gradually precipitated the colouring matter, 
and formed with it powders of a good red colour, which did 
not alter by' exposure to the air,t Mr. Brandt likewise 
made some attempts to employ it as a pigment in dyeing; 
but they were not attended with much success. Though', 

• Vauquelin, Ann. de Chim. et Phys. i. 9. 
t Phil. Trans. 1812, p. 110. 
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Book .  V. as blood is an ingredient, employed in some dyeing pro-
cesses, it is not unlikely that the colouring matter may be 
of some importance even as a dye stuff.  

'When the colouring matter of blood is heated it neither 
alters its form nor colour;, but. gives out am animal odour 
and furnishes carbonate of ammonia and a. purple oil ; but 
scarcely any gas. Xlm,charry residuum /as ,balky as 1)e 
original substance.* 
,,j No.analysis of.thecolouring mattenio£ the(blood has yet 
been.made. It is obvious, however, from the, observations 
oflperzeil44,that its propertias.approach veryineafly those 

h4.,1,, }Ieno it,. is probable c, that!, itsiconititutioni is 
nearly similar. It'contains.however a considerable porpon-
don, of, iron in, some, unknown state. 

4 

SECT. V." 

OF DIUCIIS. 

No wordln chemistry had been' used with -leis plreCifsion 
than' mucu,st 'Too many experimenters have made it Seleve 
Asa ebmmon riame-for ever/ animal isubstahee 
not be referitd to any other class. Dr. Bostocle, In 'his 
ekcellent Papers on the' Andlysi of 'Animiti'Fluidd,1 has 
'endeavOured td fix, the meaning of die 'Word 'bYaSdertAt-
ing the properties of pure mucus. '' Ntireroy 'add' 'VA. 
quelin have published an elaborate'papee on the sand Sub-
ject.t 

From Bostock's experiments it appears, that if the solid 
matter obtained by evaporating ,saliva to dryness be redis-
solved in water and filtered, the solution-will contain very 
little except mucus. He obtained' mucus, also, by mace-
rating, an oy,steiri ,in , rfktpr and eyaporating,ttbgplicpid.t 

thus obt#une~lpopesseSi thq191low.k,pEop7tiesii , 
Properties. 	 . It has Toth the 4prievancp 	Plat3irluPiPPPt4g 

;ilat in generall it is rather, ,rnore opagye,;, ii159,14 
,Iittfe taste, 4Arolve0c4ily, in ,water, ,andyformIsiarkadite/ 

PlC f r 
'sive solutipirk i 

+.,Ann„fiu Utis. 	Nate * VauFwelin. 
NicholsQ04our., N.1 	„ 

   
  



oSMA203IE. 
2. When evaporated to dryness it is transparent, in-

elastic, and has much the appearance of gum. It is inso-
luble in water, but dissolves readily in all the acids though 
very much diluted. 

‘6, It does.not dissolVein alcohol nor hi ether. 
4.. It doesivot Coagulate when heated ; no when. con-

et.liirated by -evaporation does its solution assume the,fortn 
t of a jelly. 

It is hot 'precipitated by corrosive sublimate,' nor by 
rthe infusion of gallsim. 

6. 'The subacetate of lead occasions a copious 'White pre-
Acipitate. when dropped into solutions containing muelts ;1  the 
.acetate prOduaes a much less striking cffect.-1- ' 
' 7. Nitrate of silver likewise occasions at precipitate in 
solutions containing mucus. 

S. When heated it assumes the-appearance of horn, and 
when distilled it yields the common products of animal sub-
stances. According to Tonrcroy and Vauquelin, horn, 
nails, hair, feathers, the epidermis, and the scales which 
form on the skin, consist 'chiefly of mucus. 

Many of ,the substances called MUCUS have the property 
of absorbing oxygen, and of becoming by that means in-
soluble in wuter. They resemble vegetable es.tractive art
this respect. 

i'The mucilaginous substances will be pointed out in the' 
nexi Chaptert In the present state of our knowledge, any 
account of them here would, merely be a repetition of the 
properties just xnentioned. 

4.25 
Chap. I. 

SECT. VI. 

,ot• osNyAzomE.$ 

., 	SUl bstatice was first noticed by Rouelle. 'The name History. 
was' hppIied to' it by Thenard. "It seems doubtfuL, whether 

,reSinazome -13 'Any' thing else 'than fibrin slightly altered by 
being boiled in 'ttrater and dissolved hi that liquid. But as 
-it-is a Substance %illicit is often Ina' with in the itinalvis pf 
animal substances, and as its identity with fibrin, though 

Bostock, Niehol4on's Johr. 
Derived, I presume, from 	smdlimiti ;47:4 	t Ibld.  . bl'ot A- 	4 
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Book V. probable, is not fully inade out, I thinit it heart., at least 
for the present, to give it a particular place. 

Prepara- 	Osmazome ,may be obtained by the following process. 
fion. 	Divide the muscle of beef into small ,fragments, and leave 

it in contact with twice or thrice its weight of cold water 
.for an hour or two,. taking care to squeeze it occa,,ionally. 
Decant off the first portion of water, and add an udditio ial 
quantity. Repeat the digestioh a third time, These poi - 
tions pf, water will dissolve the salts, the albumen, arid thq 
osmazome. Mix them all together and evaporate them in 
a ,porcelain vessel till the whole albumen bas coagulated 
and separated. Then filter the liquor, which will, now 
be reduced to a small quantity, and of a deep colour. 
Evaporate it by means of a very gentle heat to the consist-
ence of a syrup. It consists of osmazome mixed with the 
salts of the muscle. Alcohol digested with it takes np the 
osmazome and leaves the salts. By evaporating the alcohol. 
we obtain the osmazome nearly in a state of purity.* 

Properties. 

	

	Osmazome thus obtained has a brownishryellow colour, 
and the taste and smell of broth. 

It is soluble both in water and alcohol. • The aqueous 
solution does not gelatinize; but when evaporated leaves 
the osmazome behind it in the state of a brown matter. 

The aqueous solution of it is precipitated by infusion of 
•nutiralls, nitrate of mercury, and by the acetate and nitrate 
of lead. , 

When heated it melts, swells, and is decomposed, giving 
out subcarbonate of ammonia, and, leaving a bulky char.;  
coal which contains carbonate of soda, showing clearly that 
it was not in a state of complete purity. 

SECT. VII. 

OI PICROMEL. 

THIS is a name given 'by Thenard to 00, peculiar sub-
stance which characterizes bile.t It may be obtained pure 

* Thenard's Trait6 de Chimie, iii. 447. 
t The name picromel is derived, I presume, from royo; bitter )  and 

krx honey. It is a very unfortunate name. Cholin (from xoka 
would be much better. 
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by the following process. Mix fresh bile with sulphuric Col°. 
acid, diluted with three or four times its weight of water. p„p,,-, 
A yellow precipitate falls which must be allowed to subside, (ion. 
"then separated. Then continue to add fresh acid as long 
as any precipitate appears. Heat the mixture gently -for 
some hours, and afterwards decant off' the fluid part. A' 

ir ten matter remains, which chemists • have been in the 
abit of denominating resin of bile. This green matter is 

to be thoroughly edulcorated with water. In this state it is 
a compound of picromel and sulphuric acid. Digest it 
with carbonate of barytes and water; the acid combines 
with the barytes, while the picromel dissolves in the water 
and forms a solution eNactly similar in appearance to bile. 
Or the green matter may be dissolved in alcohol, and the 
liquid digested over carbonate of potash or carbonate of 
lime till it no longer reddens litmus. It is then to be filtered 
and evaporated to dryness. The substance thus obtained is 
picromel. 

Picromel when pure resembles entirely inspissated bile. Properties. 
It 	a green or greenish-yellow colour, and an intensely 
bitter taste, followed by some sweetness. 

It is soluble in water, and likewise in alcohol in all pro-
portions. Ether does not dissolve it, but converts it into 
an adipocirous substance, having an exceedingly disa-
greeable smell. 

Like' the albumen of blood it unites with acids, anti forms 
compounds soluble when neutral, but insoluble, or only 
sparingly soluble, when there is an excess of acid: It is 
this last compodnd of picromel, and a mineral acid, which 
has been hitherto mistaken by chemists for the resin of bile. 

Picromel combines likewise with many metallic oxides 
into a pulverulent mass. 

It is not precipitated by infusion of nutgalls; but the 
a nitrate of mercury, the subacetate of lead, and the salts of 
iron, _occasion a precipitate when dropped into its aqueous 
solution. 

When picromel is subjected to destructive distillation it 
gives out no amtnonia. Hence it Would seem that it con-
tains no azote. A difference in composition sultickm to 
distinguish picromel from albumen and fibrin, with which 
it possesses many analogous properties.* 	• 

* Berzelias, Annals of Philosophy, ii. 377. 
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Book V. 	 SECT. VIII. 

OF UREA. 

How ob.. 	UREA may be.obtained b3) the' following; process : evapo- tained. „ ii 1 irate by' a gentle heat a quantity of human urine, voided six 
dr eight hours after a meal, till it,  be reduced',Ilti,  the consi., 
fence of &thick syrup. n this state When iitit by to cool', 
if'conerets into ti crystalline mass.' 	lour at di!rcrcnt times 
upon

ur) HI apply   
this Mass foiii times Its weight of alcohol, pnd  

letitrei  beitii!,a( 411,eitt pact of the Maas will 13e-  c)isso ve4;  
ind there Will"ieinain only la number 'of,  4aiind spbstiiqs. 
Pour the alcohol solution into a retort?  awl,  clpi.4, -()7 itfl 
!leaf 'of iii  Acli-bhtl-i-till theliquid, after boiling some time, is 
reduced in the:consistence of Eli thick syruP. I,  (111;11 irl'old, 1::f 
the alcnliot Ss i iimV separated, andwhat rren.ains in titre 

• , i 	IIII It• I I ),,i'Ll I.1..0 retort crysltallOei 'as* Cools'. These crystals consist othe 
substance krldwn by the name o urea.* ,. 1' 	1 11/ 	 1L  

,,, 	,I , 1 	 vf 	a 	1. J 11111•LI 	111411..11 
Discovery. ' .It was nrst 1  escribed by'RdUene, junior, in 1773, unger 

1 , 	 ill' ii 01 
the name or it e saponaceous exIrac of urine. He mentione4 

r, 	I 	1 . 1 , i 	r 	.,_ 	il 	f ' 	• 	4: 	4 
sbVerat of its' properties; nut. very little waskill  Ciwn,j,anf  - 
ceriihil,tais ki&ttire till . VotiiCroy and tauquelin :,publiih9ci 
theit•T eXperillienti` 'on' it 'in • i 769. ''Thse cellebr40, c4 
filistg thiAiepien it the panne,' 	or Urea,' wh'icli I'm's )b9en gTne= 
rally dclojited.' 1 	1 14  1 )4 iti - W1 

I 141 	I {f „„iiir 	1 	1 
of 

 Ai ,,, 
Properties. 	.C.7i•lea,, obiliiiia' rin' this' manner, nas tile itorm 	cgst41.1  , 	- 	,1 , 	4 1.) Ji 	J Lll 

line i)lat?s fl.nssing:tecIli outer in aiffe'renit dfrectA9ns.iii  43 
colsoin. 'isi  yelfoiwishwhite; 'but wIlyn 11pl,erfe,ctViipn-r,14:,is 
white, seinitruhsParelit,fland 	• 'cristallized in four-sided and 
six-sided prisms. '  	f, . 	t ) 	• 

It has a fetid. Smell, somewhat res'embling-pl`at of garlic , 
or arsenic; its taste is strong and acrid, Tesni'oling that of 
ammoniacal salts rit is very viscid and difficult to cut, and*  
has a good te'aVdrfcsemblance to thiCk honey.- When ex- 
P9ses1 t9A19.P1M,ffir, it IferYJAQQ1i  attractipuqsture, anOL is 
cypv.  cirteci, intq a thick bijoyi,n liquidil itc isaxIxem9IpsQlu4 
14,e,n1.-w,4tcp jancltslAring,its.so,lutiott a-conkiderablollegrod 

Fourcroy and Vauquelin, Ann. de Chim. xxxii. 86. 
•t- Pourcto.y knd 	 siudt._88:L1.Actording to 

Proust, when obtained by the above processes, the 'urea is.satrurated with 
ammonia. Jour. de Phys. lvi. 10, 
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of cold is produced.* Alcohol dissolves it with facility, but Chap. I. 
' scarcely in so large a proportion as water. The alcohol "-v—d  
solution yields crystals much more readily on evaporation 

*than the solution in water. 
When nitric acid is dropped into a concentrated solution Crystal- 

0 wit h..-f.  urea in water, a (Treat number of bright pearl-coloured tiltnc acid. 
crystals are &post e , composed of urea and nitric acid. 

o'No otber acid produces, this .singular etfect.1 iTbe coneen- 
tratedsolution' Of urea in wafer is brown, but i>r becomes 
yellow wbenAtinted with a large quantity of water. ,The 
infusion of nutgalls gives it, a yellowish-brown colour, but 

. causes o precipitate; neither does, the infusion of 'tan 
produce any precipitate.-1- 

When heat is applied to urea, it very soon melts, swells Action of 
up, and evapbrate with 'an insupportably Fetid t  odour, heat. 

Wheri 'qlstilled,r1  there comes over first benzoic acid, then 
carbonate otammonia in crystal's, some carbureted hydro. 
gen gas, with traces of ,  prussic acid and pil; and there 
remains Yehind a large residuum, composed of charcoal, 	. 
niuriate of ammonia, and.muriate 'of soda. The distillation 
is accompanied With an almost insupportahly fetid alliaceous 
odOur. 'Two hundred and eighty-eight parts of urea yield 
13y distillation 200 parts of carbonate of ammonia, 10 parts 
of earbureted hydrogen gas, seven parts of charcoal, and 68 
parts of benzoic add, muriate of soda, and muriate of am-
monia. These three last ingredients Pomeroy and Vauque-
lin consider as, foreign substances, separated from the urine 

the alcohol at the same time with tile 'urea. Flence it 
follows that 100' parts of urea, when distilled, yield 

Carbonate of ammonia .... 92.027 
Carbureted hydrogen gas .. 4.608 
Charcoal 	 S•225 

.99.860 
Now .200' parts of carbonate of ammonia, according to 

Pourerby and Vauquelin, are composed'of 86 of ammonia, 
90 carbonic -acid gas, and 24- Avattr, hence it. follows that 
100 parts of urea are composed of 

T, 

Fouroroy and Vauqtielin, Ann. de China. ':tail. 88. 
t Ibid. 	tr 

   
  



430 
Book V. 

ANIMAL SUBSTANCES, 

Oxygeh 	 39.6 
Azote 	. L 	 32.5" 
Carbon 	141 
Hydrogen 	 13.3 

    

Putrifac-
lion. 

Action of 
sulphuric 
acid, 

Nitric acid, 

100.0 • 
But its can scarcely be doubted that the water which vItv 

found in the carbonate of ammonia existed ready 'formed inb'i 
the urea before the distillation.* 

When the solution of tires in water is kept'in a boiling 
heat, and new water ig added as it evaporates, the trea.is 
gradually decomposed, a very great quantity of carbonate of 
ammonia is disengaged, and at the same time acetic acid is 
formed, and some charcoal precipitates.t 	Li 

When a solution of urea in water is left to .itself for some 
time, it is gradually decomposed. A froth collects On its 
surface; air bubbles are emitted which have a strong dish 
agreeable smell, in which ammonia and acetic acid are dis-
tinguishable. The liquid contains a quantity of acetic acid: 
The decomposition is much more rapid if a little gelatin be 
added to the solution. In that case more ammonia is dis-,  
engaged, and the proportion of acetic acid is. not so greatt 

When the solution of urea is mixed with one-fourth of 
its weight of diluted sulphuric acid, no effervescence takes 
place ; but, on the application of heat; a quantity of oil 
appears on the surface, which concretes upon Cooling; the 
liquid which conies over into the receiver contains acetic 
acid,,  and a quantity of sulphate of ammonia remains in le 
retort dissolved in the undistilled mass. By repeated 
tillations, the whole of the urea is converted into acetic 
acid and ammonia.¢ 

When nitric acid is poured upon crystalliT,ed urea, a 
violent effervescence takes place, the, mixture froths, as-
sumes the form of a dark-red liquid, great' quantities of 
nitrous gas; azotic gas, and carbonic acid gas, are 
"engaged. When' the effervescence is overithere.remaina 

* Ann. 
I 
d

C
e uhim. xxxii. 88. It would he useless to calculate the con- . ff 

stitution of urea from this analysis; because several of the data upon 
which it is founded being obviously inaccurate, the proportions dssigned 
in it cannot be correct. • 	t Ibid. p. 06. 	Ibid. 

Ibid. p. 101, 
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Only a concrete white matter, with some drops of reddish Chap. I. 
liquid. When heat is applied to this residuum, it deto-
nates like nitrate of ammonia. Into a solution of urea, 
1brmed by its attracting moisture from the atmosphere, an 
equal quantity of nitric acid, of the specific gravity 1'460, 
diluted with twice its 'Weight of water, was added ; a gentle 
effervescence ensued : a very small heat was applied, which 
supported the effervescence one or two days. There was 
disengaged the first day a great quantity of azotic gas and 
carbonic acid gas; the second day, carbonic acid gas, and 
at.last nitrous gas, At the same time with the nitrous gas 
the smell of the oxyprussic acid of Berthollet was percepti-
ble. At the end of the second, day, the matter in the 
retort, which was become thick, 'took fire, and burnt with a 
violent explosion. The residuum contained traces of prus-
sic acid and ammonia. The receiver contained a yellowish 
acid liquor, on the surface of which some drops of oil swam.* 

Muriatic acid dissolves urea, but does not alter it. Cblo- murtattc 
rine gas is absorbed very rapidly by a diluted solution of acid and 
urea; small whitish flakes appear, which soon become 

chlorine. 

brown, and adhere to the sides of the vessel like a concrete 
oil. After a considerable.  quantity of this gas had been ab-
sorbed, the solution, left to itself, continud to 'effervesce 
exceeding slowly, and to emit carbonic acid and azotic gas. 
After this effervescence was over, the liquid contained mu-
riate and carbonate of ammonia. 

Urea is dissolved very rapidly by a solution of potash or Actiono: 
soda, and at the same time a quantity of ammonia is dis- a 

 

engaged; the same substance is disengaged when urea, is 
treated with barytes, lime, or even magnesia. Hence it is 
evident, that this appearance must be,ascribed to the muriate 
of ammonia, with which it is constantly mixed. When 
pure solid potash is triturated with urea, heat is produced, 
a great quantity of ammonia is disengsaged ; the mixture 

• becomes brown, and a substance is deposited, having the 
appearance of an empyreumatic oil. One part of urea and 
two of potash, dissolved in four.  times its weight of water, 
when distilled, give out a great quantity of ammoniacal 
water; the residuum contains acetate and carbonate of 
potash.t 

• Ann. de Chim. xxxii. 107. 
	 I- Ibid. 
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Book V. 	When muriate of soda is dissolved in a solution of urea 
"-- Y-1  in water, it is obtained by evaporation, not in cubic crys-

tals, its usual form, • but in regular octahedrons. 111uriate 
of ammonia, on the contrary, which crystallizes naturally 
in octahedrons, is converted into cubes, by dissolving and 
crystallizing it in the solution of urea. 

Such are the properties of this singular substance, as far 
as they have been ascertained by the experiments of Four,  
croy and Vauquelin. It differs from all animarsubstances 
hitherto examined, in the great proportion of azote which 
enters into ' its composition, and in the facility with which 
it is decomposed, even by the heat of boiling water. 

SECT. IX. 

OF SACCHARINE MATTER. 

THE species of saccharine matter hitherto found in the 
animal kingdonl are the following: 

1. Sugar of milk. 
2. Honey. 
S. Sugar of diabetic urine. 

	

How ob- 	1. Sugar of milk may be obtained by the following pro- 
cess : let fresh whey be evaporated to the consistence of 
honey, and then allowed to cool; it concretes into a solid 
mass. Dissolve this mass in water, clarify it with the white 
of eggs, filter and evaporate to the consistence of a syrup; 
it deposits on cooling a number of brilliant white cubic 
crystals, which are sugar of milk. .Fabricitis Bartholdi, 
an Italian, was the first European, who mentioned this 
sugar. He described it in his Encyclopcedia Hermetico-
Dogmatica, published at Botilognia in 1619; but it seems , 
to have been known in India long before,th4t periobi. r  'or 
the best account of its properties we. are ,indcbted, to Mrp. 
Lichtenstein. 

	

Properties. 	When pure it has a white dolour, a :Sweetish ;taste, and 
no smell. Its crystals are semitransparent regular parellelo-
pipeds, terminated by fourrsided pyramids,. Its specific 
gravity, at the temperature of 55°,-.is l'5430 At the tem— 
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perature of 690, it is soluble in five times its weight of Chap. t. 
water, and in, two and a half times its weight of boiling 
water. It is perfecly insoluble in alcohol, but the addition 
of a little sulphuric acid makes it soluble in that liquid.-
Wheu -burnt it emits the odour of caromel, and exhibits 
precisely the appearance of burning sugar. When distilled, 
dt yields the same products as sugar, only the empyreumatic 
oil obtained has the odour of benzoic acid.* When treated 
with nitric acid it yields saclactic acid. From the experi-
inents of Vogel and Bouillon La Grange, we learn that 
sugar of milk is soluble in muriatic and acetic acid. Chlo-
rine decomposes it into water and carbonic acid. Strong 
potash ley deComposes it in the cold, and converts it into 
water, carbonic acid, acetic acid, and a colouring matter. 
Neither alcohol nor ether dissolves it.f From the experi-
ment of Bucholz, it appears that sugar of milk is not suscep-
tible of the vinous fermentation.t 

Sugar of milk combines with protoxide of lead in various saccolate 
proportions. The neutral compound has a mucous appear- ca lead.  
ante When moist, but becomes yellow and semitransparent 
when dry. Its constituents, according to the analysis of 
Berzelius, are as follows : 

Sugar of milk... 36471 	, 100 	.... 8.09 
Oxide of lead . 	63.529 	174..15 .... 14 

100000 
Oxide of lead digested with sugar of milk appears at 

first not in the least altered. It is however converted into 
a sabsaccolate of lead, which when well washed and dried is 
a yellow powder composed of 

Sugar of milk 1.. 12'8 .... 100 .... 2'055 
Oxide of lead. ► 4.1 87.2 	681 .... 14 

100•0§ 

from these analyses we see that the equivalent nutnbet 
for sitar of milk is 8.22. We may take 8.25 as Sufficiently 
near. 

It hag been analysed both by Gay-Lussac and Tlienard, 
• 

Scheele, ii. TO. 	 f Schweigger's Jour. iL 342. 
2 Schwsigger'sJour. ii. 359., 	§ Annals of Rhii0o0PbX v RGT L 

VOL. IV. 	 2 F 
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and by Berzelius. According to Gay-Lussac and Thenard, 
its constituents are, 

Oxygen 	  53'834. 
Carbon . 	 28'825 
Hydrogen 	 71341 

100.000* 
.Berzelius' numbers approach very nearly to these. Ac- 

cording to 	the constituents of sugar of milk are, 
Oxygen    53'359 
Carbon 	  39'474 
Hydrogen 	 D167 

100.000 I- 
These analyses do not correspond well with the equiialent 

number for the weight of sugar of milk deduced from 
analysis. Were we to suppose it composed of '4 atoms 
oxygen, 5 atoms carbon, and 4 atoms hydrogen, its com- 
position would be as follows : 

4 Atoms oxygen .. = 4 	.. 48'1 
5 Atoms carbon = 3.75 45:4 
4 Atoms hydrogen = 0'5 	.... 6.2 

8.25 100.0 
Numbers quite irreconsileable with the analyses above given. 
The subject therefore requires farther investigation. t 

Honey. 

	

	2. Honey is prepared by bees, and perhaps rather belongs 
to the vegetable than .the animal kingdom. It has a white 
or yellowish colour, a soft and grained consistence, a sac-
charine and aromatic smell. By distillation it_ affords an 
acid phlegm and an oil, and its coal is light and spongy 
like that of the mucilages of plants. Nitric acid. extracts 

• Recherches Physico-chimiques, ii. 295. 
t Annals of Philosophy, v. 266. 
/ If the render wishes a more detailed account of sugar of milk, he 

may consult Litchtenstein's Abbandlung, published separately in n72, 
and Rouelle's dissertation in the 39th volume of the Jour, de Medicine. 
An abridged view of the whole has been given by Morveau in the first 
volume of the Encycl. Methodique, which has been publiihed in an En-
glish-dress by Mr. Johnson in his History of Animal Chemistry, i.128. 
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from it oxalic acid, precisely as it does from sugar. It is Chap. 1 
very soluble in water, with which it forms a syrup, and like .̀"-- r—d  
sugar passes to the vinous fermentation. Mr. Cavezzali 
has affirmed that honey is composed of sugar, mucilage, 
and an acid. The sugar may be separated by melting the 
honey, adding carbonate of lime in powder as long as any 
eff'e'rvescence appears, and scumming the solution while hot. 
The liquid thus treated gradually deposits crytals of sugar 
when allowed to remain in a glass vessel.* Its crytals, as 
far as I have observed, are quite analogous to those of sugar 
of grapes. 

According to Proust, there are two kinds of honey ; one 
always liquid, mid the other solid and not deliquescent. 
They may be separated,. he says, by means of alcolioht 

S. The urine of persons labouring under the disease Sugar of 
d 

 
known to physicians by the name of diabetes, yields, when airteetic 
evaporated, a considerable quantity of matter which pos-
sesses properties analogous to sugar. This seems to have 
been first observed by Willis. Afterwards the subject was 
carried somewhat farther by subsequent physicians. But 
it is to Mr. Cruikshanks that we are indebted for the most 
valuable set of experiments on the subject. In this case 
he extracted frome urine about' Tlith of its weight of a sweet--
tasted extract like honey. When treated with nitric acid, 
it yielded the same proportion of oxalic acid as an equal 
quantity of common sugar would have done, making allow-
ance for the saline substances present. No saclactic acid was 
formed. Flence it follows that this substance is not ana-
logous to sugar of milk, but nearer common sugar in its 
properties. It crystallizes nearly in the same manner as 
sugar of grapes. I have seen it prepared by Dr. Wollaston 
in small grains having almost exactly the appearance of 
commo1 white sugar. Nicolas affirms that when treated 
with' lime it is decomposed.I If Bo, it certainly differs 
essentially from common sugar, which Cruiks' hanks first 
proved to be capable of uniting to lime without decomposi. 
tion. 

• Ann. de Odin. xxxix. 110. 	t Jour. de Phvs. !ix. 4'28. 

Ann de Clain. xliv, 64. 

F 
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§PqT• 
e  

• , 	H 	 t• 	• 
I oINW, 	;name. the substance 	I cantharideg r or 

Spanish files,% .:(m4.4-pesicat.orim),.Which foccasionsf(a;tblistet 
when. applied to -%the. skin. , :It.was iobtaineduiria.)separate 
state, and.its,propertiei were examinedla,yr y,Iiipbiquet in 
1810.* It 	be' Obtained 'by the 'followini,pr,ocess. 

cant'harides' in 'wafer 	tbingA.  ciNtble in that 
liquid be:ealen up. concentrate,. 	 evapora- 
tion, and when '-.educed "to' a thiclisy.TIT l it,-repeatedly 
in alcohol:- 	that liquid,bedies'tqaet",up6n rii.1-r  "Eva orate ct,. the alcoholic 'solution gntly drpless,„apAip.nt .the dry 
residue into • a phial with sulphniic l eAlerkiandtitgitate the 
mixture for a Considerable timer;d.t.,trsti,thelether will 
seem to have:no effect uploni%14.) b.nt after Lsonielhburs it as,. 
sumes a -yellow colour. Decant it off and allow it to 
evaporate 'spontaneously in the open air. It deposits small 
crystalline , plates omipd.withap.y,ell95 
takes,nprthjeyeltowofnatei-i.hn 
TheSe'.plates when dried beiween ;folds of biottin&paper 

f, 	V:/t1 	 L- 	'1.11)', 	-:' 	• J- 	 ' 	t' 
are  .ca.n.tla,riichi,411

$0,q,cei at; coppit skiable „purity. 	cwrr,fif 
Properties. 	 ihus "ObOined 	iq-smalk•pl4es r.'' 	 z) ; 7.7/ ,131.1) 

S4111111g 	 •AtPPlaitInC,!;•9' 	 ntgi E414: 

iri col.4-090(,4p,,o.„,.94.11i.lzi.*0119,1;icks.Riv.9,3;i11)Int sets 4,/44 
k4i5 	crystals as 	 1PAV "fliss.plYsm 

but .n# PKYPcTIfqflY,i3iNSIIPOffis,XPnorsT.NY,Y,Ii,9jiqx 
and,wheriaiiplied CO the skin it acts as a vesicatory with great 
energy. •The solution .of it in oils is,equally efficaceous.f 

x. Tri:k 

SE cp 

...119f1S1504EM140,?c,  
r'l. 	 , 

ritE Coeherinalf 1-4-11  p07 „ 	 n nmsect wnica innaolts. different  
.,notexco apd spicieof.tactus 	 art° •c' 

• e% 	fu 	19 vropirte t 	Lot( 	% t. 

;Ann. 
t 	blquet, I nn, de Cliim.lxxvi. 308.. 

Viok V. 

'Prepara-
tion. 
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COCHENILIN. 

some other countries in order to be employed as a dye stuff. 
By it the scarlet, the most splendid of all colours, is given 
to cloth. It is to the red colouring matter of the insect that 
Dr. John has given the name of cochenilin. He has ex-
amined this colouring matter, 'and established it, as 'a ectt-

- liar animal principle., Accordinff
b 
 to him the constituents 

of the cocheneal insect, are the following : L 
Cochenilin 	  50.6 
Yeily 	  19.5 
'Wax); fat .    10.0 
deig.tinous mucus 	 14'0 
Shitiing'matier  	14.0 • • Alkaline phosphate 

Phosphate of iron 
' Plibsphate of lime 
Alkaline thuriate 

• I 
kPhosphate of ammonia 	

1%5' 

1 I 

100,o* 
' Codienilin has a fine carmine red colour, permanent in Properties. 

drSf air;' but-  converted into a glutinous matter when kept in 
place'. It is soluble in: water, alcohol, and ether. 

When the aqueous solution of it is evaporated in the open 
ait'it undergoes the same alteration as happens to extrac-
tive in- the sane circumstances. It is' soluble in caustic al-
kalies and 'likewise 'in acids. It is not Precipitated by the 
infusion of hutgalls. The strong affinity which' it has for 
alumina, oxide of tin, and some other oxides, is well known. . 

SECT. XII. 

OF OILS. 

THE oily substances found in animals belong all to the 
class of fixed oils. They differ very much in their consist-
ence',' being fount in.  every intermediate state from sper-
inaebtli'lwhich perfectly solid, to train oil, which is com- 

* John's Tabellen des Thier reicbst  p.121. 

   
  



43S 	 ANIMAL SUBSTANCES. 

Book V. pletely liquid. The most important of them are the 
lowing : 

Far. 	1. Fat.—This substance is found abundantly in different 
parts of animals'. When pure it possesses the properties of 
the fixed oils. Its consistence varies from tallow or suet, 
which is brittle, to hog's laird, which is soft and' semifluid: 
To obtain fa pure, it is cut in small pieces, well washed in 
water, and the membranous parts and vessels separated. 
It is then melted in a shallow vessel along with some water, 
and kept melted till the water is completely evaporated. 
Thus purified it is white, tateless, and nearly insipid. 

Properties. 	Different kinds of it liquify at different .teMperatures. 
Lard melts at 97°; but the fat extracted from meat by 
boiling requires, according to Nicholson, a heat of 127°. 
When heated to about 400°, it begins to emit a white 
smoke, which becomes more copious and more disagreeable 
as the heat increases; at the 'same time it becomes blackish, 
owing doubtless to the decomposition of a portion of it and 
the evolution of some charcoal. If it be now cooled it be-
comes more brittle and solid than at first. When.hog's 
lard is distilled in a retort, we obtain first a portion of 
water, and then a white oil, 'which concretes in the receiver 
into small round globules, and a black mass remains in the 
retort. During the whole process abundance of carbureted -
hydrogen and carbonic acid come over, 'which have a most 
abominable. odour. When the vessels are unluteq, they 
emit an odour so detestable and powerful that it is abso-
lutely impossible to endure it. It was formerly snpposed 
that this odour was exhaled by the sebacic acid formed 
during the process; but Tbenard has shown this to 'be a 
mistake. We must therefore ascribe it to an aftipyrcumatic 
oil. The smell does not suddenly disappear. During this 
distillation acetic acid is disengaged, and likewise some se-
back acid, which is found in solution in the receiver- mixed 
with the oil. 

Nature. 	These products demonstrate the peculiar nature of fat; 
at the 'same time its analogy to 'fixed oil is so strong that 
we cannot but consider it as 'belonging to the same genus 
of bodies. Its constituents are undoubtedly oxygen, hy-
drogen, and carbon, in unknown proportions. It has been 
supposed also to contain an acid. The opinion originated 
from the older chemists, that all the solid oily bodies were 
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indebted to an acid for their solidity. The experiments of Chap. 
Crell were supposed to demonstrate the truth of this opi- 
nion; but Thenard has lately shown that these experiments 
were erroneous, and that the results obtained are to be as- 
cribed to the impurity of the substances employed. The 
sebacic acid is evolved by the action of heat upon the fat. 

Vat is insoluble in water, alcohol, anti ether. The strong 
acids dissolve and gradually decompose it. With the al- 
kalies it combines and forms soap. 

When a little nitric acid is poured on fat, and a mo- 
derate heat applied, the acid deposits its oxygen, and con- 
verts the fat into a yellow-coloured ointment, which Four- 
croy considers as an oxide of fat, and which is said to 
have been employed with great success in France in ex- 
ternal venereal affections. A portion of saclactic acid is 
formed by the action of the nitric acid. Fat .dissolves a 
little sulphur and phosphorus. The phosphorus is spee- 
dily converted into phosphorous acid. According tolVogel • 
the mercury in the medicinal preparations made by tritu- 
rating mercury and fat is in the metallic state.* 

The rancidity of fat is to be ascribed to the same cause 
,as the rancidity of the fixed oils. 

2. Train oil.—This liquid is .extracted from the blubber Train oil. 
'of the whale, and from other fish. It forms a very im- 
portant article of commerce, being employed for combus- 
tion in lamps, and for other purposes. It is at first thick; 
but on standing, a white mucilaginous matter is deposited, 
and the oil becomes transparent. It is then of a reddish 
brown colour, and has a disagreeable smell. If it be agi- 
tated with a little sulphuric acid, and then mixed with 

..water, the oil, when allowed to settle, swims on the surface, 
of a much lighter colour than before, the water continues 
milky, ana a curdy matter is observed swimming between 
the oil and 'water. This method has been employed for 
purifying the oil, to make it more proper for burning in 
lamps. Various other methods have heen employed. The 
most important are those recommended by ,Mr. Doss;e.t. 

3. Spermaceti oil.—This is the oil which separates from Spermaceti 
oil.• 

* Ann. de Chim. lviii. 154. 
1- See Phil. Mag. xv. 105 ; and the Transactions of the Society. for the 

Encouragement of the Arts, vol. am. , 
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Book V. spermaceti during the purification of it. It is much purer 

• than train oil, and therefore answers better for burning in 
— lamps. 

Butter. 

	

	4. Butter possesses all the characters of a fixed oil; but 
as,it, is not, found ready formed in ally(animal substance, the 
detail of its propqties helongs: tct the next Chapterkt, 41 if 

oil of tints. 15r r  0i4,egnis,7-11 argraff obtained, this Pil by macerating,  
*,formica rufg in water,, and distilling oft:. onei-lialf_of the 
liqukl„„ The ,o4 „was found swimming upon thei,SurfaFel of 
the water in the receiver. It is liquid, and,dissolves.com.. 
plctely in„alcohol, 	taste,is not hot, but-it hits a peculiar 
smell: 	appears to be intermediate ibetweert fixed, rand_ 
volatile oils;  in, its, prpperties,, 	 I 1 

Animal oil ,Pr 311941 all the pily,hodies found im animal substahees 
of DiPPel•  1391opg 41, the•class .of fixed pits,, yet .there is a peculiar rvo.4 

lathe,oii,which makes,its appearanceo, and• which' is doubt.; 
less formed during tbei distillation-otdiffeyent 
dies., Though this •oil , has nowt Lloat Othat _celebrity 4which:' 
drew the attention of the °Well -cheinists • to itilyet. 4s,  its 
properties are, peculiar, a:short', account of 	not be 
improper,, Jt is,A usually called.'the4ninzal oil :of Mippel, 
because thatchemist.frSt drew'the attention coLthemists_toi 

/ It 4,, coplmonly obtained from the gelatinous and.ii113664i 
Intklogs ', PPP: of aehme.IS,r, The ,horns:litre.' said- to ansWer ' 
best. i ,,The,product rof the first; 	isi tof berunixeal , r  
with water, and distilled 3Vith a ,nioderatelheati the) :011-
which js ,Ars,t'obtained is, tho animal' oilDippai u ,11 11 

It is icpIowless, and transparent;.; its EMP.113 'strang!andri 
rathpr,,,amnatic.; it. is, almost as light ,rands 
ether; Water dissolves. a pertion of it ;1 and itichangesrsylvii 
of violets green, owing, as is !supposed, I to it& loontaining,1:' 
little Ammoni4,  drThg acids all, dissolve, it, nand -fdrin,  With: it 
a kind pf imperfect soap. Nitrous-, acid, sets it,  _on Ifireef 
fo,rms with alkalies a.  soap., „Alcohol, 1 etli9r;' arid 451itc.tUlltV: 
Witit jt. L Nben exposed to the; air it becQnies brown; and 1 
I0es,i4,tr4usparency,,,) it was fbrinerly, used as a,lpecific 
leveP,41 1 11. . 

41%11 	, 01;tiLe. 1. 1491:1 t  
t.See the 	olf,1).,IojO 	pe!;! 

   
  



ANIMAL RESINS. 
	 411 

	

SECT. xirr. 	 Chap. I. 

OF ANIMNL RESINS. 

SUBSTANCES resembling resins are foUnd in different ani- 
mal bodies; and which,' for that't•eason'niaybeealled ani- 
ntallresins. Their properties are , soinewhat:differdrit from 
the .vegetable resins, but they have' nbt been all exainined 
with precision: The following are the most remarkable of 
these substances : 	• 

1.. Ambergris.—This substance -found floating on the Ambergris. 
sea, near the coasts of India, Africa; and ,Brazil?  usually in 
small pieces, but sometimes in masses of 50 or 100.- pounds 
weight. Various' opinions have been entertained concern- 
ing its origin.; Some. affirmed 'that it.  was the Concrete juice 
of a tree,A otheri 'thought it a bituinen; but it is now con-' 
sideredfcas• pretty welt -established; that it is a concretion 
formed in.thestomdch or-intestines of the physeter macroce-• 
phalusi or spermaceti whale.t 	. 

Ambergris when pure is a light soft substance Which Properties. 
sNinns,  On "water.' Its rspecifie 'gravity varies from 0'78 to 
0'9208,mi:wan* to Brisson ; &milled La Grange; who has 
published an analysiA • of in. fotifid its ,specific gravity from 
0•819:Ptot 0•841.$ Its colinir 1 is ash . grey, with brownish-
yellovitand white streala.-1,  It. has an' agreeable'stneli; which 
improves by keeping. ohs .taste is insipid. 	si 	 • 

When heated lto 2 2̀'T it melts. without frothing; if the 
heat, be increased to 212°4 it 'is volatilized completely in'a 
white smoke, leaVing billy a trace. of charcoal. When disv. 
tilled,f. .werubtairn hrrwhitish acid liquid and a light.volatile 
oa;ra bulky ,ohaicoal remains behind.§ 

;It lisinsoluble in Water:-  Acids. have little: action On it. 
Weak sulphitriCeiitia occasions no change; but *lien on 
centrated itldevelope:s a little charcoal:' Nitric acid ilisiolvek' 
it,tigivingf out ,ati•the !same time nittiotis'rga§, earbOnic heir 
and uotia,g0,s., ltbrownish.liquid 	 leaVe§; 
when evaporated to dryness, a brittle brown substance;- lios,' 
sessing the properties of a resin., The)  allmlies dissolve it 

• See the aew'tiliridgeMeirie 
$ See Phil. Trans. volsxxxiii. xxxviii. and xc. 

Ann. de Chim. xlvii. 73. 
§ Bouillon La Grange, Ann. de Chilli. xlvii. 73. 
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Book V. by the assistance of heat, and form a soap soluble in water. 
1/4-1—I  Both the fixed and volatile oils dissolve ambergris., It is 

soluble also in ether and alcohol.* 
Analysis., 	When 100 parts of ambergris arc macerated for 24 

hours in 16 parts of alcohol, the liquid assumes a deep 
yellow colour. By repeating the process, the alcohol takes 
up the whole that is soluble. Hot alcohol dissolves the 
rest, except a little charry matter easily separated by fil-
tration. It weighs 5'4 parts. The cold infusions of alco-
hol being evaporated to dryness, there remains a brown 
brilliant substance, which is readily melted by heat, and 
which volatilizes completely when put upon hot charcoal. 
This substance possesses the properties of a resin. It 
amounts to 80.8 parts. It is precipitated from alcohol by 
water, leaving a portion of benzoic acid, which may be 
likewise separated from ambergris by heat, and by the 
usual process by which it is extracted from benzoin. It 
amounts to 11.i, parts. When the hot alcohol infusion is 
allowed to cool, it lets fall, the portion of ambergris which 
it held in solution. This substance•is of a pale yellow co-
lour, and easily softens by heat. When slowly cooled, it 
assumes a lamellar form. It possesses the properties of the 
fatty matter into which the muscles are converted by nitric 
acid, and which makes its appearance when dead bodies 
are allowed to putrify in great numbers together. This 
substance has been distinguished by the name of adipocire, 
from its resemblance both to fat and wax. The quantity of 
it in ambergris amounts to 52.8 parts. Such is the analysis 
of ambergris made by Bouillon La Grange. This sub-
stance, then, according to that chemist, is composed of 

.52.7 adipocire 
30.8 resin 
11.1 benzoic acid 
5.4 charcoal 

I00 0 t 
But Bucholz who subjected ambergris to a late examina-

tion was unable to extract any benzoic acid from it. He 
considers it as a peculiar substance.t 

* Bouillon La Grange, Ann. de Chim, rdvii. 75. 
+ Ann. de Chim. xlvii. 80. 	 # Ibid. lxxiii. 95. 

Constitu- 
ents. 
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2. Propolis. This is a substance collected by bees newly Chap. T. 
placed in a hive. They employ it to cover the bottom of \--v--)  
the hive, and to coat over all foreign substances which are Propolis. 
too heavy to be removed. The bees bring it on their legs 
and feet; to which it adheres so strongly that the insect 
cannot extricate itself; but its associates pull it off with 
their jaws, and apply it to immediate use. It is probably 
a vegetable production ; but as this is not known for cer- 
tain, and as it is prepared by aninials, I have reserved an 
account of its properties for this place. Vattquelin has 
subjected it to a chemical analysis. 
• It is at first Soft and ductile, but it gradually hai.dens Properties. 
and • becomes solid. In large masses it appears blackish; 
but in thin pieces it is semitransparent.. The heat of the 
angers is sufficient to soften it, and give it the ductility of 
wax; but it is more ropy and tenacious. It is tasteless, but 
has an aromatic odour similar to that of thebalsam Of Peru. 
When macerated in alcohol, it tinges the liquid of a deep 
red colour ; and by repeating the maceration, the portion 
soluble is separated. Boiling alcohol dissolved another 
portion of it; and by repeated decoctions 100 parts of pro- 
polis were reduced to 14, which consisted of extraneous 
bodies. All,the alcoholic solutions were mixed and passed 
through a fine strainer, which separated the portion that 
precipitated as the decoction cooled. This substance, when 
properly dried, possessed the properties of wax. The al- 
cohol was now concentrated by distillation, then mixed with 
water, and boiled. A resinous mass was obtained of a red 
brown colour, semitransparent, and very brittle. It weighed 
57 parts. The,  water in which it had been boiled con- 
tained an acid, probably the benzoic. By distillation the 
resinous 'matter yielded a volatile oil, and became harder. 
This resin is soluble in fixed and volatile oils, and very 
similar in its properties to the resin of balsam of Peru. 
Thus 100 parts of propolis contain 

57 resin 
11 wax 	

Constitu- 
cuts. 

14 impurities 
,15 .acid and loss 

1....•••••••m.11 

100* 
'Nicholson's Jour. v. 48. 
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+++ 	 -ANIMAL SUBSTANCES. " 
'Book ye 	3, Castor. This substance is obtained' from the beaver. 

r•—• In each of. the inguinal regions of that 'animal there are 
Castor. 	two 'bags',  a large and asmall. The large one contains the • 

truelcastor ; the,  small one a Substance which has some mks 
semblance to it, but which is in much less estimation. ,We 
are indebted' to Bouillon! La Grange for a •set of experi.. 
meats on it 

Properties. j .Castor is .of, a yellow ,colont t and when newly taken froiii 
the animal 	is *nearly fluid.. But, by exposure .tb the at= 
mosphere it gradually hardens, becomes. darker coloureds 
and assumes a resinous appearance.. Its taste.i bitter and 
acrid, andits odour strong ands aromatic: In watery it 
softens, and tinges the liquid of a pale yellow colour. The 
infusion gives a green colour..to vegetable blues, and con-
thins an alkali. By long continued 'maceration a deeper 
coloured infusion is obtained, which yields a dry extract of 
a tortoise-shell colour, soluble in ether and alcohol. Water 
precipitates a resinous substance from the alcohol. From 
the analysis of Bouillon La Grange, we learn that castor 
contains the following 'ingredients 	

. 

Con.stitu- 	 1`. •Caibonate of potash. 
tots. 	 earlyinate'of lime.' 

Cartidnate td ammonia. I '111 .1,111 4. Iron. 

6. .241 

	

trClatiler 	 I  
A pi'loriertie;' 	resin' are analonv}i§:-tii. thong  qUi 403 

11 	' 	• 	'1 	. 	4 

resin off.hqe.c   
Ij Vi 	s 	it:LC ihe'4Iasn  t;iso-1;:lip- ined.fro 

'1.1r.d‘e. 	 s a 	e., „ 	II 	• All) 

4mgtlinat,yegion of the 
tkeri cayizitticrei  rt is secreted pvery o,thefr'411Ylii 

p perrume, but .has not IiithelpsAngaggl.kii vi-ir 
tendon of chemists. Its colour is yellow; it,cpswiptfjicqi 
that of butter • its limey so trop( pa, ,y:LbpAgpAcp,10pribr 

" 	a 4 1) 	Ail 	 the • h d ?J 11, rS(49ge Yf fIP*ctlije.owli4 ri_YRni99L141. 
?liNPHt..isq4P 01 !,,39sFsmun 4Ptmcit') 

Ap jtu, 	4t 9904  tick ,e*P.9;Meri frqi( g.Cluilits%et 
resinous boasies. 

5. Musk,-This "substance is secreted into aliiniPtof 
• Jour. de Phys. 44 

6 

   
  



SULPHUR AND PHOSPHORUS. 	 41.1 
situated in 'the umbilical region of the _quadruped-called 
moschus moschifer. Its colour is brownishred ; it feels 
unctuous; its taste bitter; and its smell-aromatic and in.:. 
tensely strong. It is partially soluble in water, which ac-
quires its 'smell; and in alcohol, but that liquid does mot 
retain• the odour of musk. Nitric and sulphuric acids disc 
solve it, but destroy the odour. Fixed alkalies develop 
the odour of ammonia., Oils -do not act onlit.. At-It-red 
beat, it has I.the same fetid smell as urine,- Its 6omponent 
parts have•not been ascertained. 	.H.1  11 fo 

r 6. iTheformica rqfa, or xcd ant, contains also a peculiar 
resin) as has been proved'by Fourcroy andk Irancittelin,tti IT 4- 

J 	r r 

I, 3 kill . I 	r  J 

SECT. iv: 
,  	fr. 

,OF ULPHillt AND PHoSPITORUS. 

THESE two simple combustibles, constitute a part of, many, 
animal substances; but in,vfhat State of combination they 
exist in them has not been ascertained, ,19 that can be 
done therefore at present is to mention some of the bodies 
from which they may be separated. . 	l: 	 ', 

1. Sulphur seems to be a never-failing ,attendant on al- Sulphur. 
bumen, in whatever part .of ,the body that ,luibstance exists 
as a constituent. Scheele ascertainecV114,.presence in the 
white of an egg and in milk; I Parnientier and Deyeux in. 
the' blood; Proust in urine- and fieceS, in the muscles, lit 
hair, &c. and he has made it probable that 'sUlphuil i.'111  
iniXett With`the 'mattet winch is-Transpired fr?fu-the bioclY.11 
.ThikdberniSt inforingus,ihat in' the blood it is conibineif Withlt 
atinnonial  hi klie State of'hYdrOtilPhuret 'of Turl  6,1116-tb..ur.1 
whetha• fit' be' in qiie 4sainb statei,in:b theil.,Tpla:41.1 l  6 'illi. y e'll .Odui rt; Lt  ,, , 1 , 	i 

	i 
	I  k 

is tibtlikfivIt. ' 	• 4 	i 	r . I t 1 • ,a4 	t 'irlf;) .01 	-: % ,,k ,, i 	4-it 
•-n,iieS ll uri Leg Phospho-VPh!o'gph4iis'exlialps from aTer .1t animal 13,,,i; ,1.; :,..; 

,,, 	,  
tirok.e.p. gas, an, plitrifaCtititi' hilik Alit° c•(plospllietp4iiii' 't i, }nil ri' a.m.. 

of ebtirieinTust  Made bgia'.-C,61-1stii*ni  ail4these  ickddia',' 
Thelithiitie,fig) appeitialiCe ''vighleil."-- 6iud °iiiilitti14,11ekhibit 1  

	

..fri 	1 	r 	1  

-T Pe!.11ka9,4, 3. 1,j 
"4 Scheele, h. 57. 	 s Jour. de Phys. xliv. 437. 

Aun. de Chico. xxxvi. 25&. 
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. Book v. seems, in several. instances, to be owing to the presence 
of this very combustible substance: but the experiments 
hitherto made upon these animals are not sufficiently de-
cisive. 

SECT. XV. 
or neaps. 

Acids. 	THE acids which have been discovered ready formed, 
and constituting a part of animal bodies, are the following: 

• '1. Phosphoric. 	 8. Amniotic. 
2. sulphuric. 	 9. Oxalic. 
3. Muriatic. 	 10. Formic. 
4. Carbonic. 	 11. Acetic. 
.5. • Benzoic. 	 12. 
6. Uric. 	 13. tactic. 
7. Rosacic. 	 14. Silica. 

Phosphoric. 1. The phosphoric acid is by far the most abundant of 
all the acids found in animals. Combined with lime,, it 
constitutes the basis of bone; and the phosphate of lime is 
found in the muscles and almost all the solid parts of ani-
mals; neither are there many of the fluids from which, it is 
absent. In the blood, phosphoric acid is found combined 
with oxide of iron ; and in the urine it exists in excess, 
holding phosphate of lime in solution. 

Sulphuric. 

	

	2. Sulphuric acid has been shown by Berzelius, to be a 
constant ingredient of urine. It is a very common consti-,  
went of the liquid contents of the inferior animals, Thus 
sulphate of soda is found in the liquor of the,amnios of cows, 
and sulphate of lime, occurs usually in the urine of qua,. 
drupeds. 	 • 

Muriatic. 	3. Muriatic acid 'occurs in most of the fluid animal sub- 
stances, and is almost always combined with soda, consti- 
tuting common salt. 	 I 	, 

Carbonic. 

	

	4 Carbonic acid has been detected in fresh human urine 
by Proust' and it occurs in the. urine of horses and cows 
abundantly, partly combined with lime. • 

Benzoic. 	5. Benzoic acid was first discovered in human urine,by 
Scheele; and Fourcroy and Vauquelin have found it abun-
dantly in the urine of cows. Proust has detected it in the 
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blood, the albumen of an egg, in glue, silk, and wool, in the Chap. I. 
sponge, different species of alga', and even in inushroomsi 
This chemist even thinks it probable that it is a constituent 
of all substances which contain azote.* Or more pro-
bably it is formed during the action of reagents on these 
substances. 

6: Uric or lithic acid was discovered by Scheele in 1776. uric. 
It is the most common constituent of urinary calculi, and 
exists also in human urine. That species of calculus which 
resembles wood in its colour and appearance is composed 
entirely of this substance. It was called at first lithic acid; 
but this name, in consequence of the remarks made by Dr. 
Pearson on its impropriety, has been laid aside, and that of 
uric acid substituted in its place.t 

7. Rosacic. puling  intermittent fevers urine deposits Rosacic. 
a very copious precipitate, which has been long known to 
physicians under the name of lateritious sediment. This 
sediment always makes its appearance at the crisis of fevers. 
In gouty people, the same sediment appears in equal abun-
dance towards the end of a paroxysm of the disease; and 
if this sediment suddenly disappears after it has begun to 
be deposited, it fresh attack may be expected.I Scheele 
considered this sediment as uric acid mixed with some phos-
phate of lime; and the same opinion has been' entertained 
by bther'theinists : but Prou4t affirms that it consists chiefly 
of a different substance, to which he has given the name of 
rosacic acid from its colour, mixed with a certain propor 
tion of uric 'geld find phosphate of lime. This rosacic acid, 
he inforriiS us, 14 distinguished from the uric by the facility 
with! which it dissolves in hot water, the violet precipitate 
which it ()tensions in inuriate of gold, and by the little ten-
dene?1:vhicill it lips to crystallize. 

8. Amniotic acid has been discovered by Vauquelin and Amniotic. 
13Unittiicili'tibeliqUor of the amnios of the cow, and may be 
obtaitiedlin 'white crystals by evaporating that liquid slowly. 
Hence they have given it the name of amniotic acid. It is 
of a vciiite'and brillihnt.colour ; ifs taste has a very slight 
degree nf sou/WAS ;' it redden the tincture of turnsole; it 

# Alin. de U14. VA3ch);1121. 	• 
It 	Peark 1 /2 	to-h6dgtg-to call it uric oxide: 

Cruickshank4Wiliit ma vii. 249:. 	§ .Anus 
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Book V. is scarcely soluble in cold water, but very readily in hot 
water, from which it separates in long needles as the solu-
tion cools. It is soluble also in alcohol, especially when 
assisted by heat. It combines readily with pure alkalies, 
and forms a substance which is very soluble in water. The 
other acids decompose this compodnd ; and the acid of the 
liquor of the amnios is precipitated in a white crystalline 
powder. This acid does not decompose the alkaline car-
bonates at the temperature of the .atmosphere, but it does so 
when assisted by heat. It does not alter solutions of silver, 
lead, or mercury, in nitric acid. When exposed to a strong 
heat it froths, and exhales an odour of ammonia and of 
prussic acid. Theie properties are sufficient to show that 
it is different from every other acid. It approaches nearest 
to the saclactic and the uric acids ; but the first of these 
does not furnish ammonia by distillation like the amniotic ; 
the uric acid is not so soluble in hot water as the amniotic; 
it does not crystallize in white brilliant needles, .and it is 
insoluble in boiling alcohol: in both which respects it dif-
fers completely from amniotic acid.* 

Oxalic. 

	

	9. Oxalic acid has been found only in a species of urinary 
calculi first analysed by Dr. 'Wollaston. 

10. Formic acid has been hitherto found only in the for-
mica rzffa, or red ant. The details have been already given 
in a preceding part of this work. 

Acetic. 

	

	11. Acetic. This acid exists in the formica nfa, or red 
ant, as has been demonstrated by the experiments of Four 
croy and Vauquelin. 

Malic. 	12. Malic acid. This acid has been detected. by Four- 
croy and Vauquelin in the acid liquid obtained from .the 
formica rufa. When this liquid is saturated with lime, if 
acetate of lead be dropped into the solution, a copious pre-
cipitate falls, which is soluble in acetic acid. Fourcroy and 
Vauquelin exposed the precipitate to the proper trials,' and 
ascertained that it was malate of lead. 	 ► 

13. Lactic acid has been shown by Berzelius to exist in 
urine, milk, and all the fluids of the animal body. 

filica. 

	

	14. Silica has not hither been detected in any of the•com- 
ponent parts of animals, except hair; but Fourcioy and 
Vauquelin found it in urinary calculi.  

* Aim. de Chim. xxxiii. 979. 
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'Besides the acids enumerated above, several others have Chap.i.  
been mentioned by chenlical writers. The truth is, that a "'"-*Nr---/ 
variety of acid liquors have been observed in animals; but cOidtls.

nr 
ns these have not been examined, we do not know whether 
they are peculiar substances, or merely some of those al-
ready enumerated. Chaussier, in 1781, pointed out an acid 
in the silk worm, which has been called bonibic acid.* But 
the lid of its properties which he has given is altogether in-
sufficient to constitute it a peculiar substance; end all sub-
sequent accounts of it which I have seen are mere repeti-
tions of the original paper. Define obtained au acid from 
the insects called melee proscarabcous and majalis. Chaus-
sier obtained an acid from the grasshopper and the bug. 
In short, acids are obtained from many of the insect tribe 
and from the experiments published, it is extremely proba-
ble that in most of these insects the acid is the acetic. 

SECT.. 

OP ALKALIES,' EARTHS, AND METALS. 

T. Au. the alkalies have been found in the fluids of. 
animals. • 

1. Potash is rather uncommon in the human fluids ; but Potash. 
it has been •detected in the milk of cows, and it has been 
found abundantly in the urine of quadrupeds. 

2. Soda exists in ill the fluids, and seems always to be Soda. 
combined with albumen. Phosphate and muriate of soda 
are also found. It is this alkali which gives animal fluids 
the property, of tinging vegetable blues green. 

3. Ammonia has been detected by Proust in urine; and Ammonia. 
it is formed in abundance during the putrifaction of most. 
animal bodies. 

IL The only earths hitherto found in animals are lime 
and magnesia. 

1. Lime exists in great abundance ih all the larger mai- Lime. 
mills. Combined with phosphoric acid, it constitutes the 
basis of bones, while shells are composed of carbonate of 

Mem. Dijon, 1733, ij. 70. 
2 G 
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Book V. lime. Phosphate of lime is found also in the muscles and 
, 1/4---v-1  other solid parts, and it is held in solution by almost all 

, 	the fluids. 
Magnesia. " 2. Magnesia has been detected in human urine by Four,  

croy andVauquelin; combined with phosphoric acid itnd 
ammonia. It constitutes also sometimes'a component pare 
of urinary calculi. I 

The metals found in animals are two ;, namely, iron and 
manganese.. 

Iron. 	1. Iron combined with phosphoric acid, "i6•St constituent 
part of the blood. Its presence was first ascertained by 
Manghini, who proved at the same time that it does not 
exist in the solid parts of animals. It is said to exist also in 
bile.. 

Manganese. 2. Manganese has been found in human hair, but scarcely 
in any other animal substancel  

SECT. XVII. 

OF ANIMAL PRINCIPLES IN GENERAL. 

Substances 
omitted. 

SUCH. are the prOperties of all the animal substances 
hitherto detected, and accurately examined. They are by 
no means so numerous as the vegetable principles, .6wing in 
all probability to the chemical examination of animals, hav-
ing been hitherto confined to a small number, while a-much 
more extensive range has heeL\ taken in,• the vegetable king-
dom. The inferior animals, if we ,except a few inSeCP),11,I,IY9 
attracted but little of, the attention , of chemists! 	,confess,,, 
too, that I have omitted on purpose an apconnt of sey,or4 
principles which are well known to exist, in the animal king-,„ 
dom, merely because we knew, pothkig 10 precise about. 
their cheMical properties as to enable us, tot  class them pro,z  
perly. I may mention, as an example, ,the colouring matter 
of the shell-fish with which the ancients dyed their purplqr, 
The reader will find it very fullt  and , interesting acepupt4 
all that. we know respecting this substance in Dr. Bancroft's 
Philosophy of Permanent Colours. I may mention also the 
liquor emitted by the ink fish. 

Almost the whole of the soft parts of animal bodies con- 

   
  



ANIMAL PRINCIPLES IN GENERAL. 	 451 
sist of albumen, fibrin, and oil; ,while the bases of the hard Chap. I. 
parts is either phosphate or carbonate of lime. The other \--v--"j  
animal principles occur only in small quantities, and partite 
cular parts of the animal. The oils seldom enter into the 
structure of the organs of animals : they serve rather to 
lubricate the different parts, and to fill up interstices. Ge-
latin is insoluble in cold water, albumen insoluble in hot, 
and fibrininsoluble both in cold and hot. The constitu-
ents of these three bodies, according to the best analyses of 
them hitherto made, are as. follows: 

Carbon. 
Atoms of 

Oxygen. 	Hydrogen. 	Ante. 
Gelatin 15 	 6 	 .. 	14 litoo.Jeo 	2 
Albumen .. 	17 	 6 	 13 	 .. 	2 	. 
Fibrin 18 	 5 	 14 . ..... 

The colouring matter of blood approaches albumen in 
many of its properties; but it seems entirely destitute of 
azote. 

The simple bodies of which the animal principles consist Simple sub- 

are the following: 	 found in • 

1. Azote. 	 8. Soda. 	• 	• animals. 

2. Carbon. 	 9. Potash. 
3. Hydrogen. 	 10. Muriatic acid. 
4. Oxygen. 	 11. Magnesia. 
5. Phosphorus, 	 12. Silica. r 
6. Lime. 	 is. Iron. 
7., Sulphur. 	 14; Manganese. 

Of these, magnesia and Silica:imp in a great 'rneasure be 
considered 'as fbreign bodies : for' they are Only tibiutid 'in 
exceedingly minutes quantitieS. The priricipal eleinentary 
ingredients are the first six : animal 'substaned, ,may be 
considered as in a great measure comPoSted :diem, -The 
first four constitute alniost entirely the soft parti,Land the 
othel' two form the basis of the hard parts. But we 'still be 
able to judge of thid much better after we have takbn a view 
of the' Various parts or animals as they :aid, ready formed 
in the body.. This' 'shall be the subject of the next "Chapter. • _ ei 	 /k 	 I 

• 

2 G 2 
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Book V. 	 CHAP.' H. 

OF THE PARTS OF ANIMALS. 

Solids. 	THE different substances which compose the bodies of 
animals may be arranged under the fiAlowing heads : 

1. Bones and shells. 	7. Glands. 
2. Horns and nails. 	8. Brain and nerves. 
3. Muscles. 	 9. Marrow. 
4. Skin. 	 10. Hair and feathers. 
5. Membranes. 	 11. Silk and similar bodies..  
6. Tendons and ligaments. 
Besides these substances, which constitute the solid parts 

Of the bodies of animals, there are a number of fluids, the 
most important of which are the chyme and chyle, _liquids 
separated fl'om the food in the stomach and intestines for
the purpose of nourishing the animal and the blood into 
which these liquids are finally converted. The rest are 
known by the name of secretions, because they are formed 
or secreted, as the anatomists term it, from the blood. The 
principal animal secretions are the following: 

Fluids. 	1. Milk. 	 9. Humours of the eye. 
2. Eggs. 	 10. Mucus of the nose, Ste. 
S. Saliva.- 	 11. Sinovia. 
4. Pancreatic juice. 	12. Semen. 
4. Bile. 	 13. Liquor of the amnios. 
6. Cerumen. 	 14. Poisonous secretions. 
7. Tears.. 	 • 15: Air. 
8. Liquor of the pericar... 

dium. • 
Various substances are separated either from. the thlood or 

the food, on purpose to be afterwards tt!rown Out-  of:1ihe 
body as useless or hurtful. These are calla 'exCretiOill. 
The most important ofr  them are,  

1. Sweat.  3. Exps., 2, Urine. 
Besides the liquids which are secreted for the diffPrPIA 

purposes of healthy animals, there are others. Which make 
their appearance only 'during disease, and which may there-
fore be called morbid secretion4 The most important of 
these are the following : . 
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1. Pus. 	. 	 Chap. H. 
2. The liquor of dropsy. 
3. The liquor of blisters. 	 Morbid se. 

crerions. 
To these we must add several solid bodies, which are 

occasionally formed in different cavities in consequence of 
the diseased action of the parts. They may be called mor-
bid concretions. The most remarkable of them are the fol-
lowing : 

1.. Salivary calculi. 	 Morbid . • 
2. Concretions in the lungs, liver, brain, &c. 	concre- 

r 	 tions. 
Intestinal calculi. 

4. Biliary calculi. 
5. .Urinary 
6. Gouty , calculi. 

These different substances shall form the subjects of the 
following sections: 

SECT. I. 

Or BONES, SHELLS, AND CRUSTS. 

By bones are meant those hard, solid, well-known sub- Bona, 
stances, to which the firmness, shape, and strength of ani- what.  
mal bodies are owing; which, in the larger animals, form 
as it were the ground work upon which all the rest N built. 
In man, in _quadrupeds, and many other animals, the bones 
are situated below the other parts, and scarcely any of them 
are exposed to view; but shell-fish and snails have a hard 
covering on the outside of their bodies, evidently intended 
for defence. As these coverings, though known by the 
pfone of shells, are undoubtedly of a bony matter, I shall 
include them in this Section. For the very same reason, it • 
would be improper to.exclude egg-shells, and those covex-
ings of certain animals, the lobster for instance, known by 
the name of crusts. The solid substances belonging to that 
class of bodies 'usually distinguished by the name zoophites, 
may be included likewise without impropriety in this Sec-
tion.. As these different substances, though they belong to 
the same genus, are notwithstanding distinguished by pecu^ 
liar properties, I shall consider each set separately. 
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Book V. 

Properties. 

Nisto -y. 

PARTS OF ANIMALS. 

J. BONES. 
The bones are the most solid part of animals. Their 

texture is sometimes dense, at other diodes cellular and po-
rous, according to the situation of the bone. They arc 
white, of a lamellar structure, and not flexible nor softened 
by heat. Their specific gravity differs in different parts. 
That of adults' teeth is 2.2727 ;' the specific gravity of child-
ren's teeth is 2.0883.* It must have been always knoWri 
that bones are combustible, and that when' sufficiently 
burnt, they leave behind them' a white porous substance, 
which is tasteless, absorbs water, and has the form of The 
original bone. The nature of this substance embarrassed 
the earlier chemists. Beecher observed, that in- a very 
violent heat it underwent a kind of fusion, and assumed aft 
appearance analogous to that of porcelain. It was after-
wards considered as a peculiar earth, and distinguished by 
the name of animal earth or earth of bones. Some cheer 
mists considered it as the same with lime; 'but the difference 
between it and that earth was too well marked to allow that 
opinion to gain ground. It had been long known that 
bones yielded a gelatinous substance when boiled in water; 
they had even been employed in the manufacture of glue. 
Hence it was obvious that they contained gelatin. It had 
been observed, that all acids had the property of softening 
them by dissolving their earthy and gelatinous Constituents.; 
and that when thus softened they resembled cartilage: 
These facts must have been known at a very early period; 
and afforded chemists soine'data for estimating their con-
stituents. 

In 1771, Scheele mentioned, in his-  dissertation on floor 
spar, that the earthy part of bones is phosphate of lime.t 
This discovery was the first and the great step towards a.  
chemical knoivledge of the composition 'of bones. After-
wards some new facts were made known by Berniard,. 
Bouilldn, and Rouelle : but for by far the most cbmplete 
analyses which have hitherto appeared we are indebted to 
Mr. Hatchett,t to Fourcroy and yailquelitil§ and to Ber= 
zelius. it 

* Pepys, Fox on the Teeth, p. 99. 
t The discoverer of this fact was Assessor Galin Valdun, whd how- 

ever never published it himself. . 	Phil. Trans. 1799. 
§ Ann. de. China. Idvii. 244. 	II Afhandlingar, i. 195. 
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The component parts of bones are chiefly four; namely, Chap. II. 
the earthy salts, fat, gelatin, and cartilage. 
-1. The earthy salts may be obtained either by calcining ecionsstitu- 

thq-  bone to whiteness, or by steeping it for a sufficient length 1. Earthy 
of„time in acids. In the firstsase,, the salts remain in the "its' 
state, pf A brittle,white substance; in the second, they are 
dissolved, and may be thrown down by the proper preci-
pitants. These earthy salts. are four in number : 1. Phos-
phate Oilime, which constitutes by far the greatest part of 
the whole. g,. carbonate of, -lime. $.,, Phosphate of mag-
nesia; discovered ,;by, Fourcroy and Vauquelin. r It occurs 
in the bope  of, all. the inferior animals examined by these 
indefatigable chemists, but could, not be detected by them 
in human bones. J3erzelius however -announces its exist-
ence in human bones also. 4. Sulphate of lime, detected 
by Mr. Hatchett in a very minute proportion, and shown 
by Beqelius to be formed during the calcination, 

To estimate,these ppbstances, calcined bones may be dis-
solved in nitric or muriatic acid. During the solution car-
bonic acid gas makes its escape.* Pure ammonia dropped 
into the solution throws down the phosphate of lime and 
phosphate of magnesia in the state of a fine powder, rea-, 
dily soluble without effervescence in nitric and muriatie 
acids.7  Nitrate of barytes afterwards causes a small preci-, 
tate insoluble, in inuriatic acid, and therefore consisting of 
sulphate.of barytes, Its weight indicates the quantity of 

• sulphoriciacid in 4ones, from which the sulphate of lime 
which  t1icy contain may be estimated.t. 'Carbonate of am-
monia now throws down pure carbonate of lime.t These 
three'constitacnAs.were found. by ,Hatchett in all the.bones 
of quadxupeds,and fish which he examined. The carbonate 
scarcely ex,ceekthe Pith part of the phosphate, and- the 
proportion 	pulP1.14te is, still smaller., ,,As thc, proportion 
of., phosphateroc, lime varies , not only is,  different animals, 
butrep, in diffeyent,bones qf the same rpimal, and even in 
the t4inle.bque ofdifferent ages, 49, precise numbers can be 
givGtlt  Tp, detect tltic1 estimate, the ,ph9sphate pt.  pagnesia, 
Fourcroy and Vauquelin employed the follOwing.,sbbple 
method : the bone, previously calcined and reduced to pow-
der, was treated with its own weight of sulphuric acid, and 77   

$ Hatchet; Phil.. Traos.1799, p. 327. 	-I. Pitt, 1  Ibid 
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Batik V. the mixture left to macerate for five or six days. It was 
"-v—j  then diluted with water, edulcorated, and filtered. The 

filtered liquid was mixed with an excess of ammonial  which 
.threw down a mixture of phosphate of lime and ammbnie-
phosphate of Magnesia. This precipitate is boiled in potash, 
which decomposes the mag,nesian salt, and leaves a mixture 
of magnesia and phosphate of lime. This mixture is treated 
with boiling acetous acid, which dissolves the magnesia, 
and leaves the phosphate of lime. The acetate of magne-
sia is decomposed by.carbonate of soda, and the carbonate 

.of magnesia obtained is dissolved. in sulphuric acid. 
2. Fat. 

	

	2. The proportion of .fat contained in bones is parlous. 
By,breaking bones in small pieces, and boiling them .for 
some time ire water, Mr. Proust obtained. their fat swim-
ming on the surface of the 'liquid. • It weighed, he .says, 
onedburth of the weight of the bones employed.-1, This 
proportion appears excessive, and can scarcely be accounted 
for without supposing that the -fat still retabied water. 

0. Gelatin, 

	

	3. The gelatin is separated by the same means as the 
fat, by breaking the bones in pieces and boiling them long 
-enotigh in water. The water dissolves the gelatin, and 
gelatinizes when sufficiently concentrated. Hence the im-
portance of boffes in making portable. soups, the basis of 
.which is concrete gelatin ; and likewise in making .glue. 
By this process Proust obtained from powdered .bones 
about -nth of their weight of gelatin. This celebrated' 
chemist has been at considerable pains to point out the ad-' 
vantage of employing powdered bones in the preparation 
of soups and broths; and •Cadet-  de Naux has published 
a set of experiments to show',.. that frolic' bones' thus 
powdered as much good soup may be' obtained as from five 
times their- weight of meat.t But when Dr. Young re,  
peated this improbable experiment it did not succeed.§ 

4. Card. 	`$. When, bones are deprived of their gelatirh ,by boiling 
lage. 	them in water, and of their earthy salts by steeping them 

in diluted acids, therelremains a soft white, elastic, substance, 
possessing the figure of the bones, and known by the, name 
of cartilage. From the experiments of Hatchett, it ap-
pears that, this substance has the properties of coagulated 

* Ann. de Chim. xlvii. 247, 	t Jour. de Phys. lii. 257.. 
' 	/ Jour. de Chia iv. 95. Jour, of the Royal Institut. ii, 1.8, 

Ibid. p. 25. 
• 
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albumen. Like that substance, it beconies brittle and semi- Cliap.n. 
transparent when dried, is readiry soluble in hot nitric acid, 1 /4."'"v"'"j  
is converted into gelatin by the action. of diluted nitric 
acid ; for it is sohtble in hot water, and gelatinises on cool-
ing, and ammonia dissolves it and assumes a deep orange co-. 
lour. Like coagulated albumen, it 'forms an animal soap 
with fixed alkalies.* Berzelius found its weight about one-
third of the whole bone. 

This• cartilaginous substance is the portion of the bone 
first formed. Hence the softness of these parts at first. 
The phosphate of lime is afterwards gradually deposited, 
and gives the • bone the requisite firmness. The gelatin 
and fat, especially the first, give the bone the requisite de-
gree of toughness and strength ; for when they are removed 
.the bone becomes brittle. The relative proportion of phos-
phate of lime and cartilage differs exceedingly in different 
bones and in different animals. 

Merat-Guillot •f  a good many years ago published' a com-
parative analysis of the bonei of a great number of animals. 
But Berzelius found these results quite inaccurate. The dif: 
fereuces between the composition of the, bones of different 
animals are much smaller than indicated by the table of 
Merat-Guillot. The following table exhibits the comp°. 

.sition of calcined human bones accordion-13.  to the analysis of 
Ilerzettis. 

Phosphate of Erne 	 811 
Fluate came .. 4 	 3.0 
Lime 	  
Phosphate of magnesia 1.1 
Soda.. 1••,• .00. • • 6.4 2.0 

Carbonic acid 	 2.0 
Nor••••••• 

low° t • 
'One hundred parts of ,fresh. bones are reduced by calci-

nation to. 63 parts. 
Ox bones, according to the analysis of Fourcroy and 

Vauquelin, are composed of 

* Phil. Trans. 1800. 	 + Ann. de Chien tisxiv. Ti. 
Gebleu's Jour. Second Series, iii, 1. 
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Book V.. 	 Solid gelatin .... 	$19 
Phosphate of lime ..., 37.7 
Carbonate of lime 	10'0 
Phosphate of magnesia 11 • 

100.0* 
According to the analysis of Berzelius, ox bones Jam 

composed of 
Cartilage 	 

	

 	 $3'30  
Phosphate of lime 	  55'35 
Fluate of lime 	 

	

 	 3.00 
Carbonate of lime 	  3'85 
Phosphate of magnesia 	 2.05 
Soda with a little common salt 	 2'45 

100.00f 
From the calcined bones of horses and sheep, fowls, and 

fishes, Fourcroy and Vau9gelin extracted about Ath part 
of phosphate of magnesia. 

Enamel. 

	

	The only bone hitherto observed altogether destitute of 
cartilage is the enamel of the teeth. When the raspings of 
bones are steeped in diluted acids, the cartilage alone re-
mains undissolved. Now, when the raspings of enamel., 

	

are treated in this manner, 	Hatchett 	 served that  
the whole was dissolved without any residuum. ovhatever.t., 
If we believe„Fourcroy and Vanuelin, the enamel of the 
teeth, is ,composed of 	(' 	J 

Phosphate; of lime 1 	72.9 
Gelatin and :water 	.., 27.1 

••••rmr- 
100'0§. 

tilt the most 'Complete airialysil Of rt?eit leas bean made 
by Mr. peNS, 	pg"ohlt..4 agie aka 	those of 
Hatched. He foun'd tbe'enantel Of the fee.  'cornpiis'eti Of 

of 	I '1 	 (I) 	)' Mn 	11 

1 	I 	I 	rfl f 	JI,I 	lf, h bill` 	• 
*Ann. (:1 	?Llvii, 25$; 	 I  Diurisen?,iel  ii;  A2$,11;  

	

Phil. Trans. 1799, p. 328, 	) 	 ae It insht, ii. 
t 	 L 	 Ii „ 

	

rl I  ti 	 '1111 

'it II 	1111 	r 	I''.1 L 
' 

   
  



BONES, SHELLS, AND CRUSTS. 	 459 

Phosphate of lime .. 	 Chap. 
Carbonate of lime .. 	 6 
Loss and water 	 16 

100* 
rierzelius however could not find two per cent. of com-

bustible matter its gie enamel of the teeth.t 
From the analysis of Mr. Pepys, we learn that the teeth 

are composed as follows: t 
Roots of the 

Teeth. 
Teeth of 

Adults. 
First Teeth 
of Children. 

Phosphate of lime 	 
Carbonate of lime 	 

58 
,I 

• • 
• • 

61 
6 

• • 
• .1 

62 
6 

Analysis of 
teeth. 

Cartilage . 	 28 • • 20 • • 20 
Loss 	  10 ' • • 10 • • 12 

100 100 100 
From this analysis, we see that teeth contain more' phos-

phate and less cartilage than bone, and enamel more phos- 
phate than teeth. 	 4 

Mr. Hatchett examined likewise fossil bones from the Fossil 
rock of Gibraltar. He found them to consist of phosphate bones. 

of lime without any cartilage or soft animal part. Their 
interstices were filled with carbonate of lime. Hence they 
resemble exactly bones that have been burnt. They must, 
then, have been acted on by some foreign agent ; for putri7  
faction, or lying in the earth, does not soon destroy the 
cartilaginous part of bones. On putting a human os hu-
meri, brought from Hythe in Kent, and said to have been 
taken from a Saxon tomb, into muriatic acid, he found the 
cartilaginous residuum nearly as complete as in a recent 
bone. FrQm the recent experiments of Morichini,§ 
Klaproth, H and Fourcroy and Vauquelin, *A' we learn 
that fossil ivory and teeth of animals frequently contain 
a portion of fluate of lime. Morichini and Gay-Lus-
sac endeavoured to prove that this salt existed even in 
recent ivory, and that the enamel of the teeth was almost 
entirely composed of I'll But the experiments of Wol- 

P Fox on the Teeth, p. 96. 
Ibid. 
Geblen's Jour. 	625. 

tt Phil. Mag. xxiii. 265. 

t View of Animal Chemistry, p.,78. 
§ Phil. Mag. xxiii. 265. 

** Phil. Mag. xxv. 265. 
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Book 	lastOn, Brande,* Pourcroy and Vauquelin, t have shown 
1/4'"Y d  that there does not exist any sensible portion of fluoric 

acid in these substances while recent. Berzelius, however; 
has announced that he separated 3 per cent. of fluate of lime 
from fresh teeth, and that he has detected it also in bones, 
nearly in the same proportion. He even affirms that it 
exists in urine.t And as his, experiments' appear to bavd 
been made with considerable care, it it probable that the 
results which' he obtained are correct.§ 

11. 'SHELLS. 

Under the name of shells I include all the bony coverings 
of the different species of shell fish. For almost all ..the 
knowledge of these substances that we possess we are in-
debted to the important dissertations of Mr.: Hatchett. - 
few detached facts, indeed, had been observed, by other 
chemists ; but,his experiments gave us a systematic view of 
the constituents of the whole class. 

Shells,. like bones, consist of calcareous salts united ,to,a  
soft animal matter ; but In them the lime is united chiefly 
to carbonic acid, whereas in bones it is united to phos-
phoric acid. In shells the predominating ingredi4nt is 
carbonate of lime; whereas in bones it is phosphate of 
lime. This constitutes the characteristic difference in their 
composition. 

	

Divided 	- 1N1x. Hatchett has .divided ishells into two classes. The 
into two first are usually of a compact texture, resemble porcelain, classes. 

and have an enamelled surface, Often finely variegated. 
The, shells belonging to this,. class ,have been distinguished 
by the natne of poi:celaneouS shells: To this class belong the 
various species of voluta; corcea, &c. The shells belonghig 
to the second: class are usually covered with a strong epic 
dermis, below which lies the shell in layerS, and composed 
entirely of, the substance well known by the name of mother, 
2f-pearl.lli  They have been *distinguished by the name of 
mother-of-pearl :shells. The shell of .thefresh water muscle, 

Nichtils'olii Jam'. idui. 216. 	fi Phil. Mag. xxi. 266: 
f Gehlen'e Jour, vi. 591. 	 d 

exppriinents will be found in Geblen's Jour.t ncorid Serips., 
2. 	There is an.abstract of them in Ann. de Chinn. lxi. 256. 

II Herissant, Mein, Par. 1766, p. 22. Hatchett, Phil. Trans. 1799, p. 

   
  



BONES, SHELLS, AND CRUSTS. 	 461 

the haliotis iris, the turbo olertrizis, are examplesof such shells. Chap. U. 
The shells of the first of these classes contain a very small \--v-1  
portion of soft animal matter ; those of the second. contain 
a very large proportion. Hence we see that they are ex, 
tremely different in their composition. 

1. Porcelaneous shells, when exposed to a red heat, 1. Porce-
crackle and lose the colour of their enamelled surface. la's. 
They emit no smoke or smell; their figure continues unal, 
tered; their colour becomes opaque white, tinged partially 
with pale-grey. They dissolve when fresh 'with efferve-
scence in acids, and without • leaving any residue ; but if 
they have been burnt there remains always a little chareiial. 
The solution is transparent, gives no precipitase,with 
monia or acetateof lead; of course it contains no sensible 
portion of phosphate or, sulphate of lime. Carbonate of 
ammonia throws down an abundant precipitate of carbonate 
of lime. Porcelaneous shells, then, consist of carbonate CompOsed 
of lime cemented together by a small portion of an animal Onfareaorbizn, 

° matter, which is soluble in acids, and therefore resembles and a little 
gelatin.' 	 jelly. 

Patellae from Madeira, examined by Mr. Hatchett, were Patellal. 
found, like the porcelaneous shells, to consist of carbonatq 
of -lime; but when exposed to a,  red heat they emitted a 
smell like horn; and when dissolved in acids a semiliquid. 
gelatinous matter was left behind. They contain therefore 
less carbonate of lime and more gelatin, which is of amore 
viscid nature than that of porcelaneous shells. 

2. Mother-of pearl shells when exposed to a red beat 2. Mother, 
crackle, blacken, and emit a strong fetid odour. They ex- of-peal, 

foliate, and become partly dark-grey, partly a fine white. 
When immersed in acids .they ,effervesce at first,strongly ; 
but gradually more and more feebly, till at last the -emis. 
sion of ,air4mhbles is scarcely perceptible. The acids take 
up- only lime, and leave a ntnnber of thin membranous sub. 
stances, which still retain the form of the shell. Front 
Mr. Hatchett's experiments, we learn that these membranes 
have the properties of coagulated albumen. Mother-of- Of Meal- 

ail 
borate 

eaad pearl shells, then,• are composed of alternate layers .of coa- ca
bf  

gulated albumen and carbonate of lime, beginning with the of lime. 
epidermis) and ending with the last-formed membrane. 

• 
• Hatchett, Phil. Trans. 1799, p' 317. 
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Book V. The animals which inhabit these shells increase their liabi- 
‘—v-1  tation by the addition of a stratum of carbonate of lime, 

secured by a new membrane; and as every additional stra-' 
turn exceeds in extent that which was previously formed, 
the shell becomes stronger as it becomes larger.* 

ThOugh this in general is the structure of the mother-of-
pearl shells,, yet there is a considerable difference, between 
the proportion of the component parts and the consistency 
of the albuminous part. Some of them, as the common 
oyster-shell, approaCh nearly to the patellae, the albuminous 
portion being small, and it consistence nearly gelatinous ; 
while in others, as the haliotis iris., the turbo olearius, the 
real mother-of-pearl, and a species of. fresh water muscle 
analysed by Hatchett, the membranes are distinct, thin, 
compact, and semitransparent.t' Mother-of-pearl contains 

Carbonate of lime. 	 06 
Membrane. 	.. 24 

100$ 

Pear!. 	Pearl, a well known globular concretion which is formed 
in some of these shells, resembles them exactly in its struc-
ture rand composition. It is a beautiful substance of a 
bluishLwhite colours iridescent, and brilliant. It is com-
posed of concentric and alternate coats of thin membrane' 
and carbonate of lime. The iridescence is obviously the 
consequence of the lamellated structure. § 

Bone of the' Mr. Hatchett found that what is called the bone of the 
cuttle fish. cuttlefish is exactly similar to mother-of-pearl shells in its 

composition. 	. 
Froth the compakative.analysis of shells and bones, Mr. 

Hatchett .was induced. to compare _them,  together, and has 
showti that porcelaneous shells- bear a striking resemblance 
to enamel, of teeth ,,while mother-of-pearl shells bear the 

-'same resemblance,td the ,substance vf teeth or bone : 
this difference, that in enamel and bone the earthy Salt is. 
phosphate of lithe, whereaslin'iliblls it is puie carbonate of 

. d I 

• Hatchetr,Thil. Trans,. 1799, p. 317. 
Merat-dtardt, Ann. de Chim. cxiv. 71. 
Hatchett, 

5 

1- Ibid. • 
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rn. CRUSTS. 	 Chap. II. 

By crusts 'we understand those bony coverings of which 
the whole external surface of crabs, lobsters, and other 
similar sea animals are composed. Mr. Hatchett found 
them composed of three ingredients : 1. A cartilaginous conscica-
substance, possessing the properties of coagulated albumen ; 
2. earbonate'a lime ; 3. Phosphate of lime. By the pre-
sence of thiS last substance they are essentially distinguished 
from shellS, and by the great excess of carbonate of lime 
above the phbsphate they are equally distinguished from 
bones. Thus the crusts lie intermediate between bones and Between 
shells, partaking of the properties and constitution of each. b

sh
on
ells and 

The shells of the eggs of fowls must be referred likewise to 
the class of trusts, since they contain both phosphate and 
carbonate of lime. The animal cement in them,' however, 
is much smaller in quantity. From the experiments of 
Berniard and Hatchett, it is extremely probable that the 
shells of snails are composed likewise of the same ingre-
dients, phosphate of lime having been detected in them by 
these chemists. 	 • 	• • 

• Mr.,,  Hatchett examined the crusts of crabs, lobsters, 
prawns, and tray fish. When immersed in diluted nitric 
acid these crusts effervesced a little, and gradually assumed 
the form of a yellowish-white soft elastic cartilage, retaining 
the form of the crust. The solution yielded a precipitate 
to acetate of lead, and ammonia'threw.down phosphate of 
lime. Carbonate of ammonia threw down h much More 
copious precipitate of carbonate of lime. On examining 
The crust which covers different species of echini, Mr. Hat-
chett found it to correspond with the other crusts * in its 
composition. Some species of star-fish yielded a -phos-
phate of lime,otbers none : hence the covering of that genus 
of animals seems to be intermediate between shell and crust. 
- With 'these+ observations of Mr. Hatchett- the analysis 

of Merac-Gitillot corresponds. From lobster 'crust he ob- Analysis-
tained 
1. 	Carhonate.of lime. 	60 

Phosphate of lime 	 14 
Cartilage 	  .. 26 

100%  
• Ann. de Chim. xxxiv. 71. 
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Book v. 	One hundred parts of tray fish crust contain 
Carbonate of lime ....... 60 
Phosphate of lime 	... 12 
Cartilage 	  28 

100*  

Egg-shells. 	One hundred parts of hen's egg-shells contain 
• Carbonate of lime • .... 69'6 

Phosphate of lime . 
Animal matter 	..... 4.7 

100.01• 
IV. ZOOPHITES. 

Composi-
tion. 

Divided 
into four 
classes. 

Many of the substances called zoophites have the hard-
ness and appearance of shell or bone, and may therefore 
be included among them without impropriety. Others, 
indeed, are soft, and belong rather to the class of mem-
brane or horn ; but of these very few only have been ex-
amined. Indeed scarcely any chemical experiments have 
been published on these interesting subjects, if we except 
the admirable dissertation by Hatchett, in the Philosophical 
Transactions for 1800, which has been so often quoted. 
From this dissertation, and from a few experiments of 
Merat-Guillot, we learn that the hard zoophiteq are com-
posed chiefly of three ingredients : t. An animal substance of 
the nature of coagulated albumen, varying in consistency; 
sometimes being gelatinous and almost liquid, at others of 
the consistency .of cartilage. 2. Carbonate of lime. 3. Phos-
phate of lime. 

In some zoophites the animal matter is very scanty, and 
phosphate of lime wanting altogether; iP  others the animal 
matter is abundant, and the earthy salt pure carbonate of 
lime; while in others the animal matter is abundant,• and 
the hardening salt a mixture of carbonate of lime and plios' 
phate of lime ; .and there is a fourth class almost destitute 
of earthy salts altogether. Thus there are four classes of 

the first resemble porcelaneous shells, the second zoophites; 

• Merat-Guillot, Ann. de Chim. xxxiv, 71. 
f Vauquelin, ibid. xxix. 6. 
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resemble mother-of-pearl shell, the third resemble crusts, Chap. II. 
and the fourth horn: 

1.i When .the madrepora virginea is immersed in diluted 1. Compo- 
tal

c. a
o
t
ft 
e 

 ca nitric acid it effervesces strongly ; and is soon dissolved. A 
few gelatinous particles float in the solution, which is other- lime and 
wise transparent and 'colourless. Ammonia precipitates jell).- 
nailing; but its carbonate throws down abundance of car- 
bonate of lime. It is composed, then, of Carbonate of 
lime and a little animal matter. The following zoophites 
yield nearly the same results : • 

Madrepora muricata. 
	 labyrinthica. 
Millepora cerulea. 

alcicornis. 
Tubipora, musics. 

2. When .the madrepora ramea is plunged into •weak ̀ 2. (Near- 
nitric acid; an effervescence is equally produced ; but after trinn:tacnodf 
all the soluble part is taken tip, there remains a membrane membrane. 
which retains completely the original shape of the madre-
Pore. The substance taken up is pure lime. Flence this 
madrepore is composed of carbonate of lime and a mem-
branaceous substance which, as in mother-of-pearl shells, 
retains the figure of the madrepore. The following zoo-
phites yield nearly the same results : 

1VIadrepora fa'scitularis.. 
Millepora .cellulosa. 

fascialis. 
truncata. 

Iris hippuris. 
• . 

The following substances, analysed by MeratzGuillot, 
belong to, this class from their composition, though it is 
difficult to, say.what are the species of zoophites which were 
analysed. By 1:ec / coral he probably meant the gorgonia 
nobilis, though that substance is known, from Hatobett's 
analysis, to contain also some phosphate.i' 

, VOL.. Iv. 	 2 II 
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Book V. 
$.......v.......0  . 

White 
Coral. 

Red 
Coral. 

Articulated 
Coral inc. 

Carbonate of lime . .... 50 	.... 53.5 .... 49 
Animal matter ...... ... 	50 	.... 46'5 .. .. 	51 

100 100'0 100* 
a. of mem- 3. When the madrepora polymorpha is steeped in weak 

r
o
a
n
n
a
e
t  ,e and

ar nitric acid, its shape continues unchanged; there remain-
phosphate. ing a tough membranaceous substance of a White colout 

and opaque, filled with a transparent jelly. The acid solu.' 
tion yields a slight precipitate of phosphate of lime when 
treated with ammonia, and carbonate of ammonia throws 
down a copious precipitate of carbonate of lime. It, is 
composed therefore of animal substance, partly in the state 
of jelly, partly in that of membrane, and hardened by car• 
bonate of lime together with a little phosphate of lime. 

Flustra foliacca, treated in the same manner, left a finely 
reticulated membrane, which possessed the properties of 
coagulated albumen. The solution contained a little phos?. 
phate of lime, and yielded abundance of carbonate of lime 
when treated with the alkaline carbonates. The cordial 
opuntia, treated in the same manner, yielded the same con-
stituents; with this difference, that no phosphate of lime 
could be detected in the fresh coraline, but the solution of 
burnt coraline yielded traces of it. The iris ochracca ex-
hibits the same phenomena, and- is formed of the same con-
stituents. When dissolved in weak nitric acid, its colour-
ing matter falls in the state of a fine red powder, neither 
soluble in nitric nor inuriatic acid„ nor changed by them: 
whereas the tinging matter of the* tubipora musica is de-
stroyed by these acids. The branches of this iris are divided 
by a series of knots. These knots are cartilaginous bodies 
connected together by a membranous coat. Within this 
coat there is a conical cavity filled with the earthy or cora-
line matter; so that, in the recent state, the branches of 
the iris are capable of considerable motion, the knots 'an-
swering the purpose of joints. 

When the gorgonia nobilis, or red coral, is immersed in 
weak nitric acid, its colouring matter is destroyed, an efferr  

• Merat-Guillot, Anu. de Chimp xxxiv, 
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vescence takes place, and the calcareous part is dissolved. chat). it. 
There remains an external tubulated membrane of a yellow 
colour, inclosing a transparent gelatinous substance. The 
solution yields only carbonate Of lime: but when red coral 
is heated to redness, and then dissolved, the solution yields 
a little phosphate of lime also. Red coral is composed of 
tw 	parts: an internal' stem, composed of gelatinons matter 
and carbonate of lime; and .an external covering or cortex, 
consisting of membrane hardened by the calcareous salts, 
and both coloured by some unknown substance. 

The gorgonia ceratophyta likewise consists of a stem and 
cortex. The stem is composedof cartilage, hardened chiefly 
by phosphate of lime; and containing little carbonate of 
lime; but the cortex consists of membrane, hardened 
almost entirely by carbonate of lime. The gorgonia flabel-
lum is almost exactly similar. The cortex of the gorgonia 
suberosa yielded gelatine to boiling water; when steeped in 
acids, it left a soft yellowish membrane, and the acid had 
taken up a little phosphate and a large portion of carbo-
nate of lime. The stem contained scarcely any earthy salt. 
When burnt, it left a little phosphate of lime. To water 
it yielded a little gelatin; but it consisted chiefly of a 
horny substance, analogous to coagulated albumen. The 
gorgonia setosa and pectinata exhibited the same phenomena. 

4. Gorgonia antiphates, like the other species of gor- 4. Chiefly 
gonia, has a horny stem, but it is destitute of a cortex. To 
boiling water it gives out some gelatin. When steeped in ruar nt  

nitric acid it becomes soft, and exhibits concentric coats of 
thin opaque brown membranes, of a ligneous aspect. It 
contains no earthy salt. With potash it fornis an animal 
soap, and possesses nearly the properties of horn. 

The stems of the gorgonia umbraculurn and verrncosa re-
semblethai of the gorgonia antiphates; but these are both 
provided with a cortex composed of membrane and car-
bonate of lime. 

The antiphates ulex and myriophyla resemble almost 
exactly the horny stem of the gorgonia antiphates. 

Mr. Hatchett analysed many species of sponges, 'but 
found then all similar in their composition. The spongia 
cancellata, oculata, ilyrundibuliformis, palmata, and officinalis, 
may be mentioned as specimens. They consist of gelatin, 
which they gradually give out to water, and a thin brittle 

2 ita 2 
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Book V. membranous substance, which possesses the properties of 
coagulated albumen. Hence the effect of acids and alkalies 
on them. 

The ahyonium finis, asbeslinum, and arboreum, resemble 
very much the cortex of the gorgonia suberosa in their 
composition. They yield a little gelatin to water. In 
nitric acid they soften, and appear membranous. The acid 
takes up the carbonate of lime, and likewise a little phos-
phate, at least when the Substance has been previously 
heated to redness. 

Such is an abstract of Mr. Hatchett's instructive analysis 
of the zoophites. 

SECT. II. 

OF HORNS, NAILS, AND SCALES. 

IN the last Section I treated of those hard parts of animals 
which were inflexible and incapable of being softened by 
heat, and which contained a great portion of calcareous 
salts; but there is another set of hard parts which possess 
considerable elasticity, which are softened, by heat, and 
which contain but a very small portion of calcareous matter. 
This set comprehends the substances well known under the 
names of horn, nails, and scales. The fourth class of zoo-
phites ought, in strict propriety, to be joined to them ; but 
in the present state of our knowledge I thought it better to 
give a view of all that is known of the zoophites in one 
place. 

AlmoSt all that we know of these bodies has been disco-
vered by Mr. Hatchett. Many experiments, indeed, had 
been made by preceding chemists; but not of such a nature 
as to throw much light upon their composition. 

1. Horns are well known substance§ that are attached to 
the foreheads of oxen, sheep, and various other animals. 
They are not very hard, as they may be easily cut with a 
knife or rasped with a file; but they are so tough as not to 
be capable of being pounded in a mortar. When in thin. 
plates, they have a degree of transparency, and have been 
sometimes substituted for glass in windows, When heated 

5 

Horns. 
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sufficiently they become very soft and BeXible; so that their Chap. 
shape May 'be altered considerably. }fence they may be 
gradually squeezed into a mould, and wrought into various 
form's,' is is iveilltnewn. When strongly heated in a Papin's 
digester,' they' are said -to be Converted into. a gelatinous • • 	, mass, which Odssesses the prOperties of gelatin. I  
. The quantity of earthy .matter which they contain is ex- Composed 
ceedinglyr  small. 'Mr. Hatchett• burnt 500 grains of ox bye'"' 
horn. The reSidutini was only '1'5 grain, and not the half 
-of this was phosphate of lime. Seventy-eighi"grains of the 
horn -Of tile chambisleft only '0,5 of residue; Of which less 
than the half was phosphate of lime.* They consist Chiefly 
of a membranous substance, which possesses the properties 
of coagulated albumen.; and probably they contain also a 
little gelatin. Hence we see the reason of the products 
that are obtained when these substances • are , subjected to 
distillation. 

The horns of the buck and hartImust, however, be ex. 
cepted. From the experiments of Scheele and Rouelle, 
together with those of Hatchett?  we knoW that these sub- 
.stances Possess exactly the propertiei of bone, and are 
composed of the same constituents, exCepting only that the 
proportion of cartilage is greater. They are intermediate, 
then, between bone and horn. The same remarks apply 
to' a. fossil 'horn found in France, and. lately' analysed by 
Draconriot. He found it composed .of 

Siliceous sand ....... 4'0 
Gelatin 	  4'6 
,Bitumen . 	„ 	 4'4 
Oxide of iron 	 0'5 
„Alumina , 	 

	

 	 0'7 
Phosphate of magnesia 	 1.0 
Water 	.. • . • • . 	 11'0 
Carbonate of lime 	 4,5 
Phosphate of lime ;',. 	 69'3 

_ 	• 

p0:0 
24 .The nails., which cover the extremities of the fingers, Nails. 

arei'attached:to the epidermis,' and COM -off' along with it. 
t I 	t 

*Phil. Trans. 1799;p. 332; 	deLlen'i.Souf.; SecOiid Series, iii. 49. 
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Book V. Mr. Hatchett has ascertained that they are composed chiefly 
.`"--v--)  of a membranous substance, which possesses the properties 

of coagulated albumen. They seem to contain also a 
little phosphate of lime. 'Water softens but does not dis-
solve them ; but they are readily dissolved and decomposed 
by concentrated acids and alkalies. Hence it appears that 
nails agree with horn in their nature and composition. 
Under the head of nails must be comprehended the talons 
and claws of the inferior anitnals, and likewise their hoofs, 
which differ in no respect from horn. 

Tortoise- 	The substance called tortoise-shell is very different front 
shelf. shells in its composition, and approaches much nearer to 

the nature of nail ; for that reason I have placed. it here. 
When long macerated in nitric acid, it softens, and appears 
to be composed of membranes laid over each other, and 
possessing the properties of coagulated albumen. When 
burnt, 500 grains of it yield three of earthy matter, consist-
ing of phosphate of lime and soda, with a little iron.* 

scales 

	

	3. The scales of animals are of two kinds; some, as those 
of serpents and other amphibious animals, have a striking 
resemblance to born; while those of fish bear a greater re-
semblance to mother-of-pearl. The composition of these 
two kinds of shells is very different. 

1. Of fish. 	The scales of fish, as had been observed by Lewenhoeck, 
Composed arc composed of different membranous laminm. When 
of mem- 
brane and immersed for four or five hours in nitric acid, they become 
phosphate. transparent and perfectly membranaceous. The acid, when 

saturated with ammonia, gives a copious precipitate of 
phosphate of lime.t Hence they are composed of alternate 
layers of membrane and phosphate of lime. To this struc-
ture they owe their brilliancy. Mr. Hatchett found the spi-
cula of the shark's skin to be similar in its composition, but. 
the skin itself yielded no phosphate of lime. 

2. Of ser- 	The horny scales of serpents, on the other hand, are corn- 
rents. 	posed alone of a horny membrane, and are destitute of 

phosphate of lime. They yield, when boiled, bid slight 
Like horn. traces of gelatin ; the horn-like crusts which cover certain 

insects and oilier animals appear, from Mr. Hatchett's 
experiments, to be nearly sii»ilar in their composition and 
nature. 

• Thichett,Phil. Trans. 1799, p. 332. 	f Ibid. • 
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Thus it appears that these substances bear a striking chap. II. 

resemblance to each other, being composed of a membrane 
which Hatchett considers as coagulated albumen. Vau-
quelin, however, who affirms that they dissolve in water, 
provided the temperature be raised sufficiently in a digester 
above the boiling point, considers them, on that account, 
rather as a species of concrete mucus than as coagulated 
albumen.* 

SECT. III. 

OF THE MUSCLES OF ANIMALS. 

AFTER the hard parts of animals have been examined, it 
remains for us to consider the composition of the soft 
parts. Of these, the muscles naturally claim our attention, 
in the first place, as being the most important. 

The muscular parts of animals are known in common 
language by the name of flesh. They constitute a consider-
able portion of the food of man. 

Muscular flesh is composed of a great number of fibres or 
Threads, commonly of a reddish or whitish .colour; but its 
appearance is too well known to require any description. 
Hitherto it has not been subjected to any accurate chemical History. 
analysis. Mr. Thouvenel, indeed, has published a valuable 
dissertation on the subject; and it is to to him that we are 
indebted for almost all the facts known concerning the com-
position of muscle. Some curious experiments have also 
been made by Fourcroy and Vauquelin ; Mr. Hatchett has 
not neglected this part of the subject in his interesting dis-
sertations on animal substances; and Berzelius has exa-
mined muscles as well as every other part of the aninial 

. body. 
It is scarcely possible to separate the muscle from all the 

other bodies with which it is mixed. A quantity of fat often 
adheres to it closely ; blood pervades the whole of it : and 
every fibre is enveloped in a particular thin membranous 

• * Nicholson's Jour. iv, 147. 
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Book v. matter, which anatomists distinguish by the name of cellular 
substance. The analysis of the muscle, -then, cannot be 
supposed to exhibit an accurate view of the composition of 
pure muscular fibres, but only of muscular fibre not per-
fectly separated from other substances. 

Action of 	1. When a muscle is cut in small pieces, and well 
cold water. washed with water, the, blood and other liquids contained 

in it are separated, and part Of the muscular substance also 
is dissolved. The muscle, by this process, is converted 
into a white fibrous substance, still retaining the form of the 
original body. The water assumes the colour which 
results from mixing water with some blood. When heated 
it coagulates; brown flakes swim on the surface, consisting 
of albumen combined with the colouring matter of the 
blood : some fibrin likewise precipitates. If the evapora-
tion-  be continued, more albumen precipitates, and at last 
the whole assumes the form of a jelly. When evaporated 
to dryness, and treated with alcohol, the gelatin, thus 
formed, together with a little phosphate of soda and ammo-
nia, remains undissolved; but the alcohol dissolves a pecu-
liar extractive matter, , first observed by Thouvenel. This 
matter may be obtained by evaporating the alcohol to dry-
ness. It has a reddish-brown colour, a strong acrid taste, 
and aromatic odour. It is soluble both in water and alco-
hol; and when its watery solution is very much concen-
trated, it assumes an acid and bitter taste. It swells upon 
hot coals and melts, emitting an acid and penetrating smell. 
It attracts moisture from the air, and forms a saline efflores-
cence. In a hot atmosphere it becomes sour and putrifies. 
When distilled, it yields an acid, partly combined with 
ammonia. According to Berzclius, it consists of lactic acid 
and lactate of soda. 

2. If the muscle, after being thus treated with cold 
water, be boiled for a sufficient time in water, an additional 
portion of the same substances are separated from it. SOme 
albumen collects on the surface in the form of scuni, -aceom-
panied with some melted fat. The water, when sufficiently 
concentrated by evaporation, assumes the form of a jelly. 
When evaporated to dryness, and treated with alcohol, the 
gelatin and phosphoric salts remain, while the extractive 
matter of Thouvenel is dissolved, and may be obtained by 

01hotwa-
ter. 
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evaporating to dryness. It is by this process that it is pro- Chap. 
cured in a sufficient quantity for examination, cold water 1/4— 1̀"--1  
abstracting only a very small portion from the muscle. 

3. The muscle, thus treated with water, is left in the insoluble 
state of grey fibres, insoluble in water, and becoming part. 
brittle when dry. This substance possesses all the proper-
ties of fibrin. 

4. From these facts, ascertained by Thouvenel and Four-
croy,4  it appears that the muscles are composed chiefly of 
fibrin, to which they owe their fibrous structure and their 
form, and that they contain also 
• 2. Albumen. 	5. Phosphate of soda. 

3. Gelatin. 	6. Phosphate of ammonia. 
4. Extractive. 	7. Phdsph. of lime 'and carb. of do. 

For the discovery of the last ingredients we are indebted to 
Mr. Hatchett, who found that 500 parts of beef muscle 
left, after combustion, a residuum of 25'6 parts, consisting 
chiefly of these salts. When muscles are long boiled in water, 
Mr. Hatchett found that the greater part of the phosphate of 
lime, as well as of the alkaline phosphates, was dissolved ; 
for the muscle, after this treatment, when dissolved in nitric 
acid, yielded scarcely any phosphate of lime; whereas if it 
was dissolved directly in nitric acid, a precipitate of phos-
phate of lime was thrown down by ammonia. Hence it 
would appear, either that the phosphate of lime is united 
to gelatin, or that it is rendered soluble by means of it. 
The carbonate of lime still remains after the action of water, 
and is converted into oxalate when the muscle is treated 
with nitric acid. 

Fourcroy and Vauquelin have likewise detected the pre-
Awe of potash and sulphuric add in muscle. To these 
chemists we are indebted for a very curious set of experi-
ments on the action of nitric acid on muscular fibres. They 
found that 4.'826 ounces of muscular fibre, mixed with its 
own weight of nitric acid, of the specific gravity 1.284, and 
heated till it boiled gently, gave 116 cubic inches of has, 
composed of nine parts by bulk of azote and one part of 
carbonic acid. What remained in the retort consisted of 
three distinct substances : 1. A greasy substance of a yellow 
colour, which floated on the surface; 2. A yellow liquid; 

* Fourcroy, ix. 24g. 
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Book V. 3. A solid matter which still retained its fibrous appearance. 
ta—v--)  This last was separated by means of alcohol into two dis-

tinct substances ; namely, a fatty matter taken up by the 
alcohol, and a yellow substance insoluble in that liquid, 
which possessed the properties of an acid, and to which 
they gave the name of yellow acid, and of which the pro-
perties have been detailed in the last Chapter when treating 
of fibrin. The yellow liquid contained oxalic and malic acid, 
probably formed from the cellular substance, a portion of 
yellow acid somewhat altered, and some bitter principle.* 

5. Berthollet boiled the muscle of beef in water till the 
liquid ceased to be precipitated by infusion of nut-galls. 
He then suspended the beef in a glass cylinder filled with 
common air, and inverted over water. The oxygen of the 
air was changed into carbonic acid, the beef became putrid, 
and, when boiled again in water, gave out gelatin. By re-
peating this process a number of times the beef acquired 
the taste and smell of old cheese. Very little ammonia was 
given out during the process4 

Constitu- 	6. Berzelius subjected a portion of muscle to an elaborate 
ems of analysis. About three fourths of it were liquids. The !flunk. 

following were the constituents which he obtained. 
I. Solid matters. 

Fibrin, vessels and nerves 	 
Cellular matter dissolved by boiling 

15'8 
1.9 

171 171 
II. Liquid bodies. 

Muriate and lactate of soda 	 .1.80 
Albumen and colouring matter of 

the blood 	  2'20 
Phosphate of soda 	  0.99 
Extract 	  0.15 
Albumen holding in solution phos- 

phate of lime 	  0.08 
Water and loss 	  77.17 

82'30 	.. 82.3 

10014 
11  Nicholson's Jour. =iii. 240. 	t Mem. d'Arcueil, 1.333. 

Dior kemien, ii, 174. 	
6 
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7. The muscles of different' animals differ *exceedingly Chap. u. 

from each other in their appearance and properties, at least 
as article of food; but we know little of their chemical Eina-desreonft 
differences. The 'observations of Thouvenel alone were muscles. 
directed to 'that object, and they are imperfect. The flesh 
bf the ox contains, according to him, the greatest 'quantity 
of insoluble Matter; and 'leaves the greatest residuum when 
,dried; the flesh of 'the caY is more aqueous. and mucous: 
'the land and water" guirati yields mere matter to water than 
the muscle' of the ox; but Thouvenel ascribes the differ-
*ice 'to foreigh bodies, as ligament's, &c. m ixed 'with the 
muscle of the'' turtle: snaill yield' to 'water a quantity of 
ynatter intermediate' between that . given by beef and vcal: 
Zvitli their the inUscies 'of frogs, cra'y fish, and vipers, agree 
liehilY in this tleipeot 'bathe muscles Of fresh water fish, 
noavithstanEling their softness, yield a considerably smaller 
iirepuOitio6:* ' • 

." When meat, is' boiled, .it is obvioUS-that the gelatin, 
the extractive, and a portion of the salts, wig be separated, 
whilei the Coitgulatecl albumen and fibrin will remain in a 
'solid state. Hence the flavour.and.  the nourishing nature 
Of .  soups •deriVed from the extractive and gelatin. When 
meat is roasted, on the other handoll these substances con-
tinue in it, •and the taste and odour of the. extractive is 
greatly heightened by the laction. of the fire. Hence the 
superior flavour of roasted meat. totircroy supposes that 
the ihrown crilst which forms .on roasted meat is composed 
entirety of 	extractive. 

SECT. IV. 

ViiLE 

' 	rs,lcin.4,40- that strong :thick coming,which.envelopes 
the whole :external .surface of animals;. It. is. composed 
ohiefly,  of tWe' parts.: a thin white elastic layer on the out-

, side, which is called epidermis or cuticle; and a Muth thicker 

Some experiments on the gizzards or muscular stomachs of fowls 
have hem it!blished lijr 13Ou'illoii•Ifia .Grange. :See 14,i61Wion's.Jouinal, 
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Book V. layer, composed of a great fnany fibres closely interwoven, 
L—v---)  and disposed in different directions; this is called the cutis, 

or true skin. The epidermis is that part of the skin which 
is raised in blisters. 

Epidermis. 	1. The epidermis is easily separated from the cutis by 
maceration in hot water. It possesses a very great degree 
of elasticity. 

It is totally insoluble in water and in alcohol. Pure fixed 
alkalies dissolve it completely, as does lime likewise, though 
slowly.* Sulphuric and muriatic acids do not dissolve it, 
at least they have no sensible action on it for a considerable 
time; but nitric acid soon deprives it of its elasticity, and 
causes it to fall to pieces.t It is well known that the living 
epidermis is tinged yellow almost instantaneously by nitric 
acid ; but this, effect does not take place, at least so speedily, 
when the dead cuticle is plunged in nitric acid altogethent 

If the cuticle be tinged with nitric acid, the application 
of ammonia to it is well known to give it instantaneously a 
deep-orange colour. Now, as Hatchett has shown that 
this change is also produced upon coagulated albumen in 
the same circumstances, and as the epidermis resembles 
that substance in all the properties above detailed, it can 
scarcely be doubted that it is any thing else than a peculiar 
modification of coagulated albumen. 

Cutis. 	2. The cutis is a thick dense membrane, composed of 
fibres interwoven like the texture of a hat. When it is 
'macerated for some hours in water, and agitation and press 
sure employed to accelerate the effect, the blood, and all 
the extraneous matter with which it was loaded, are sepa-
rated from it, but its texture remains unaltered. On eva. 
porating the water employed, a small quantity of gelatin 
may be obtained. No subsequent maceration in cold 
water has any farther effect. When distilled it yields the 
same products as fibrin. The concentrated alkalies .dissolve 
it, converting it into oil and ammonia. Weak acids soften 
it, render it transparent, and at last dissolve it. Nitrio acid 
converts it into oxalic acid and fat, while, at the same time, 
azotic gas and prussic acid are emitted. § When heated it 

Chaptal, Ann. de Chim. xxii. 221. But Davy could obtain no solu- 
tion 	 • 

t Cruiksbanks on Insensible Perspiration, p. 32. 
/ Ibid. 	 § Fourcroy, ix. 254. 
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contracts, and then swells, exhales a fetid odour, and leaves Chap. 
a dense charcoal, difficult to incinerate. By spontaneous 
decomposition in water or moist earth, it is converted into 
a fatty matter and into ammonia, which compose a kind of 
soap.* When allowed to remain long in water, it softens 
and putrifies, being converted into a kind of jelly. When 
long boiled in water it becomes gelatinous, and dissolves 
completely, constituting a viscid liquor, which, by proper 
evaporation, is converted into glue. Hence the cutis of 
animals is commonly employed in the manufacture of glue. 

From these facts the cutis appears to be a peculiar mo- A species of,  
dification of gelatin enabled to resist the action of water, gelati"' 
partly by the compactness of its texture, and partly by the 
viscidity of the gelatin of which it is formed; for those 
skins which dissolve most readily in boiling water afford 
the worst glue. Mr. Hatchett has observed that the vis-
cidity of the gelatin obtained from skins is nearly inversely 
as their flexibility, the supplest hides always yielding the 
weakest glue; but this glue is very soon obtained from 
them by hot water. 'The skin of the eel is very flexible, 
and affords very readily a great proportion of gelatin. 
The skin of the shark also readily yields abundance of 
gelatin ; and the same remark applies to the skins of the 
hare, rabbit, calf, and ox; the difficulty of obtaining the 
glue and its goodness always increasing with the toughness 
of the hide. The hide of the rhinoceros, which is ex-
ceedingly strong and tough, far surpasses the rest in the 
difficulty of solution and in the goodness of its glue. 
When skins are boiled, they gradually swell and assume 
the appearance of horn : then they dissolve slowly. 

S. It is }torn the skin or ends of animals that leather is Leather. 
formed; and the goodness of the leather, or at least its 
strength, depends in some measure on the toughness of 
the hides. Those easily soluble, as seal-skins, afford a 
weaker leather than those which are more difficultly solu-: 
ble in water. The process by which the skins of animals 
are converted into leather is called tanning. It seems to 
have been knowrl andpractised in the earliest ages; but its 
nature was totally unknown till after the discovery of the 
tanning principle by Seguin. That chemist ascertained that 

. • 
Fourcroy, ix. 254. 
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Book V. leather is a compound of tannin and skin ; that it is to the 
‘*---\?"1  tannin that leather owes its insolubility and its power of 

resisting putrifaction. The subject engaged the attention 
of Davy, who examined it with his usual ingenuity, and 
added several important facts to our former knowledge. 

Pre,paration When skins are to be tanned, the first step of the pro- 
of the 
-skins. 	cess is to deprive them of their hair and cuticle. This is 

either done by steeping them in water till they begin to 
putrify, or by steeping them in lime and water. The lime 
seems to combine with the cuticle, and to render it brittle 
and easily detachable from the bide. It produces the same 
effect upon the hair and the matter at its root.* When 
the hides have been steeped for a sufficient time, they are 
taken out, the hair, cuticle, &c. scraped off; and then they 
are washed in water. 

After this preliminary process, the skins are subjected to 
different treatment according to the kind of leather which 
is to be made. 

The large and thick hides are introduced for a short 
time into a strong infusion of bark. They arc then said to 
be coloured. After this they are put into water slightly im-
pregnated with sulphuric acid, or with the acid evolved 
during the fermentation of barley and rye. This renders 
them harder and denser than they were before, and fits 
them for forming sole leather. Davy thinks, that by thiS 
process a triple compound is formed of the skin, tan, and 
add4 

The light skins of cows, those of calves, and .all small 
skins, are steeped for some days in a lixivium made by the 
infusion elf pigeons' dung in water. This lixivium is called 
the grainer. By this process they are rendered thinner and 
softer, and more proper for making flexible leather. Davy 
considers the effect of this lixivium to depend upon the fer-
mentation which it undergoes; for dung that has undert,Tond 
fermentation does not answer the purpose.t 

After these preliminary processes, the skins are otpbsed 
to the action of the infusion of bark till they are-converted 
into leather. 

Process of 	The infusion of oak bark contains tWti ingredients,. 
tanning. 

* Davy)  Journal of the Royal Instit. t Ibid. p. 
; Ibid‘ p.32. 
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namely, tannin and an extractive. The first is more solu• Chap. II. 
ble than the second. Hence, in saturated infitsions, there ‘`'"v" 
is a much greater proportion of tannin than of extractive; 

• whereas in weak infusions the extractive bears a greater 
proportion to the tannin. Davy considers *it as doubtful 
whether the infusion of oak bark contains any gallic acid. 
This chemist has ascertained, that the hides extract both 
the tannin and extractive from the infusion, and leave 
nothing behind but pure water, provided they be employed 
in sufficient quantity. Hence it is obvious, that both the 
tannin and extractive must enter into the composition of 
leather. The extractive . gives the hide a brown colour, 
but does not render it insoluble in boiling water; the tannin 
renders it insoluble, but its colour continues whitish. Hence 
it is likely that the lightest kinds of leather contain little 
else than tannin, while the brown kinds contain both tan-
nin and extractive, and the new compound is leather. 
Hence the reason of the increase of its weight.. 

Calf-skins, and those hides which are prepared by the 
grainer, are first steeped in weak infusions of oak bark, and 
gradually removed to stronger and tronger, till they are 
completely impregnated, which takes up from two to four 
months. As the weak infusions contain a greater propor-
tion of extractive, the consequence of this process is, that 
the skin combines in the first place with a portion of it, 
and afterwards with the tannin. When saturated solutions 
of tannin are employed, the leather is formed in a much 
shorter time. This was the process recommended by 

eguin; but it has been observed, that leather tanned in 
this way is more rigid and more liable to crack than leather 
tanned in the usual way. Hence it is likely, as Davy has 
observed, that the union of the extractive is requisite to 
form ,pliable and tough leather. Leather rapidly tanned 
must be less equable in its texture than leather slowly 
tanned, as the surface must be saturated with tannin before 
the liquid has time to penetrate deep. Davy has ascertained 
that skins, while .tanning, seldom absorb more than 7 of 
their weight of vegetable matter. 

Skins intended for sole leather, are generally kept from 
the first in an infusion preserved nearly saturated by means 
of the strata of bark with.which they alternate. The full 
:mpregnution requires from ten W.eighteen mouths, It is 
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Book V. likely, from this process, that sole leather contains a greater 
"--NE-1  proportion of tannin than soft leather. While drying, it 

is smoothed with a rolling-pin, and beat with a mallet, 
which must add considerably to its density.. 

Rcte muco- 4. As to the rete nzueosum, or the mucous substance, si- 
sum. 	tuated between the cutis vera and epidermis, its composi-

tion cannot be determined with precision, because its quan-
tity is too small to admit of examination. It is known that 
the black colour of negroes depends upon a black pigment, 
situated in this substance. Chlorine deprives it of its black 
colour, and renders it yellow. A negro, by keeping his 
foot for some time in water impregnated with that gas, de-
prived it of its colour, and rendered it nearly white; but 
in a few days the black colotir returned again with its 
former intensity.t This experiment was first made by Dr. 
Beddocs on the fingers df a negro, $ 

SECT. V. 

OF MEMBRANES, TENDONS, LIGAMENTS, AND GLANDS. 

THESE substances have not hitherto been -subjected to a 
rigid chemical analysis. But from the properties which 
have been observed, they appear to have a closer resem-
blance to the skin than to any other animal substance. 

mem- 	1. The membranes are thin semitransparent bodies wick 
branes. 	envelope certain parts of the body, especially the viscera; 

such as, the dura and pia mater, the pleura, the perito-
neum, the periosteum, .8ce. These substances are soft and 
pliable ; when macerated in water, they swell, and become 
somewhat pulpy; and by .continued decoction, in hot water 
they are almost completely dissolved, and the solution con-
cretes into gelatin. They are convertible of course into 
the same substance as the cutis by decoction; hence we 

Resemble must consider their composition as similar. Like hides 
skin. 	they may also be tanned and converted into leather. • 

From the experiments of Mr. Hatchett, it appears that 

* See Davy on the Preparation of Skin for Tanning. Royal Instit. 
ii. 30. 

t Fourcroy, ix. p. 259. 	$ Beddoos on Factitious Airs, p.45, 
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they contain no phosphate of lime as a Constituent part, Chap. II. 
and scarcely any saline ingredients ; for when calcine:l they 
leave but a very inconsiderable residuum. Thus 230 grains 
of hog's bladder left only 0'02 grain of residuum.* 

2. The tendons are strong, pearl-coloured, brilliant Tendons. 
bodies, which terminate the muscles, and attach them to 
the 'bones, and are known in common language by the 
name of sinews. When boiled they assume the form of a 
semitransparent gelatinous substance, of a pleasant taste, 
well known in boiled meat. If the decoction be continued 
they dissolve completely, and are converted into gelatin. 
From these facts we are authorized to conclude, that the 
composition of the tendons is similar to that of the mem-
branes and cutis. 

8. The ligaments are strong bands which bind the bones Ligaments. 
together at the different joints: they are fibrous substances, 
very dense and strong, and somewhat elastic. When 
boiled they yield a portion of gelatine, but they resist the 
action of water with great obstinacy, and after a great deal 
of boiling retain their form, and even their strength. The 
ligaments, then, differ essentially from the two last specieg. 
How far they resemble coagulated albumen remains to be 
ascertained. It is not unlikely that they will form a genus 
apart. 

4. The glands are a set of bodies employed to form or to Giands. 
alter the different liquids which are employed for different 
purposes in the animal body. There are two sets of them: 
the conglobate, which are small, scattered in the course of 
the lymphatics; and the conglomerate, such as the liver, 
kidneys, &c. Fourcroy supposes the first of these to be 
composed of gelatin ; but this is not very probable. The • 
structure of the large glands has been examined by anato-
mists with great care ; but we are still ignorant of their 
composition. Indeed the present state of chemistry scarcely 
admits of an accurate analysis of these complicated bodies. 

Phil. Trans. 1799?  p. 333. 

VOL. IV. 
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Book V. 
	 SECT. VI. 

OF THE BRAIN AND NERVES. 

Properties 
of brain. 

Action of 
cold water, 

THE brain and nerves are the instruments of sensation, 
and even of . motion ; for an animal loses the power of 
moving a part the instant that the nerves which enter it 
are cut. 

The brain and nerves have a strong resemblance to each 
other; and it is probable that they agree also in their com-
position. But hitherto no attempt has been made to ana-
lyse the nerves. The only chemists who have examined 
the nature of brain are Mr. Thou et,* Mr. Fourcroy,t and 
M. Vauquelin.t 

The brain consists of two substances, which differ from 
each other somewhat in colour, but which, in other re-
spects, seem to be of the same nature. The outermost 
matter, having some small resemblance in colour to wood-
ashes, has been called the cineritious part; the innermost 
has been called the medullary part. 

Brain has a soft feel, not unlike that of soap; its texture 
appears to be very close; its specific gravity is greater than 
that of water. 

When brain is kept in close vessels so that the external 
air is excluded, it remains for a long time unaltered. Four-
croy filled a glass vessel almost completely with pieces of 
brain, and attached it to a pneumatic apparatus; a few 
bnbbles of carbonic acid gas appeared at first, but it re-
mained above a year without undergoing any farther 
change.§ 

This is very far from being the case with brain exposed 
to the atmosphere. In a few days (at the temperature of 
60°) it exhales a most detestable odour, becomes acid, as-
sumes a green colour, and very soon a great quantity of 
ammonia makes its appearance in it. 

Cold water does not dissolve any part of the brain; but 
by trituration in a mortar it forms, with water, a whitish-
coloured emulsion, which appears homogeneous, may be 
passed through a filter, and the brain does not precipitate 

• Jour. de Phys, xxxviii. 329. 	t Ann. de Chim. xvi. 282. • 
t Alan4ls of Philosophy, i. 332. 	§ Ann. de Chim. xvi. 997. 
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by rest. When this emulsion is heated to 145°, a white Chap. II. 
coagulum is formed. The addition of a great quantity of '—v—J  
water also causes a coagulum to appear, which swims on 
the surface, but the water still retains a milky colour. 
When sulphuric acid is dropped into the watery emulsion 
of brain, white flakes separate and swim on the surface, 
amr the liquid becomes red. Nitric acid produces the same 
effects, only the liquid becomes yellow. Alcohol also sepa-
rates a white coagulum from the emulsion, after it has been 
mixed with it for some hours. When nitric acid is added 
to the emulsion till it becomes slightly acid, a coagulum is 
also separated. This coagulum is of a white colour; it is 
insoluble in water and in alcohol. Heat softens, but does 
not melt it. When dried it becomes transparent, and 
breaks with a glassy fracture. It is therefore albumen.* 

When brain is triturated in a mortar with diluted sul- of sulphu- 
phuric acid, part is dissolved ; the rest may be separated, ric acid, 

by filtration, in the form of a coagulum. The acid liquor 
is colourless. By evaporation, the liquid becomes black, 
sulphurous acid is exhaled, and crystals appear; and when 
evaporated to dryness, a black mass remains behind. When 
this mass is diluted with water, a quantity of charcoal se-
parates, and the water remains clear. This brain is com-
pletely decomposed, a quantity of ammonia combines with 
the acid and forms sulphate of ammonia, while charcoal is 
precipitated. The water, by evaporation and treatment 
with alcohol, yields sulphates of ammonia and lime, phos-
phoric acid, and phosphates of soda and ammonia.. Brain 
therefore contains 

Phosphate of lime 
	 soda 
	 ammonia. 

• Traces also of sulphate .of lime can be discovered in it. 
The quantity of these salts is very small ; altogether they 
do not amount to Irf,vth part.t 

Diluted nitric acid, when triturated with brain, likewise Of nitric 
dissolves a part, and coagulates the rest. The solution is acid,  
transparent. When evaporated till the acid becomes con- 
centrated, carbonic acid gas and nitrous gas are disen- 
aed ; an effervescence takes place, white fumes appear, ,5v  

* Ann. de Chim. xvi. p. 288. 
	f Ibid. 

212 
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an immense quantity of ammonia is disengaged, a bulky 
charcoal remains mixed with a considerable quantity of ox-
alic acid.* 

When brain is gradually evaporated to dryness by the 
heat of a water bath, a portion of transparent liquid sepa-
rates at first from the rest, and the residuum, when nearly 
dry, acquires a brown colour; its weight amounts to about 
one-fourth of the fresh brain. It may still be formed into 
an emulsion with water, but very soon separates again 
spontaneously. 

When alcohol is repeatedly boiled upon this dried resi-
duum till it ceases to have any more action, it dissolves 
about five-eighths of the whole. When this alcohol cools, 
it deposits a yellowish white substance, composed of bril-
liant plates. When kneaded together by the fingers, it 
assumes the appearance of a ductile paste; at the tempera-
ture of boiling water it becomes soft, and when the heat 
is increased it blackens, exhales empyreumatic and ammo-
niacal fumes, and leaves behind it a charry inattent When 
the alcohol is evaporated, it deposits a yellowish black 
matter, which reddens paper tinged with turnsole, and rea-
dily diffuses itself through watent 

Pure concentrated potash dissolves brain, disengaging a 
great quantity of ammonia. 

The result of an elaborate analysis of brain by Vauquelin 
gave him the following constituents : 

Consti to- 	 Water 	  	 80'00 
ents.  White fatty matter 	  4.53 

Reddish fatty matter 	 010 
Albumen 	  7.00 
Osmazome 	  1•12 
Phosphorus 	  1.50 
Acids, salts, and sulphur 	 5.15 

100'00 
From the experiments of Vauquelin we learn that the me-
dulla oblongata and the nerves are composed of the same 
materials as the brain. 

Vauquelin's analysis of the brain though far more com- 

* Ann. de Chim. xvi. 307. 	t Ibid. 313. 	/ Ibid. 317, 

Book V. 

Of alcohol, 

Of potash. 
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pieta and satisfactory than that of any of his predecessors, Chap. It. 
throws no light upon the way in which the constituents are ‘"'""v"—d  
combined or on what it is that gives to the brain its very 
peculiar appearance. 

SECT. VII. 

OF MARROW. 

THE hollows of the long bones are, in living animals, 
filled with a peculiar species of fat matter, to which the 
name of marrow has been given. In some bones this matter 
is a good deal mixed with blood, and has a red colour; in 
others, as the thigh bones, it is purer, and has a yellow co-
lour. Various experiments on this matter were made by 
the older chemists, showing it to be analogous to animal 
fats,* and pointing out some of its peculiarities. Berzelius 
has examined it in detail, and published the results of his 
experiments.t The marrow on which his trials were made 
was obtained from the thigh bone of an ox. 

I. When marrow is digested in cold water it becomes Action of 
lighter coloured, while the water acquires the colour which cold water, 
it would have received had it been digested on blood. 
When this water is boiled it becomes muddy, and a dark-
brown matter precipitates. This matter consists of coagu-
lated albumen mixed with some phosphate of lime, and 
phosphate of iron. A small portion of a yellow-coloured 
salt is dissolved by the action of alcohol or water. This 
matter separated from marrow by water, is obviously owing 
to the blood with which it was mixed. The quantity which 
Berzelius obtained from marrow amounted to 	part of 
the whole. The portion of it dissolved by water and alco-
hol consisted partly of gelatin and common salt, and partly 
of the peculiar extractive matter obtained by Thouvenel 
from the muscles of animals, and described in the Third 
Section of this Chapter. The proportion of these sub-
stances obtained by Berzelius from marrow amounted to 
about -A  -6th part of the whole. 	. 

Neumann's Chemistry, p. 560. 
t Gehlen's Jour. Second Series, ii. 281. 

6 

   
  



486 	 PARTS or ANIMALS. 

Book v. 

	

	2. When marrow is boiled in water, the greatest part of 
it melts and swims upon the surface of the liquid. The Ot 

water
o
.
t  water is at first muddy and milky, but becomes transparent 

on standing. When passed through the filter a substance 
is separated, which becomes greyish-green, and semitrans-
parent when dry. More of this matter precipitates when 
the liquid is evaporated. When the water is evaporated to • 
dryness, a substance is obtained of a sharp aromatic taste 
like the marrow of roasted meat. These• two substances 
consist chiefly of extractive, gelatin, and a peculiar sub-
stance which approaches the nature of albumen in its pro-
perties. 

3. When marrow, thus purified, is melted in water and 
passed through a cloth, a quantity of blood vessels and skins 
remain upon the cloth, amounting to about 1-.6-6th part of 
the whole. 

4.. Marrow, thus freed from its impurities, has a white 
colour with a shady of blue; its taste is insipid and rather 
sweetish. It softens by the heat of the hand, and melts 
when heated to 11.3°.* When cooled slowly it crystallizes 
insphericles like olive oil. It burns with a flame like tal-
low. When distilled it gives first a transparent fluid yel-
lowish-oil, accompanied by carbonic acid gas, water, and 
heavy inflammable air. Afterwards there comes over a 
white solid oil, accompanied by a less copious evolution of 
gaseous bodies, and which does not become dark-coloured, 
as happens when tallow is distilled. This had already been 
observed by Neumann. This solid oil has a disagreeable 
smell, amounts to 0.3 of the marrow distilled, reddens 
-vegetable blues, and when boiled in water gives out a por-
tion of sebacic acid, which Berzelins considers as benzoic 
acid. 

The empyreumatic oil combines readily with alkalies and 
their carbonates. With the latter it forms a snow,white 
soap, insoluble in water, though it increases in bulk when 
placed in contact with that liquid. It combines also with 
the earths, and forms soaps, likewise insoluble in water. 

,The .water which comes over during the distillation of 
marrow is colourless, has a fetid and sour smell, and an 

• Berzelius says at 45°. This is 113° Fahrenheit, if Celsius' thermo-
meter be meant, as is probable. If it be Reaumur's, the melting point 
of marrow is 153° Fahrenheit. 

Properties 
of pure 
marrow. 
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empyreumatic taste. It contains a little acetic acid, empy- Chap. II. 
reumatic oil, and probably benzoic acid; but exhibits no `'"-st--1  
traces of ammonia. 

The gaseous products amount to -1 -th of the marrow dis- 
tilled. They contain no sulphur nor phosphorus, and con- 
sist.  of carbonic acid and heavy inflammable air, which 
burns with a white flame, and seems to contain oil in solu- 
tion. 

The charry matter in the retort amounts to 0.05 of the 
marrow distilled. It is dark-brown, heavy and brilliant. 
It is incinerated with difficulty, and leaves an ash consisting 
of phosphate of lime, carbonate of lime, and some soda. 

g. Concentrated sulphuric acid dissolves marrow without Action of 
the assistance of heat. The solution has the appearance of "'dz. 
a brown syrup; and when the acid is diluted with water 
the marrow separates unaltered. When heat is applied, 
the acid decomposes the marrow and forms a resinous coal. 

Diluted nitric acid digested on marrow, in a moderate 
heat, renders'it yellow, and gives it more consistence, and 
the smell of old bones. Concentrated nitric acid dissolves 
marrow without the assistance of heat, and the 'marrow is 
not precipitated by the addition of water. 

6. Marrow combines with alkalies and forms soap. Boil- 
ing alcohol and ether dissolve a small portion of it, which 
precipitates again as the solution cools. 

Marrow, from the thigh .bone of an ox, was found by constita- 
Berzelius to be composed of the following substances: 	eats. 

Pure marrow 	  0'96 
Skins and blood vessels . 	0.01 
Albumen 
Gelatin 
Extractive   0.03 
Peculiar matter 
Water 

..••=11•••••••••Ik 

1.00 

From the preceding detail it appears, that pure marrow 
is a species of fixed oil, possessing peculiar properties, and 
approaching somei%hat to butter in its nature. But it dif-
fers considerably in its appearance in different parts of the 
body, owing chiefly, in all probability, to a "greater or 
smaller mixture of blood. 

J 
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Book v. 	 SECT. 

OF HAIR AND FEATHERS. 

THESE substances cover different parts of animals, and 
are obviously intended by Nature to protect them from the 
cold. For this, their softness and' pliability, and the slow-
ness with which they conduct heat, render them peculiarly 
proper. 

Varieties. 	1. Hair is usually distinguished into various kinds, ac-
cording to its size and appearance. The strongest and 
stiffest of all is called bristle: of this kind is the hair on the 
backs of hogs. When remarkably fine, soft, and pliable, 
it is called wool; and the finest bf all is known by the name 
of down. But all these varieties resemble one another very 
closely in their composition. 

Properties. 	Hair appears to be a kind of tube covered with a cuticle. 
Its surface is not smooth, but either covered with scales or 
consisting of imbricated cones. Hence the roughness,of 
its feel, and the disposition which it has to entangle itself, 
which has given origin to the processes of ,felting and full-
ing. It is constantly increasing in length, being protruded 
from the roots, and seems at first to be soft or nearly gela-
tinous. From the experiments which have been made on 
hair by Achard and Hatchett, it follows that it contains 
gelatin, to which it owes its suppleness and toughness. 
This substance may be separated by boiling the hair in 
water. When thus treated it becomes much more brittle 
than before. Indeed, if the process be continued long 
enough, the hair crumbles to pieces between the fingers. 
The portion insoluble in water possesses the properties of 
coagulated albumen. 

Mr. Hatchett has concluded from his experiments, that 
the hair which loses its curl in moist weather, and which is 
the softest and most flexible, is that which yields its gela-
tin, most easily; whereas strong and elastic hair yields it 
with the greatest difficulty, and in. the smallest proportion. 
'This conclusion has been confirmed by a very considera-
ble hair-merchant in London, who assured him that the 
first kind of hair was ITIIICII more injured by boiling than 
the seeopd: 

Analysis. 	Vauquelin has published a curia is set of experiments of 
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the analysis of human hair of various colours. Though Chap. U. 
hair is insoluble in boiling water, he obtained a solution by ‘—....V."1  
raising the temperature of the liquid in a Papin's digester. 
If the heat thus produced was too great, the hair was de- 
composed, and ammonia, Carbonic acid, and an empyreu- 
matic oil formed. Sulphureted hydrogen is always evolved, 
and its quantity increases with the heat. When hair is 
thus dissolved in water heated above the boiling point, the 
solution contains a kind of bituminous oil; which is depo- 
sited very, slowly. This oil was black when the hair dis- 
solved was black, but yellowish-red when red hair was 
employed. 

When the solution is filtered to get rid of this oil, the 
liquid which passes through is nearly colourless. Copious 
precipitates are formed in it by the infusion of nutgalls and 
chlorine. Silver is blackened by it, and acetate of lead pre- 
cipitated brown. Acids render it turbid, but the precipitate 
is redissolved by adding these liquids in excess. Though 
very much concentrated by evaporation, it does not concrete 
into a jelly. 

Water containing only four per cent. of potash dissolves 
hair, while hydrosulphuret of ammonia is evolved. If the. 
hair be black, a thick dark-coloured oil, with some sulphur 
and iron, remains undissolved ; if the hair be red there 
remains a yellow oil, with some sulphur and an atom or 
two of iron. 'When acids are dropped into this solution, 
they throw down a white matter soluble in an excess of 
acid. 

Sulphuric and muriatic acids become red when first 
poured' on hair, and gradually dissolve it. Nitric acid 
turns hair yellow and dissolves it, while an oil separates, 
which is red or black according to the colour of the hair 
dissolved. The solution yields a great deal of oxalic acid, 
and contains, besides, bitter principle, iron, and sulphuric 
acid. Chlorine first whitens hair, and then reduces it to a 
substance of the consistence of turpentine, and partly solu- 
ble in alcohol. 

:When alcohol is digested on black hair, it extracts from Colouring 

it two kinds of oil. The first, which is white, subsides in MU".  
white shining  scales as the liquor tools; the second js ob- 
tained by evaporating the alcohol. It has a greyish-green 
.caoar, and at last becomes solid0 From red hair alcohol 
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Book v. likewise separates two oils : the first white as from black 
1/4—‘?"—/  hair, and the other as red as blood. When the red hair 

is deprived of this oil, it becomes of a chesnut colour. 
Hence its red colour is obviously owing to the red oil. 

When hair is incinerated, it yields iron and manganese, 
phosphate, sulphate, and carbonate of lime, .muriate of soda, 
and a considerable portion of silica. The ashes of red hair 
contain less iron and manganese : those of white hair still 
less; but in therdwe find magnesia, which is wanting in the 
other varieties of hair. The ashes of hair do not exceed 
0'015 of the hair. 

From the preceding experiments of Vauquelin, we learn 
that black hair is composed of the nine following sub-
stances : 

Constitu- 	1. An animal matter constituting the greatest part. 
ents. 	 2. A white solid oil, small in quantity. 

3. A greyish-green oil, more abundant. 
4. Iron ; state unknown. 
5. Oxide of manganese. 
6. Phosphate of lime. 
7. Carbonate of lime, very scanty. ' 
8. Silica. 
9. Sulphur. 

The colouring matter of hair appears from Vauquelin's 
experiments to be an oil. The oil is blackish-green in 
black hair, red in redlair, and white in white hair. Vau-
quelin supposes that sulphureted iron contributes to the 
colour of dark hair; and ascribes to the presence of an 
excess of sulphur the property which white and red hair 
have of becoming black with the oxides of the white metals. 
The sudden change of colour in hair from grief, he thinks)  
is owing to the evolution of an acid.* 

Vauquelin considers the animal matter of which hair is 
chiefly composed as a variety of inspissated mucus; but 
some of its properties, especially its copious precipitation by 
tannin, do not well agree with that supposition. It seems to 
approach more closely to coagulated albumen, as Hatchett 
has shown. 

Wool. 	Wool has not yet been subjected to a rigid examination; 
but from the experiments made on it by Berthollet, there 

• Nicholson's Jour. xv. 141. 
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is reason to conclude that its chemical qualities do not dif- Chap. II. 
fer much from those of hair. When growing upon the `""Nr""" 
sheep it is enveloped in a kind of soapy matter, which pro-
tects it from the attack of insects, and which is after-
wards removed by scouring. Vauquelin has examined this 
matter, and found it to consist of the following ingredients : 
1. A soap of potash ; 2. Carbonate of potash ; 3. A little 
acetate of potash ; 4. Lime; 5. A very little niuriate of 
potash; and, 6. An animal matter.' 

2. Feathers seem to possess very nearly the same proper-. Feathers. 
ties with hair. Mr. Hatchett has ascertained that the quill 
is.composed chiefly of coagulated albumen. Though fea-
thers were boiled for a long time in water, Mr. Hatchett 
could observe no traces of gelatin. 

SECT. IX. 

OF ' SILK. 

SILK is the production of different species of caterpillars. Origin. 
The phalena hambyx is most commonly propagated for that 
purpose in Europe ; but the phalena atlas yields a greater 
quantity. A similar substance indeed is yielded by the 
greater number of the tribe of caterpillars. It is found in-
closed in two small bags, from which it it is protruded in 
fine threads to serve the insect for a covering during its 
chrysalis state. The webs of spiders are obviously of the Spiders' 
same nature with silk; though their fibres, at least in this webs. 

country, are finer and weaker. ileaumur and other natu-
ralists ascertained, that the larger species of spiders spun 
cocoons sufficiently strong to be manufactured, and that 
the produce was neither inferior in beauty nor in strength 
to the silk of the silk-worm. Attempts were made in con-
sequence to establish a manufactory of this new kind of silk; 
but it was soon found that the spiders could not be made to 
work in concert. They attacked and devoured each other 
without mercy, till the whole colony was exterminated to a 
single individual.. 

The silkworm is a native of. China, and feeds on the History. 

• Am. de aim, 	207. 
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Book V. leaves of the white mulberry. That industrious nation was 
L-The—)  acquainted with the manufacture of silk from the most re-

mote ages; but it was scarcely known in Europe before the 
of Augustus. Its beauty attracted the attention of the 

luxurious Romans; and after the effeminate reign of Ela-
gabulus, it became a common article of dress. It was 
brought from China at an enormous expence, manufactured 
again by the Phenicians, and sold at Rome for its weight of 
gold. In the reign of Justinian this commerce was inter-
rupted by the conquests of the Scythian tribes, and all at-
tempts to procure it failed, till two Persian monks had the 
address to convey some of the eggs of the insect from China 
to Constantinople, concealed in the hollow of a cane. They 
were hatched and the breed carefully propagated. This 
happened in 555 ; and some years after we find that the 
Greeks understood the art of procuring and manufacturing 
silk as well as the Orientals. Roger, king of Sicily, brought 
the manufacture to that island in 1130, forcibly carrying off 
the weavers from Greece, and settling them in Sicily. From 
that island the art passed into Italy, and thence into France: 
and the revocation of the edict of Nantz established the 
manufactory of silk in Britain. • 

Silk, as spun by the animal, is in the state of fine threads, 
varying in colour from white to reddish-yellow. It is very 
elastic, and has considerable strength, if we consider its 
small diameter. It is covered with a varnish, to which its 

varnish, elasticity is owing. This varnish is soluble in boiling water; 
but alcohol does not act upon it. Hence it has been com-
pared to a gum, though it approaches much nearer to gela-
tin ; since Berthollet has shown that it is precipitated by 
tannin and by muriate of tin. It differs, however,, from 
gelatin in several particulars. Alum throws it down of a 
dirty white, sulphate of copper of a dark brown, and sul-
phate of iron of a brown colour.* When the water is eva-
porated, the varnish is obtained of a black colour, brittle, 
and of a shining fracture. Its weight is nearly one-third of 
the raw silk froin which it was extracted. It may be sepa-
rated froursilk by soap as well as water, and the soap leys 
containing it soon putrify.t Roard has published a set of 
experiments on this matter. It amounts to 23 per cent, of 

• Berthollet.. 
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the silk. It is brittle and hard like resins; when pounded Chap. H. 
its colour is reddish-yellow. It has the taste and odour of "'""v")  
extractive. It does not melt when heated. It dissolves in 
five times its weight of water. The solution has a brown 
colour, but when diluted with water becomes golden-yellow. 
When exposed to the air in that state it becomes greenish, 
is aecomposed, and exhales the odour of putrid animal 
matter. The liquid froths like soap leys. Sulphuric and 
muriatic acids deepen its colour ; nitric acid converts it into 
a fine yellow; sulphurous acid brightens the colour, and 
makes it greenish-yellow. Alcohol scarcely acts upon it. 
Chlorine throws down a copious white precipitate, which 
becomes reddish in the air, is no longer soluble in water, 
but is very soluble in alcohol. Alkalies produce no effect 
upon this substance. Infusion of nutgalls occasions a co-
pious precipitate.* These properties show us that this sub• 
stance is of a peculiar nature. 

Besides the varnish, silk contains another substance, to Resin. 
which it owes its yellow colour. This substance possesses 
the properties of resin. It is yellow, soluble in alcohol and 
in a mixture of alcohol and muriatic acid. Ilaume has 
ascertained, that by this last mixture it may be separated 
completely, and the silk deprived of it assumes a fine white 
colour.t This matter melts at 86°. Its colour is reddish-
brown when in lumps, but greenish-yellow when divided. 
It has a strong smell, owing to a volatile oil which it con-
tains. When exposed to the light it becomes white. It is 
insoluble in water but very soluble in alcohol, in the alka-
line solutions and in soap. t 

Roard has shown that raw silk contains also a portion of 
wax, which is dissolved by boiling alcohol, and by alkaline 
or soapy solutions. It is white and precipitates as the alco- 
hol cools. Silk contains about 7--s-o-th of its weight of wax, 
while the resinous colouring matter amounts to about -1--th 
of its weight. § ' 

The properties of silk itself have been but imperfectly Properties 
examined. It is not acted on by water or alcohol, has no of silk' 
taste, and is but imperfectly combustible ; though fire ra- 
pidly blackens and decomposes it. When distilled, it yields, 

Ann. de Chim. lxv. 59. 
t Roard, ibid. lxv. 61. 

Ibid. xvii. 156. 
() Ibid. 
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Book V. according to Neumann, an uncommonly great proportion 
‘"--v-1  of ammonia. 

The fixed alkalies dissolve it by the assistance of heat; 
and it is not unlikely that they form with it an animal soap. 

It is dissolved likewise by sulphuric and muriatic acids, 
and by nitric acid. By the action of this last acid, Ber-
thollet obtained from silk some oxalic acid, and a fatty mat-
ter which swam on the surface of the solution. By a simi-
lar treatment, Welter obtained tine yellow crystals, very 
combustible, to which he gave the name of yellow brittle 
principle. 

Silk is very little susceptible of putrifaction. Dr. Wilson 
of Falkirk informs us, that a ribbon was found in the church-
yard of that town wrapped round the bone of the arm. It 
was uninjured though it had lain eight years in the earth.* 
We know, at the same time, that when silk is kept in a 
damp place it rots (to use the common language) in a much 
shorter period. 

Spiders' 	Cadet has published a chemical analysis of spiders' webs, 
webs. the result of which, as these substances have a considerable 

analogy to silk, both in their properties and mode of being 
produced, may be mentioned here. He obtained from 
spiders' webs, by treating them with water and alcohol, and 
incineration, the following substances : 1. A brown extract 
soluble in water, and not altered by exposure to the air; 
2. A resinous matter soluble in alcohol, and very deliques-
cent; 3. Alumina; 4.. Sulphate of lime; 5. Carbonate of 
soda; 6. 'Muriate of soda; 7. Carbonate of lime; 8. Iron; , 
9. Silica.f He supposes, however, that some of the fixed 
matters obtained may have originated from accidental im-
purities mixed with the webs examined. 

Having given the preceding account of the solids which 
compose animal bodies, I proceed next to the chyle and the 
fluid which circulates through living bodies, namely blood; 
and, to the various secretions formed from the bloods  either 
in order to answer some important 1 urpose to the animal, 
or to be evacuated as useless, that the blood thus purified 

* Nicholson's Jour, ii. 222. 	f Ibid, xi, 294. 
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may be more proper for answering the ends for which it is Chap. 11. 
destined. Many of these substances have been examined \---v-1  
with more care by chemits than the annual solids. 

SECT. X. 

OF CHYLE. 

THE name chyle is given to a liquid matter formed dur- 
ing the passage of the food along the intestinal canal. It 
is taken up by a set of vessels called lacleals, carried to the 
thoracic duct, from which it passes into the blood vessels and 
is converted into blood. It was occasionally examined and 
described by the physiologists and anatoinists during the 
course of the last century. But it is only a few years since History. 
we became acquainted with its chemical properties. A set 
of experiments on the chyle of the horse was published by 
M. Emmert in 1811.* Vauquelin examined the chyle of 
different horses in 1812,f and during the course of the same 
year a set of experimeny on chyle was published by Mr. 
Brande. t And iu 1815, a comparative examination was 
made by Dr. Marcet, of the chyle of animals that live on 
vegetable, and that of those that live on animal food. 

Chyle when drawn from the thoracic duct, about five Characters. 
hours after the animal has taken food is an opaque liquid of 
a white colour•; without smell, and having a slightly acid 
taste, accompanied by a perceptible sweetness. It restores • 
the blue colour of litmus paper, reddened by acetic acid, in- 
dicating the presence of an alkali. About ten minutes after 
it is drawn from the animal it coagulates into a stiff jelly, 
which in the course of 24 hours gradually separates into two 
parts, producing a firm contracted coagulum surrounded 
by a colourless fluid. 

.1. The coagulum, as appears from the experiments of coagulum. 
Vauquelin, is an intermediate substance, between albumen 
and fibrin. Ile considers it as albumen on its way to as- 
sume the nature of fibrin. It is not so stiff; nor of so 
fibrous a texture as fibrin; it is more easily acted on and 

* Ann. de Chim.lxxx. 81. 	 f Ibid. lxxxi. 113. 
Thil, Trans. 181; p. 91. 

2 
§ Annals of Philosophy, vii. 434. 
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Book v. dissolved by caustic alkalies. In potash and soda it forms 
.--(`) a brown solution while a little ammonia is evolved. Its 

solution in ammonia has a reddish hue. 	 • 
It is insoluble in alcohol and ether; but readily dissolved 

by dilated sulphuric acid. Very dilute nitric acid gra-
dually converts it into adepocire; when the acid is more 
concentrated, the coagulum assumes the appearance of 
gelatin ; and when heat is applied oxalic acid and carbonic 
acid are formed. Muriatic acid does not dissolve it when 
in a concentrated state, but it dissolves it readily when 
diluted with water. Acetic and oxalic acids dissolve a 
small portion of 'it when boiled on it. 

When burnt it leaves a charcoal, which is with difficulty 
incinerated, and which contains common salt, phosphate 
of lime, and gives traces of iron. 

Liquid por- 2. The liquid portion of chyle is coagulated by beat, 
tion. 	alcohol, and acids, and the coagulated portion that falls pos-

sesses the properties of albumen. When hot alcohol is 
employed to produce the coagulation, it dissolves a, little 
matter which is •deposited in white flocks as the alcohol 
cools. Vauquelip found this matter similar to the fatty 
substance which he extracted front brain. 

Sugar. 	S. Mr. Brande,. after separating the albumen by beat, 
evaporated the liquid portion to one half, at a temperature 
not exceeding 200°. On cooling, small crystals separated 
which he considered as of the same nature as sugar of milk. 
They,had the shape of oblique six-sided Prisms, were solu-
ble in four times their weight of boiling water, and in 16 
times their weight of cold . water. They Are insoluble in 
cold alcohol, but sparingly soluble in that liquid at the 
boiling temperature. 

4. Dr. Marcet found the same salts ,in chyle, and in the 
same proportion as in other animal fluids, 

5. The chyle differs so much at different times, that lit-
tie confidence can be put in the distinctions pointed out by 
Dr. Marcet between the chyle of herbivorous and pcarni-
vorous animals. He found the chyle of the former,,inucti 
less white, it contained less solid matter, and yielded less 
albumen. 
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SECT. 	 Chap. 11. 

or• BLOOD. 

Ihoon is a well-known fluid which circulates in the veins Properties 
and arteries of the more perfect animals. It is of a red of blood. 
colour, has a considerable degree of consistency, and an 
unctuous feel, as if it contained a quantity of soap. Its taste 
is slighly saline, and it has a peculiar smell. 

The specific gravity of human blood is, at a medium, 
1.0527.* Mr. Fourcroy found the specific gravity of bul-' 
lock's blood, at the temperature of 600, to be 1'056.t The 
blood .does not uniformly retain the same consistence in 
the same animal, And its consistence in different animals is 
very various. It is easy to see that its specific gravity must 
be equally various. 

No substance has attracted a greater degree of attention 
than the blood. The number of philosophers who have 
devoted their time to develope its nature, and ascertain its 
properties, is immense. It was not, however, till towards 
the middle of the eighteenth century that much progress 
Was made in .its chemical analysis. 	The prussic acid 
formed during its decomposition had been observed; Hales 
had measured the gases exhaled during its distillation; 
Menghini had demonstrated the presence of iron in it; 
and several curious observations had been made upon its 
coagulation. But Rouelle junior was the first chemist who 
published a tolerably precise analysis of it. Since that 
time much additional information has been acquired 'by 
the experiments of Bucquet, Fourcroy, Deyeux, Parmen- 
tier, Brande, Berzelius, &c. 	• 

When blood, after being drawn frOm an animal, is al- Spontane-
lowed to remain for some time at rest, it very soon coagu- ;ZIT' 
lates into a solid mass of the consistence of curdled milk. 
This mass gradually separates into two parts ; 'one of which 
is fluid, and is called serum the other, the coagulum, has 
been called altar, because it alone retains the red colour 

Haller's Physiology, ii. 41. 	t Ann. de Chim. vii. 147. 
t A very full account of every thing that' had been done before that 

time may be found in the second•volume of Haller's Physiology. 
VOL. IV. 	 2 K 
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Book V. which distinguishes,blood. This separation is very similar 
-•••••v•••-i  to the separation of curdled milk into curds and whey. 

The proportion between the cruor and serum of the 
' blood ivaries much in• different animals, and even in,  the 
same animhl in different circumstances rThe most common 
proportion is about one part of cruor • to, three parts of se-•, 
rum4Amittin many cases the cruor exceeds or falls, short of 
this, gbantity ;I ithe limits of the mratios' of these substances to 
each 43theEitippeariyirorn ,a' comparison of the, gonoinsions, 
of itho'st• of 'tliose Who, have (Written Laecuz'atelyron the gul3.-1 
ject,' 	161: L and 1 c,  ;, but, the ,first case Buist,be very!  
rare indeed.* : i r r, 	f ui 	1 1 	1 

The, cause of this spontaneous decompoiition' of blood 
_has not hitherto been 'ascertained. The' coagulation takes 
place equally iteclose 'vessels and in • the open air, 'ivhether 
the blood' be allowed to 'cool, 'or be kept at the temiier4ture 
at which it is when it issues froni the'anunat; neitheiJit..the 
coagulation prevented by 'diluting it )With waterrna'k has 
been sufficiently proved by the experiments Of ilewson, 
Hunter, Deyeux, and Parmeritiei. • 

	

Serum. 	1. Tbeoserum is of a light greenish-yellow colour ; it, 
has the taste, smell, and feel of the blood, but its consist-
ence it libt SO' grdat: Its mean specific gravity it about 
1•02874 It converts syrup of violets to a green, 'and 
therefore contains an, alkali. On ,examination, Rouelle 
found,that oweathis property, to a portion.of soda, t and 
this :has' been fully. confirmed;  by pre,,garcct. § , When 
heated to thee temperature of a56°, II  'the cerurn coagulates, 
as Harvey first discovered.,** Xt coagulates also iyhen boil-
ing water it.mixed Arial 4; , but if serum be mixed with six 
parts-of-cold water, it does •not coagulate by • heat. ft 
When =thus coagulated, it has .a.greyish-white colour, and 
is not .inAike t.49.1  boiled white of an ,egg.0(  ythm- coagu- 
hum be cut into small pieces, a muddy 	

• 
fluid may Ve squeeted 

from it1., which ARsbeen termed the serosity. .Afteir,the se- 

• Haller's Phyiiology,ii. 47. 
I Dr. Pearson considers the alkali in animal fluids as potash, and not 

soda. 
§ Nicholson's Jour. xxxi. 230; xxxiii. 147. 	II Cullen. 	• 
**De Gener. Anim. p. 161. 	tt Fourcroh Ann. de Chim. vii. 157. 
jt Fourcroyl'Ann. de Chim. vii. 156. 
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paration of this fluid, if the residuum be carefully washed Chap. It. 
in boiling water and examined, it will be found to possess ""•"—"" 
all the properties of coagulated albumen, The scrum, Contains 
therefore, contains a considerable proportion of albumen.. albumen'. 
Hence its coagulation by.heat, and the. Other phenomena 
which' albumen' usually.exhibits. r r 	I 	{ If 

The onlyNsther.constituentsin the serum; besides Water,-
are soda, .lactate ofl soda, tnuriate of. soda; muriate of pot4 
ash, and some animal matter,,  the nature L of which has not,  
be'en precisely! determined. The' following table' exhibits 
the Constituents :of 1000 .parts of the Serum Of ',bullocks 
blood according to the analysis of Berzelius : 

) 1.1 I 	rr 	rti-r lc r 	, 	 1 ) --, r 	I 
ater)....4:, •• •• i f:•  • ,• I 	  90k0O 	Constitu- 

A,lput!wn;  . ,..., 1  ..i f ...,t 	
: 1.1 14 Q .1.  1 76.99 	ents. 

	

. • I 	r . 	• 1 
Xsacc4Cit of .soda acid extractlye matter , i. r i  -, 6.175 
111uriiTritpl of soda and potash ., 	• , 	2.565 • .. 	1 f 
§94,and-aniTal matter soh4eionly ini 

water .. • 44 	' 	

,1,52 

 n, ' 	 • • • • • V  r 

	

. 	,. 
	4 j t 

Ws 	 r 	°'• 	' , 4.75 '1  '  

1009.0.f 

:u7151? gilrVet found the-constauents of .sera ni as follows 
,,(1106•I.1 V11. 	ti 	 L, 	 r 

1i. A 	L. and Anns.  of Philosopnyikt. 204.1  L, 

t Anyikisuofirtron ibid. 	„. 1r 	I 	° 

r 	I 

1000.000* 

	

i 	I 	 r 
The serum of human blood he found ,e?mpesed as fol.-, 

lows: 	 n , 

	

lWater.' 	•  I - 	. ' ,I • • • •-• • •4 ;•1 06•1  905.0 
Albumen I 	 80.0 
Muriates Of potash and Tsbda 	 t• 41i 	6 
Lactate of soda with 'anima Matter 	" I 44  

SodallpilloSphate' of Soda •'‘rvith animal matter .. • - 144 
Loss'' 	lit 	11•u 

• .. 	 4..:... 	r 0.9 
IT 

2 
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Water ..   900'0 
Albumen 	  861 
Muriates of potash and soda 	61 
Muco-extractive matter  	4 
Subcarbonate of soda 	1.65 
Sulphate of potash' 	0'35 
Earthy phosphates 	0'60 

    

Cruor con-
tains fibrin. 

Constitu-
mti. 

1000.00* 
The muco-extractive matter was doubtless impure lactate 

of soda. Berzelius is of opinion that the sulphate ,of pot-, 
ash and the earthy phosphates which were found by Dr. 
Marcet in the ashes of serum, were formed during the in-
cineration. For phosphorus, sulphur, and the bases of 
lime and, magnesia exist according to him as constituents 
of albumen. • 
• Gelatin was considered as a constituent of the serum of 

blond, in consequence of the observations of De Haen. 
But Dr. Bostock and Professor Berzelius have shown that 
the opinion of its existence in blood is, not well founded. 

2. The cruor, or clot as it is sometimes called, is of a red 
colour, and possesses considerable consistence. Its mean 
specific gravity is about 1•245.1- If this cruor be washed 
carefully by letting a small jet of water fall upon it, till the 
water runs off colourless, it is partly dissolved, and partly 
remains upon the searce. Thus it is separated into two 
portions: namely, 1. A White, solid, elastic substance, 
which has all the properties of fibrin; 2. The portion held 
in solution by the water,: which consists of the colouring 
matter, not however in a state of purity, for it is impossible 
to separate the cruor completely from the serum... 

Berzelius and Brande have shown that this clot is a com-
pound of fibrin, albumen;  tend colouring matter of blood. 
According to the analysis of Berzelius, it consists of 

Colouring matter 	64 
Fibrin and albumen .... 36  

100 

* Medico-chirurgical Transact. ii. $70. 
t Jurin, Haller's Physiology, ii. 41. 
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When the colouring matter is incinerated, about one-
third of a per cent. of oxide of iron may be extracted from 
its ashes. This portion of iron is a constituent of the co-
louring matter, and perhaps tile cause of .its red colour. 
But in what way it is united to the albuminous portion 
of the colouring matter remains unknown. 'When incine-
rated the colouring matter leaves ,-A-,th of its weight of 
ashes, consisting according to the analysis of Berzelius, of 
the following ingredients: 

Oxide of iron 	  50.0 
Subphosphate of iron 	  7.5 
Phosphate'of lime with traces of magnesia • • • • 6•0 
Pure lime 	  20.0 
Carbonic acid and loss 	  • 16'5 

501 

Chap. H. 

••••••••16. 

100.0 
Berzelius is of opinion that none of these bodies existed 

in the colouring matter ; but merely their bases, iron, phos-
phorus, calcium, &c. &c. that they were formed during 
the incineration. " 	* • 

The albumen of blood leaves the same quAntity of ashes 
as the colouring matter. But these ashes contain no traces 
of iron. 

The cause of the change 'of colour which blood under-
goes when exposed to oxygen gas' or common air, is still 
inexplicable. 

M. Vogel has shown that when blood is placed in the 
vacuum of an air pump, a considerable quantity of car- 
bonic acid gas separates from it.* 	• 

Dr. Gordon has rendered it probable, that during the 
coagulation of blood a little heat is evolved.t 	• 

It wotild ,be of great 'consequence to compare together 
the blood of different animals, and of die same animal at 
different ages, and to ascertain in what particulars they 
differ from each other. This would .probably throw light 
on some of the obscurest par.ts of the animal economy. 
Very little progress has hitherto been made in these re-
searches. if we except the labours of Rouelle, who ob-
tained nearly the same ingredients, though in different pro- 

. Ann. do Chia). xciii..71. 	t Annals of Philosophy, iv. 139, 

   
  



302 	 PARTS OF ANIMALS. • 

Book V. portions,, from the blood ói a great variety of animals, the 
experiments of Fourcroy on the blood of the human foetus 
are almost the only ones of that kind with Which *e are . 
acquainted. 

Blood of 	He found that it differs from the blood of the adult in 
the fetus. three things : 1. Its colouring matter is darker, and seems 

to be more abundant; 2. It contains no fibrin, but pro-
bably a greater proportion of gelatin than blood of adults; 
3. It contains no phosphoric acid.* 

The examination of diseased blood, too, would be of 
great consequence; because the difference of its properties 
from the blood of people in health might throw much light 
on the nature of the disease. 

Deyeux and Parmentier, to whom we are indebted for 
an excellent analysis of blood, examined that liqUid drawn 
from patients• labouring under different diseases; .but the 
result of their examination was not so satisfactory as-might 
have been expected. 	 I 

Diseased 	1. It has' been long known, that blood dravvti' from a 
blood. 	person labouring under inflannuatipu is soon covered with 

a white crust, .which is distinguished by physicians by the 
name of 'the bah coat, and which characterises blood 
during inflammation. Deyeux and Parmentier ascertained 
that this buffy coat consists of the fibrin. The cruor, de, 
prived of •this substance, is nitich softer than usual, and 
almost totally soluble in water. The albumen of the serum 
is also 'altered, for it does not coagulate as usual when 
heated,. but it becomes milky'when mixed with hot Water. 

2. The blood drawn from several patients laboUring 
under sea,  sturvy afforded scarcely' imy remarkable proper-
ties to these chemists, except a peculiar smell, 'and an, al+ 
bumen which was not so easily coagulated as nSufd. • . f 

3. The blooc`i drawn from patients'afflicted with,  a imtrid 
fever 'was also examined by these chemists.J ,- ,  Sometimes it 
exhibited the inflammatory crust, but frequently dredid not 
appear to differ from healthy blood.t o f 	II in 1,l  4 ) 

4. DuringAluit disease.which is knownliby-!the fliametOf 
diabetes, iru .*.orhich the urine is excessive iniOaniityp and 
contains sugars the serum of blood often,. as appears 'from 

• foarcroy, 4an, de Chini:vii t  ioq. - t JoUr, de Phys, xliv. 454.  
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the experiments of pr. Dobson and Pr. Rollo, assumes the Chap. it. 
appearance of whey : Dr. Wollaston, has sho*n that it 
contains no perceptible quantity .of sugar, even when the 
urine is loaded with it. 

SECT. XII. 

OF MILK. 

MILK is a fluid secreted by the female of all those animals 
denominated mammalia, and intended evidently for the 
nourishment of her offspring.. 

The milk of every animal has certain peculiarities which 
distinguish, it from every other milk. But the animal whose' 
milk is most, made use of by man as an article of food, and 
with which, consequently, we are best acquainted, is the 
cows Chemists, therefore, have made choice of cow's milk 
for their cxperiments. I shall, at first, confine myself to 
the properties and analysis of cow's milk, and afterwards 
point out in what respect the milk of other animals differs 
from it, as far at least as these differences have hitherto been 
ascertained.  

Milk is au opaque fluid, of a whitish colour, a slight Properties 
peculiar smell, and a pleasant sweetish taste. When of milk.  
newly drawn from the cow, it has a taste very different from 
that which it acquires after it has been kept for some hours. 
It reddens vegetable blues. 

Its ,boiling .and, freezing points are nearly the same as 
those of, water ; but they vary a few degrees in different 
milks.* Milk is specifically heavier than water, and lighter 
than, 1?lootli but the precise degree cannot be ascertained, 
because almost .every particular milk has a specific gravity 
peculiar to itself. • 

When milk is allowed to remain for some time at rest, Spontane- 
theretcolletsv on its surface a thick imetuous i yellowish- thus.d.mm- posmon. 
looloured,subtance$  known,by the name ofcroamv 
r i - After , the cream is separated)  the milk which remainsis 

c•pr. de Phis, 
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Book v. much thinner than before, and it has a bluish-white colour. 
\---v—d  If it be heated to the temperature of locr, and a little ren-

net, which is water digested with the inner coat of a calf's 
stomach and preserved with salt, be poured into it, coagu-
lation ensues; and if the coagulum be broken, the milk 
very soon separates into two substances; a solid white part, 
known by the name of curd, and a fluid part called whey. 
Thus we see that milk may be easily separated into three 
parts; namely, cream, curd, and whey. 

Cream. 	1. Cream is of a. yellow colour, and its consistence in-
creases gradually by exposure to the atmosphere, In three 
or four days it becomes so thick that the vessel which con-
tains it may be inverted without risking any lo s. In eight 
or ten clays more, its surface is covered over with mucors 
and byssi, and it has no longer the flavour of cream, but of 
very fat cheese.* This is the process for making what in 
this country is called a cream cheese. 
• Cream possesses many of the properties of an oil. ' It is 

specifically lighter than water ; it has an unctuous feel, 
stains clothes precisely in the manner of oil ; and if it be 
kept fluid, it Contracts at last a taste which is very analogous 
to the rancidity of oils4 When kept boiling for some 
time, a little oil makes its appearance, and floats upon its 
surface.t Cream is neither soluble in alcohol nor oils.§ 
These properties are sufficient to show us that it contains a 
quantity of oil; but this oil is combined with a part of the 
curd, and mixed with some cerum. Cream, then, is corn. 

Converted posed of.a peculiar oil, curd, and cerum. ' The oil may be 
into butter. easily obtained separate by agitating the cream for a consi-. 

derable time. This process, known to every body, is called. 
churning. After a certain time, the cream separates into 
two portions : one fluid, and resembling creamed milk; the 
the solid; and called butter. 	 • 

Butter is of .a yellow colour, possesses the properties of 
an oil, and mixes readily with other oily bodies. When.  
-heated to the temperature of 96° it melts, and becomes 
transparent; if it be kept for some time melted, some curd, 
water, or whey, separate from it, and it assumes exactly 

* Parmentier and Deyeux, Jour. de Phys. xxxviii. 372, 
Ibid. p. 375. 	. 	t Ibid. p. 374. 
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the appearance of °R.*. But this process deprives it in a Chap.
y...., 

 II. 
great measure of its peculiar flavour. 

When butter is kept for a certain time, it becomes 
rancid, owing in a good measure to the presence of these 
foreign ingredients; for if butter be well washed, and a 
great portion of these matters separated, it does not become 
rancid nearly so soon as when it is not treated in this man- 
ner. It was formerly supposed that this rancidity was 
owing to the developement of a peculiar acid; but Parmen-
ticr and Deyeux have shown that no acid is present in 
rancid buttcr.t When butter is distilled, there comes over 
water, an acid, and an oil, at first fluid, but afterwards 
concrete. The carbonaceous residuum is but small. 

Butter may be obtained by agitating cream newly taken Nature of 
from milk, or even by agitating milk newly drawn from =5, 
the cow. But it is usual to allow cream to remain for some 
time before it is churned. Now cream, by standing, ac- 
quires a sour taste ; butter, therefore, is commonly made 
from sour crowd. Fresh cream requires at least four times 
as much churning before it yields its butter as sour cream 
does; consequently cream acquires, by being kept for 
some time, new properties, in consequence of which it is 
more easily converted into butter. When very sour cream 
is churned, every one who has paid the smallest attention 
must have perceived, that the butter-milk, after the churn- 
ing, is not nearly so sour as the cream had been. The 
butter, in all cases, is perfectly sweet ; consequently the 
acid which had been evolved, has in a great measure dis- 
appeared during the progress of churning. It has been 
ascertained that cream may be churned, and butter ob- 
tained, though the contact of atmospheric air be excluded.§ 
On the °trier hand, it has been affirmed, that when cream 
is churned in contact with air it absorbs a considerable 
quantity of it.t 

In,many cases there is a considerable extrication of gas 
(hieing the churning of btitter. .From the.  phenomena, it 
can scarcely be doubted that this gas is carbonic acid. Dr. 

* FourcrOy, Ann. de Chin. vii. 170. 	+ Ibid. p. 375. 
ibid. p. 169. 	• 

§ Young, de Lacte, 15 ; and Thenard, Nicholson's Jour. xii. 518. 
Mid-Lothian Report for 170. 
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Young affirms, that during the churning there is an increase 
of temperature amounting to four degrees. 

The affinity of the oil of cream for the other ingredients 
is such, that it never separates completely from them. Not 
only is curd and whey always found in the cream, but some 
of this oil is constantly found in creamed milk and even in 
whey: for it has been ascertained, by actual experiment, 
that butter may be obtained by churning whey. Twenty-
seven Scotch pints of whey yield at an average about a 
pound .of butter.* This accounts for a fact well known to 
those who superintend dairies, that a good deal more butter 
may be obtained from the same quantity of milk, provided 
it be churned as drawn from the cow, than when the cream 
alone is collected and churned. 

The butter-milk, as Parmentier and Deyeux ascertained 
by experiment, possesses precisely the properties of milk 
deprived of cream.t 

Cream, of the specific gravity 1.02111  was analysed by 
Berzelius, who found it composed of 

Butter 	 4.5  
Cheese 	 3.5 
Whey 	 929 

1009 

Properties 
of curd. 

2. Curd, which may be separated from creamed milk by 
rennet, has many of the properties of coagulated albumen. 
It is white and solid; and when all the moisture is squeezed 
out, it has a good deal of brittleness. It is precipitated by 
acids, and the precipitate consists of the curd combined 
with the acid employed to precipitate it. If we digest this 
precipitate over carbonate of lime, or barytes and water, 
the acid combines with the earth and remains undisolved 
(supposing it sulphuric acid), while the curd dissolves in 
the water. The aqueous solution of curd, thus obtained, 
is yellowish, and resembles a *solution of gum. When 
evaporgted to dryness, it leaves a yellow mass which ,easily 
redissolves in water. When the,solutiOn is boiled''fini  an . 	 I. 	I 	: 	 1 	 • open' vessel, it becomes covered with a white pelhele, 
cisely as milk does, and acquires the smell of bolted 'milk. 

i 0  • 	 r-~ 	' 
* Mid-Lothian Report for 1795. 	fi Jour. de Phys. xxxviii, 379. 
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Chap. II. The membrane is almost insoluble in water, and appears 
to be a product by the action of air on the dissolved cheese. 

With the mineral acids curd forms the same compounds 
as albumen and fibrin do. But the neutral compounds are 
less soluble. A great excess of acetic acid is required to 
dissolve curd ; and the neutral compound of curd and this 
acid 'appear to be insoluble. The alkalies easily dissolve 
curd. The constituents of curd, according to the analysis 
of Gay-Lussac and Thenard, are as follows : 

Carbon 	 59'781 
Oxygen 	 11'409 
Hydrogen , 	 7'429 
Azote 	 21'381 

Composi-
tion. 

100.000* 
As we are ignorant of the equivalent 'Amber for'curd, 

we are unable, from the preceding analysis, to determine 
the constitution of that substance. But the smallest 
number of atoms which accords with the analysis, is the 
ullowing : 

7 atoms carbon 	 = 60'87  .5.25 	 
1 atom oxygen 	.... = 1'00 . t 11'60 

' 	5 atoms hydrogen .. = 0'625 	 7.21 
1 atom azote 	 = 1'75 	 20'29 

8'625. 100'00 
,If we double the number of atoms, it will be in our power 

to compare curd with gelatin, albumen, and fibrin. On 
that supposition its composition will be 

11 atoms carbon 	 • = 10'5 
2 atoms oxygen 	 = 2.0 

4.0 atoms hydrogen .... = P25 
1 

2 atoms azote 	 = 3.5 

17.25 
thi cimin )OSiiiOrt aiipro'acAle nearest to 	of gelatin, 

	

II • 	i ' 	if 	1,7 troni'w, li'01 'it differg by .the absene of41 jaioms water and 1 J ,,' 11 1 !4 Tr fl , 	/ 	" 	I'l i• l I 	) i 1'1. 	 . 1, - 

. Ili 1 	t 	01 i 4 ) 1 	l I 	11' 
atom carbon. , 

• Recherches Physico-cliimiques, ii. 334. 
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Bunk V. 

Of cheese. 

Coagula. 
tion of 
milk. 

• Curd, as is.well known, is used in making cheese; and 
the cheese is the better the more it contains of cream, or of 
that oily matter which constitutes cream. It is well known 
to cheesemakers, that the goodness of it depends in a great 
measure on the manner of separating the whey from the 
curd. If the milk be much heated, the coagulum broken 
in pieces, and the whey forcibly separated, as is the prac-
tice in many parts of Scotland, the cheese is scarcely good 
for any thingi but the whey is delicious, especially the last 
squeezed out whey, and butter may be obtained from it in 
considerable quantity :—a full proof that nearly the whole 
creamy part of the milk has been separated with the whey. 
Whereas if the milk be not too much heated (about 100' 
is sufficient), if the coagulum be allowed to remain un-
broken, and the whey be separated by very slow and 
gentle pressure, the cheese is excellent; but the whey is 
almost transparent, and nearly colourless.'* 

Good cheese melts at a moderate beat; but I;ma 
when heated, dries, curls, and exhibits all the phen)menii. 
of burning horn. From this it is evident, that good cheese 
contains a quantity of the peculiar oil which constitutes the 
distinguishing characteristic of cream ; hence its flavour 
and smell. Proust has found in cheese an acid which he calls 
the caseic acid, to which he ascribes several of the peculiar 
properties of cheese.t 	 • 

This resemblance of curd and albumen makes it[ probable 
that the coagulation of milk and of albumen depend upon 
the same cause. Heat, indeed, does not coagulate milk, 
because the curd in it is diluted with too large a quantity'of 
water; but if milk be boiled in contact with air, a pellicle 
soon forms on its surface, .which has the properties of curd. 
If this pellicle be removed, another succeeds; ,and by con-
tinuing the boiling, the whole of the curdy matter may be 
separated from milk./ When this pellicle is allowed to 
remain, it falls at last to the bottom of the vessek 
being exposed . to .a greater heat, it becoMes brown, and 
communicates to milk that disagreeable taste which, in this 

Parrnentier and Deyeilx, Jour. de Phys. xxxviii. 41'7. .rourcrob 
ibid. p. 173. 	 fi :roof% de Phy4.*hiy. 167. 

Parmentier,, Jour. de Phys. xxxviii.415. 
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country, is called a singed taste. It happens more readily Chap. 
when milk is boiled along with rice, flour, &c. 

If to boiling milk there be added as much of any neu- 
tral, salt as it is capable of dissolving, or of sugar, or of 
gum arable, the milk coagulates, and the curd separates.* 
Alcohol also coagulates milk ; t as do all acids, rennet, and 
the infusion of the flowers of artichoke and of the thistle. t 
If milk be diluted with ten times its weight of water, it 
cannot be made to coagulate at all.§ From the experi- 
ments of Bouillon La Grange- it appears that the acid or 
salt employed to coagulate milk combines with the curd.II 

3. 'Whey, after being filtered, to separate a quantity of Whey_ 
curd which still continues to float through it, is a thin pel- 
lucid fluid, of a yellowish-green colour and pleasant sweet- 
ish taste, in which the flavour of milk may be distin- 
guished. It always contains some curd; but nearly the 
whole may be separated by keeping the whey for some time 
boffin ; a thick white scum gathers on the surface, which 
in Sc tlinid is known by the name of float whey. When 
this s m, which consists of the curdy - part, is carefully 
separated, the whey, after being allowed to remain at rest 
for some hours, to give the remainder of the curd time to 
precipitate, is decanted off almost as colourless as water, 
and scarcely any of the peculiar taste of milk can be dis- 
tinguished in it. If it be now slOwly evaporated, it depo- Contains 
sits at last a number of white-coloured crystals, which are sugar of

milk, sugar of milk. Toward the end of the evaporation, some 
crystals of muriate of potash and of muriate of soda make 
their appearance,** According to Scheele, it contains also Salts. 

'a little phosphate of lime,tt which may be precipitated by 
ammonia. 

The recent experiments of Fourcroy and Vauquelin, 
Thenard, Bouillon La Grange, and Berzclius, have added 
considerably to our knowledge of the constituents of whey. 
It always reddens vegetable blues, containing a portion of 
lactic acid. It contains likewise some phosphate of mag-
nesia and phosphate of iron, as Fourcroy and Vauquclin 

Scheele, ii. 52. 	t Pannentier, Jour. 
Pannentier, Jonr, de Phys. xxxviii. 416. 

II Nicholson's Jour. x. 143. 
" Pannentier, Jour. de Phys. xxxviii. 417. 

de Phys. xxxviii. 416. 
§ Scheele, ii. 54. 

fit Scheele, ii. 61. 
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Book v. have discovered.* Sulphate of potash, likewise, and a 
""--‘,--) peculiar extractive tnatter, have been separated from it. 

From. the analysis of Berzelius we learn 'that 100 parts 
of milk deprived of its cream is composed of the' following 
ingredients -:. 	• 

Water pr•• 	 ?If .,(1" P24:,75 
Curd with a little cream , 	, 	,8•00 
Sugar of milk., 	4pr • WAPIDO, 
Muriate of potash . 	 ► o  1.7CI 
PhOsphate of potash • • • • 	 ,,t , Q*24 • 
Lactic acid, acetate of potash,omll I f .14.06 ?‘ 

	

a trace of lactate of iron 	, , t,; i 
1arthy phosphates. 	, , • .,.... . 0',40,11  

ir) u0.00 
..1, 	 . 

Milk ca- 	Milk is one of the few animaLsubstanetse whicli'maY ter 
pable of the made to undergo the vinous fermentation, and to *fc:n31,  vinous fe 
mentation. liquor resembling wine or beer, from whiaii bleohee.  )3tiday 

be separated by distillation. ,This ,singular 'fact si eMst td 
have been first discovered by the Tartar ;rtheY obtainiall 
their spirituous liquors from mare's .milk; It hai 
ascertained that, milk is 'incapable of being)conVerteVintui 
wine till it has become sour; akrithis) nothing' is necesfr 
sary but to place it in the proper temperaturecifttlie &modal 
tation begins of its own. accord, 'and icontinueiltal,  the itr-
rnation of wine be completed.$ Scheel&had obser-vid tlatt• 
milk wits capable,of ferMenting, Auld that a &oaf illuantityT 
of carbonic acid gas' was extricated from it duriiigi this fer-1 
mentation4 But he, did not suspect thit thd-resultPof 
fermentation was the formation of an iptoideatifig liquor 
similar to wine. The Tartars call the vinoud 	which 
they prepare kozemis$. , An account of its proParittion[and 
medical iuses has been published i .byt 	t Guthrie. §,! f1w 
Orkney and Shetland also, as I have been.informed,ihrSir 
John Sinclair, it is prepared nearly in a similltrinyoi en 

Distillation , When milk is, distilled by ,  the heat of g water4I4thpih4rd 
of milk, comes over, iwatehrl halving the pecilliabiOdourbof 

• Gallen, Air. de Claim. la 272. Nauquelin) Gehien's  Joursiiil 466. 

	

Parmentier„Tpur. de Phys. xxxviiiw 	 ik 06. 
g Edin. Trans. vol. ii. 

6 
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which petrifies, and consequently contains, besides mere Chap. 
water, some of the other constituent parts of milk. • After 
some time the milk coagulates,* as always happens when 
hot albumen acquires a certain degree of concentration. 
There remains behind a thick unctuous yellowish-white 
substance, to which Hoffman gave the name offranchipann. 
This.substance, when the fire is increased, yields at first a 
transparent liquid, which becomes gradually more coloured; 
some very 'fluid oil •comes over, then ammonia, an acid, 
and at last a very thick black oil. Towards the end. of the 
process 6rbureted hydrogen gas is disengaged.t There 
remains in the retort a coal, .which contains carbonate of 
potash, muriate of potash, and phosphate of lime, and some-
times magnesia, iron, and muriate of soda.$ 

The 	of tall other animals, as far as it has hitherto 
been examined, consists nearly of the same ingredients as 
cow's milk tfbut thert is ai -very great difference in their 
propo Lion. f 

Wo ilin'filmilk has a much sweeter taste .than cow's ICI. wornan's 
When flowed to remain at rest for a sufficient time, a Cream 'nal" 
gathers on its surface. This cream is more abundant than 
in• cow's milt, and its colour is usually much whiter. After 
it is separated, the milk is exceedingly thin, and has the 
appearance rather of whey, with a bluish-white colour; than 
oCicreamed, milk; ,j 	 • 

iNone of ithe methods by which cow's milk is coagulated 
sucteed in, produding,  the coagulation. of Woman's Milk.§ 
It is cePtain, however; that tit Contains curd ; for if it be 
boiled, pellicles form on its surface, which have all the pro-
perties of curd.11 J Its not coagulating, therefore, must be,  
attributed; to the great quantity of water with which the 
Orals diluted.1 
faliotigh the cream be churned ever so long, DO butter 
can he obtained from 	but if,i  after being agitated for 
some hOursiaitf be allowed to remain at rest 'for, ' a clay or 
two, it .separates into two parts.; a fluid which occupies t14 
inferioFE, part Of, the vessel, Velhicid: and colourless like 
Otto, andl ,Thick ivhite inictnotir quid, -Which Swim§ 'du 

,j(!. Bouquet. 	[If 	Partneitier, Your. de Phys. txxvii. 368. 
4, Menu Med. Par. 1787, p. 607.— j 'Clarke, Irish Trans. ii. 175. 
V Panuentier, Jour. de Phys. xxxviii. 419. ' 
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Book V. the surface. The lowermost fluid contains sugar of milk 
and some curd;, the uppermost does not differ from cream 
except in consistence. The oily part of the cream; then, 
cannot be separated by agitation from the curd. * This 
cream contains a greater portion of curd than the cream of 
cow's milk. 

When this milk, after the curd is separated from it, is 
slowly evaporated, it yields crystals of sugat of milk and 
of muriaie of soda. The quantity of sugar is rather greater 
than in cow's milk. According to Haller, the sugar ob-
tained from cow's milk is to that obtained from an equal 
quantity of woman's milk as 35 : 58, and sometimes as 
37 : 67, and in all the intermediate ratios. 

Its pecu- 	Thus it appears that woman's milk differs from that of 
liaritics. cows in three particulars : 

1. It contains a much smaller quantity of curd. 
2. Its oil is so intimately combined with its curd that ic 

does not yield butter. 	• 
3 It. contains rather more sugar of milk. 
Parmentier and Deyeux ascertained that the gill utity of 

curd in woman's milk increases in propm don to z he time 
after delivery.f Nearly the same thing las L 2en ob,crvcd 
with respect to cows' milk. 

Ass's milk. 	Ass's milk has a very strong resemblance,  to human milk : 
It has nearly the same colour, smell, and consistence.. 
When left at rest for a sufficient time, a cream forms upon 
its surface, but by no means in such abundance gas in 
woman's milk. This cream, by very long agitation, yields 
a butter, which is always soft, white, and tasteless; and, 
what is singular, very readily mixes again with the butter-
milk; but it may be again separated by agitation, while the 
vessel, which contains it, is plunged in cold water. 
Creamed ass's milk is thin, and has an agreeable sweetish 
taste. Alcohol and acids separate front it 'a little curd, 
which has but a small degree of consistence. The serum 
yields sugar of milk and muriate of lime.§ 

Ass's milk therefore differs from cow's milk in three par!. 
ticulars: 

1. Its cream is less abundant and more insipid. 

* Parmentier, Jour. de Phys. xxxviii, 419. 
T Ibid. p. 422. 

5 

t Ibid. 
§ Ibid. p, 40. 

   
  



.EGGS. 511; 
2. It contains less curd. 	 Chap. 11. 
3. It contains more sugar of milk : the proportion is \—N.,/ 

35 : 80. 
Goat's milk, if' we except its consistence, which is greater, Goat's 

does not dilfer much from cow's milk. Like that milk, it milk. 
throws up abundance of cretin, from which butter is easily 
bbtained. The creamed milk coagulates just as cow's milk, 
and yields a greater quantity of curd. Its whey contains 
sugar of milk, muriate of lime, and muriate of soda.'  

Ewe's milk resembles almost precisely that of the cow. Ewe's milk. 
Its cream is rather more abundant, and yields a butter 
which never acquires the consistence of butter from cow's 
milk. Its curd.has a fat and viscid appearance, and is not 
without difficulty made to assume the consistence of the 
curd of cow's milk. It makes excellent cheese.1- 

1\lare's milk is thinner than that of the cow, but scarcely place's 
so thin as human milk. Its cream cannot be converted milk. 
into nutter by agitation. The creamed milk coagulates 
preci 4y as cow's milk, but the curd is not so abundant. 
The si -urn contains sugar of milk, sulphate of lime, and 
muriate of ,kme.$ 

1 

SECT. XIII. 

or EGGS. 

THE eggs of fowls consist of four distinct parts ; 11811w1Y, 1. The  
the shell, a thin membrane that lines the shell ; and two shell:  
liquids, the white and the yolk, which fill the whole inter-
nal cavity of the egg. 

1. The shell, as is well known, consists chiefly of car-
bonate of lime cemented together by an animal matter. 
But Vauquelin has shown that it contains likewise mag-
nesia, probably in the state of carbonate, phosphate of 
lime, and a notable quantity of oxide of iron. The animal 
matter which acts as a cement to the calcareous salt con-
tains sulphur as a constituent; fur when the shell is calcined, 

* Parmentier, Jour. de Phys. xxxviii. 425. 
p. 428. 	t 	p. 48 

YOL. IV. 	 9 L 
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Book V. and then dissolved in an acid,. the odour of sulpbureted 
—̀\(-1  hydrogen gas is perceptible. This odour is mixed with 

that of hydrocyanic acid, which is also formed during the 
calcination of egg-shell.* 

a. The 	2. The thin membrane which lines the inside of the shell 
membrane' of the egg possesses the characters of albumen. Like that 

substance it dissolves in caustic potash, and is precipitated 
by acids in white flakes.-(• 

3. The white is a glary insipid liquid, often used as a 
kind of varnish, and to clarify turbid liquors. For the 
most accurate experiments on the composition of this liquid 
we are indebted to Dr. Bostock. It had been considered 
as almost pure albumen, but he has shown that it is of a 
more compound nature. When heated it coagulates; but 
a small portion remains liquid, which, wben evaporated to 
dryness, leaves a residue possessing the properties of mucus. 
From the experiments of Bostock, it follows that white of 
egg is composed of 

Water ... 	 809 
. 	Albumen 	 15.5 

Mucus 	 4'5 

S. The 
white. 

4. The 
yolk. 

Contains 
oil, 

Albumen, 

1009 I 
Besides some traces of soda, of suiphurcted hydrogen gas, 
and.of benzoic acid. 

4. The yolk has a mild oily taste; when boiled, it be-
comes solid, and easily separates into small particles. If 
it be now heated for some time in a pan, it softens; and 
when squeezed between the fingers, drops of oil exude. If 
put into linen in this state and pressed, an oil may be 
fOrced out. This oil is of a yellow colour and insipid, 
unless too much heat has been employed in preparing it. 
Its properties are those of fixed oil, or rather of semifluid 
fat. Chandelier obtained this oil without the assistance of 
heat. § 

The residue, after the separation of the oil, possesses the . 
properties of albumen, though it is still a little colouredby 
the remains of the oil. Hence, when washed with water, 

Ann. de Chim. lxxxi. 304. 	t Vauquelin. Ibid. p.309. 
/ Nicholson's Jour. xi. 246; and 	142. 

Jour. de :Med. xvi. 43. 
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a kind of emulsion is obtained. It is owing to the presence Chapat. 
of albumen that the yolk hardens when heated. 

Thus it appears that the yolk consists of three constitu- 
ents : 

1. Water. 
:2. Oil. 
3. .1 

The knowledge of its component parts enables us, with-
out difficulty, to explain the changes produced upon the 
yolk by the action of different reagents. 

Mr. Hatchett 'bond that when yolk is boiled with potash,  Action of 
it forms a pale oljve-coloured concrete animal soap, which, Potash. 
when dissolved in water, and saturated with muriatic acid, 
is thrown down in the state of fat. 'When burnt the yolk 
leaves a small residuum of phosphate of lime and phos- 
phate of soda.* 

\ hen agitated with water, the yolk forms a white emul- 
sion 'ke milk. The principal use of the yolk is to serve 
for fo ,1 to the chicken before it bursts the shell. 

SECT. XIV. 

OF SALIVA. 

THE fluid secreted in the mouth, which flows in consi-
derable quantity during a repast, is known by the name of 
saliva. All the properties of this liquor which had been History. 
observed by philosophers before the middle of the 18th 
century have been collected by Haller: t but since that 
time several additional filets have been related by Foureroy, 
Du Tennetar, and Bruguatelli; and a very numerous set of 
experiments have been published by Mr. Siebold in 1797, 
in his Treatise on the Salivary System. Berzelins has sub-
jected saliva, as well as the other secretions, to an accurate 
analysis.$ 

Saliva is a limpid fluid like water; but much more viscid: Properties. 
'it has neither smell nor taste. Its specific gravity, accord- 

11. Hatchett, Phil. Trans. 1800. 	t Hatier's Physiology, vol. vi. 
T Annals of Philosophy, ii. 310. 

2L:  
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Book V. ing to Hamberger, is 1.0167 ; * according to Siebold, 
1•080. I found it 1.0038. When agitated, it froths like 
all other adhesive liquids ; indeed it is usually mixed with 
air, and has the appearance of froth. 

It neither mixes readily with water nor oil ; f but by tri-
turation in a mortar it may be k;o mixed with water as tc 
pass through a Mica-4 It is said to have an affinity for 
oxygen, to absorb it readily from the air, and to give 

Absorbs it out again to other bodies.§ Hence the reason why gold 
oxygen. 	or silver, triturated with saliva in a mortar, is oxidized, as 

Du Tennetar has observed; and why the killing of mer-
cury by oils is much facilitated by spitting into the mix-
ture.H hence also, in all probability, the reason that 
saliva is a useful application to sores of the skin. Dogs, 
and several other animals, have constantly recourse to this 
remedy, and with much advantage. 

Analysis. 	When mixed with water, a few flakes of mucus p •eci-
pitatc. From the experiments of Dr. Bostock, we learn 
that this 1111.1C113 is not in a state of solution. It is sti 'rated 
by the filter, and subsides of its own accord ‘vh,  the li-
quid is diluted with water. In his analpis, .hiq matter 
amounted to 04 of the solid matter contained in the saliva 
examined." 

When saliva is evaporakcd, it swells exceedingly, and 
leaves behind it a thin brown-coloured crust: but if the 
evaporation be conducted. slowly, small cubic crystals of 
muriate of soda pare formed. The viscidity of saliva,' The 
property which it has of absorbing oxygen, and of being 
inspissated, announce the presence of a peculiar matter as 
a component part. This is confirmed by the effect of 
acetate of lead, which produces a copious precipitate in 
saliva. 1)r. Bostock considers this matter as constituting 
about 4. of the solid contents of saliva.ft 

When saliva is distilled in a retort, it froths very much: 

* Haller's Physiology, vol. vi. 52. 	f Nurcessus, ibid. p. 39.
Forilice On Digest. p. 51. 

§ Pourcr4y, Ann. de China. xxviii. 262. 
Fouicroy, ibid.—Dr. Saunders abcertained long ago, that mercury-

soon disappears when triturated u ith saliva. Ile found the mucus of the 
throat still more ellieacious, and the mucilage of gum arabic the most 
efficacious of all. 

** Nicholson's Jour. xiv. 	 f 	 149. 
5 
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100 parts yield 80 parts of water nearly pure, then a little Chap. II. 
carbonate of ammonia, some oil, and an acid, which per- \a-NE—)  
haps is the prussic. The residuum amounts to about 1'56.  
part, and is composed of muriate of soda, phosphate of 
soda and phosphate of lime.* 

The acids and alcohol inspissate saliva; the alkalies dis- 
' tlikage ammonia; oxalic acid precipitates lime; and the 

nitrates of lead, mercury, and silver, precipitate phospho- 
ric anti muriatic acids. 

The constituents of Saliva according to the analysis of 
Berzelius are as follows : 

Water 	  992'9 
Peculiar animal matter 	  2'0 
Mucus 	  

	

 	 P4 
Alkaline muriates. 	  1.7 
Lactate of soda and animal matter 	 09 
Pure soda 	  0'2 

1000.01- 
The rculiar animal matter possesses the characters of 

mucus as g ven in the last Chapter of this Work. It is so-
luble in wat r,.' insoluble in alcohol, and precipitated by 

1\ 
subacetate of lead. 

The substance to which Bantus has thought proper to 
apply the term mttettv is in white flakes, and has very.much 
the appearance of coagulated albumen. It has been de-
nominated albumen both by Dr. Bostock and inyself. It 
is quite insoluble in water. It becomes transparent and 
horny in acetic, muriatic, and sulphuric acids, but does not 
dissolve in them. It dissolves in caustic potash, and is 
again separated by acids. It is easily incinerated, and the 
ashes contain a considerable portion of phosphate of lime, 
though none of that salt can be detected in it before inci- 
neration. 	'  

It is this peculiar substance which adheres to the teeth, 
and gives origin to the tartar with which they are often 
encrusted. This tartar according to the analysis of Ben-
plius is composed of 

0 Vorbeyen, Textor, Nuck, &c. as quoted by Haller, Physiol. vi. 
55, Fourcroy, 4. 365. 

t Annals of Philosophy, ii. 319. 
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Book V. Earthy phosphates   79'0 
Undecontposed mucus 	  12'5 
Peculiar salivary matter 	  1.0 
Animal matter soluble in muriatic acid 	 7'5 

   

S•tlita of 
the horse. 

1009 * 
Such are the properties of human saliva. The saliva of 

the hohe was analysed by liapel Delachenier in 1780. He 
collected 12 ounces of it in the space of 24. hours by punc-
turing the salivary duct. Its colour was greenish-yellow; 
its feel soapy ; it had a weak disagreeable smell and a saline 
taste. Boiling water and alcohol coagulated it in part ; as 
(lid the acids. When sulphuric acid was used, sulphate of 
soda was obtained. It putrificd in about 11 days; and 
islien allowed to evaporate spontaneously,. it left a blue 
residuum like earth. When distilled, it yiel(101 au in,ipid 
watery liquid, crystals of carbonate of ammonia, a tAick 
black empyreumatic oil, carbureted hydrogen, and bo-
ttle acid ; and a charcoal remained. 

It is rather surprising that no experintents hr• been 
hitherto made on the saliva of dogs; though di ; 1 rupl 
bia has been usually ascribed to the infusion of the saliNa of 
that animal rendered morbid by disease.t 

The pancreatic juice has never been examined with much 
attention; but it does not appear, from the experiments 
that have been made, to differ much from saliva. 

SECT. XV. 
OF BILE. 

ilistory. 

BILE is a liquid of a yellowish-green colour, an unctuous 
feel, bitter taste, and peculiar smell, which is secreted by 
the liver ; and in most animals considerable quantities of it 
are usually found collected in the gall bladder. 

Great attention has been paid to this liquid by physi-
cians; because the ancients were accustomed to ascribe a 
very great number of diseases, and even affections of the 

* Annals of Philosophy, ii. 381. 
+ The remarks of Dr. Mead in his Essays on Poisons are too hypo. 

thole and absurd to be transeribed. 
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mind, to its agency. Several important observations were Chap. 11. 
made on it by Boyle, Bocrhaave, Verheyen, Ramsay, and ̀ —vim  
Baglivi ; and some facts have since been added to our che-
mical knowledge of bile by Maclurg and Fotircroy. But 
tli:e most accurate chemical analyses were those of Cadet, 

„published in the Memoirs of the French Academy for 
1767, and of Van I3ochante, published in 1.778, till The-
nard read his very ingenious experiments on it to the Na-
tional Institute in 1805.* Berzelius indeed had given a 
still more accurate analysis of bile in the second volume of 
his Animal Chemistry, published at Stockholm in 1808. 
But as that book was in the Swedish language, his results 
remained unknown to Chemists, till he published his 
" General Views of the Composition of Animal Fluids," 
in the third volume of the Medico-chirurgical 'Transac-
tions, in 1812. 

kshall in the first place state the nature and, properties 
of dE bile, and then gave an account of the bile of other 
tali" as far as it has been examined. 

1. Ox bile is a liquid of a yellowish-green and sometimes Properdeg 
of a l cell reen colour. Its taste is very bitter, but at the Qf ox bile. 

same time eetish. Its smell is feeble, but peculiar and 
disagreeabl 	It does not act on vegetable blues. Its con- 
sistence varies very much. Sometimes it is a thin muci-
lage; sometimes very viscid and glutinous; sometimes it is 
perfectly transparent, and sometimes it contains a yellow 
coloured matter which precipitates when the bile is diluted 
with water. 

The specific gravity of ox bile seems to vary, like that 
of all other animal fluids. According to Hartmann, it is 
1.027;1' according to Thenard, 1'026 at the temperature of 
430. When strongly agitated, it lathers like soap; and for 
this reason, as 'well as from a medical theory concerning 
its use, it has been often called an animal soap. 

It mixes readily with water in any proportion, and as- Action of 
sumes a yellow colour; but it refuses to unite with oil; bat.  
when the two fluids are agitated together, the instant that 
they are left at rest the oil separates and swims on the sur-
famt Bile, however, dissolves a portion of soap readily, 
and is often employed to free cloth from greasy spots. 

• Mein. d'Arcuoil, i. 23 and .46. 	• t Miler's Phys. vi. 546. 
$ Ramsay)  Thesaur. Med. Odin, ii. 450. Naclurg, p. 10. 
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Book V. 

Constitu-
ents. 

PARTS OF ANIMALS. 

When distilled to dryness it becomes at first slightly 
muddy; then iv froths violently, and a colourless liquid 
passes into the receiver, having a smell similar to that of 
bile, and slightly precipitating superacetatc of lead. The 
residue in the retort, when well dried, amounts to from Ktti 
to 1,th of the whole. It has a greenish yellow colour, a 
very bitter taste, slightly deliquesces in,  the air, and is al-' 
most totally soluble in water and alcohol. When strongly 
heated it is decomposed, and gives the usual products of 
animal substances : only the proportion of oil is -greater, 
and that of carbonate of ammonia smaller, than what is 
furnished by by most animal bodies. A voluminous char-
coal remains behind containing soda and several saline bo-
dies; namely, common salt, phosphate of soda, sulphate of 
soda, phosphate of lime, and some traces or oxide of iron. 
The soda does not exceed rIrrith part of the bile. 

When an acid is added to bile, even in I minute qt 
tity, it acquires the property of reddening vogetablo b.nes. 
The addition of a little *more acid occasion • a prt cif &tate, 
and sulphuric acid occasions a greater in ipit ite dir it any 
other acid. This precipitate consists of n 	11 et mred 
matter often visible in bile, and which is 111,AL° to in water. 
If we continue to add sulphuric acid after tlye ys,ilow matter 
has been removed, the picromel precipitates in combination 
with it and constitutes the green coloured matter formerly 
distinguished by the name of resin of bile. Thenard se-
parated the picromel by means of acetate and subacetate of 
lead, and he considered it as two distinct substances, to 
which he gave the names of resin and plume,. Berzelius 
has rectified this mistake. Many years ago. mixed a 
quantity of muriatic acid with ox bile, decanted the liquid 
portion from the coagulum which precipitated. The liquid 
was put into a phial and placed near a window through 
which the sun shone for several hours every day. After r • Pome months I found the picromel precipitated to the bot-
tom in the form of small spheres. Its colour was white, 
with a slight yellowish green tint, and its taste was sweet 
with an impression of bitterness. 

IV evaporating a quantity of bile to dryness, calcining 
it, and proceeding in, the usual way, Thenard ascertained 
the proportion of salts which it contained. The following 
was the result of his analysis of 800 parts of bile. 

   
  



1311.E. 
Water 	  700.0 
Picromel and resin 	  84.3 
Yellow matter 	  4•5 
Soda....  	4.0 
Phosphate of soda 	  
Muriate of soda 	3•2 
Sulphate of soda  	0.8 
Phosphate of Ihne 	 ..... 	P2 
Oxide of iron 	  Trace 

521 

Chap. 11. 

•••••••••••••••••=1 

80;)0.0 
The albumen, announced as a constituent of ox bile by 
Cadet * and Ramsay,t wag the yellow matter of Thenard. 

2. Such arc the properties and the constituents Of of Rite of 
bile, as tin• as they have been examined by Thenard. From 7nthl: ani" 
the experiments of the same chemist it appears, that the 
bile )t the calf, the dog, the sheep, and the cat, resemble 
that If the ox exactly, both in their properties and their ..N conste uelits.t  

3. '1 ie bile of the sow differs entirely from that of all Of the sow. 
these a a. Is. It contains neither albumen, nor animal 

*matter, nor )ieromel, but, is merely a soap, as it contains a 
great quantity of resin uncl of soda, and is decomposed 
with facility by all the acids, even by vinegar. It contains 
traces also of several salts; but Thenard did not ascertain 
their nature.§ 

4. The bile of the common hen; of the turkey, and the Of fowls. 
cluck, has a good 'deal of resemblance to that of quad-
rupeds. But it differs in the following particulars: 1. It 
contains a  considerable quantity of albumen; 2. The Pi, 
cromcl has no sensible sweet taste, but is very acrid and 
bitter; 3. It contains very little soda; 4.. The resin is not 
precipitated by common 14uperacetate of lead ; but super. 
acetate, boiled with +tit .of its weight of litharge, occasions 
it to precipitate.11 

5. The bile of the thornback and salmon is yellowish Of fishes. 
white. When evaporated it leaves a matter which has a 
very sweet and slightly acrid taste. It appears to contain 
no resin. The bile of the carp and the eel is very green, 
very bitter, contains  little or no albumen, but yields soda, 

• Mein. Par. 1767, p. 310. 	t Thesaur. P.Ahn. ii. 460. 
I Mem. d'Arcueil, i. 48. 	§ Ibid.'p. 49. 	ii Ibid. P. :W. 

   
  



522 	 PARTS OF ANIMALS. 

Book V. resin, and a sweet acrid matter similar to that which may 
4"--v-")  be obtained from salmon bile.* 
Human 	6. Human bile differs considerably from that of all other 

animals examined. Its colour is sometimes green, some-
times yellowish brown; sometimes it is nearly colourliss. 
Its taste is not very bitter. It is seldom completely liquic, 
but usually contains some yellow matter suspended in h. 
When evaporated to dryness it leaves a brolyn matter 
amounting to about Tyth of the original weight. When 
this matter is calcined it yields all the salts which are to be 
found in ox bile. All the acids decompose human bile, and 
throw down a copious precipitate consisting of albumen 
and resin. One part of nitric acid is capable of saturating 
MO parts of bile. The superacetate of lead throws down 
the resin, and leaves nothing but a yellowish liquid con-
sisting of the salts of bile, and some atoms of a peculiar 
animal matter, the nature of which was not :Licata lied. 
The following were the proportions of these substanc.:s ob- 
tained by Thennrd from 1100 parts of hunutn. 	: 

Constitu- 	1000'0 water 
ants. 	 from 2 to 10 yellow insoluble matter., 

yellow matter in solution, a trace. , 
42.0 albumen. 
41.0 resin. 
.5•6 soda. 
41 phosphate of soda, sulphate of soda, muriate of 

sodarphosPhate of lime, oxide of iron. 

The following are the constituents which Berzelius found 
in human bile: 

Water 	  908'4 
Picromel 	  • 80.0 
Albumen 	t 	3.0 
Soda 	  4.1 
Phosphate of lime 	  0.1 
Common salt 	 
Phosphate of soda with some lime 1.0 

1000'Of 

• Mem. d'Arcueil, i. 53. , , 	t Djur kemien, ii. 48. 

   
  



CERUMEN OF.  THE EAR. 	 59.8 

• the glands of the auditory canal, which gradually becomes 
Z;acrete by exposure to the air. Tor all the facts respecting 

s4 
 itERUMEN is a viscid yellow-coloured liquid secreted by 

OF THE CERUMEN OF THE EAR. 

SECT. XVI. 
'""'Ne")  
dap. 11. 

its composition at present known, we are indebted to Tour- 
croy and Vauquelin, especially the last, who analysed a 
considerable portion of it. 

It has an orange-yellow colour and a bitter taste. When Properties. 
slightly heated upon paper, it melts, and stains the paper 
like an oil ; at the same time it emits a slightly aromatic 
odour. On burning coals it softens, emits a white smoke, 
which resembles that given out by burning fat; it after- 
wards melts, swells, becomes dark-coloured, and emits an 
an:NI:is:cal and empyreumatic odour. A light coal remains 
behiAod. 

\Viten agitated in water, common forms a kind of emul- 
sion, which soon putrifics, depositing at the same time white 
flakes.t 	 • "Nk

\i, 

 
Alcohol, vhen assisted by heat, dissolves of the ecru- Contains 

men ; the 47,- vhich 'remain behind have the properties of albumen,  
albumen, mixed however with a, little oily matter. When 	• 
the alcohol is evaporated, it leaves a deep-orange residuum 
of a very bitter taste, having a smell and a consistence ana-
logous to turpentine. It melts when heated, evaporates in 
a white smoke without leaving any residuum, and in short 
resembles very strongly the resin of bile. Ether also dis- And resin; 
solves this oily body; but it is much less bitter and much 
lighter coloured. When the albuminous part of cerumen 
is burnt, it leaves traces of soda and of phosphate of lime. 
From these Ids Vauquelin considers cernmen as composed 
of the following substances : 

1. Albumen. 

	

	 4.. Soda. 	 Composi- 
tion. 2. An inspissated oil. 	5. Phosphate of lime: 

3. A colouring matter. 

The presence of the colouring matter is inferred from the 
portion taken up by ether being less coloured than that 
.taken up by alcohol:1' 

* Fourcroy, ix. 373. 
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Book V. 	 SECT. XVII. 

OF TEARS AND MUCUS. 

1. THAT peculiar fluid which is employed in lubricatir; 
the eye, and which is emitted in considerable quantities 
when we express grief by weeping, is known by the name 
of tears. For an accurate analysis of this fluid we arc in-
debted to Messrs. Fotwcroy and Vauquelin. Before their 
dissertation, which was published in 1791, appeared, scarcely 
any thing was known about the nature of tears. 

	

Properties. 	The liquid called tears is transparent and colourless like 
water; it has scarcely any smell, but its taste is always per-
ceptibly salt. Its specific gravity is somewhat greater thaw 
that of distilled water. It gives to paper 1.taincd iih the 
juice of the petals of mallows or violet a pi eanmently grvott 
colour, and therefore contains a fixed 04•31i.* It u iites 
with water, whether cold or hot, in all proliot ti net. Oka-
lies, unite with it readily, and render it tw re fluid. Vat 
mineral acids produce no apparent chtume upon if a Ex- 
posed to the air, this liquid gradually ( Tend 	t.nd be,  
comes thicker. When nearly reduced to a ,, ta • c of dry tit s4)  
a number of cubic crystals form in the te'il f 1,1 ki; I of 
mucilage. These crystals possess the properties of uturiate 
of soda; but they tinge vegetable blues green, and therefore 
contain an excess of soda. The mucilaginous matter ac-
quires a yellowish-colour as it dries.t 

This liquid boils like water, excepting that a considem,  
ble froth collects on its surface. If it be kept a sufficient 
time at the boiling temperature, iPuiltr  parts of it evaporate in 
water, and there remain about •O' parts of a yellowish-
matter, which by distillation in a strong heat yields water 
and a little oil the residutun consists of different saline 
matters.¢ 	 , 

When alcohol is poured into this liquid, a mucilaginous 
matter is precipitated in the form . of large white flakes. 
The alcohol leaves behind it, when evaporated, traces of 
muriate of soda and soda. The residuum which remains 
behind, when  inspissatcd tears arc burnt in the open air, 

• Fourcroy anti Vituquelin)  Jour. do Phys. nxix. 256. • Ibid. 257. 
I Ibid. 	 S 
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exhibits sotne traces of phosphate of lime and phosphate of Chpu. 
soda.* 

Thus it appears that tears are composed of the following 
ifyedients : 

1. Water. 
• 2. Mucus. 

3. Muriate of soda. 

The saline parts amount only to about 0.01 of the whole, 
or probably not so much. 

The mucus contained in the tears has the property of Properties 
absorbing oxygen gradually from the atmosphere, and of of mu
becoming thick and viscid, and of a yellow colour. It is a*e.  
then insoluble in water, and remains long suspended in it 
without alteration. When a sufficient quantity of chlorine 
is poured into tears, a yellow flaky precipitate appears, ab-
solu ely similar to this inspissated utneilltge. The chlorine 
loses its peculiar odour; hence it is probable that oxygen 
has united to the mucilage. The property which this mu-
cilage his of absorbing oxygen, and of acquiring new qua- 
lities, (1,xpt,ins the changes which take place in tear!; which 
are exposed for a long time to the action of the atmosphere, 
as is the case with those persons who labour under a fistula 
Inch rymal is.1* 

2. The mucus of the nose has also been examined by mums of 
Foureroy and Vauquelin. They &ind it composed of pre- the nose' 

cisely the same ingredients with the tears. As this fluid is 
more exposed to the action of the air than the tears, in 
most cases its mucilage has undergone less or more of that 
change which is the consequence of the absorption of oxy- 
gen. Hence the reason of the greater viscidity and con-
sistence of the mucus of the nose ; hence also the great 
consistence which it acquires during colds, where the action 
of the atmosphere is assisted by the increased action of the 
parts. t 

&cording to the 'analysis of Berzelius, the constituents 
of the mucus of the nose are as follows: 

• Fonrcroy and Vauinelint  Jour. de Phys. xxxix. 259. 
t ibid. 251. 	 1 Ibid. 259. 

4. Soda. 
5. Phosphate of lime. 
6. Phosphate of soda. 

Composi-tion. 
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Bea W 	  V. 	 ater   953.7 
..----v-.....) 	Mucus . 	  53.3 

Muriate of potash and soda 	5'6 
Lactate of soda with animal matter  	3.r; 
Soda 	..  	 ot:1, 
Albumen and animal matter soluble in Water, " 	, 

but insoluble in alcohol, with a trace of 	3'3.  
phosphate of soda     .. 

Expectora-
ted matter. 

1000.0* 
The mucus of the nose when immersed in water imbibes 

so much as to become transparent, and when dried on blot-
ting paper loses nearly all the moisture it had imbibed. 
This may be repeated as often as we please; but the mucus 
gradually assumes a yellow colour. Though hoikd in 
water it does not lose its mucilaginous nature. It di,olvois 
in diluted sulphuric acid. Nitric acid at 	co:Igti!ak s it; 
but if the digestion be continued, the mucus is at laq dis-
solved into a yellow clear liquid. Acetic iicid Iiiird,ns and 
does not dissolve it even in a boiling heat. Caioic alkali 
renders it at first more viscid, but finalb• di 
clear liquid. Tannin coagulates it.1- 

*The matter expectorated from the lungs vial bronchlw 
might be supposed to be mucilaginous; but from the expe-
riments on it by Dr. Pearson, who has examined it with 
much care and ingenuity4 this does not appear to be the 
case. Dr. Pearson distinguishes seven different kinds of 
expectorated matter. 1. The jelly-like semitransparent 
kind of a bluish Luc, excreted in a state of health; 2. The 
thin mucilage-like transparent matter so copiously expecto-
rated in bronchial catarrhs; 3. The thick opaque straw-
coloured, or white and very tenacious matter, coughed up 
in a great variety of bronchial and pulmonaty affections, 
especially in that of tubercles ; 4. Purilbrm matter, secreted 
without any division of continuity or breach of surface of 
the bronchial membrane, very commonly occurring in pul-
monary consumptions : 5. The matter which consists of 
opaque viscid masses, together with transparent fluid ; or 
the second sort above stated with nodules of the third and 

* Annals of Philosophy, ii. 382. 	t Berzelius, 
Pearson on Expectorated DIatter, Phil. Trans. 1809. 
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fourth kind; 6. Pus from the vomicae of tubercles; 7. Pus Chap. II. 
from vomim by simple inflammation of the lungs and with- "---v—d  
out tubercles. 
`‘.From the experiments of Dr. Pearson; it appears that ComPosi- 

tbd..‘ constituents of the first five of these specks arc nearly 6".  
the same. The chief variation is in the proportions of the 
ingredients. 'They all consist of water holding in solution 
a quantity of albumen or animal oxide (as Dr. Pearson 
terms ,it), coagulable by heat and by the usual chemical 
aftents. This albumen is combined with potash* which it 
neutrallizes. This albumen sometimes amounts to the 
twelfth or even the tenth of the expectorated matter; and 
when smallest it is never less than nth. The usual pro-
portion varies from yell to vIwth. The potash varies 
between 4- and .1ths of a part in 1000 of the expectorated 
matttr. 

Dpectorated matter yields traces of sulphur, and perhaps 
also of phosphorus, and it contains the following saline sub-
sttnces : 1. Muriate of soda, varying from 1-1- to 2,1e  in the 
1000 of expectorated matter; 2. Phosphate of lime about 
4- a part in The 1000 ; 3. Ammonia united probably to phos-
phoric acid ; 4.. A phosphate probably of magnesia ; 5. Car-
bonate of limp; 6. A sulphate; 7. Vitrifiable matter proba-
bly silica; 8. Oxide of iron. The whole of these last six 
substances scarcely amounts to one part in the 1000 of ex-
pectorated matter. 

The proportion of saline matter and of albumen present 
in expectorated matter varies much in different Circum-
stances. The thicker it is in general the smaller is the quan-
tity of saline matter; whereas when very thin it is often im-
pregnated with salts, especially with muriate of soda to a 
great degree, and,lastes distinctly salt and hot. 

* Dr. Pearson thinks thatothe alkali in animal fluids is•not soda, as 
has hitherto been supposed, but potash. lie has found this to be the 
case in blood, dropsy fluid, pus, liquid from blisters, urine, and mucus of 
the nose. 
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8001; V. 	 SEC!. XVIII. 

1,12,t;ort OF THE PERU:M.)11.7M. 

Tuts IS a liquor which lubricates the heart. Tt has b;:,,;it 
examined by 1)r. Bostock, having being obtained fronoP.: 
pericardium of a boy who had (lied suddenly.* 	kFt 

It had the colour and appearance of the serum o the 
blood. Evaporated to dryness, it lett a residue amounting 
to 7'5-tb of its weiglit. When exposed to the heat of hulling 
water, it became opaque and thready. It was copiously 
precipitated by corrosive sublimate belbre boiling; but 
when boiled, evaporated to dryness, and redissolved, the 
solution was not atIcted by this salt. 	Thc.,e experi- 
ments show us that it contained album,. 	- 
rated with corrosive sublimate, infusion 
no effect, indicating the absence of gel: 
ously precipitated by subacetate of lc:: 
Mg boiled to dryness and the residue re 
Nitrate of silver indicated the presence 
Dr. Bostock, from his experiments, col 
posed of 

100'0 

411,  

SECT. XIX. 

OF qIIE HUMOUILS or THE EVE. 

Structure 
of the eye. 

THE eye is one of the most delicate and complicated 
organs in the body; at the same time its structure, and the 
uses of its parts, are better understood than almost any of 
the other instruments of sensation. It is composed of se-
veral concertric coats, which have not been chemically 

Nicholson's Jour. xiv. 147. 

Water 	 92! 
Albumen 	 
-Mucus 	 2.0 
I%iuriate of soda 	 0'5 
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examined ; but, from the experiments of Hatchett on Simi- Chap. it. 
Jar substances, we may consider it as probable that they pos-
sess the properties of. coagulated albumen. The internal 
pint of the eye is chiefly tilled with three transparent sub-
stances, which have been called humours by anatomists ; 
;tamely, 1. The aqueous humour, immediately behind the 
cornea; 2. The crystalline humour or has; and, s. The 
vitreous humour, behind the lens, and occupying, the great- 
est part of the eye. We knew scarcely any thing of the 
cheibical properties of these humours till Mr. Chenevix pub-
lished an analysis of them in the Philosophical Transac-
tions for 1802. Since that. time an analy,is of them has 
likewise been published by Nicholas,* and by Berzelius.t 

1. Most of the experiments of Chenevix were made upon Eye of 
the eyes of sheep, as most easily procured. Ile afterwards sh"P* 
triel the properties of humours from the eyes of other 
animals. 

1. The aqueous humour of the eye of the sheep is a clear Aqueous 
transparent liquid like w.ler, which baA very little smell or humuaL  
taste when fresh. Its spaitic gravity is 1'0090 at the tem-
perature of 60°. 

It scarcely •alters vegetable blues when fresh.t. When 
exposed to the air it evaporates slowly, and becomes slightly 
putrid. When boiled a very slight coagulunt is formed. 
When 100 parts arc evaporated to dryness, they leave eight 
parts of residuum. Tannin occasions a precipitate in it both 
before boiling and after it. Nitrate of silver occasions a pre-
cipitate of muriate of silver; but no precipitate is produced 
by other metallic salts. Hence it appears that the aqueous 
humour is water slightly impregnated with the following 
substances: 

1. Albumen. 
2. Gelatin. 
3. Muriate of soda. 

For Mr. Chenevix found that the muriatic acid was in com, 
Vination with soda. Nicholas has likewise detected a little 
phosphate of lime in it. 

Its constituents according to the analysis of Berzelius, 
are, 

* Ann. de Chim. lui. 307. 	j Annals of Philosophy, ii. 385. 
t Nicholas found that it turned paper stained with the petals of the 

mallow to green. 
VOL. IV. 	 2 M 
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Book V. 	Water 	  98.10 
‘—Ne"--)  Albumen 	  Trace 

Aluriates and lactates 	  P15 
Soda with animal matter soluble only in water 	 015 

100'00 

Vitreous 
humour. 

Lens. 

Q. The vitreous matter possesses the very same proper-
ties as the aqueous; even its specific gravity is the same, or 
only a very little greater. Its constituents according to the 
analysis of Berzelius, are 	 • 

Water 	  08.40 
Albumen  	• • 0'16 
Muriates and lactates 	  1.42 
Soda with animal matter soluble only in.water 	 0.02 

WOO 
3. The crystalline lens is solid : densest in the centre, 

and becoming less solid toward the circumference. It is 
composed of concentric coats, an is transparent. Its spe-
cific gravity is P1000. When fresh it has little taste. It 
putrifies very rapidly. 

It is almost completely soluble in water. The solution 
is partly coagulated by heat, and gives a copious precipitate 
with tannin both before the coagulation and after it. It 
gives no traces of muriatic acid. Its composition according 
to the analysis of Berzelius, is as follows: 

Water 	 s 	 58 

	

Peculiar matter   35.9 
Muriates, lactates, and annpal matter, soluble

} 
 

in alcohol 	  
Animal matter soluble only in water with some} 1.3 phosphates 	  
Portions of the remaining insoluble cellular} 2.1 membrane 	  

100.0 
• The peculiar matter of the lens possesses all the chemical 
characters of the colouring matter of the blood, except co-
lour. When burnt it leaves a little ash containing a very 
small portion of iron. When its solution in water is coa-
gulated by boiling)  the liquid in which the coagultun was 
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formed reddens litmus, has the smell of the humours of Chap. 11. 
the muscles, and like them contains free lactic acid.* 

II. The humours of the human eye are composed of the Human 
same ingredients as those of the sheep; the only perceptible tle• 
difference consists in' their specific gravity. The specific • 

L  gravity of the human aqueous and vitreous humours is 
1.0053; that of the crystalline 1'0790. 

M. The humours of the eyes of oxen.resemble those of Eye of 
the sheep in their composition. The specific gravity of the "en' 
aqueous and vitreous humours is 1.0088; that of the crys-
talline 1'0765. 

From these three sets of experiments Mr. Chenevix has 
drawn, as a probable conclusion, that the difference between 
the density of the aqueous and crystalline humours, and 
that of the crystalline, is in the inverse ratio of the diame-
ter of the eye, taken from the cornea to the optic nerve. 

The crystalline of the ox weighed 30 grains. When the 
whole of it was pared away except the six grains in the 
centre, the specific gravity was found to be 1'191.4 

IV. Mr. Chenevix, in his paper, makes no mention of Eye of 
the eyes of birds ; but Sir H. Davy published an abstract of birds. 
it in the first volume of the Journal of the Royal Institu-
tion. He there states that Mr. Chenevix found the hu-
mours of the eyes of birds composed of the same constitu-
ents as the eyes of other animals; but that he,found at the 
same time the specific gravity of the vitreous humour in 
these animals greater than the specific gravity of the crys-
talline.t 

V., A curious set of experiments has been made by Leo-
pold Gmelin on the black pigment, which lines the *choroid 
coat of the eye. From 500 eyes of oxen and calves he 
collected 75 grains of this substance. Its colour is blackish 
brown. It is tasteless, and adheres to the tongue like clay. 
It is insoluble in water, alcohol, ether, oils, lime water, and 
distilled vinegar. It dissolves in potash and ammonia 'when 
assisted by heat, and is again precipitated by acids. Sul-
phuric acid dissolves it and acquires a black colour. Mu-
riatic acid forms only an imperfect solution. Nitric acid 

Berzeli us, Annalof Philosophy, ii. 385. 
.1. See Phil. Trans. 1802, and Phil. Mag. xvi. 268. 

Jour. of the Royal Instil. i. 297. 
2 1kt 2 
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Book V. dissolves it, and changes its colour to reddish-brown. When 
'-v-1  distilled it yields water, a brown oil, and carbonate of am- 

. 	monia. It gives out at the same time carbureted hydrogen, 
carbonic oxide, azotic and oxygen gases. The coal remain-
ing in the retort consists almost• entirely of charcoal.* 

SECT. XX. 

OF SINOVIA. 

.r.rkovia of 
the ox. 

Wyrutx the capsular ligament of the (different joints of 
the body there is contained a peculiar liquid, intended evi- , 
dently to lubricate the parts, and to facilitate their motion. 
This liquid is known among anatomists by the n1me of 
sinovia. 

Whether it be the same in different animals, or even in all 
the diffixent joints of the same animal, has not been deter-
mined, as no accurate analysis of the sinovia, of different 
animals has been attempted. The only analysis of sinovia 
which has hitherto appeared is that by Mr. Margueron, 
which was published in the 14th volume of the Annales de 
Chimic. He made use of sinovia obtained from the joints 
of the lower, extremities of oxen. 

The sinovia of the ox, when it has just flowed from the 
joint, is a viscid semitransparent fluid, of. a greenish-white 
colour,' and a smell not unlike frog-spawn. It very soon 
acquires the consistence of jelly; and this happens equally 
whether it be kept in a cold or a hot temperature, whether 
it be exposed to the air or excluded from it. This consist-
ence does not continue long; the sinovia soon recovers again 
its fluidity, and at the same time deposits a thready-like 
?natter. t 

Sinovia mixes readily with water, and imparts to that 
liquid a great deal of viscidity. The mixture froths when 
agitated ; becoMes milky when boiled, and deposits some 
pellicles on the sides of the dish; but its viscidity is not di-
minished.t 

s Schweigger's Jour. x. 507. 
t Margueron, Ann. de Chim, xiv. 124. 	Ibid. p. 126. 
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533 SINOVIA. 

precipitates, which has all the properties of albumen. One 0,,‘"Tr;")  
'hundred parts of sinovia contain 4%52 of albumen. The albumen, 
liquid still continues as viscid as ever; but if. acetic acid be 
poured into it, the viscidity disappears altogether, the liquid 
becomes transparent, and deposits a quantity of matter in 
white threads, which possesses the following properties : 
1. It has the colour, smell, taste, and elasticity of vegetable And a fi- 
gluten. 2. It is soluble in concentrated acids and pure bterrous mat- 
alkalies. 3. It is soluble in cold water ; the solution froths. • 
Acids and alcohol . precipitate the fibrous matter in flakes. 
One hundred parts of sinovia contain 11.86 of this matter.* 

When the liquid, after these substances have been sepa- 
rated from it, is concentrated by evaporation, it deposits 
crystals of acetate of soda. Sinovia, therefore, contains 
sod. Nargueron found that 100 parts of sinovia contained 
about 0/1 of soda. 

When strong sulphuric, muriatic, nitric, acetic, or sul- 
phurous acid is poured into sinovia, a number of white 
flakes precipitate at first, but they are soon redissolved, 
and the viscidity of the liquid continues. When these acids 
are diluted with five times their weight of water, they dimi- 
nish the transparency of sinovia, but not its viscidity ; but 
when they are so much diluted that their acid taste is just 
perceptible, they precipitate the peculiar thready matter, 
and the viscidity of the sinovia disappears.t 

When sinovia, is exposed to a dry atmosphere, it gra- And salts. 
dually evaporates, and a scaly residuum remains, in which 
cubic crystals, and the white saline efflorescence are ap- 
parent. The cubic crystals are muriate of soda. One 
hundred parts of sinovia contain about P73 of this salt. 
The saline efflorescence is carbonate of soda.t 

Sinovia soon putrifies in a moist atmosphere, and during 
the putrifaction ammonia is exhaled. 'When it is distilled 
in a retort, there comes over first, water, which soon 

• putrifies; then water containing ammonia; then empy-
reumatic oil, and carbonate of ammonia. From the resi-
duum muriate and carbonate of soda may be extracted by 
lixiviation. The coal contains some phosphate of lime.§ 

t Ibid. p.1.5.7. 
Ibid. p. 128. • Ignrgueron, Amt. do Chim. xiv. 126, 130. 

▪ ibid. p. 1.25. 
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BOA V. 	From the analysis of Mr. Margueron, it appears that 
sinovia is composed of the following ingredients: 

compost- 	 Fibrous matter 	 11*86 
don. 	 Albumen 	 ... 	1'52 

Muriate of soda 	 1.75 
Soda  	-71 
Phosphate of lime  	-70! 
Water  	8046 

• 100.00 
Gouty con- Flow far the sinovia of the human body resembles that 
creti°11s.  of oxen it is impossible to say. The following fact renders 

it probable that it either contains different ingredients, or 
is liable to alteration from disease. C.oncretions often forms 
in the joints of gouty people, and make their way throlgh 
the skin. These, in common language, are called chalk-
stones. Dr. Wollaston, Dr. Pearson, and Mr. Tennant 
analysed some of them, and found them composed of urate 
of socla.t This analysis has been repented by Fourcroy, and 
confirmed.t It is doubtless this fact that has induced Four-
croy to conjecture that uric acid forms a constituent part of 
sinovia.§ 

SECT. XXI. 

Properties. 

OF SEMEN. 

TILE peculiar liquid secreted, in the testes of males, and 
destined for the impregnation of females, is known by the 
name of semen. The human semen and the melt of fresh 
water fishes alone have hitherto been subjected to chemical 
analysis. Nothing 'is known concerning the seminal fluid 
of other animals. 1. Vauqudin published an analysis of 
the human semen•in 1791. 

Semen, when newly ejected, is evidently a•  mixture of 

• Mr. Iiatchett found only 0.208 of phosphate of lime in the sinovia 
which he examined. lie found, however, traces of sonte other phos-
phate; probably phosphate of soda. Phil. Trans. 1799, p. 246. 

f Jour. de Phys. xlv. 399. 	 Fourcroy, x. 267'. 
Ibid. ix. 224. 
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• two different substances : the one fluid and milky, which is Chap. it. 
supposed to be secreted by the prostate gland ; the other, 1/4"--Nr—)  
which is considered as the secretion of the testes, is a thick 
mucilaginous substance, in which nunterous white shining 

, filaments may be discovered.* It has a slight disagreeable 
odour, an acrid irritating taste, and its specific gravity is 
•greater than that of water. When rubbed in a mortar it 
becomes frothy, and of the consistence of pomatum, in 
consequence of its enveloping a great number of air-bubbles. 
It converts paper stained with the blossoms of mallows or 
violets to a green colour, and consequently contains an 
alkali: f 

As the liquid cools, the mucilaginous part becomes trans-
parent, and acquires greater consistency ; but in about 
twenty minutes after its emission, the whole becomes per- 
fectly liquid. This liquefaction is not owing to the absorp-
tion of moisture from the air, for it loses instead of ac- 
quiring weight during its exposure to the atmosphere; nor 
is it owing to the action of the air, for it takes place equally 
in close vessels.t 

Semen is insoluble in water before this spontaneous 
liquefaction, but afterwards it dissolves readily in it. 
When alcohol or chlorine is poured into this solution, a 
number of white flakes are precipitated.§ Concentrated 
alkalies facilitate its combination with water. Acids readily 
dissolve the semen, and the solution is not decomposed by 
alkalies; neither indeed is the alkaline solution decomposed 
by acids. H 

Lime disengages no ammonia from fi•esh semen ; but alter 
that fluid has remained for some time in a moist and warm 
atmosphere, lime separates a great quantity from it. Con-
sequently ammonia is formed during the exposure of semen 
to the air.** 

When chlorine is poured into semen, a number of contihis 
White flakes_ precipitate, and the acid loses its peculiar mucilas; 
odour. These flakes are insoluble in water, and even in 
acids. If the quantity of acid be sufficient, the semen ac-
quires a yellow colour. Thus it appears that semen con-
tains a mucilaginous substance analogous to that of the 

V:111906,1, Aim. du Chim. ix. 64. 
Ibid. P. 66. 	§ Ibid. p. 70. 

" /bid. p. 71. 

+ Ibid. p. 65. 
• Q Ibid. p. 71. 
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Book V. tears, which coagulates by absorbing oxygen. Mr. Van-
quelin obtained .from 100 parts of semen six part" of this 
mucilage. 

Phosphate 

	

	When semen is exposed to the air about the temperature 
of lime, of 60°, it becomes gradually covered with a transparent 

pellicle, and in three or four days deposits small transparent 
crystals, often crossing each other in such a manner as tore—
present the spokes of a wheel. These crystals, when viewed 
through a microscope, appear to be four-sided prisms, 
terminated by very long four-sided pyramids. They may 
be separated by diluting the liquid with water, and decant-
ing it off They have all the properties of phosphate of 
lime. x lf, after the appearance of these crystals, the semen 
be 	allowed to remain exposed to the atmosphere, the 
pellicle on its surface gradually thickens, and a number 
of white round bodies appear on different parts of it. These 
bodies also are phosphate of lime, prevented from. crystal-
lizing regularly by the too rapid abstraction of moisture. 
Mr. Vatiquelin found that 100 parts of semen contain three 

And soda. parts of phosphate of lime.t If at this period of the eva.• 
poration the air becomes moist, other crystals appear in 
the semen, which have the properties of carbdnate of soda. 
The evaporation does not go on to • complete exsiccation, 
unless at the temperature of 77°, and when the air is very 
dry. %ilea all the moisture is evaporated, the semen has 
lost 0.9 of its weight; the residuum is semitransparent like 
horn, and brittle.t, 

When semen is kept in very moist air, at the temperature 
of about 77°, a acquires a. yellow colour, like that of the 
yolk of an egg; its taste becomes acid, it exhales the odour 
of putrid fish, and its surface is covered with abundance of 
the bpsus septica.§ 

Action of 	When dried semen is exposed to heat in a crucible, it 
heat. 	melts, acquires a brown colour, and exhales a yellow fume, 

having the odour of burnt horn. When the heat is raised, 
the matter swells, becomes black, and gives. out a strong 
odour of ammonia. When the odour of ammonia disap-
pears, if the matter' be lixiviated with water, an ,alkaline 
solution may be obtained, which, by. evaporation, yields 

. 4 	* Vauquelin, AIM. de Chim. ix. 67 and 73. 	+ Ibid. p. 68. 
$ Ibid. p. 68. 	 t Ibid. p. 68. 
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crystals of carbonate of soda. Mr. Vauquelin 
100 parts of semen contain one part of soda.* 
siduum be incinerated, there will remain only a 

found that Chap. 11. 
If the re- """v"--.  

quantity of 

the follow- Composi- 
tion. 

• white ashes, consisting of phosphate of lime. 
Thus it appears that semen is composed of 

ing ingredients: 

Water 	 

	

 	 90 
Mucilage 	  6 
Phosphate of lime 	 3 
Soda 	 

	

 	 1 

100 

II. Foureroy and Vauguelin published a set of experi- milt of 
Milts on the milt of the carp in the year 1807;1. from which the carp, 
it rppears that the nature and composition of this substance 
is different from that of every other. hitherto examined. 
The milt of this fish, as.is well known, has a whitiSh colour, 
a soft consistence, a greasy feel, and a smell similar to that 
offish. It is neither acid nopalkaline. 'When triturated with 
potash no ammoniacal odour is exhaled, and it forms with 
the alkali a thick magma. Thirty parts of milt mixed with 
six parts of potash, and a sufficient quantity of water, and 
distilled, yielded only traces of ammonia, coming obviously 
from some =tittle of ammonia, which exists naturally in 
the milt. When milt is dried slowly in a moderate heat it 
loses ..ths of its weight, becomes yellow and brittle. When 
heated in a platinum crucible it softens and then melts, 
exhaling yellow vapours having the smell of animal oil. 
The charcoal formed contains a notable quantity of un-
combined phosphoric acid, together with sonic phosphate 
of lime and phosphate of magnesia. As the acid did not contains 
exist in the milt. it must have been formed during the corn- IttosPho- 
bastion ; and hence it follows that milt contains a notable s' 
quantity of phosphorus as a constituent. 

One hundred and twenty-three parts of fresh milt, cau-
tiously distilled in an earthen-ware crucible, gradually 
heated to whiteness, furnished the following products: 
1. A great deal of colourless water holding in solution car-
bonate of ammonia, a good deal of prussiate of ammonia, 

f Ann. de Chitin. ix. /5. 	+ 1Lid.lxiv. 5. 
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Book v. and traces of muriate of ammonia; 2. A transparent oil 
L.—v-1  slightly yellow; 3. A fluid blood-red oil; 4. A thick 

blackish-brown oil; 5. Crystals of carbonate and prussiate 
of ammonia; 6. A quantity of phosphorus; 7. A small 
quantity of carbonic acid and heavy inflammable air. The 
charcoal remaining in the retort amounts to 74. parts, and 
contains no disengaged phosphoric acid. 

When milt is triturated in distilled water a white opaque 
liquid is obtained, which does not become transparent 
though passed through the filter. When the liquid is 
boiled an albuminous matter coat slates; and if the resi-
duary liquid be evaporated sufficiently it gelatinizes; a 
proof that it contains gelatin. Alcohol digested on milt 
dissolves a substance which possesses the properties of 
animal soap. When it is separated the milt becomes dry 
and harsh to the feel ; a proof that its unctuosity was owing 
to the presence of the animal soap. 

Constitu- 	Thus it appears that milt contains albumen, gelatin, 
eats. 	phosphorus, phosphate of lime, phosphate of magnesia, 

and nutriate of ammonia. 

SECT. XXII. 

OF THE LIQUOR. OF THE AMNIOS. 
• 

THE foetus in the uterus is enveloped in a peculiar memo 
branous covering, to which anatomists have given the name 
of amnios. Within this amnios there is a liquid, distin-
guished by the name of the liquor of the amnios, which 
surrounds the foetus on every part. This liquid, as !night 
have been expected, is very different in different animals; 
at least the liquor amnii in women and in cows, which alone 
have hitherto been analised, have not the smallest resem- 
blance to each other. 	These two liquids have been- 
analysed by Vauquelin and Buniva, and the result of their 
analysis has been published in the 33d volume of the Anna-
les de Chiinie. 

Liquor of 	1. The liquor of the amnios of women is a fluid of a 
the human mows. slightly milky 'colour, a weak pleasant odour, and a saltish 

3 
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taste. The white colour is owing to a curdy matter Chap.11. 
suspended in it, for it may be obtained quite transparent ‘-'—Y"d  
by filtration.* 

Its specific gravity is 1.005. It gives a green colour to 
the tincture of violets, and yet it reddens very decidedly 
the tincture of turnsolc. These two properties would 
indicate at once the presence of an acid and of an alkali. 
It froths considerably when agitated. On the application 
of heat it becomes opaque, and has then a great resem-
blance to milk diluted with a large quantity of water. At 
the same time it exhales the odour of boiled white of egg.t 

Acids render it more transparent. Alkalies precipitate 
an animal matter in small flakes. Alcohol likewise pro-
duces a flaky precipitate, which, when collected and dried, 
becomes transparent and very like glue. The infusion of 
nufgalls produces a very copious brown-coloured precipi-
tate. Nitrate of silver occasions a white precipitate, which 
is insoluble in nitric acid, and consequently is muriate of 
silvent 

When slowly evaporated, it becomes slightly milky, a 
transparent pellicle forms on its surlitce, and it leaves a 
residuum which does not exceed 0'012 of the whole. By 
lixiviating this residuum, and evaporating the ley, crystals 
of muriate and carbonate of soda may be obtained. The 
remainder, when incinerated, exhales a fetid and amme-
niacal odour, resembling that -of burning horn; the ashes 
consist of a small quantity of carbonate of soda, and of 
phosphate and carbonate of lime.§ 

Thus we see that the liquor of the human amnios is ciomposi- 
composed of about 	 tw.  

Water 	 

 

98'8 

 

Albumen 
Muriate of soda, soda 
Phosphate of lime, lime 

1•2 

100.0 
While the fintus is in the uterus, a curdy-like matter is Curdy mat-

deposited on the surface of its skin, and in particular parts eiedr odnePtnh'c't-
Of its body. This matter is often found collected in con- watts. 

• Ann. de Chita. 	270. 
Ibid. p. 271. 

t Ibid p. 271, 
Ibid. p. 272. 
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Book V. siderable quantities. It is evidently deposited from the. 

L"'"v"—)  liquor of the amnios; and consequently the knowledge of 
its peculiar nature must throw considerable light upon the_ 
properties and use of that liquor. For an analysis of this 
substance we are also indebted to Vauquelin and Buniva. 

Its colour is white and brilliant; it has a soft feel, and 
very much resembles newly prepared soap. It is insoluble-
in water, alcohol, and oils. Pure alkalies dissolve part of it, 
and form with it a kind of soap. On burning coals it. de-
crepitates like a salt, becomes dry and black, exhales vapours 
which have the odour of empyreumatic oil, and leaves a 
residuum which is very difficultly reduced to ashes. When 
heated in a platinum crucible it decrepitates, lets an oil 
exude, curls up like horn, and leaves a residuum, consisting 
chiefly of carbonate of lime.* 

These properties show that this matter is different from 
every one of the component parts of the liquor or. the 
=tilos, and that it has a great resemblance to the fig. It 
is probable, as Vauquelin and Buniva have conjectured, 
that it is formed from the albumen of that liquid, which 
has undergone some unknown changes. It has been long 
known that the parts of a foam, which has lain for some 
time after it' had been deprived of life in the uterus, are 
sometimes converted into a kind of fatty matter. It is 
evident that this substance, after it is deposited upon th6 
skin of the foetus, must preserve it in a great measure from 
being acted upon by the liquor of the anmios. 

Liquor of 	2. The liquor of the =tilos of the cow j has a viscidity • 
the amnion similar to mucilage of  wn o'arable a brownish-red colour, of the cow. 	 t, 

an acid and bitter taste, and a peculiar odour, not unlike 
that of some vegetable extracts. Its specific gravity is 
1.028.. It reddens the tincture of turnsole, and, therefore, 
contains an acid. Moriate of barytes causes a very abun-
dant precipitate, which renders it probable that it contains 
sulphuric acid. Alcohol separates from it a great quantity 
of a reddish-coloured mattcr.t. 

• Ann. de Chim. xxxiii. 274. 
A minute account of the liquor amnii, and of the liquor alantoidis, 

of the cow, has been published by Dzondi ; for an abstract of which see 
Gehlen's Jour. Second Series, ii. 655. 

t Ann. de Chim. xxxiii. 276. 
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When this liquid is evaporated, a thick frothy scum Chap. II. 
gathers on the surfilee, which is easily separated, and in 
which some white acid-tasted crystals may be discovered. 
By continuing the evaporation, the matter becomes thick 
and viscid, and has very much the look of honey. Alcohol, 
boiled upon this thick matter, and filtered off, deposits 
upon cooling brilliant needle-form crystals nearly an inch 
in length. 'these crystals may be .obtained in abundance 
by evaporating the liquor of the amnios to a fourth part of 
its bulk, and then allowing it to cool. The crystals soon 
make their appearance. They may be separated and purl- 
lied by washing diem in a small quantity of cold water. 
These crystals are amniotic acid.* 

If after the separation of this acid the liquor of the 
amnios be evaporated to the consistence of a syrup, large 
tralsparent crystals appear in it, which have all the proper-
ties of sulphate of soda. The liquid of the amnios of cows 
contains a considerable quantity of this salt. 

Thus it appears that the liquor of the amnios of cows Compost. 
contains the following ingredients : , 	 non. 

1. Water. 	 3. Acid. 
2. A peculiar animal matter. 4. Sulphate of soda. 

The animal matter possesses the following properties: it 
has a. reddish-brown colour and a peculiar taste; it is very 
soluble in water, but insoluble in alcohol, Which has the 
property of separating it from water. When exposed to a 
strong heat it swells, exhales first the odour of burning 
gum, then of empyreumatic oil and of ammonia, and at last 
the peculiar odour of prussic acid becomes very conspi-
cuous. It differs from gelatin in the viscidity which it com-
municates to water, in not 'brining a jelly when concen-
trated, and in not being precipitated by tannin. It must 
be therefore ranked among the very undefined and inaccu-
rate class of animal mucilages. 1Vhen burnt, it leaves a 
very large coal, which is readily incinerated, and leaves a 
little white ashes, composed of phosphate of magnesia, and 
a very small proportion of phosphate of limed- 

Dr. Prout examined the liquor amuii, taken from the 
uterus of a cow, slaughtered in an early period of gestation. 

• Ann. de Chilli. xxxiii. 276. 	 „Ibid. 218. 
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Book v. 	Its colour was yellow, its smell like that of new milk, its 
in it any 
of sugar 

''..--v-1  taste like that of fresh whey. 	He could not detect 
amniotic acid, but it contained a sensible quantity 
of milk. 	Its constituents were as follows : 

Water 	  9477 
Albumen . 	  2.0 
Substances soluble in alcohol 	  MI 
Substances soluble in water, chiefly sulphate 

of soda ? and other salts, also sugar of milk 3'8 

1000.0* 

The portion soluble in alcohol consisted partly of the 
lactates, but chiefly of a peculiar substance, having con-
siderable external resemblance to the external brown parts 
of roasted veal. 

4. 

SECT. XXIII. 

OF ANIMAL POISONS. 

Poison of 
the viper. 

SEVERAL animals are furnished with liquid juices of a.  

poisonous nature, which, when poured into fresh wounds, 
occasion the disease or death of the wounded animal. Ser-
pents, bees, scorpions, spiders, are well known examples of 
such animals. The chemical properties of these poisonous 
juices deserve peculiar attention; because k is only from 
such an investigation that we can hope to explain the fatal 
changes which they induce on the animal economy, or to 
discover an antidote sufficiently powerful to counteract their 
baneful influence. Unfortunately the task is difficult, and 
perhaps surpasses our chemical powers. For the progress 
already made in the investigation, we are indebted almost 
entirely to.the labours of Fontana. 

1. The poison of the viper is a yellow liquid, which 
lodges in two small vesicles in the animal's mouth. These 
communicate by a tube with the crooked fangs, which are 
hollow, and terminate in a small cavity. 'When the animal 

* Annals of Philosophy, v. 416. 
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bites, the vesicles are squeezed, and the poison forced Chap. IL 
through the fangs into the wound. This structure was 
partly observed by Redi, an Italian Philosopher; and his 
discoveries were completed and confirmed by the experi-
ments and observations of Francini,* Tysson,fi Mead4 
and Fontana. 

This poisonous juice occasions the fatal effects of the 
viper's bite. If the vesicles be extracted, or the liquid 
prevented from flowing into the wound, the bite is harmless. 
If it be infused into wounds made by sharp instruments, it 
proves as final  as when introduced by the viper itself. Some 
of the properties of this liquid were pointed out by Mead; 
but it was Fontana who first subjected it to a chemical 
examination, sacrificing many hundred vipers to his experi-
ments, The quantity contained in a single vesicle scarcely 
exe2eds a drop. 

It has a yellow colour, has no taste; but when applied to Resembles 
the tongue occasions numbness. It has the appearance of gum. 
oil before the microscope, but it unites readily with water. 
It produces no change on vegetable blues. 

When exposed to the open air, the watery part gradually 
evaporates, and a yellowish-brown substance remains, which 
has the appearance ofgnm arable. In this state it feels viscid 
like gum between the teeth ; it dissolves readily in water, but 
not in alcohol; and alcohol throws it down in a white powder 
from water. Neither acids nor alkalies have much effect 
upon it. It does not unite with volatile oils nor sulphuret 
of potash. \Then heated it does inch, but swells, and does  
not inflame till it has become black. These properties are 
similar to the properties of gum, and indicate the gummy 
nature of this poisonous substance. Fontana made a set of 
experiments on the dry poison of the viper, and a similar 
set on gum arable, and obtained the same results. 

From the observations of Dr. Russel, there is reason 
to believe that the poisonous juices of the other serpents are 
similar in their properties to those of the viper. 

.This striking resemblance between gums and the poison 
of the viper, two substances of so opposite a nature in their 

. 	16 New Abridg. of the Phil. Tows. ii. 8. 	Phil. Trans. vol. 
Mead on Poisons, p. 35. 
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Book V. effects .upon the living body, is a humiliating proof of the 
Ne—i  small progress we have made in the chemical knowledge of 

these intricate substances. The poison of the viper, and 'of 
serpents in general, is most hurtful when mixed with the 
blood. Taken into the stomach it kills if the quantity be 
considerable. Fontana has ascertained that its fatal effixts 
are proportional to its quantity, compared with the quantity 
of the blood. lionev* the danger diminishes as the size of 
the animal increases. Small birds and quadrupeds die im-
mediately when they are bitten by a viper; but to a full-
sized man the bite seldom proves fatal. 

Ammonia 	Ammonia has been proposed as an antidote to the bite of 
proposed as the viper. It was introduced in consequence of the theory an antidote. 

of Dr. Mead, that the poison was of an acid nature. The 
numerous trials of that medicine by Fontana robbed it of 
all its celebrity; but it has been lately revived and recom-
mended by Dr. Ramsay as a certain cure for the bite of the 
rattlesnake.* 

Venom of 	2. The venom of the bee and the wasp is also a liquid 
the bee and contained in a small vesicle forced through the hollow tube wasp, 

of tit& sting into the wound inflicted by that instrument.t 
From the experiments of Fontana we learn that it bears a 
striking resemblance to the poison of the viper. That of 
the bee is much longer in dryingp 

 when exposed to the air 
than the venom of the wasp. 

Of the scor- 3. The poison of the scorpion resembles that of the viper 
pion, 

	

	also. But its taste is hot.  and acrid, which is the case.also 
with the venom of the. bee and the wasp. 

Of spiders. 

	

	4. No experiments upon which we can .rely have been 
made upon the poison of the spider tribe. From the 
rapidity with which these animals destroy their prey, and 
even one another, we cannot doubt that their poison is 
sufficiently virulent.I 

* Phil. Mug. xtii. 125. The reader will find an interesting disserta-
tion on the different remedies applied to the cure of the rattlesnake in 
the 4 mer. Trans. vol. iii. p. 100, by Dr. Smith Barton. The observa-
tions of Fontana in his treatise on poisons deserve particular attention. 

See a curious account of the structure of the sting by Dr. Hooke 
his Micrographia. 

t Dr. Mead's romantic account of the bite of the tarantula will enter 
thin the reader. See Mead on Poisonslp. 57. • 
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SECT. XXIV. 	 Chap 

OF THE AIR CONTAINED IN THE SWIMMING BLADDERS OF 

MANY fish are furnished with a bladder filled with air, by 
means of which they are supposed to rise or sink in the 
water. When they wish to rise they are supposed to dilate 
their air bladder ; when they wish to sink they compress it. 
WItc;ther this be the use of the air bladder of fishes is 
somewhat doubtful. Most fish have a peculiar depth at History. 
which they almost always remain. Thus the flat fish con-
stantly affect the bottom of the sea, while there are others 
that as constantly affect the surface. From the late obser-
vations of Biot it appears, that when a fish is suddenly 
brot.ght fro►Ii a great depth towards the surface, the air 
bladder swells so much that the fish cannot again sink ; 
nay, it often bursts ; and the air making its way into the 
stomach, swells it up and forces it into the mouth or  oeso-
phagus. The air with which these bladders is filled was 
first examined by Dr. Priestley in 1771. From his obser-
vations it appears that it varies in its nature. The roach 
was the fish the air bladder of which he examined. At first 
he found it filled with azote, but afterwards he got a mix-
'lure of oxygen and azote.* 

Tourcroy long after examined the air in the air bladder 
of the carp, and found it almost pure (mote; and similar 
results were obtained by other chemists. But by fir the 
most complete analysis of this kind of air has been made by 
Biot, while in Yviza and Formentera, two islands a little 
to the south of Majorca and Minorca. lie was employed 
by the French government to prolong the 

meridialiof  France to the Balcarean islands, and embraced the oppor-
tunity which presented itself to examine the air in the blad-
ders of the different species of fish caught in the neighbour-
hood of these islands. Next season he returned to the 
same  islands with Mi. Laroche, who repeated and confirmed 
his preceding experiments.t 

Blot found the air in the air-bladdch a mixture of azotic Experi 

• Priestley on Air, ii. 462. 
f Blot's Alettirs are printed in the Mew. D'Arcueil, i. 25/, and ii 8. 

VOL. IV. 	 2 N 
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and oxygen gas in very variable proportions. No traces of 
hydrogen gas could bv detected; nor was there any sensible 
quantity of carbonic acid. The proportion of oxygen gas 
was very various, being sometimes very minute, and some-
times' constituting almost the whole of the gas. The air 
bladders of those fish which live near the surface contained 
least oxygen gas, and the bladders of those which were 
brought up from a great depth contained the most. The 
following table exhibits the proportion of oxygen in 100 
parts of the air in the different fish examined. 

546 
Book V. 

men ts of 
Blot. 

Proportion 
of oxygen. 

Names of the. Fish. 	 . Proportion of Oxygen. 
Mugil cephalus (Linn.) 	.. Quantity insensible. 

-Ditto.  	 Ditto. 
Murcenophis helena (Lacepede) Very little. 
Sparus annularis (Linn.) female.. 0'09 

	

Ditto, male 	  0'08 
Sparus sargus (Linn.) female 	 0.09 

	

Ditto, male 	  0'20 
Holocentrus marinus (Lacepede) 	0•12 
Labrus turdus (Linn.). 	' 0.16 
Sparus melanurus (Linn.) . 	0.20 
Labrus turdus (Var. Linn.). . 	0'2+ 
SeiTna nigra, female 	.. 0.27 

	

Ditto, male 	  0.25 
Labrus turdus (Linn.) female 	 014 

	

Ditto, male 	  0 28 
Sparus dentex (Linn.) female . , 	 040 
Sphyrccna spet. (Lacepede) 	 0•41 
Sparus argenteus . 	  0'50 
Sparus erythrinus 	  Much 
Holycentrus gigas 	  0'69 
Gadus merluccius (Linn.) 	 019 , 
Trygla lyra (Linn.) . . . 	 0'87 

The depth at which the fish in . the preceding table are.  
caught increases gradually, • as well as the proportion of 
oxygen, from the 'beginning to the end of the table. The 
last-mentioned fish, the trygla lyra is always, caught at ft,  
very great depth. The experiments of Laroche confirm 
the accuracy of this curious fact. The • mean result, fur-
nished by all the fishes taken at a depth. greater than 150 
feet, was 0470 of oxygen ; while the mean re§elt, furni4/94  
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by the fish caught at less depths, was 0'29. This superior Chap. IL 
purity is not owing to any superior purity in the air of the \--v*--)  
water of the sea at great depths. The air obtained from 
*ea water, brought up from a great depth, yielded 0'265 
of oxygen, while that from water taken at the surface was 
purer. 

. It' is very remarkable that the air in the bladder of fishes, 
taken near the surface, should be almost pure azote. But' 
this holds also with respect to fresh water fish. Thus Biot 
found the air in the air bladder of a carp to contain 0'03 
of oxygen, while that of a tenth contained 0'16 ; and 
Geofli'oy and Vauquelin found the air in the air bladder of 
pikes, loaches, and perches, to contain 0'05 of oxygen. 
Humboldt :likewise found very little oxygen in the air 
bladder of the gymnotus clectricus. 

SECT. XXV. 

or SWEAT. 

A QUANTITY of matter is constantly emitted from the 
skin ; this matter is invisible, and is distinguished by the 
name of perspiration. Several experiments were made by 
Lavoisier and Seguin to ascertain its amount. Mr. Cruick- 
shanks * made numerous trials to determine its nature, and. 
it has been subjected to a chemical examination by The- 
nard.+ Berzelius also has made some experiments on it. 

1. Mr. Cruickshanks put his hand into a glass vessel, -.. Water; 
and luted its mouth at his wrist by means of a bladder. 
The interior surface of the vessel became gradually dim, 
and drops of water trickled down. By keeping his hand. 
in this manner for an hour, he collected 30 grains of a  
liquid, which possessed all the ptoperties of pure water. 
On repeating the same experiment at nine in the evening  
(thermometer 60), he collected only 12 grains. The 
'mean of these is 21 grains. But as the hand is more ex- 
posed than the trunk of the body, it is reasonable to sup- 

Cruitkshanks on Insensible Perspiration. 
j. Ann. do (lam. lix. 263. 	/ On Insensible Perspiration, p. aa 
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Book v. pose that the perspiration from it is greater than that from 
'---"Ne"—)  the hand. Let us therefore take 30 grains per hour as the 

mean ; and let us suppose, with Mr. Cruickshanks, that 
the hand is ..ctuth of the silt-Ike of the body : The perspi-
ration in an hour would amount to 1880 grains, and in 24 
hours to 4.3,200.grains, or seven pounds. six ounces troy.. 
This is almost double of the quantity ascertained by- La-

*voisier and Seguin. Hence we may conclude that more 
matter is perspired through the hand than the other parts 
of the body, provided Mr. Cruickslianks's estimate of the 
ratio betweelt the surface of the hand and body be not er-
roneous. 

He repeated the experiment again after hard exercise, 
. and collected in an hour 4.8  grains of water.* He found 
also, that this Aqueous vapour pervaded his stocking with-
out difficulty; and that it made its way through a shamoy 
leather glove, and even through a leather boot, though in 
a much smaller quantity than when the leg wanted that 
coveriog.t 

It is not difficult to see why the quantity of watery va-
pour diminishes with cold. When the surface of the body 
is exposed to a cold temperature, the capacity of the cu-
taneous vessels diminishes, and consequently the quantity 
which flows through them must decrease. 

When the temperature, on the other hand, is much in- • 
creased, either by being exposed to a hot atmosphere, or 
by violent exercise, the perspired vapour not only increases 
in quantity, but even appears in a liquid form. This is 

	

Sweat. 	known by the name ofisweat., In what manner sweat is 
produced, is not at present known; but we can see a very 
important service which it performs, to the animal. No 
sooner is it thrown upon the surface of the skin than it 
begins to evaporate. But the change into vapour requires 
heat; accordingly a quaQtity of heat is absorbed, and the 
temperature of the animal is lowered. This is the reason 
that animals can endure to remain for some time in a much 
higher temperature without injury than could have been 
upposed. 

The experiments of Tillet, and the still. more decisive 

On Insensible Perspiration, p. 70. 	+ 	po 82. 

,6 
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experiments of Fordyce and his asAwiates, are well known. Chap. 11. • 
These gentlemen remained a considerable time in a tem- 
perature exceeding the boiling point of water. 

2. Besides water, it cannot be doubted that carbon is also Carbon. 
emitted from the skin ; but in what state, the experiments 
hitherto made do not enable us to decide. Mr. Cruiek-
shaiiks found that the air of the glass vessel in which his 
hand and foot had been confined for an hour contained 
carbonic acid gas; for a candle burned dimly in it, and it 
rendered lime-water turbid.' And Mr. Jurine found that 
air which had remained for some time in contact with the 
skin consisted almost entirely of carbonic acid gas.' The 
same conclusion may ho drawn from the experiments of 
Ingenhousz and Milly.t Trousset has observed that air 
was separated copiously from a patient of his while bath-
ing' § 

Now it is evident that the carbonic acid gas which ap-
peared during Mr. Cruicksbanks's experiment did not pre-
viously exist in the glass vessel ; consequently it must have 
either been transmitted ready formed through the skin, or 
formed during the experiment by the absorption of oxygen 
gas, and‘ the consequent emission of carbonic acid gas. The 
eNperiments of Mr. Jurine do not allow us to suppose the 
first of these to be true; for he found that the quantity of 
air allowed to remain in contact with the skin did not in-
crease. Consequently the appearance of the carbonic acid 
gas must be owing either to the emission of carbon, which 
fbrms carbonic acid gas by combining with the oxygen gas 
of the air, or to the absorption of oxygen gas and the sub-
sequent emission of carbonic acid gas; precisely in the 
same manner, and for the same rea.ion, that these sub-
stances are emitted by the lungs. The last is the more pro-
bable opinion; but the experiments hitherto made do not 
enable us to decide. 

3. Besides water and carbon, or carbonic acid gas, the 3. An oily 
skin emits also a particular odorous substance. That every  matter. 
animal has a peculiar smell, is well known : the 	can  
discover his master, and even trace him to a distance, by 
the scent. A dog, chained some hours after his master had 

• On Insensible Perspiration, p. 70 and 81. 
Encyc. Math. Med. i. 515. 	 t Ibid. p. 5116 
Ann, do Chim. xlv. 73. 
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Book v. set out on a journey of some hundred miles, followed his 

footsteps by the smell, and found him on the tliird day in 
the midst of a crowd.* But it is needless to multiply 
instances of this fact; they are too well known to every one. 
Now this smell must be owing to, some peculiar -matter 
which is constantly emitted and this matter must differ 
somewhat either in quantity or some , other property; as 
we see that the dog easily.distinguishes• the individual by 
means of it. Mr. Cruickshanks has made it probable that 
this matter is an oily substance; or at least that there is an 
oily substance emitted by the skin. He wore repeatedly, 
night and day, for a month, the same vest of fleecy hosiery 
during the hottest part of the summer. At the end of this 
time he always found an oily• substance accumulated iii 
considerable masses on the nap of the inner surface of the 
vest, in the form of black tears. When rubbed on paper; 
it makes it transparent, and hardens on it like grease. It 
burns with a white flame, and 1=es behind it a charry 
residuum.t 

Q. An acid, 4. Berthollet has observed the perspiration acid ;$ and 
and he has concluded that, the acid Which is present is the phos- 

phoric: but that has not been proved. Thenard obtained 
acetic acid ; but Berzelius has rendered it. probable that 
the true acid of sweat is the lactic, and that in Thenard's 
experiments the acetic was formed at the expense of the 
lactic. He evaporated a few drops of sweat to dryness in 
a watch glass,. The yellowish residue had all the appear-
ance under the Microscope of the usual mixture of the 
muriates of potash and soda, with lactic acid, lactate of 
soda and its accompanying animal matter. It reddened 
litmus and dissolved in alcohol.§ 

3. Animal 	5. The small quantity of animallnatter which Thenard Matter. found in the perspired matter 'possessed characters which 
induced him to consider it as similar to gelatin in its nature. 

rourcroy and Vauquelin have ascertained that the scurf 
which collects on the skins of horses consists . chiefly of 
phosphate oflime, 'and urea is even sometimes mixed with 
it. 

* Cruickshanks on Insensible Perspiration, p. 9J. 	t Ibid. p. 
Ile observed that a blue paper, applied to a part labouring under a 

gouty paroxysm, became always mt. Jour. de Phys. xxviii. 275. 
.Annals of Philosophy, b. 415. 
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Such are the constituents of perspired 'matter. Though Chap. II. 

the sweat has not been directly analysed, there is every `"Thr--1  
reason to believe that it is composed of similar constituents. 

SECT. XXVI. 

OF URINE. 

No animal substance has attracted more attention than History. 
urine, both on account of its supposed connection with va-
rious diseases, and on account of the very singular products 
which have been obtained from it. Mr. Boyle, and the 
other chemists who were his contemporaries, were induced 
to attend particularly to this liquid, by the discovery of 
a method of obtaining phosphorus from it. Boerhaave, 
Haller, Haupt, Margraff, Pott, Rouelle, Proust, and 
Klaproth, successively improved the method of obtaining 
the phosphoric salts from urine, or added something to 
our knowledge of' the component parts of, these salts. 
Scheele added greatly to our knowledge of urine by detecting 
several new substances in it which had not been suspected. 
Cruickshanks has given us a very valuable paper on urine 
in the second edition of Rollo's Diabetes. Fourcroy and 
Vauquelin have published an elaborate analysis of it; and 
Mr. Proust has published another, no less ingenious, in 
which he points out the existence of several substances 
which had been overlooked by other chemical philosophers. 
But the most elaborate and exact analysis of urine has been 
made by Professor Berzelius.* 

Fresh urine differs considerably in its appearance accord- Properfics, 
ing to the state of the person and the time at which it is 

• voided. In general, healthy urine is a transparent ° liquid 
of a light-amber colour, an aromatic odour resembling that 
of violets, and a disagreeable bitter taste. Its specific gra-: 
',city varies, according to Mr. CruickshAnks, from 1.005 to 
1.0334 When it cools, the aromatic smell leaves it, and 
is succeeded by another, well known by the name of urinous 

• pjur kemien, ii. 278. 
+ Dr. Henry ittibrins us that he never found it higher than 1.020. 

Annals of Philosophy, i. 52a. 
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Book V. smell. This smell is succeeded in two or three clays by 
another, *Ilia has a considerable' resemblance to that of 
sour milk. This smell gradually disappears in its turn, 
and is succeeded by a fetid alkaline odour. 

Contains an 1. Urine reddens paper stiiined with turnsole and with acid, the juice of radishes, and therefore contains an acid. This 
acid has been generally considered as the phosphoric.; 
Thenard affirms that it is in reality the acetic.* But Ber-. 
zelius has shown that it is the lactic.t 

Phosphate 	2. If a solution of ammonia be poured into fresh urine, 
of lime, a white powder precipitates, which has the properties of 

phosphate of lime: The presence of this substance in mine 
was first discovered by Scheele.t The phosphate of lime 
is obviously kept in solution by the acetic acid. Scheele 
affirms that it is most abundant in the urine of the.sick. 
Berthollet has observed, that the urine of gouty people is 
more acid than that of people in perfect health. The aver- • 
age quantity of phosphate of lime in healthy urine is, as 
cmicksbanks has ascertained, about .5-6 of theiweight of 
the urine.* 

Phosphate 	3. If the. phosphate of lime precipitated from mine he 
of magne- 
sia 	examined, a little magnesia will be lbund mixed with it. 

Fourcroy and Vauquelin have ascertained that this is owing 
• to a little phosphate ofmagnesia which urine contains, and 

which is decomposed by the alkali or lime employed to 
precipitate We phosphate of lime. J 

4. Berzelius informs us that there is a little fluate of 
lime mixed with the phosphate of lime of urine. He 
mixed the phosphates..of urine with their own weight of 
sulphuric acid and •exposed a pie& of glais to the unites 
prepared for etching. It was sensibly corroded, and thus 
showed the evolution of fluoric acid.** 

Sulphate or 5. Urine contains likewise a notable proportion of sul- 

pod 
ota

a
sh and phuric acid united both to potash and to soda.' This was " s. ascertained by Berzelins. If urine be acidulated with nitric 

acid to prevent the precipitation of the phosphates, and 
then mixed with auriate of barytes, a copious precipitate of 

40 Ann. ckehim. lix. 269. 	 Annals of Philosophy, ii. 418. 
t Scheele, i. 208. 	 § Phil. Mag. ii. 241. 

II Ann. de Chan, xxxi. 66. The same discovery bad been previously 
made by Dr. Wollaston. See his examination of calculi, Phil. Trans. 
1797. • 	 ** Annals of Philosophy, ii. 416. 
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sulphate of barytes.falls. if the urine after the removal of Chap.1I. 
this precipitate be supersaturated with ammonia, the phos- 
phates fall down, and along with them there is an additional 
quantity of sulphate of barytes..i' 

6. Proust informs us that carbonic acid exists in urine, Carbonic  
and that its separation occasions the froth which appears acids 
during the evaporation of urine.t Fourcroy and Vauque- 
lin, on the other band, • consider this acid as formed during 
the evaporation by the decomposition of the urea. The 
observations of Proust confirm those that bad been made 
by Priestley and Percival. • Vogel has confirmed the asser- 
tion of Proust. He put a quantity' of fresh urine under 
the exhausted receiver of an air pump. Many air. bubbles  

. were extricated. TIlis air was made to pass through lime 
water, which became milky and carbonate of lime was de- , posited. Thus showing that the air evolved was carbonic 
acid gas.$ 

6. When fresh urine cools, it often lets fall a brick co- Uric acid, 
loured precipitate, which Scheele first ascertained to be 
crystals of uric acid. All urine contains this acid, even 
when no sensible precipitate appears when it cools: For, 
if a sufficient quantity of clear and fresh urinc.be evapo- 
rated to 	of its weight, a subtle powder precipitates to 
the bottom, and attaches itself in part very firmly to the 
vessel. This part may be dissolved in pure alkali, and pre-
cipitated again by acetic acid. It exhibits all the proper- 

• tics of uric acid.§ The fact is, that thcprecipitate which 
usually falls when urine cools consists chiefly of phosphate 
of lime and uric acid. It may be dissolved in diluted nitric 
acid. If the solution be heated and evaporated to dryness, 
it assumes a fine rose colour if uric acid be present.11 The 
proportion of uric acid varies considerAlyltehe surface, i
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crystallizes in small red prisms, partly on 
urine be mixed with some nitric acid, a 	to 
the air. Indeed, from the experiments of Dr. Egan, we  
learn that all acids when mixed with urine throw down uric 
acid in crystals.* 

8. During  intermittent fevers, and especially during dis- Rogacic 
acid, 

* Portolios, Annals of Philosophy, ii. 417. 
t Ann. de (:him. xxxvi. 260. 	 I Ibid. xciii. 71. 

 

§ Scheele, i. 207. 	 ll Cruickshanks. 
" Phil. Alug. xxiii. '298. 
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Book V. eases of the liver, a copious sediment of a brick-red colour 
1 /4—The-1  is deposited from urine. This sediment contains the rosacic.  

acid of Proust. 
Benzoic 	9. If fresh, urine be evaporated to the consistence of a 
acid, Syrup, and muriatic acid be then poured into it, a preci-

pitate appears which possesses the properties of benzoic 
acid. Scheele first discovered the presence of benzoic acid 
in twine. He evaporated it to dryness, separated the saline 
part, and applied heat to the residuum. The benzoic acid 
was sublimed, and found crystallized in the receiver. The 
above method was first proposed by Yourcroy and \Tau-
quelin.* By it very considerable quantities of benzoic 
acid may be obtained from the urine of horses and cows, 
where it is much more abundant than in human urine. In 
human urine it varies from T4107,- to -1---637,-1 	of the whole.+ 
Proust affirms that the acid obtained by Scheele's proi:ess 
is not the benzoic, but another possessed of similar proper-
ties ; but differing in this circumstance, that nitric acid de-
composes it, whereas it only whitens benzoic acid.f 

10. When an infusion of tannin is dropped into urine, a 
white precipitate appears, having the properties of the 
combination of tannin and albumen. Urine, therefore, 

Albumen contains albumen or gelatin. ,These substances had been 
n ti 

and gela- suspected to be in urine, but their presence was first de-
monstrated by Seguin, who discovered the above method 
of detecting them. Their quantity in healthy urine is very 
small, often indeed not sensible. Cruickshanks found . 
that the precipitate afforded by tannin in healthy urine 
amounted to 74-oth part of the weight of urine. § In 
many diseases the quantity of these matters is very much 
increased. Time urine of dropsical people often contains so 
much albumen, that it coagulates not only on the addition. 
of acids, but even on the application of heat. II In all cases 
of impaired digestion, the albuminous part of urine is 
much increased. This forms one of the most conspicuous 
'and important distinctions between the urine of those who 
enjoy good and bad health.** 

Urea, 	11. If urine be evaporated by a slow fire to the con- 

Ann. de Chirp. xxxi. 62. 	 f Ibid. p. 63. 
Ibid. xxxvi. 	 § Phil. Mug. ii. 213. 
Cruickshanks, Phil. Mag. ii. 248. 

Fourcroy and Vanquelin, Ann. de Chim.'xxxi. 61, 
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Sistence of a thick syrup, it assumes a deep brown coloui, Chap. 11. 
and exhales a fetid ummoniacal odour. When allowed to 
cool, it concretes 'into a mass of crystals, composed of all 
the component parts of urine. If four times its weight of 
alcohol be poured upon this mass, at intervals, and a slight 
heat be applied, the greatest part of it Is dissolved. The 
alcohol, which has acquired a brown colour, is to be de-
canted off, and distilled in a retort in a sand heat, till the 
mixture has boiled for some time, and acquired the con-
sistence of a syrup. By this time the' whole of the alcohol 
has. passed oil; and the matter, on cooling, crystallizes in 
quadrangular plates which intersect each' other. This sub- 
stance is urea, which composes 	of the urine, provided 
the watery part be excluded. To this substance the taste 
and smell of urine are owing. It is a substance which cha-
racterizes urine, and constitutes it what it is, and to which 
the greater part of the very singular phenomena of urine 
are to be ascribed. 

It may be detected by evaporating urine to the consist- 
•ence of a syrup, and pouring into it concentrated nitric 
acid. Immediately a great number of white shining crys-
tals appear in the form of plates, very much resembling 
crystallized boracic acid. These crystals are urea combined 
with nitric acid. 

The quantity of urea varies exceedingly in different 
urines. In the urine voided soon after a meal, very little 
of it is to be found, and scarcely any at all in that which 
hysterical patients void during a paroxysm. 

12. If urine be slowly evaporated to the consistence of a Muriatc of 
syrup, a number of crystals make their appearance on its soda, 

surface t• these possess the properties of muriate of soda. 
Urine therefore contains muriate, of soda. h is well known 
that muriate of soda crystallizes in cubes; but when 'ob- 
tained from urine it has the form of octahedrons. This 
singular modification of its form is owing to the action of 
urea.* It has been long known that urine saturated with 
muriate of 'soda deposits that salt in regular octahedrons. 

13. The saline residuum which remains after the separa- Phosphates 
tion of urea from crystallized urine by means of alcohol of ammonia 
has been long known by the names of fusible salt rf urine 

 and of soda, 

• Fourcroy and Vauquelin, 
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Book V. and mieroco.smic .0E. Various methods of obtaining it 
-̀•'Y"J  have been given by chemists, from Boerbaave, who first 

published a process, to Rouelle and Cbaulnes, who ga%o 
the method just mentioned. If this saline mass be dissolved 
hi a sufficient quantity of hot water, and allowed to crys-
tallize spontancouly in a close 'vessel, two sets of crystals 
are gradually deposited. The lowermost set has the figure 
of flat rhomboidal prisms; the .uppermost, on the con-
trary, has the form of rectangular tables. These two may 
be easily separated by exposing them for some time to a 
dry atmosphere. The rectangular tables effloresce and 'fall 
to powder, but the rhomboidal prisms remain unaltered. 

When these salts are examined, they are found to have 
the properties of phosphates. The rhomboidal prisms con-
sist of phosphate of ammonia united to a little phosphate 
of soda; the rectangular tables, on the contrary, are phos-
phate of soda united to a snail quantity of phosphate of 
ammonia. Urine, then, contains phosphate of soda. and 
phosphate of ammonia. 

iviuriate of 	14. When urine is cautiously evaporated, a tew cubic. 
ammonia, crystals are. often deposited among the other salts; these 

crystals have the properties pf muriato of ammonia. Nov 
the usual fbrm of the crystals of niuriate of ammonia is 
the octahedron. The change of its form in urine is pro-
duced also by urea. ThiS salt is obtained in greater abun-
dance when the crystals of urea obtained from the alcohol 
solution arc distilled.* 

Sulphur. 	15. When urine is boiled in a silver basin, it blackens 
the basin ; and if the quantity of urine be large, small 
crusts of sulphuret of silver may be detached. Deuce we 
see that urine contains sulphur. This sulphur exhales' 
along with the carbonic acid when the urine putrifies ; for 
the fumes which separate fi•oni urine in that state blacken 
paper stained with acetate of lead.t 

16. The cloud which appears when urine cools, and which 
may always be detected in greater or smaller quantity in 
urine, is the mucus of the bladder. It may be separated by 
the filter. This mucus facilitates the dePosition of crystals 
pf uric acid. Hence when it happens to be detained in 

• * Fciurcroy and Vanquelin. 
t Proust, Ann. de Chita. xxxvi, 
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the bladder it may serve as a nucleus for the formation of Chap. 
calculus. 	 • •  

The constituents •of healthy urine according to the anti 
. 

lyres of .Berzelius arc as follows: 
Water. 	  933'00 
	  30'10 Urei 

Sidphate of potash 	3'71 
Sulphate of soda  	3'16 
Phosphate of soda 	  2'91 
i\Iuriate of soda  	44.5 
Phosphate of ammonia 	  1•65 
Muriate of ammonia .     .. 	1.50 
Free lactic acid 
Lactate of ammonia • . • • • 	17.11 Animal matter soluble in alcohol 
Urea not separable from the preceding 
Earthy phosphates with a trace of fluate of lime: 	1.00 
Uric acid  	P00 
Mucus of the bladder 	  0.32 
Silica  	0•03 

1000.00* 
No substance putrifies sooner, or exhales a more dotes- r.utrifac-

table odour, during its spontaneous decomposition, than urine.  
urine; but there is,a very great difference in this respect in 
different urines. In some, putrifhction takes place almost 
instantaneously as soon as it is voided ; in others, scarcely 
any change appears for a number of days. Fourcroy and 
Vauquelin .have aNcertained that this difference depends on 
the quantity of gelatin and albumen which urine contains. 
When there is very little of these substances present, urine 
remains long unchanged; on the contrary, the greater the 
quantity orgelatin or albumen, the sooner does putrifaction 
continence. The putiitiiction of urine, therefore, is  in 
some  degree the test of the health of the person who has 
voided it: for a superabundance of albumen in urine always 
indicates some defect in the power of digestion:t 

The rapid putrilaction of urine, then, is owing to the 
action of albumen on urea. We have seen already the faci- 

a Annals of Philosophy, ii. 423. f  ro.urcroy, Ann. de Chita. xxxi. 61. 

Constitu- 
ents. 
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Book V. 

Distillation 
of urine. 

Changes in 
it by dis-
ease. 
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lity with which that singular substance is decomposed, and 
that the new products into which it is changed are, am-
monia, carbonic acid, and• acetic acid. Accordingly, the 
putrifitction of urine is announced by an ammoniacal smell. 
Mucilaginous flakes are deposited, consisting of part of the 
gelatinous matter. The lactic acid is saturated with am-
monia, and the phosphate of lime, in consequence, is pre-:  
cipitated. Ammonia combines with the phosphate of mag-
nesia, forms with it a triple salt, which crystallizes upon 
the sides of the vessel in the form of white crystals, com-
posed of six-sided prisms, terminated by six-sided pyramids. 
The uric and benzoic acids are saturated with. ammonia; 
the acetic acid, and the carbonic acid, which are the pro-
ducts of the decomposition of the urea, are also saturated 
with ammonia; and notwithstanding the quantity which 
exhales, the production of this substance is so abundant, 
that there is a quantity of unsaturated alkali in the liquid. 
Putrified urine, therefore, contains chiefly the following 
substances, most of which are the products of putrifaction : 

Ammonia. 
Carbonate of ammonia. 
Phosphate of ammonia. 
Phosphate of magnesia and ammonia. 
Urate of ammonia. 
Acetate of ammonia. 
Benzoate of ammonia. 
Muriate of soda. 
Muriate of ammonia. 

Besides the precipitated albumen and phosphate of lime.* 
The distillation of urine produces almost the same 

changes ; for the heat of boiling water is sufficient to de-
compose urea, and to convert it into ammonia, carbonic 
and acetic acids. Accordingly, when urine is distilled, 
there come over water, containing ammonia dissolved in it, 
and carbonate of ammonia in crystals; the acids contained 
in urine are saturated with ammonia, and the gelatM and 
phosphate of lime pricipitatc4 

Such arc the properties of human urine in a state of 
health : but this excretion is singularly modified by disease; 

Ann. de Chim..Xxxi. 70. 	 + Ibid. xxxi. 55. 
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and the changes to which it is liable have attracted the at- Chap 11. 
tention of physicians in all ages, because they serve in some 1 /4-"-v—I  
measure to indicate the state of the patient, and the pro- 
gress of the disease under which he labours. The followino- t, 
are the most remarkable of these changes that have been 
observed." 

.11 In kflaminatory diseases the urine is of a red colour, knflanuna. 
and peculiarly acrid ; it deposits no sediment on standing, '')". 
but with corrosive sublimate it yields a copious precipitate. 

2. During jaundice the urine has an orange-yellow colour; Jaundice. 
and communicates the same tint to linen. .Muriatic acid 
renders this urine green, and thus detects the presence of a 
little bile. 

From the experiments of Fourcroy and Vauquelin, we 
learn that urine sometimes in these cases contains a sub-
stance analogous to the yellow matter which they formed 
by the action of nitric acid on muscular fibres.t 

3. About the end of inflammatory diseases the urine be- End of in-
comes abundant, and deposits a copious pink-coloured sedi- litiaomn ma" 
ment, composed of rosacic acid, a little phosphate of lime, 
and uric acid. 

4. During hysterical paroxisms the urine usually flows Hysteria. 
abundantly. It is limpid and colourless, containing much 
salt, but scarcely any urea or gelatin. 

5. Mr. Bcrtholla observed, that the urine of gouty per- Gout. 
sons contains usually much less phosphoric acid than healthy 
urine. But during a gouty paroxism it contains much 
more phosphoric acid than usual; though not more than 
constantly exists in healthy urine.t 

6. In general dropsy, the urine is loaded with albumen, Dropsy. 
and becomes milky, or even coagulates when heated, or at 
least when acids are mixed with it. In dropsy from dis- 
eased liver,' no albumen is present ; the urine is scanty, 
high coloured, and deposits the pink-coloured sediment. 

In certain cases, females have been observed to pass urine 
Which had the appearance of milk, 'and which upon ex-
amination, proved to differ from common urine in con-
taining a notable proportion of the curdy part of milk.¢ 

• See Cruickshanks, Phil. Mag. ii. 240; and Fourcroy, x. 166. 
+ MI. Mag. xxiii. 331. 	 Jonr. de Phys. xxviii. 275. 
4 .  See the aualysis of a specimen of this urine by Cabalie, Ann. de 

Chiul. Iv. 64. 
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Book V. 	7. In dyspepsia the urine always yields a copious preci- 
pitate with tan, and putrities rapidly. 

	

ickcts. 	8. The urine of rickety patients is said to be loaded with 
phosphate of lime, or, according to others, with oxalate of 
lime. 

	

Hepatitis. 	9. Mr. Rose has ascertained that in chionic hepatitis 
the urine is destitute of urea.* This curious fact has been 
confirmed by the experiments of Dr. IIenry.-1- 

	

Diabetes. 	10. In diabetes the urine is sweet-tasted, and often loaded 
with saccharine matter. In one case, the urine emitted daily 
by a diabetic patient, according to the experiments of 
Cruickshanks, contained 29 ounces of sugar./ 

Urineof in- The urine of other animals differs considerably from that 
krior ani- of man. For the analysis of the urine of quadrupeds 

hitherto made we arc chiefly indebted to Ronde junior. 
The following facts have been ascertained by that chemist, 
and by the experiments of Fourcroy, Vauquelin, Brande, 
and Chevreul. 

	

The horse. 	I. The urine of the horse has a peculiar odour : after 
exercise it is emitted thick and milky ; at other times it is 
transparent, but becomes muddy soon after its emission. 
When exposed to the air, its surface becomes covered with 
a crust cif carbonate of lime. It gives a green colony to 
syrup of violets, and has the consistence of mucilage. The 
following are its constituents, as estimated by .4ourcroy and 
Vauquelin from their experiments: 

Carbonate of lime 	 0•011 
Carbonate of soda 	 0'009 , 
Benzoate of soda 	 0'024 
Muriate of potash 	 0'009 
Urea 	  0'007 
Water and mucilage 	 0'940. 

1.000 § 
The urine.of the horse has been analysed by Mr. Brande.: 

The salts which it contains arc, according to him, the 
following:  

Annals of Philosophy, v. 42. 	 t Ibid. vi. 392. 
The reader may consult a set of comparative experiments on healthy 

and diabetic urine by Nicolas, Ann. de Chim. xliv. 32; the analysis of 
diabetic urine by Sorg (Gehlen's Jour. vi. 9,) and by Dupuytren and 
Thenard (Ann. de Chim. lix. 41.) 	4 Nem de l'histit. ii. 431. 

• 
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Carbonate of lime. 	Muriate of soda. 	Chap. II. 
Carbonate of soda. 	Benzoate of soda. 
Sulphate of soda. 	Phosphate of lime. 

These saline substances amount to about +tit of the 
urine.* The urine of the horse has been recently subjected 
to a new examination by Chevreul expresly to ascertain 
whether it contained phosphate of lime announced in it by 
Braude. His experiments confirmed those of Fourcroy 
and Vauquelin. The urine yielded no traces of phosphate 
of lime; but it contained magnesia and sulphate of potash, 
neither of which substances had been observed by Mr. 
Brande.t 

From the late experiments of Mr. Giese, we learn that 
the quantity of benzoate of soda varies considerably in the 
urine of horses. In some specimens he found it in abundance, 
and easily precipitated by muriatic acid. In others there 
was little or none. He could detect no benzoic acid in the 
food of horses. Hence he 'considers it as formed within 
the animal, and he thinks that it appears only in cases of 
disease. 

II. The urine of the ass was,  likewise examined by Mr. The ass. 
'Brande. It is transparent, but mucilaginous. It gives a 
green colour to syrup of violets, but no carbonate of lime 
is deposited from it on standing. It contains, according 
to Brande, urea, more phosphate of lime than the urine of 
the horse, carbonate of soda, sulphate of soda, muriate of 
soda, and probably muriate of potash. It contains no am-
monia.§ 

III. The urine of the cow has a strong resemblance to The cow. 
that of the horse; it has nearly the same odour and the 
same mucilaginous consistence. It tinges syrup of violets 
green, and 'deposits a gelatinous matter. On standing, 
small.crystals are formed on its surface. It contains, ac-
cording to Rouelle, 

1. Carbonate of potash. 	4. Benzoic acid.  
2. Sulphate of potash. 	5. Urea. 
3. Muriate of potash. 

• Ann. de Chim. lxvii. 216. 	+ Ibid. 803. 
Phil. slug. xvii. 151. 	 .Ann. de Chim. 1 vii. 277. 

Vol.. 1 V.. 	 2 0 
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Book V. 	The urine of the cow • has been more recently examined 
`The-1  by Mr. Brande. He found. it composed of the following 

constituents: 	' 
Water 	  65 
Phosphate of lime 	 3 
Muriate of potash 	 1_ 
Muriate of ammonia J.  15 
Sulphate of potash  ' 	 6 
Carbonate of potash } 
Carb. of ammonia . 	• • • . 	• • 4 
Urea 	• 4 
Loss 	  3 

100 
He obtained from it likewise a quantity of benzoic acid, 

but conceives that this acid was formed during 'the 
process.* 

The camel. IV. The urine of the camel was also examined by 
Rouelle. Its odour resembles that of the urine of the cow; 
its colour is that of beer ; it is not mucilaginous, and does 
not deposit carbonate of lime. It gives a green colour to 
syrup of violets, and efferv4sces with acids like the urine of 
the horse and cow. Rouelle obtained from it, 

1. Carbonate of potash. 	S. Muriate, of potash. 
2. Sulphate of potash. 	4. Urea. 

This urine has been more recently examined by Mr. 
Brande.t He obtained from it the following substances: 

Water 	  75 
Phosphate of lime 1 
Muriate of ammonia 
Sulphate of potash  	6 
Urate of potash 
Carbonate of potash  
Muriate of potash 	 . 8 
Urea 	  6 
Loss 	  5 

100 
Chevreul subjected the urine of the camel to a rigid ex- 

• Ann. de Chiin, Ixvii. 208, 	t Ibid. 20. 
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amination, on purpose to ascertain whether it really con- Chap. II. 
taincd the phosphate of lime announced as a constituent of `—`, ' 
it by Mr. Brande. He could detect none of it whatever, 
but separated from the urine of the camel the following 
substances: 

Albumen. 
Carbonate of lime. 
Carbonate of magnesia. 
Silica. 
An atom of sulphate of lime. 
A trace of iron 
Carbonate of ammonia. 
A little muriate of potash. 

A little sulphate of soda. 
Much sulphate of potash. 
A little carbonate of potash. 
Benzoic acid. 
Urea. 
A red oil, to which the urine 

owes its smell and colour. 

The last substance, the oil, seems to have been taken by 
Wan& for uric acid.* 

V. The urine of the rabbit has been analysed by Van- The rabbit. 
quelin. When exposed to the air, it becomes milky, and 
deposits carbonate of lime. It gives a green colour to 
syrup of violets, and effervesces with acids. That chemist 
detected in it the following substances : 

I. Carbonate of lime. 
2. Carbonate of magnesia. 
3. Carbonate of potash. 
4. Sulphate of potash. 
5. Sulphate of lime. 

6. Muriate of potash. 
7. Urea. 
8. Gelatin. 
9. Sulphur. 

VI. Vanquelin has also made some experiments on the The guinea 
urine of the guinea pig ; from which it appears that it re- Pig' 
sembles the urine of the other quadrupeds. It deposits 
carbonate of lime, gives a green colour to syrup of violets, 
and contains carbonate and muriate of potash, but no phos-
phate nor uric acid.t 

VII. The urine of the lion and tiger is alkaline at the The lion 
moment of its emission. It contains a quantity of am., and tiger. 

monia. It is destitute of uric acid and of phosphate bf 
lime. Its constituents as determined by Vauquelin arc the 
following 

* Ann. de Chin 	294. 	t Fourcroy) x. 181. 
t Ann. d Chin]. lxxxii. 198. 

2 o 2 
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tiook V. L Urca. 	 5. Muriate of ammonia. 
L—Ne---)  2. Animal mucus., 	6. Trate of phosphate of lime. 

3. Phosphate of soda. 	7. Much sulphate of potash. 
4. Phosphate of ammonia. 8. A trace of muriate of soda. 

The castor. VIII. The urine of the castor has a striking resemblance 
to that of herbivorous animals in general. Vauquelin ob-
tained from it the following substanCes : * 
1. Urea. 
2. Animal mucus. 
3. Benzoate of potash. 
4. Carbonates of lime and 

magnesia. 

5. Acetate of magnesia? 
6. 4Sulphate of potash. 
7. Muriates of potash and soda. 
8. Vegetable colouring matter. 
9. Trace of iron. 

Fowls. 	IX. From the experiments of Fourcroy and Vauquelin, 
we learn that the urine of domestic fowls contains uric 
acid.t 

The existence of that acid in the urine of fowls was 
called in question by Gehlen; but it has been fully con-
firmed by the experiments of Cbevreul.f 

Urinary ex- X. Some experiments on the urinary excretions of cer- 
cretions of tain insects have been made by M. Scholz. He obtained insects. 

from it the following constituents : 
Uric acid. 	  91 
Ammonia. 	  2 
Phosphate of lime 	 3'33 

••••••ammime 

99'33 § 

SECT. XXVII. 

OF FECES. 

THE excrementitious matter of animals, evacuated per 
anum, consists of all that part of the food which cannot 
be employed for the purposes of nutrition, considerably 
altered, at least in part, and mixed or united with various 
bodies employed during digestion to separate the useless 
parts of the food from the nutritious. An accurate exami- 

Ann. de Chim..lxxxii. 201. 	t Jour. de Phys. lix. 6t. 
t Ann. de Chive. lxvii. 305. 	§ Gilbert's Annalen, xliii. 83. 
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nation of these matters has long been wished for by phi- Chap. I L 
siologists, as likely to throw mach new light on the process 
of digestion. For if we knew accurately the substances 
which were taken into the body as food, and all the new 
substances which were formed by digestion; that is to say, 
the .component parts of chyle and of excrement, and the 
variation which different kinds of food produce in the 
excrement, it would be a very considerable step towards 
ascertaining precisely the changes produced on food by di-
gestion. 

Some of the older chemists had turned their attention to 
the excrements of animals ; 'I' but no discovery of import-
ance rewarded them for their disagreeable labour. Vau-
quelin has ascertained some curious facts respecting the ex-
crementitious matter of fowls. In the summer of 1806, a 
laborious set of experiments on human feces was published 
by Berzelius, undertaken, as he informs us, chiefly with a 
view to elucidate the function of digestion. + About two 
years before, Thaer and Einhof had published a similar 
set of experiments on the excrements of cattle; made 
chiefly to discover, if possible, how they act so powerfully 
as manure. I I shall in this Section give a view of the re-
sults obtained by these different chemists. 

I. The appearance of human feces requires no particu- Human 
lag detail. Their colour is supposed to depend upon the fecel• 
bile mixed with the food in the alimentary canal. When 
too light, it is supposed to denote a deficiency of bile; 
when too dark, there is supposed to be a redundancy of 
that secretion. The smell is fetid and peculiar, which after 
some time gradually changes into a sourish odour. .The 
taste is sweetish bitter. The colour of vegetable blue'mfu-
sions is not altered by fresh feces, indicating the absence 
of any uncombined acid or alkali.§ 

1. The consistency of human feces varies considerably 
in different circumstances; but at a medium, they may be 
stated to lose three-fourths of their weight when dried upon 
a water hath,11 

2. They do not mix readily with water ; but by sufficient 

* Van IIelmont's Custos Erraus. Sect. vi. Opera Belmont, p. 147. 

	

Neumann's Works, p. 585. 	 Geblen's Jour. vi. 509. 

	

Geblen's Jour. iii. 2'16. 	4 Ibid. vi. 512. 	H Ibid. vi. 535. 
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Book v. agitation and maceration, they may be diffused through it. 
'-'-"\ -1  The liquid, in this state, being strained through a linen 

cnts 
Constitu- cloth, leaves a matter of a greyish-brown colour, retaining 

a peculiar odour, which adheres long and obstinately to all 
those substances that come in contact with this residue. 
When dried, this substance exhibits the remains of vege-
table matters used in food, and perhaps also of some ani-
mal matters. Its quantity amounts to about seven per cent. 
of the feces.* 

3. The strained liquid deposited, on standing, avellow-
ish-green slimy matter, which was separated by the filter. 
It amounted when dry to1 4 per cent. of the fixes employed, 
From the numerous experiments of Bcrzelius uppn this 
matter, it appears to be composed chiefly of three sub-
stances: 1. A fatty matter, separated by means of alcohol, 
which possesses many properties in common with picro-
mel, and which Bcrzelius copsiders as that substance a 
little altered. 2. A peculiar yellow-coloured substance, 
dissolved by water after the fiat),  matter is removed. This 
substance Bcrzelius compares to gelatin ; but it appears to be 
rather more closely allied to mucus, or, at least, to contain 
mucus as a constituent. It dissolves in water, but not in 
alcohol; tannin makes its solution muddy, but occasions 
no precipitate; acetate of lead occasions' a copious white 
precipitate, but does not deprive the solution of its yellow 
colour. It soon runs to putrifaction, exhaling the odour 
of putrid urine. 3. A greenish-grey residue, insoluble 
both in water and alcohol, and leaving, when incinerated, 
some silica and phosphate of potash.t 

4. The liquid which passed through the filter was at first 
light=yellow; but by exposure to the air it became brown, 
which gradually deepened in. colour, till the solution grew 
at last muddy. When concentrated by evaporation, small 
transparent crystals made their appearance : which proved, 
on examination, to be crystal; of ammonia-phosphate of 
magnesia. • The solution, .on examination, was found to 
contain the following lubstances: 1. Albumen, which was 
obtained by mixing the concentrated solution with alcohol. 
The precipitate consisted of a mixture of albumen and 
phosphoric salts. The albumen obtained from 100 parts 

1  Gehlen's Jour. vi. 513. 	t Ibid. 526-534. 
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of feces amounted only to 0.9 parts. 2. Bile. By this Chap. II. 
Berzelius understood a mixture of picromel and soda. `—v---)  
The presence of this substance was inferred from the nature 
of the precipitate obtained by acids, and the salt of soda 
obtained by evaporating the residue. The quantity con-
tained in 100 parts of feces was 0.9. 3. A peculiar substance, 
of a reddish-brown colour, soluble both in water and al-
cohol. Acids give it an intense brown colour. A small 
quantity of tannin throws it down of a red colour and in a 

\pulverulent form ; a large quantity throws it down in. grey-
ish-brown flakes. It is precipitated by muriate of tin, 
nitrate of silver, and acetate of lead. When heated it melts 
and emits the smell of ammonia. It leaves behind it when 
burnt, traces of soda and of phosphoric salts. Berzelius 
supposes that this substance is formed from the picromel, 
by some change which it undergoes after the feces are ex-
posed to the air. The quantity of it obtained from 100 
part of feces was 2.7 parts. 4. Various salts : these in all, 
from 100' parts of feces (including the ammonio-phosphate 
of magnesia), amounted to 1.2 parts. Their relative pro-
portions were as follows: 

Carbonate of soda 	 35 
Muriate of soda 	  4 
Sulphate of soda, 	 2 
Amm.-phosphate of magnesia 	 2 
Phosphate of lime 	 4 

Such are the constituents of human feces, according to 
the experiments of Berzelius. The following table exhibit* 
the result of his analysis.* 

Water 	  73.3 
Vegetable and animal remains • . • • , 	 7.0 
Bile 	  0.9 
Albumen 	  0.9 
Peculiar and extractive matter 	  21 
Salts 	  
Slimy matter ; consisting of picromel, pe- zuia

e
r 	matter, and insoluble re.. 11.0 

100'O 

Gohlen's Jour. vi. 536. 
5 
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Book V. 	H. The excrementitious matter examined by Thaer and 
Einhof was that of cattle fed at the stall,. chiefly on turnips. Feces of It had a yellowish-o

'-' 
 en colour, a smell somewhat similar 

to that of musk, and but little taste. Its specific gravity 
was 1•015. It did not alter vegetable blues, and of course 
contained no uncombincd acid or alkali. 

1. Sulphuric acid, when mixed with this matter, deve-
lopes the odour of acetic acid ;, but Timer and Einhof 
have shown that this acid does not exist in the feces, but is 
formed by the action of the sulphuric acid. The pure al-
kalies, nitric and muriatic acids, produce little change on 
the feces of cattle, at least when not assisted by heat. 

2. When 100 parts are dried on a steam bath, they leave 
28+ of solid matter. 

3. When eight ounces, or 3310 grains, were diffused 
through water, they let fall a quantity of sand, weighing 45 
'grains. 

4. The watery solution, being strained through a linen 
cloth, left GOO grains of a yellowish fibrous matter, which 
possessed the properties of the fibrous matter of plants.* 

5. The liquid, on standing, deposited a slimy substance, 
which was separated by filtration. It weighed when dry, 
480 grains. To this matter the feces owe their peculiar 
colour and smell. It was insoluble in water and alcohol. 
When heated it smelled like ox bile. It burnt like ve-
getable matter. Alkalies scarcely affected it. Sulphuric 
acid developed the odour of acetic acid. Chlorine ren-
dered it yellow. Thaer arid Einhof considered this sub, 
stance as the remains of the vegetable matter employed as 
food by the cattle ; but it is extremely probable that it 
might contain also a portion of picromel, as Berzelius 
detected that substance in similar matter from the human 
feces. 

6. The filtered solution passed through colourless, but, 
on exposure to the air became in a few minutes wine-yellow 
and then brown. When evaporated to dryness it left a 
brownish matter, of a 'bitterish taste, and weighing 90 
grains. It was soluble in water, insoluble in alcohol, and 
precipitated from water by that liquid. It was not preci-
pitated by infusion of galls. The solution was found to 

Gehlen, iii. 286. 
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contain some phosphoric salts. The 90 grains of residue, cup. tt. 
when heated, burnt like aniinal matter. They soon ran 
into putrifaction, exhaling ammonia. 

7. When evaporated to dryness and burnt, this excre- 
mentitious matter left behind it an ash, which was found 
(not reckoning the sand) to consist of the following salts 
and•eartlis in the proportion stated : 

Lime 	  12 
Phosphate of lime 	  12'5 

 	 2 . 
Iron 	  

	

 	 5 
Alumina with some manganese 14 
silica .. 	  52 
Muriate and sulphate of potph 1.2 

5. Thacr and. Einhof made numerous experiments on 
the putrifaction of cow dung, both ir. close vessels and in 
the open air, from which it would appear that the process 
resembles closely the putriffiction of vegetable matter; the 
oxygen of the air being abundantly changed into carbonic 
acid. t 

HI. To Vamiticliu we are indebted for an analysis of the Exere- 
fixed parts of the excrements of fowls, and a comparisonfowls 

 e a t:.:  Of 

of them with the fixed parts of the food; from which some 
very curious consequences may be deduced. 

He found that a hen devoured in ten days 11111.80 
grains troy of oats. These contained 

Phosphate of lime 	 126.509 grains , 
Silica 	  219.518 

356'057 
During these ten days she laid four eggs ; the shells of 

which contained 98'779 grains phosphate of lime, and 
453.417 grains carbonate of lime. The excrements emitted 
during these ten days contained 175.529 grains phosphate 
of lime, 58.494,  grains of carbonate of lime, and 185.266 
grains of silica. Consequently the fixed parts thrown out 
of the system during these ten days amounted to 

* Gehlen, iii. 287. 	f Ibid. 321. 	/ Ibid. 295, 313. 
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Book V. 	 Phosphate of lime 	 274.305 grains. %—v.......) Carbonate of lime .. , 	 .91.911 
Silica 	  185.266 

Given out 	 971'482 
Taken in 	 356'057 

Surplus . 	 615.425 
Consequently the quantity of fixed matter given out of 

the system in ten days exceeded the quantity taken in %sy 
61.5'425 grains. 

The silica taken in amounted to 	 219.543 grains. 
That given out was only 	 185'266 

Fools seem 
to form 
Dime and 
phospho-
JUS. 

Remain 34'282 

Consequently there disappeared 34'282 grains of silica. 
The phosphate of lime taken in was 	 136'509 grains. 
That given out was 	  274105 

137'796 

Consequently there must have been formed, by digestion 
in this fowl, no less than '137196 grains of phosphate of 
lime, besides 511.911 grains of carbonate. Consequently 
lime (and perhaps also phosphorus) is not a simple sub-
stance, but a compound, and formed of ingredients which 
exist in oat-seed, water, or air, the only substances to which 
the fowl had access. Silica may enter into its composition, . 
as part of the silica had . disappeared; but if so, it must be 
combined with a great quantity of some other substance.* 

These consequences are too important to be admitted 
without a very rigorous examination. The experiment 
must' be repeated frequently, and we must be absolutely 
certain that the hen has no access to any calcareous earth, 
and that she has not diminished in weight ; because in that 
case some of the calcareous earth, of which part • of her 
body is composed, may have been employed. This rigour 
is the more necessary, as it seems pretty evident, from ex-
periments made long ago, that some birds at least cannot 

have access to calcareous earth. produce eggs unless they  

• Ann, de Chint. 4xix. 61. 
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Dr. Fordyce found, that if the canary bird was not supplied chap, lt. 
with lime at the time of her laying, she frequently died, 
from her eggs not coming forward properly.* Ile divided 
a number of these birds at the time of their laying eggs 
into two parties : to the one he gave a piece of old mortar, 
which the little animals swallowed greedily ; they laid their 
eggs as usual, and all of them lived ; whereas many of the 
other party, which were supplied with no lime, died. t 

Vauquelin also ascertained, according to Fourcroy, that 
\Of:Nulls' dung contains an acid of a peculiar nature, which 
Acreases when the matter is diluted with water; but gra-
dually gives place to ammonia, which is at last exhaled in 
abundance. 

IV. The white matter yoided by dogs who feed chiefly 
on hones, was formerly used in medicine under the name of 
album gnecum. It has not been examined by modern che-
mists; but is supposed to consist in a great measure of the 
earthy part of the bones used as food.§ 

SECT. XXVIII. 

OF MORBID CONCRETIONS. 

HARD substances occasionally make their appearance in Hist.ory. 
different parts of the animal body, both in the solids and 
in the the cavities destined to contain the fluids. In the 
first case, they are usually denominated concretions or ossifi-
cations ; in the second, calculi. The knowledge of these 
bodies is of importance both to the physiologist and phy= 
sician. The formation is an irregularity in the animal 
economy, and is likely therefore to• throw light upon its 
functions; for we succeed best in detecting the secrets of 
Nature when she deviates from that regularity which she 
usually follows. They often produce the most excruciating 
diseases; and the sufferings of the patient can only be 
effectually relieved by removing their cause. The different 
animal concretions at present known may be divided into 
five classes : 

On Digestion, p. 25. 	 t Ibid. p. 
Fourcroy, x. 70. 	§ Nemmum's Chemistry, p. 58.5. 
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Book V. 

Divisible 
into five 
classes. 

PARTS OF ANIMALS. 

I. Ossifications. 	 4. Urinary calculi. 
2. Intestinal concretions. 	5. Gouty calculi. 
3. Bilinry calculi. 

We shall take a view of each of these classes in order. 

I. OSSIFICATIONS. 

All the concretions which make their appearance in the 
solids of the animal body may be comprehended under this 
title with propriety ; because they have all a ci(*),e re-
semblance to bone, being composed of similar constituents. 
The following are the most remarkable of these concre-
tions. 

1. Pineal 	I. Pineal concretions.—It is well known to anatomists that 
concretions. small concretions like sand arc often found lodged in that 

part of the brain called the pineal gland. It was suspected 
from analogy that they consisted chiefly of . phosphate of 
lime; but Dr. Wollaston was the first who examined them 
chemically, and proved the truth of this opinion. He dis-
solved some of the sand in nitric acid, and evaporated the 
solution ; small crystalline needles made their appearance, 
indicating the presence of phosphate of lime.* 

2.. Salivary 	2. Salivary concretions.—Small concretions occasionally 
ioncretions. make their appearance in the salivary glands, especially the 

parotid and sublingual. From the experiments of Wollas-
ton and of Fourcroy, we learn that the basis of these con-
cretions isphosphate of lime, united to a membranous sub-
stance, which retains the shape of the concretion after the 

• solution of the phosphate. This at least was the case in a 
small salivary calculus which I examined.t In a salivary 
concretion weighing 1,1- grain, examined by Dr. Bostock, 
the whole consisted of phosphate of lime, excepting a few 
films of matter which was considered as coagulated albu-
men. f 

3. Pancrea- 3. Pancreatic concretions.—The hard • substances some- , 

tic 
concre
ns- times found in the pancreas arc said to be of the same nature jo. 

* See Dr. WollaSton's important paper on Urinary and Gouty Con-
cretions, Phil. Trans. 1797, p. 38G. I shall havo occasion to refer to 
it very frequently in the subsequent part of this Section. 

t Wollaston, Phil. Trans. 1797, p. 386. Fourcroy, ix. 367. 
Nicholson's Jour. xiii. 374. 

6 
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'with those of the salivary glands. The assertion, I presume, chap. H.  
is merely from analogy. 	 "'.-v----1  

4. Pulmonary concretions.—Many people subject to cough, 4, pul... 
or threatened with consumption, occasionally cough up nary con- 
small rounded white concretions. It is very common to ""'"'• 
find the lungs of such persons filled with similar bodies. 
I examined some of these bodies coughed up by a consump-
tive patient, and found them composed of phosphate of 
lime united to a thick membranous substance, which re- \
t 

 
ained the form of the concretion. The same result had 
yen obtained long before by Fointroy.* It is probable 

th t pulmonary concretions very frequently contain both 
ph sphate and carbonate of lime. This, Dr. Henry in-
for Is me, was the case with several of these bodies 'exit-
min d by him. In some cases they appear to contain no 
phosphate. Thus a pulmonary calculus examined by Mr. 
Crompton t was compos&I of 

Carbonate of lime 	  82 • • Animal matter and water ... . . 	 18 

100 
5. Hepatic concretions.—The liver also is sometimes full s. Hepatic 

of similar bodies. The shape of the hepatic concretions, as etiooitcre- 
far as my observations go, is more irregular, and I have 
seen them of greater size than the pulmonary concretions. 
By my analysis, they are composed of phosphate of lime 
and a tough animal membranous matter. 

6.. Concretions in the prostate.—From the experiments of G. Concre- 
Dr. 'Wollaston, we learn that the concretions which some- tions in the 
times form in the prostate gland have likewise phosphate of prostate. 

lime for their basis. 
7. The extremities Of the muscles and the larger  blood 7.  os,,..ca,_ 

vessels sometimes harden, and assume the appearance of ti°11** 
bone. It is believed that this change is a real ossification, 
or that these bodies are converted into real bone. I do mot 
know whether any such ossifications have been analysed. 

II. INTESTINAL CONCRETIONS. 

Concretions of very considerable size are sometimes found Histoty, 
lodged in the stothach and intestines; seldom indeed lit the 

* Ann. de China xvi. 91. 	 t Phil, Nag. xiii.18T. 
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PARTS OF ANIMALS. 

human body, but more frequently in some of the inferior 
animals. Some of these bodies have acquired great cele-
brity under the name of beznars ; but their medical virtue, 
at least in this country, has long ago sunk to its just level. 
It is to Fourcroy and Vauquelin that we are indeb,,, d liar 
almost all the knowledge of these concretion.! which we 
possess. They have distinguished no fewer than seven 
species of them, all composed of different ingvedient4. 
These species, distinguished by the constituents of eauh, are 
as follows.* 

six tits. 	I. Superphosphate of lime. 	4. Biliary. 
2. Phosphate of magnesia. 	5. Itesinow 
3. Ammonio-phosphate of 	6. Fungous. 

magnesia. 	 7. Hairy. 

1. Superphosphate rf lime.—The intestinal con l,, tious 
belonging to this species arc composed of concentric layers, 
easily separable from each other and very brittle. They 
redden vegetable blues, and arc partially soluble in water. 
The layers are unequally thick, and differ in their colour.-l' 
They were found in the intestines of different mannnalia. 

2. Phosphate of magnesia.—These concretions are unC0111.• 

mon. They arc semitransparent, and have usually a yel-
lowish colour. Their specific gravity is 2.160. They are 
formed of layers less numerous and not so easily separated 
as those of the preceding species4 

3. Phosphate (f ammonia-and-magnesia.—This species is 
the most common of the intestinal concretions. Its colour 
is grey or brown, and it is composed of crystals diverging 
like rays from a centre. It has some resemblance to cal-
careous spar. It contains abundance of animal matter. 
This species occurs frequently in the intestines of herbivo-
rous animals, as the horse, the elephant, &c. 

4. Biliary.—This is a species of concretion found fre-
quently in the intestines of oxen, and likewise in their gall-
bladder, and employed by painters as an orange-yellow 
pigment. Its colour is reddish-brown. It is not cow-
poSed of layers, but is merely a coagulated mass, and ap-
pears to be but little different from the matter of bile. 

* Ann. de Mils. d'Hist. Nat. iv. 331. 	f Ibid. i. 102, and iv. 331. 
Ibid. iv. 332. 
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When heated it melts. It dissolves readily in alkalies. Chap. U. 
Alcohol dissolves it partially, and acquires a very bitter 
taste.* 

5 Resinous.—To this species belong many of the oriental 
bezoars, formerly so celebrated, obtained from the intes-
tines of animals with which we are unacquainted. They 
are fusible and combustible, composed of concentric layers, 
smooth, soft, and finely polished. Fourcroy and Vauquelin 
have distinguished two varieties: the first of a pale-green 
colour, a slightly bitter taste, almost completely volatile; 

tying by heat a solid tenacious matter, soluble in alcohol, 
a 	separating in crystals as the solution cools. This mat-
te consists partly of bile, partly of resin. The second 
va ety has a brown or violet colour; its taste is not bitter; 
it 	cs not dissolve in alcohol, but is soluble in alkalies. 
The solution becomes purple-red when allowed to dry in 
the open air. When distilled it yields a yellow sublimate, 
having the smell and taste of soot, and insoluble in wate► 
and alcohol.t 

6. Fungous. This species consists of concretions com-
posed of pieces of the boletus igniarius, disposed in layers, 
and cemented by an animal matter. These pieces had been 
doubtless swallowed by the animals in whose intestines they 
were found. t 

7. Hairy.—Balls of hair felted together, sometimes pure, 
sometimes covered with animal matter, and sometimes mixed 
with vegetable remains, occur very frequently in the intes-
tines of animals.§ 

8. Ligniform.—This eighth species must be added in 
consequence of the experiments of Berthollet. Among the 
presents sent to Bonaparte by the king of Persia were 
three bezoars, which were consigned to Berthollet for 
analysis. They all belonged to this species. They had an 
oval shape, and a very smooth surface. Their colour ex-
ternally was greenish-black, internally brown. They were 
formed of irregular concentric layers. In the centre of one 
was found a collection of straws and other vegetable frag-, 
ments; in that of the others, small pieces of wood about the 
size of a pin. Their specific gravity was 1463. They were 

Ann. de Mug. 	Nat. iv, 333. 	t Ibid. 334. 	Ibid. S35. 

§ Ibid, 336. 
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Book V. insoluble in water, alcohol, and diluted muriatic acid.  • 
tash ley dissolved them readily, and they were thrown down, 
unaltered by muriatic acid. When distilled they yielded' 
the products of wood, and left a quantity of charco.,1 
retort, which, when incinerated, gave traces of sulphat 
soda, muriate of soda, lime, and silica. Thus ;1 apii 
that they possessed all the properties of pure woody 
They must have been formed in the stomach of the ef 
and not in the alimentary canal.-".  

BILIARY CALCULI. 

History. 	Hard bodies sometimes form in the gall-bladder, min 
the duct through which the bile passes into the antesti:int 
canal, and stop up the passage altogether. These,conex-
tions have got the name of' biliary calculi or  gall-s/ 'as. 
They naturally drew the attention of physicians, because it 
was soon ascertained that they occasioned the disease called 
jaundice. Accordingly they were examined and described 
by different chemists; and the facts ascertained before 170 
were collected by Halki• in the sixth volume of his Phr4o-
logy. Since that period, a treatise has been published on 
them by Vicq d'Azyr ; and several new facts have been dis-
covered by Poulletier de la Sale, Fourcroy, Greif. and 
Saunders. Thenard has lately subjected them to examina- 
tion.t 

Divisible 	Such of the biliary calculi as have been hitherto exan 
into four with attention may lie arranged under 'bur classes. 
classes. 

1. The first kind comprehends those which have a white 
colour, and a crystallized, shining, lamellate(' structure. 
They consist of adipoeire. 

2. The second species are polygonal, of a light greyi 
brown colour. Externally they have a covering comps 
of thin concentric layers, within a mutter either crystallized' 
or having the appearame of coagulated honey. 'They are 
composed chiefly of adipocire ; but contain a small portion  . 
of brown matter, considered as matter of bile a little altered., 

3. The third kind are of a brown colour, and are supposed 
to be composed of altered matter of bile. 

4.. The fifurth comprehends those gall-stones which do 
not flame, but gradually waste away at a red heat. 

• Mew. d'Arcueil, ii. 448. 	 t h,id. i. 59. 
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Let us take a view of each of these classes of biliary chap.11. 
calculi. 

1. The first Species of biliary calculi was pointed out for 1st Species 
the first time by Haller in a dissertation published in 174.9. resembles 
Walther afterwards added several new lacts ; and at last it 

spermaceti. 

was accurately described by i'icq d'Azyr. It is almost al-
ways of an oval shape, sometimes as large as a pigeon's egg, 
but commonly about the size of a sparrow's ; and for the 
most part only one calculus (when of this species) is found 

qn the gall-bladder at a time. It has a white colour; and 
klien broken, presents crystalline plates or suite, brilliant 
alt‘d white like mica, and having a soft greasy feel. Some-
i4es its colour is yellow or greenish ; and it has constantly 

a tg.acleus of inspissated bite.* Its specific gravity is infe-
riq to that of water: Grcn found the specific gravity of one 
0•SD3.-1- 

When exposed to the temperature of about 273°,$ this 
crystallized calculus softens and melts, and crystallizes again 
when the temperature is lowered.§ It is altogether insolu-
ble in water; but hot alcohol dissolves it whir thcility. Al-
cohol, of the temperature of 167° dissolves ,,10  of its weight 
of this substance; but alcohol,. at the temperature of 60° 
vcarcely dissolves any, of it.11 As the alcohol cools, the 
matter is deposited in brilliant plates resembling talc or bo- 
racic acid.** It is'soluble in oil of turpentine.tt When 
melted it has the appearance of oil, and exhales the odour 
of melted wax ; when suddenly heated it evaporates alto- 
gether in.a thick smoke. It is soluble in pure alkalies, and 
the solution has all the properties of a soap. Nitric acid 
also dissolves it; but it is precipitated altered by water.X t 
Indeed the greatest part separates as the liquid cools, and 
swims on the surface like drops of oil, and seems by the 
action of the acid to be brought nearly to the state of a 
resin.§§ Fourcroy, who first examined this peculiar matter 
of biliary calculi, has given it the name of adipocire, from  
its• resemblance both to fat and to wax. Chevreul could 

* Fourcroy, Ann, de Chilli. iii. 215. 
Clievreol, Ann. de Chim. xcv. 7. 

11 Ann. de Chilli. ii. 180. 
Gren, ibid. v. 187. 

t Footway, ibid. iii. 241. 
13ostaelt, Nivhalson's Jour. iv. 138. 
vOL. IV. • 	 2 r 

t Ann. de Chitin. v. 186. 
§ Ann. de Chit% 

iii. 256. 

   
  



.578 	 PARTS OF .kNT31.1I,5. 

Book V. not succeed in converting it into soap, by boiling it with 
%—v*--1  potash Icy. 

2d Species. 	2. The second kind of biliary calculi is of a polygonal 
nearly simi- shape, and a number of them almost always exist in the lay. 

gall-bladder together. To this, probably, they owe their 
peculiar form. Most commonly they have three bluer an-
gles, and have some resemblance to two low, tetrahedrons, 
applied base to base, with their edges and angleA rounded 
off. They vary considerably in their specific gravity. A 
specimen seemingly belonging to this species, era 	by 
1)r. l3ostock, was of the specific gravity 01100.* The nie;ri 
specific gravity of six which I analysed was 1'061, and th 
all sunk in water. Their outer surface is smooth, and I s 
a soft feel. When broken they exhibit a thin outer crf,,t, 
composed of concentric layers, alternately crystalliziA in 
small rays inclining towards the centre. The nucleus, in 
all the specimens which I have examined, laid the appear- 
ance of granulated honey. 	• 

These calculi, in their composition, differ but little from 
the last species, since they consist almost entirety of talipo-
cire. In six gall-stones which I analysed, this matter 
amounted to at least 4-:'ths of the whole. The residue wa4 
a reddish-brown substance, insoluble in alcohol. Nitric 
acid dissolved it readily, and formed a pink-coloured liquid, 
from which ammonia threw down no precipitate. Pure 
potash ley dissolved most of it readily when assisted by heat. 
From the solution, nmriatic acid threw down a dark-green 
matter, which had a bitter taste, dissolved in alcohol, melted 
when heated, and exhibited most of the properties of picro-
mel. The residue, insoluble in potash, was in grey flakes, 
and resembled albumen in such of its properties as could 
be traced. But as it never exceeded 44.11 of a grain, it was 
not possible to ascertain its nature with precision. 

3d, of al- 	3. I have never had an opportunity of seeing any gall- 
tere m

ac - cr. stones from the human species belonging to the third kind, tow 
or composed entirely of altered yellow matter. But in 
the gall-stones examined by Thenard several were of tlri 
kind. 

4.. Concerning the fourth species of gall-stone very little 
is known with 'accuracy. Dr. Saunders tells us that he inks 

4' &stock, Nicholson's Juur. iv. 136. 
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met with some gall-stones insoluble both in alcohol and oil chap. 
of turpentine; some of which do not flame, but become red, 
and consume to an ash like a charcoal.* Hailer quotes 
several examples of similar ealculi.t Probably they do not 
differ from the third kind. 

5. The gall-stones of oxen are always of a yellow colour, 
and consist of the yellow matter of bile mixed with minute 
traces of bile which may be separated by water. They are 
tasteless, when thus washed, and insoluble in water and 
alcohol. They are used by painters, though their colour is 
\ot permanent, but soon changes to a brown.t 

IV. URINARY CALCULI. 

is well known that concretions not unfrequently form 
in the bladder, or the other urinary organs, and occasion 
one of the most. dismal diseases to which the human spe- 
cies is liable. 

These concretions were distinguished by the name of History. 
calculi, from a supposition that they are of a stony nature. 
They have long attracted the attention of physicians. Che- 
mistry had no sooner made its way into medicine than it 
began to exercise its ingenuity upon the urinary calculi ; 
and various theories were given of their nature anti origin. 
According to I'aracelsus, who gave thCm the ridiculous 
name of dueled?, urinary calculi were composed of a muci-
laginous tartar which floated in the blood vessels. The 
schooling, on the other hand, considered them as a pecu-
liar mucilage concocted and petrified by the heat of the 
body. These opinions were ably refuted by Van Belmont 
in his Treatise Do Litltiasi, which Contains the first at-
tempt towards an analysis of urine and urinary calculi; and, 
considering the period at which it was written, is certainly 
possessed of uncommon merit. He demonstrates that the 
materials of calculi exist in urine: he considers them as 
composed of a volatile earthy matter and the saline spirit 
of mine which coagulates instantaneously when they com-
bine together ; but which are prevented from combining in 
healthy people by the presence of what he calls scoria, 

* On the Liver, p. 112. 
Thetford, Mein. d'Arcuoil, 

2r " 

t Physiol. vi. 567,. 
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Bunk V. which saturates the salt of urine.* Boyle extracted from cal. 
-̀--v—  cull, by distillation, oil and a great quantity of volatile salts. 

I3oerhaave supposed them compounds of oil and volatile 
salts. Shire attempted a chemical analysis of them.t Hales 

. extracted from them a prodigious quantity of air. Ile 
them the name of animal tartar, pointed out seventh eit 
stances in AV!all they resemble common tartar, and iliade 
many experiments to find a solvent of them. /. Drt... \\ hytt  
and Alston pointed out alkalies as solvents of calculi. it wag 
an attempt to discover a more perfect solvent that induced 
Dr. Black to make those experiments which terminal d 
the discovery of the nature of the alkaline carbonate.. 

Such was the state of the chemical analysis of 
when in 1776, Scheele published a dissertation on Ole tb-
ject in the ::-.,:tockholni Transactions; which Was surce‘dtd 
by some remarks of Bergman. These illustrious chemists 
completely removed the uncertainty which had hitherto 
hung over the subject, and ascertained the nature of the 
calculi which they examined. 

Since that time considerable additional light has been 
thrown .upon the nature of these concretions by the labours 
of Austin, 'Walther, Brugnatelli, Pearson, &c. But the 
most important additions to our knowledge of calculi were 
made. by Dr. 'Wollaston. That skilful chemist distinguished 
them into species, and ascertained the composition of each, 
pointing out several new constituents which had not been 
$uspected before. j The dissertation on calculi bx Four-
croy and Vauquelin is no less important. Most of their 
results indeed had bcren anticipated by Wollaston : but 
they analysed about 500 calculi with precision; a number 
sufficient to enable 'them to make a more exact arrange-
ment of diem than court! be obtained, till the frequency of 
the occurrence of every ingredient was known. . They de-
tected also some substances in calculi which had not been 
observed in them before. A valuable dissertation on the 
subject has been published by Mr. Braude. lie examined 

50 calculi in the Hunterian museum, and has rectified 
some mistakes of his predecessors, and added several new 
facts.11 

4 De Lithinsi, p. 21. 	t Phil. Trans. xvi. 140. 
/ Vega. Stat. ii. 189. 	E Mil, Trans. 1797. 

Tr;ins. 1$03. 
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Urinary calculi are usually spheroidal or egg-shaped; Char. IL 
sometimes they are polygonous, or resemble a cluster of D„criv. 
mulberries ; and in that case they are distinguished by the tion• 
epithet mulberry. Their size is various; sometimes they 
arc very small, and sometimes as large as a .goose-egg, or 
even larger. The colour of some of them is a deep brown 

• resembling that of wood. In some cases they are white, 
and not unlike chalk ; in others, of a dark-grey, and hard. 
These difkrent colours are often intermixed, and occur of 
various degrees of intensity. Their surface in some cases 
Is. polished like marble; in others, rough and unequal; 
:ametimes they arc covered with semitransparent crystals. 
Ifheir specific gravity varies from 1'213 to 1.976.* 

The substances hitherto discovered in urinary calculi arec:zonout 
th,4 following: 	 i  

1. Uric acid. 
2. Phosphate of lime.f 
3. Phosphate of magnesia and ammonia. 
4. Oxalate of lime. 
5. Muriate of ammonia. 
G. Magnesia. 

' 7. Phosphate of iron, 
S. Silica. 
9. Urea. 

10. Cis& oxide. 
11. Mucus, 

' 1. Uric acid was first discovered in calculi by Scheele.14166. 
The greater number of those concretions hitherto analysed acid. 
consisted of it. All those analysed by Scheele were com-
posed of it entirely. Of 300 calculi analysed by Dr. 
Pearson; scarcely one was found which did not contain a 
considerable quantity of it, and the greater nutnber mani-
festly were formed chiefly of it. Fourcroy and.Vauquelin 
foundit also in the greater number of the 500 calculi which 
they analysed. Of 150 examined by Braude only 16 were 
composed entirely of this acid ; but almost the whole of 
them contained this acid. 

The presence of this acid may be easily ascertained by 

* Fourcroy, x. 213. 
nrugnatelli 	also phosphate of Iliac, nit!t excess of QeiLl iq 

calculi. Sec Ann. de Min. xxxii. 103. 
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Euok v. the following properties: The calculi fbrmed of it arc 
fir—) brown, polished, and resemble wood. A solution of potash 

or soda dissolves it readily, and it is precipitated by the 
weakest acids. The precipitate  4/k soluble in nitric acid; 
the solution is of a pink colour, anOingcs the skin red. 

a. mos- 	2. Phosphate of lime was observed in calculi 	Bag- 
phatc of man ; afterwards it was tbund in abundance by l'...arson, lime. 

and more lately by Fourcroy and Vatuluelin. Dr. NI/011aq-
ton was the first who observed calculi composed a it. en-
tirely. The calculi which he examined were brown, oral 
so smooth externally as to appear polished. They wort 
composed of lamina: easily separable into concentric crust • . 
In the calculi observed by Fourcroy and Vanquelin, d e 
phosphate or lime was white, without lustre, friable, ~tniri II 
the hands, paper, and cloth. It had very much tla 
pearance of chalk, broke under the forceps, was insipid and 

.0 insoluble in water. It is soluble in nitric, muriatic, and 
acetic acids, and is again precipitated lty ammonia, fixed 
alkalies, and Oxalic acid. It is intimately mixed with a 
gelatinous matter, which remains under the form of a 
membrane when the earthy part. is dissolved by very diluted 
acids. ^' 

. rhos- 	The calculi containing phosphate of magnesia and 
hate esiof 

a ammonia were first distinguished by Mr. Tennant; but for  agn 
ml ammo- their first analysis we arc indebted to Dr. Wollaston. Ile 

first pointed out the presence of the triple phosphate, 
ascertained its characters, and showed how it might be 
imitated by art.t Fourcroy and Vauquelin, who detected 
it soon after, though their experiments were not published 
before the year 1800, suppose that it owes its existence t 
a commencement of putrifaction of the urine in the blad-
der. It occurs in white, semitransparent, lamellar layers; 
sometimes it is crystallized on the surface of the calculi in 
prisms, or what are called do;;-tooth. crystals. Its powder 
is of a brilliant white; it has a weak sweetish taste; it is 
somewhat soluble in water, and very soluble in acids, 
tboughAreatly diluted. Fixed alkalies decompose it, leav-
ing magnesia undissolved. 
• It never forms entire calculi. Sometimes it is mixed 
with phosphate of lime, and sometimes layers of it cover 

rourcroy, Ann. do Cbiur. xxNii. 218. 	-I: Phil. Trans. 1797. 

• 
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• uric acid or oxalate of lime., It is mixed with the same Chap. I!. 
gelatinpus matter as phosphate of lime.* 

1. Oxalate of lime was first detected in calculi by Dr. 4 oxidate 
Wollaston. t The calculi containing it had been distill- of lime. 
guished by the name of mulberry; but scarcely any.of 'their 
chaiacters was known till they attracted his attention. Ia 
all the calculi which he examined, tilt oxalate was mixed 
with phosphate of lime, and usually also with uric acid ; 
but Fourcroy and Vauquelin found several in which it was 
united only to animal matter. It commonly forms a very 
!lard calculus, of a dark-green colour, difficult to saw 
16mder, admitting a polish like ivory, exhaling, when 
sawed, an odour like that of semen. Insoluble and inde- 
edmposable by alkalies; soluble in very diluted nitric acid, 
.buy slowly and with difficulty. It may be decomposed by 
the carbonates of potash and soda. When burnt, it leaves 
behind a quantity of pure lime, amounting to one-third 
of its weight, which may be easily recognised by its pro- 
perties. 

5. Muriate of ammonia was first detected in calculi by 5. Muriatv 
Brandt. Pourcroy and Vauquelin had announced the ex- 'fiZmin°-  
istenee of urate of ammonia in calculi. They founded n  
their opinion chiefly on the easy solubility of the supposed 
urate in alkaline toys, and the smell of ammonia given out 
during the solution. Brandt fbund that it' such calculi 
were treated with water, a portion was dissolved, and the 
residue consisted of pure uric acid. The matter dissolved 
was partly urea and partly muriate of ammonia. To the • 
first of these bodies he ascribed the easy solubility of the 
calculus, and to the second the smell of ammonia which it 
gave out during its solution. From his experiments it does 
not appear that any such salt as urate of ammonia is pre- 
sent in calculi§ 

6 and 7. The presence of magnesia and phosphate of 
iron in calculi, has been announced by Alemani, an Italian 
apothecary. He analysed an urinary calculus, and ob- 
tained from it 

	

* Fourcroy, Aim. de Chim. xxxii. 219. 	. Phil. Trans. 1797. 

	

Fourcroy, Ana. do Chitn. xxxii. e20. 	g Phil. Mag. xxxii. 111. 
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Magnesia 	  51.00 
Silica  . 	 	 "0.00 
Phosphate of iron 	. 	 
Carbonate of magnesia 	 4'00 
Loss 	  3'16 

100'00 

As no details arc given, we have no means of asui tainme,̀ 
how far these results are to be considered as correct.'• 

S. Silica has only been found in tsVo instances by Four-
croy and Vauquelin, though they have analysed about coo 
calculi. It must therefore be considered as a very am 0:11-
mon ingredient of these concretions. In the two ite-tant,e.: 
in which it occurred, it was mixed with phosphate of 
The two calculi containing it were mulberry ones. Matt 	:t 
lighter colour than usual, extremely bard, and difficult to 
saw or reduce to powder. The presence of silica may be 
easily detected by its fusibility into glass with fixed alkalies, 
and its other well known properties. Professor 'Wurzer 
has detected silica, to the amount or one per 'cent. in a cal-
culus which he analysed. It was composed of' 

Phosphate of lime 	 17.33 
Uric acid 	  75.31 
Animal matter 	 6'33 
Silica.   . 	• 	  1 .00 

100'001: 

silica was found also in an excessive proportion in the cal-
culus analysed by Alemani, the result of which has been 
stated above. 

	

Urea. 	9. Urea was suspected to exist in calculi by Foureroy 
and Vauquelin, but was first detected by Mr. 13rande. Ile 
obtained it by digesting the calculi supposed to contain it 
in water or alcohol, and evaporating the solution. The 
proportion of it seems sometimes to be great. In one in- 
stance Mr. Braude fbund SG per cent. of animal matter, 
time greatest part of which no doubt was urea. 

	

o. cistio 	10. The substance called cistic oxide was discovered, tide. 

.4  Ann. de Clara, lxv. 222. 	 fourcrny, 	xxxii.;,)21. 
Gehlen's Jour. Second Series, ii. 265. 	4 	xxiii. 171. 
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• and its. nature ascertained, by Dr. Wollaston. A small cliv.It. 

calculus, passed From the bladder of a man, was entirely 
composed of it. It was white, dense, brittle, and had pretty 
much the appearance of magnesian lime-stone. The cha-
racters of this new and peculiar animal substance, as ascer-

,tained by Dr. Wollaston, arc the !Rowing : 1. It dissolves 
and-combines equally with acids and alkalies, and crystal-
lizes with both. 2. It is precipitated from nitric acid by 
alcohol. 3. It does not become red when treated with 
nitric acid. 4. It produces no change on vegetable blues. 
5. It is insoluble in water, alcohol, and ether. 6. When 
distilled it yields carbonate of ammonia and oil, 'and leaves 
oely a very small fixed residue, which is phosphate of lime. 

.This substance has only been found hitherto in three or 
four calculi. 

tl. All calculi contain an animal matter, which serves it. Animal 
as a cement to glue the other ingredients together. This '11'" 
matter is often very small in quantity, though sometimes it 
is very considerable. Fourcroy and Vauquelin at first con-
sidered it as albutnen, but they have rawly announced that 
they have ascertained it to be mucus; an opinion much 
more likely to be correct, as mucus is secreted by the in-
ternal 'surface of the bladder, and of course is always pre-
sent in more or less quantity. 

Such arc the component parts of urinary calculi; but as 
these substances often occur mixed 'together in various 
ways, it is a point of some consequence to be able to ascer-
tain the component paws of the different calculi from their 
appearance, and to know what substances usually associate 
together ; as this knowledge may lead hereafter to the true 

their theory of 	formation, and thus perhaps enable us to 
prevent that most dreadlid of all diseases.. Fourcroy and 
Vauquertn, after an examination of more than 600 calculi, 
have  divided them into three genera and twelve species. 
The following is a. view of their arrangement: 

GEIS us Jr. Calculi composed of one ingredient. 

Sp. 1. I Trice  acid. 
S.P. 2, 	Trate of ammonia. 
SP. 3. Oxalate of lime. 

Arrange-
ment of the 
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GENUS II. Calculi composed rf Iwo inaredients. 
Sp. 1. Uric acid and the phosphates in layers. 
Sp. 2. Ditto, mixed together. 
Sp. :3. Urate of ammonia and the phosphates in layers. 
Sp. 4. Ditto, mixed together. 
Sp. 5. The phosphates mixed or in layers., 
Sp. 6. Oxalate of lime and uric acid in layers. 
Sp. 7. Oxalate of lime and the phosphates in layers. 

GENUS III. Calculi containing more than two ingredients. 
Sp. 1. Uric acid, the phosphates, and oxalate of lime.' 
Sp. 2. Uric acid, urate of ammonia, the phosphates, 

silica. 
Let us take a view of each of these species. 

Description Sp. 1. Uric arid. Colour that of wood, various shades 
ie 

of thc spe- of yellow or red. Texture laminar and radiated, compact cs. 
and fine. Specific gravity from 1.5 to 1.786; sometimes so 
low as 1-276. Surface usually smooth and polished. • Com-
pletely soluble in fixed alkaline leys, without emitting any 
odour of ammonia. This species is the most common. 
One fourth of the GOO 	examined by Fourert)y and 
Vauquelin belonged to it. 

Sp. 2. (Trate of ammonia. Colour brownish white. 
Texture laminar; Minium easily separated from each.  other. 
Specific gravity from 1'225 to 1.720. Surface often crys-
tallized. Soluble in hot water, especially when reduced to 
powder. Soluble in fixed alkalies, while ammonia is 
evolved. This species is uncommon. I3rande has made it 
probable that it does not exist, and dint the calculi, re-
ferred to it by Fourcroy and Vauquelin, are composed of 
uric acid, urea, and muriate of ammonia. 

Sp. 3. Oxalate (•?if lime. Colour soot brown. Texture 
dense and hard, resembling ivory. SurEtce unequal, and 
full either of pointed or rounded protuierances. I-knce 
the epithet mulberry, by which the calculi of this species 
are distinguished. Specific gravity from P•128 to 1.976. 
What sawn, exhales the odour of semen. When calcined, 
leaves a residuum of carbonate of lime. Insoluble in al-
kalies; soluble with difficulty in acids. This species occurs 
frequently. 
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Sp. 4. Uric acid and the phosphates in layers. Surface chap. 

white like chalk, and friable or sparry and semitransparent, 
according as the outermost coat is phosphate of lime or of 
magnesia. Often large. When cut, they present a nucleus 
of uric acid. Sometimes this nucleus is covered with al-
ternate layers of the two phosphates. Specific gravity very 
varale. This species is not uncommon. About yvth of 
the calculi examined by Fourcroy and Vatuptelin belonged 
to' it. 

Sp. 5. Uric acid and the phosphates mixed. tozether. This 
species varies in its appearance. Sometimes the component 
parts alternate in visible layers ; at others they are too thin' 
to be perceived by the eye, and can only be ascertained by 
analysis. Specific gravity from 1.213 to 1.739. This spe-
cies is not uncommon. About „1-„th of the calculi analysed 
by Fourcroy and Vauquclin belonged to it. 

Sp. 6.. Urate of ammonia and the phosphates in layers. 
This species resembles the fourth in its appearance; but 
its nucleus, instead of uric acid, is composed of urate of 
ammonia. kis not very common, and the calculi belong-
ing to it are smaller than those of the fourth species. 

Sp. 7. Urate of ammonia and the phosphates mixed. This 
species resembles the filth, but may be distinguished by a 
colour less yellow, and by the ammonia emitted when the 
calculi are treated with potash. The calculi belon 0  aina to a 
it are small and rather uncommon. 

Sp. 8. The Iwo phosphates mixed or in layers. Colour 
white like chalk. Texture laminar; friaW, easily sepa-
rated, ana staining the surface of other bodies like chalk. 
Often mixed with thin layers of phosphate of magnesia and 
ammonia, sparry and semitransparent. Specific gravity 
from 1.138 to P471. Soluble in acids, insoluble inalkaiies. 
About 	of the calculi examined by Fourcroy and Nrttu..  
(India belonged to this species. 

Sp. 9. Oxalate of lime and vrie acid in layers. The 
calculi belonging to this species have a nucleus of oxalate 
of lime covered with a layer, more or less tliick, of uric 
acid ; or they consist of a small calculus of the, third spe-
cies covered with a laver belonging to the first species. 
They are easily distinguished when sawn in two. About -51zsth 
of the GOO calculi analysed.by Fourcroy and Vauquelin be• 

.lougel to this species. 
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Book V. 	Sp. 10. Oxalate of lime and the phosphates in layers. 
L'The—j  The calculi belonging to this species have a nucleus of 

oxalate of lime covered with a coat of the phosphates. Ex-
ternally, therefore, they are the same with the fourth and 
eighth species; while the internal nucleus belongs to the 
third species. They are easily distinguished therefore when 
sawn in two. The calculi of this species are the most nu-
merous of all, next to those of the first species. About +th 
of those examined by Fourcroy and Vauquelin belonged 
to it. 

Sp. 11. Uric acid or urate of ammonia, the, phosphates, 
oxalate of lithe. The calculi of this species have a nucleus 
of oxalate of lime, over this a coat of uric acid or urate of 
ammonia, or of a mixture of both ; while. the outermost 
coat is composed of the phosphates. 

Sp. 12. Uric acid, unite of ammonia, the phosphates, silica. 
The calculi of this species bear a considerable resemblance 
to those of the last. The nucleus is composed of silica 
and phosphate of lime, then there, is a coat of uric acid 
and urate of ammonia, and over alt. a coat of the phos-
phates. Only four calculi of this kind have been observed.' 

Wollaston's Such is the arrangement of Fourcroy and Vauquelin, 
arrange' certainly the most complete which has hitherto appeared.' mem. Dr. Wollaston had previously given another, which . in, 

many respects. deserves the preference in a practical view. 
It consists of a small number of ,genera, admirably well 
distinguished by their characters and constituents. It cer-
tainly deserves• the pectdiR Attention of surgeons. He di- 
vides calculi into four kinds: They are as follows : 	• 

1. Uric calculi. ,These are the calculi composed of uric 
acid, or which consist chiefly of that substance. , They arc 
either completely soluble impure alkaline leys or nearly so. 

2. &sib& eaicwi.. ;,Cympqsed chiefly of phosphate of 
lime and phosphate of magnesia and ammonia. Before 
the blowpipe they melt into enamel. They are completely 
soluble, or nearly so, in muriatic 

3. Mulberry calculi. Composed, of oxalate of lime or of 
oxalate and phosphate of lime. In the state of powder, they 
are, slowly dissolved, by muriatic acid. The residuum is 
uric acid. 

4. Bone earth calculi. These, as the name implies, are 
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' composed chiefly of phosphate of lime. They are soluble 
in murintic acid. 

From the observations and experiments of Mr. Braude, 
it appears that the calculi formed in the kidneys almost 
always consist of uric acid and animal mutter. Sometimes, 
but very rarely, they consist of oxalate of lime; and when 
calculi remain in the kidney a considerable time after they 
have been formed, their external coat consists sometimes 
of the' triple phosphate of magnesia and phosphate of 

Of 150 calculi found in the bladder, and analysed.by Mr. 
Brande,•the following was the composition : 

le Composed of writ.. acid. 
45 	 uric acid, with a small relative propor- 
• tion of the phosphates. 

66    the phosphates with a small proportion 
of uric acid. 

12 	 the phosphates entirely. 
5 	 uric acid with the phosphates and 

nuclei of oxalate of lime. 
	 chiefly oxalate of lime. 

er,••••••••••• 

1501- 	 • ra 

From the preceding account or the different urinary cal-
culi, it appears that most of their component parts exist in 
urine. But little satisfactory ' is known concerning the 
manner in which these concretions are formed, or of the 
cause of their formation. 'Whenever any solid body makes . 
its way into the bladder, it has been observed that it is 
soon encrusted with a coat of phosphate of. lime; and this 
first nucleus soon Occasions a calculus. Concretions of 
uric acid seldom or never 'form in the bladder, unless a 
primitive nucleus has originated in the kidneys. The gravel 
which is so frequently emitted 'by persons threatened with 
the Stone consistOalways of this acid. As oxalic acid does 
riot exist in urine, some morbid change must take place in 
the urine when calculi composed of oxalate of lime are 
deposited. Brulinatelli's discovery of the. instantaneous 
conversion of uric acid into oxalic acid by chlorine, 
Which has been confirmed by the experiments of Feurcroy- 

* Phil. ?Jag. xxxii. 167, 	t Ibid. 
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Book V. and Vauquelin, throws considerable light upon the forma-
tion of oxalic acid in urine, by showing us that uric acid is 
probably the basis of it ; but in what manner the change is 
actually produced, it is not so easy to say. 

Attempts to As our ignorance of the cause of urinary concretions 
discover a puts it out of our power to prevent their formation, the solvent of 
calculi. 	ingenuity of physicians has been employed in attempting to 

discover substances capable of dissolving them after they 
have formed, and thus to relieve the human race from one 
of the most dreadful diseases to which it is subject. These 
attempts must have been vain, or their success must have 
entirely depended upon chance, till the properties of the 
concretions themselves had been discovered, and the sub-
stances capable of dissolving them ascertained by experi-
ment. I shall therefore pass over the numerous lithontbrip-
tics which have been recommended in all ages, and sa-
tisfy myself with giving an account of the experiments 
made by Fourcroy and Vauquelin to dissolve stones by in-
jections through the urethra, made after their analysis of 
the urinary calculi. 

The component pails of urinary calculi, as far as sol-
vents are concerned, may be reduced under three heads; 

Solvents. 	 1. Uric acid and urate o1 timmonia. 
2.* The phosphates. 
3. Oxalate of lime. 

1. A solution of pure potash and soda, so weak that it 
may be kept• in the mouth, and even swallowed itithout 
pain, soon dissolves calculi composed of uric acid, or urate 
of ammonia, provided they be kept plunged in it. 

2. The phosphates are very quickly dissolved by nitric 
or muriatic acid, so weak that it may' be swallowed without 
inconvenience, and possessed of no greater acridness than 
urine itself. 

3. Oxalate of lime is much more diffictit of solution than 
the preceding substances. Calculi composed of it arc 
slowly dissolved by nitric acid, or by carbonate of potash. 
or soda, weak enough not to irritate the bladder: but the 
action of these substances is slow, and scarcely complete. 

There is no room to believe that tiny of thew medicines hitherto 
proposed, whether alkalies or acids, have any circa as solvents of cal.. 
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'These solvents injected into the bladder repeatedly, and Chap. U. 
retained in it as long as the patient can bear their action c`'V " 
without inconvenience, ought to act upon the stone and el  at' 
gradually dissolve it. The difficulty, however, is to deter- 
mine the cothposition of the calculus to be acted upon, in 
order to know which of the solvents to employ. But as no 
method of deciding this point with certainty is at present 
known, we must try some one of the solvents for once or 
twice,, and examine it after it has been thrown out of the 
bladder. Let us begin, for instance, with injecting a weak 
solution of potash; and after it. has remained in the blad- 
der half an hour, or longer if the patient can bear it, let 
the liquid, as soon as passed, be filtered mid mixed with a 
little muriatic acid ; if any uric acid has been dissolved, a 
white solution will make its appearance. This precipitate 
is a proof that the calculus is composed of uric acid. If it 
does not appear, after persevering in the alkaline solution 
for some days, then there is reason to expect the presence 
of the phosphates; of course a weak muriatic acid solution 
should be injected. After this solution is emitted, let it be 
mixed with ammonia, and the phosphate of lime will pre- 
cipitate, if the calculus be composed of it. It' neither of 
these solutions take up any thing, and if the symptoms are 
not alleviated, we must have recourse to the action of nitric 
acid, on the supposition that the calculus is composed of 
oxalate of lime. These different solutions must be per- 
sisted in, and varied occasionally as they lose their efficacy, 
in order to dissolve the different coats of the calculus. .Such 
are the methods pointed out by Fourcroy and Vauquelin. 
It is scarcely necessary to observe, that the bladder should 
be evacuated of urine previous to the injections, and that 
the injections should be previously heated to the temperature 
of the body. 

The calculi lint d in the bladder of the inferior animals Calculi of 
have been examit II by different chemists, especially  

} 
inferior ;mi. 

by mats, rourcroy and Ira tquelin, and by Dr. Pearson and Mr. 
Braude. As far as experiment , has hitherto gone, they 
consist chiefly of the three following species : 

1. Carbonate of wile. These calculi have a white colour, 
are opaque, and an easily recognized by the action of acids. 
They occur most I. 3(1=14 in .the bladder of the gramini. 

Jaye been first detected by Toros animals, Intl seem to have  
Pi 
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Fourcroy and Vauquelin. The lime is cemented by an 
animal 'natter. Calculi belonging to this specks have beeit 
found in the bladder of the horse,* the sow,t the rabbit," 
the ox.I 

2. Earthy phosphate. These calculi belonc,  Chiefly to the 
carnivorous animals, and seem first to have been examined 
by Dr. Pearson. They consist sometimes of phosphate of 
lime and animal matter, sometimes of a mixture of phos-
phate of lime and phosphate of ammonia and magnesia and 
animal matter. They have been found in the bladder of 
the dog,§ the hog,ll the rat,** and the cat:" and a cal-
culus from a horse, examined by Dr. Pearson, was ob-
viously composed of the two phosphates. I found the cal-
culus from a hog composed entirely of phosphate of 
lime.tf 

3. Oxalate of lime. Calculi 'composed of this substance 
have been recently detected by Fourcroy and Vauquelin 
from the bladder of the dog and the rat4.1: 

The following table exhibits a view of the constituents of 
the calculi of dfferent animals analysed by Mr. Brande: 

Horse.§§ a. Dog. 0 .0 
fQ 

Phosphate of lime. , 415 GO 7(2 6.1 80 39 
Carbonate of lime 	 22 10 40 20 )̀0 90 42 
Phosph. of mag.1 

and ammonia f • ' 28 30 
Animal matter 	 8 19 
Loss 	  2 

15 

•••••••••• 

100 100 100 100 100 100 100 100 

Several calculi from the bladder of the ox; 1 kewiso ex-
amined by Mr. Brande, were c po ' 4,11  rothonate of 
lime and animal matter. II II 

* Pearson. 	s Bruguatelli dad :' 	 ! " mrcroy. 
§ Pearson. 	u liartlioldi. 	 ,d Vanquelin. 

tf Annals of Philosophy, ii. 59. 
t t Ann. de Mus. d'Ilist. Nat. iv. 3:18. 
§§ The first calculus in the table wa4 il 'l I I illJ I I 11 Ll 1 i  all the rest were 

from die bladder. 
if II Phil. Mag. xxxii. 175. 
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`Thus it appears that the calculi of carnivorous animals Chap. II. 
resemble the human in their composition, excepting that -̀--Nr—d  
uric acid has never been detected in diem. 

V. GOUTY CONCRETIONS. 

It is well known that concretions occasionally make their 
appearance in joints long subject to gout. These concre- 
tions, from their colour and softness, have received the 
name of chalk-stones. They are usually small, though Chalk 
they have been observed of the size of an egg.l.' It had smes., 
long been the opinion of physicians that these concretions 
were similar to the urinary calculi. Of course, after the 
discovery of uric acid by Scheele, it was usual to consider 
the gouty chalk stones as collections of that acid. They consist of 
were subjected to a chemical analysis by Dr. Wollaston in u

so
ra
d
t: ot  

1797, who found them composed of uric acid and soda. 
Gouty concretions are soft and friable Cold water has 

little effect upon them ; but boiling water dissolves a small 
portion. If an acid be added to this solution, small crys- 
tals of uric acid arc deposited on the sides of the vessel. 

These concretions are completely soluble in potash when 
the action of the alkaline solution is assisted by heat. 

When treated with diluted sulphuric or with muriatic 
acid, the soda is separated ; but the uric acid remains, and 
may be separated by filtration. The liquid, when evapo. 
rated, yields crystals of sulphate or muriate of soda, ac- 
cording to the acid employed. The residuum possesses all 
the characters of uric acid. When .distilled it yields am- 
monia, prussic acid, and the acid sublimate of Scheele. 
When dissolved in a little nitric acid, it tinges the skin of 
a rose colour, and when evaporated leaves a rose-coloured 
deliquescent residuum. It is soluble in potash, and may be 
precipitated by any acid, and by ammonia ; first in the 
state of a jelly, nd then breaking down into a white  
powder. 

When uric act soda, and a little warm water, are tri- 
turated together, mass is formed, which, after the sur- 
plus of soda is wa 	off, possesses the chemical proper-
ties of gouty cone etions.t 

V. 

	

* Severinus. 	tmoe Dr. Wollaston's analysis, Phil. Trans. 1791. 
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13( ok V. 	 SECT. XXIX. 

MORBID SECRETIONS. 

IN different diseases to which the animal body is subject, 
various fluids make their appearance which did not exist 
previously, at least under the form which they assume. 
Thus in dropsy, the cellular substance, and frequently 
also the cavities of the head, breast, or abdomen, are filled 

tariOus. with a whitish liquid. When any part of the skin is irri-
tated into a blister,. the interval between the cutis and cuti-
cle is filled with a transparent fluid : and when any part of 
the muscles or skin is wounded, the ulcer is soon covered 
with a thick matter called pus. A thin sanies exudes from 
cancers and carious bones. A chemical knowledgeof these 
secretions cannot but be attended with advantage both to 
the physiologist and physician. Unfortunately little pre-
cise information respecting these fluids can be at present 
given. It will be worth while, however, to state the obser-
vations that have been made. 

Properties 
of healthy 
pus. 

I. PCS. 

The liquid called pus is secreted from the surface of an 
inflamed. part, and usually moderates and terminates the in-
flamthation. It assumes different appearances according to 
the state of the sore. When it indicates a healing sore, it 
is called healthy or good-conditioned pus. This liquid pos. 
sesses the following properties: 

It is of a yellowish-white colour, and of the consistence 
of cream. Its taste is insipid, and it has no smell when 
cold. Before the microscope it exhibits the appearance of 
white globules swimming in a transparent fluid.* Its spe-
cific gravity varies from 1.031 to 1'033.t 

It produces no change on vegetable b'ues.t When ex-
posed to a moderate heat it gradually hies, and assumes 
the appearance of horn. 'When co:Etc Je.1 to destructive 
distillation, Bergman obtained first ahu It one-fourth of the 
pus in the state of insipid 'water. On i. %creasing the fire, a 

* Ilome on Ulcers. 	f Pear:,, t , tii holsca' Jour. xxx. 17% 
Cruickshanks. 
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4  liquid came over, containing abundance of ammonia, and Chap. 

accompanied by gaseous bodies, which were not examined. —̀v--1  
Some concrete carbonate of ammonia sublimed, accom-
pzmied by empyreumatic oil. A light brilliant coal re-
mained of difficult incineration. The ashes gave traces of 
iron.* 

When pus is left exposed to the air, it gradually be-
comes acid, according to Hildebrant ; and Haller affirms. 
that it sometimes gives a red colour to litmus even when 
recent. When thrown into water it sinks to the bottom. 
When agitated the mixture becomes milky; but the pus 
separates again when allowed to remain undisturbed. 
However, by repeated agitation, and especially by the ap-
plication of heat, a milky liquid is obtained, which passes 
in that state through the filter. 

Alcohol thickens ,pas, but does not dissolve it; neither 
does pus unite with oils. 	 • 

Sulphuric acid dissolves it, and forms a purple coloured 
solution. When diluted with water, the dark colour dis-
appears, and the pus separates ; either sinking to the bot-
tom, or rising to the bilrfitec, according to the quantity of 
water added, and the time that the solution has been al-
lowed to stand. Diluted sulphuric acid 'does not act 
upon it. 

Concentrated nitric acid effervesces with it, and forms a 
yellow solution, which when recent is decomposed by water, 
the pus subsiding in the state of grey flakes. 

Muriatic acid also dissolves it when heated, and the pus 
is separated by water. 

With the fixed alkaline leys it forms a whitish ropy fluid, 
which is decomposed by water ; the pus precipitating. Pure 
ammonia reduces it to. a transparent jelly, and gradually 
dissolves a considerable portion of it.j' 	 • 

When nitratc)Of silver is dropped into the solution of 
pus in water, a white precipitate separates. Nitrate of  
mercury and cor osive sublimate occasion a much more 
copious flaky prec itate.t 

Such are the pr lerties of healthy pus hitherto observed 
by chemists. Th indicate a considerable analogy with 
albumen. Variou observations have been =del() enable 

Cren%Haudbuct, 42.(5. 	t cruicksbanks. 

2 9 2  
1. ibid. 
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Book V. physicians to distinguish pus from the mucus of the inter- 
'a-v-1  nal cavities, especially of the lungs. In cases of copious 

expectoration, it is sometimes of consequence to know 
whether the matter thrown out of the lungs is pus or mucus. 
Mr. Charles Darwin made a set of experiments on the sub-
ject, and pointed out three criteria which distinguished 
pus. 1. Sulphuric acid dissolves it. When the solution 

. is diluted the pus precipitates; but mucus treated in the 
tame manner swims. But this distinction depends upon 
the quantity of water added, and is therefore ambiguous. . 
2. Pus is diffusible through diluted sulphuric acid, through 
water; and through brine; but mucus is not. 3. ..Alkaline 
leys dissolve pus; water precipitates pus thus dissolved, 
but not mucus. How far these two last distinctions can be 
trusted, is rather doubtful. Grasmeyer has proposed the 
following method, which he considers as complete. Tritu-
rate the substance to be tried with an equal quantity of 
warm water; then add to it an equal portion of a saturated 
solution of carbonate of potash, and set the mixture aside. 
If it contains pus, a transparent jelly subsides in a few 
hours ; but this does not happen if only mucus be present.* 

2. When the ulcer is ill-conditioned, the pus secreted in 
it possesses different properties. It has usually a fetid 
smell, is much thinner, and to a certain degree acrid. 
We are in, possession of two sets of experiments op this 
unhealthy pus: one by Mr. Cruickshanks on the pus dis-
charged from what is called the hospital sore; another by 
Dr. Crawford on the matter of cancers. 

Pus of the 	The pus from the hospital sore possesses most of the 
hospital 	properties of healthy pus; but is distinguished by its odour, sem 

and by some shades of difference when exposed to the 
action of the metallic precipitates. Lime-water, changes 
its fetid odour, but does not destroy it; sulphuric acid in-
creases it, as do alcohol and the solution c,f oxide of arsenic 
in potash. Bark has no effect upon it ; (I but it is destroyed 
by the nitrate of mercury and corro,ive sublimate, by 
nitric acid, and by chlorine. Nitrat( of silver does not 
destroy it. Mr.. Cruickshanks.suppose:i  that the fetid smell 
is occasioned by the alteration of son e part of true pus. 

* Gren's gandbuch, ii.• 433. ' Dr. Pearson's experiments on pus de- 
serve the attention of the reader. See Nichuhea Jour. sax. 11. 
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TT rie considers the pus of the hospital sore as a matter sui Chap. II. 
generis, which is capable of generating more, and even of 
producing an alteration in the system. Hence, to heal the 
sore, the matter must be destroyed, and prevented from 
appearing again. This was done by washing the sores 
with nitrate of mercury, diluted nitric acid, and chlorine 
at every dressing. This method constantly succeeded with - 
Dr. Itollo, except when the sore was too large to admit it 
to be put in practice completely. 	• 	t 

3. The matter of cancer, examined by Dot Crawford, matter of 
gave a green colour to syrup of violets. Potash produced canc"' 
no change; but sulphuric acid extricated a gas which pos-
sessed many of the properties of sulphurcted hydrogen: 
This gas he supposes to exist in the matter united to am-
monia. The presence of this compound explains the ef-
fects of the matter of cancer, and virulent matter ill gene-
ral, upon metallic salts. Dr. Crawford found that the 
odour of this matter was completely destroyed by chlorine; 
and therefore recommends it as a proper substance for 
washing cancerous ulcers. 

4., Besides the species mentioned above, there are many 
others 'which we know from•  their effects to be, peculiar, 
though we cannot find any chemical distinctions between 
them sufficiently well marked. But that they are specifi-
cally different cannot be doubted; if we consider that every 
one of them produceS a disease peculiar to itself. The mat-
ter of small-pox, of venereal ulcers,' of cow.zpox, &c. may 
be mentioned as instances. 	i. 	. 

• 

II. LIQUOR OP DROPSY. 

The ligtior whieli fills the cavities of the body in dropsy 
has a yell wish-green colour, and is sOntetimes turbid, 
sometimes nearly .transparent. A few experiments onla 

• colourless liquor extracted from a dropsical patient have 
been publislu by Wurier : from which it appears to have (( 

R

contained album n, mucus,' sulphureted hydrogen, Phos-
hate of lime, 'i uriate of 'soda, and soda.* 	To Dr. 
ostock we are hPebted for an' examination of the•colour-

kss liquid obtain td by puncturing a tumor in the spine, 
formed in the, disiase called spina bifida. It• was slightly 

0 
• Gehlen's Jour. v. 663. 
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Book V. opaque, and did not alter vegetable blues; heat increased \--v"--1  its opacity, but did not coagulate it. Its constituents were 
found to be as follows : 

Water 	  97.8 
Muriate of soda  	1.0 
Albumen 	  0'5 
Mucus 	  CP5 ? proportions conjectural. Gelatin .  	0'2 S 
Lime, a trace 

•••••1/..• 

low() 
III. LIQUOR OF BLISTERS. 

The liquid which makes its appearance when the epider-
mis is raised into blisters is perfectly transparent and liquid. 
When the blisters arc artificial, it is usually yellow, and has 
the odour of the blistering plaster. From the experiments 
of Margueron, we learn that it is composed of the same 
constituents as the serum of the blood. From 200 parts of 
this liquid he obtained, 

Constitu- 	 Albumen . 	 36 
cms. 	 Muriate of soda 	 4 

Carbonate of soda 	 2 
Phosphate of lime 	 2 
Water . 	 156 

200 t 

Thus I have given an.account of all those secretions 
which have been attentively examined by chemists. The 
remainder have been hitherto neglected ; partly owing to 
the difficulty of procuring them, and partly on account of 
the multiplicity of other objects which occupied the atten-
tion of chemical philosophers. It mimeos for us now to 
examine by what processes these differlint secretions are 
formed, how the constant waste of living r)odies is ropaired, 
4nd how the organs themselves are nourished and preserved. 
This shall form the subject of the followiqg Cliapteri  

* Nicholsou's Jour. siv. 145. 	-I Any (1,; Chien. xis. 225. 4 
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CHAP. III. 	 Chap. 

OF THE FUNCTIONS OF ANIMALS. 

THE intention of the two last Chapters was to exhibit a 
view of the different substances which enter into the com-
position of animals, as far as the present limited state of 
our knowledge puts it in our power. But were our inqui-
ries concerning animals confined to the mere ingredients 
of which their bodies are composed, even supposing the 
analysis as complete as possible, our knowledge of the na-
ture and properties of animals would be imperfect indeed. 

How are these substances arranged ? How are they pro-
duced ? What purposes do they serve ? What are the dis-
tinguishing properties of animals, and the laws by which 
they are regulated? 

Animals resemble vegetables in the complexness of their Animaiste- 
structure. Like them, they are machines nicely adapted sgeemtabblec6". 
for particular purposes, constituting one whole, and con-
tinually perforining an infinite number of the most delicate 
processes. But neither an account of the structure of ani-
mals, nor of the properties which distinguish them from 
other beings, will be expected here: these topics belong 
entirely to the anatomist and physiologist. I mean in the 
present Chapter to take a view of, those processes only that 
are concerned in the production of animal substances, which 
alone properly belong the Chemistry. The other functions 
are regulated by laws of a very different nature, which 
have no resemblance or analogy to the laws of Chemistry 
or Mechanics. 

SECT. I. 

OF DIGESTIQN. 

EVERY body kOws that animals require food, and that Food neces. 
they die sooner o; later if food be withheld from them. sary. 
There is indeed a very great difference in the quantity of 
food which animals require, and in the time which they 
can pass without it. In general, those animals which are 
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Book V. most active require most, and' those which are most indo- 
`v' lent, require least food. The cause of this is pretty obvious; 

the bodies of animals do not remain stationary, they are 
constantly wasting; and the waste is proportional to the 
activity of the animal. Hence the body must receive, from 
time to time, new supplies, in. place of what has been car-
ried off. The use of food answers this purpose. 

Its nature. 

	

	2. We are much better acquainted with the food of ani- 
mals than of vegetables. It consists of almost all the ani-
mal and vegetable substances which have been treated of in 
this and the preceding Book : for there are but very few of 
them which someoanimal or other does not use as food. 
Man uses as. food chiefly the muscles of animals, the seed of 
certain grasses, and a variety of vegetable fruits. Almost 
all the inferior -animals have particular substances on which 
they feed exclusively. Some of them feed on. animals, 
others on vegetables. Man has a greater range; he can 
feed on a very great number of substances. To enumerate 
these substances would be useless; as we are not able to 
point out with accuracy what it is which reudurs one ,sub,. 
stance more nourishing than another. 

Many substances do not serve as nourishment at all; and 
not a few, instead of nourishing, destroy life. These last 
are called poisons. Some poisons act chemically, lay decom-
posing the animal body. The action of others is nbt so 
well understood. 	• 

converted 	3. The food is introduced into the body'by the mouth, 
into chyme and almost all animals reduce it to a kind of pulpy consist- in the sto- 
mach. 	once. In man, and many other animals, this,  is done in 

the mouth by means of teeth and the saliva with which it is 
there mixed; but many other animals grind their food in a 
different manner. After the food has been thus ground, it 
is introduced into the stomach, where it ;s subjected to new 
changes. The stomach is a strong soil., hag, of different 
forms in different animals:,  in man it has,,sonie resemblance 
to the bag of a bag-pipe. In thi,  organ the food 	con- 
verted into a soft pap, which. lets no 	 to the 
food when first introduced. This in,  has been !called 
chyme. 

4. Since .chyme possesses new pro) 	it is j;vident 
that the food has undergone sow,. elmot,e4 in the st match, 
And that the ingredients of which it was cempsoll 11070 
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entered into new

s 
combinations. Now, in what manner Chap. III. 

have these changes been produced? 
At first They were ascribed to the mechanical action of This 

the stomach. The food, it was said, was still farther tri- cchrirege: 
turated in that organ: and being long agitated backwards the 

t
a
h
l
e
a
s
c
t
t
o-
ton 

mecha- 
and forwards in it, was at last. reduced to a pulp. But this o 

n 
 

opinion, upon examination, was found not to be true. mach. 
The experiments of Stevens, Reaumur, and Spallanzani, 
demonstrated that the formation of chyme is not owing to 
trituration; for on inclosing di&rent kinds of food in me-
tttllio tubes and balls full of holes, in such a manner as to 
screen- them from the mechanical action of the stomach, 
they found that these substances, after having remained a 
sufficient time in the stomach, were converted into chyme, 
just as if they had not been inclosed in such tubes. Indeed 

. the opinion was untenable, even independent of these deci-
sive experiments, the moment it was perceived that chyme 
-differed entirely from the food which had been taken: that 
is to say, that if the same food were triturated mechanically 
out of the body, and reduced to pap of precisely the same 
consistence with chyme, it would not possess the same pro-
perties with chyme; for whenever this fact was known, it 
could not but be evident that the fbod bad undergone 
changes in its composition. 

The change of food into chyme therefore was ascribed Ascribed scribed to 
by many to fermentation. This opinion is indeed very torn

in,enta-

ancient, and it has had tnany zealous supporters among 
the moderns. 'When the word frrmentation was applied to 
the change produced on the food in the stomach, the 
nature of the process called fermentation was altogether 
unknown. The appearances, indeed, which take place 
during that.process had been described, and the progress 
and the result of it' were known : but no attempt had been 
made to explain the cause of fermentation, or to trace the 
changes which take place during its continuance. All that 
could be meant, then, by saying that the conversion of food 
.into chyme in the stomach is owing to fermentation, 
was merelv, that the unknown cause which acted during 
the conversion of vegetable substances into wine or acid, or 
during their putrifaction, acted also during the conversion 
of food into chyme, and that the result in both cases was 
precisely the saute. Accordingly, the advocates for this 
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But with-
out reason. 

FUNCTIONS OF ANIMALS. 
• opinion attempted to prove, that air was constantly gene-

rated in the stomach, and that an acid was constantly pro-
duced : for it was the vinous and acetous fermentations 
which were assigned by the greater number of physiologists 
as the cause 'of the formation of chyme. Some indeed 
attempted to prove that it Was produced by the putrifactive 
fermentation; but their number was inconsiderable, com-
pared with those who adopted the other opinion. 

Our ideas respecting fermentation are now somewhat 
more precise. It signifies a slow decomposition, which 
takes place when certain animal or vegetable substances are 
mixed together at a given temperature ; and the consequent 
production of particular compounds. If, therefore, the 
conversion of the food into chyme be owing to fermentation, 
it is evident that it is totally independent of the stomach 
any farther than as it supplies temperature; and that the 
food would be converted into chyme exactly in the same 
manner if it were reduced to the same consistence, and 
placed in the same temperature out of the body. But this is 
by no means the case; substances are I ri recuce... to the state of  
chyme in a short time in the stomach, which would remain 
unaltered for weeks in the same temperature out of the 
body. This is the case with bones ; which the experiments 
of Stevens and Spallanzani have shown to' be soon digested 
in the stomach .of the dog. 'Further, if the conversion of 
food into chyme were owing to fermentation, it ought to go 
on equally well in the stomach and oesophagus. Now, it 
was observed long ago by Ray and Boyle, that When vora-
cious fish had swallowed.  animals too large to be contained 
in the stomach, that part only which was in the stomach 
was converted into chyme, while what was in the (esopha-
gus remained entire; and this has been fully confirmed by 
subsequent observations. 

Still farther, if the conversion were owing to fermenta., 
Lion, it ought always to take place equally well, 'provided 
the temperature be the same, whether thp stomach be in a 
healthy state or not. But it is well known that this is not 
the case. The formation of chyme depends very much on 
the state of the stomach. When that organ is diseased, 
digestion is constantly ill performed. 	In these cases, 
indeed, fermentation sometimes appears, and produces Nut--
lence, acid eructations, &c. which are the well-known 
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' symptoms of indigestion. These facts, which have been Chap. III. 
long known, are incompatible with the supposition, that 1 /4"---Nr"-)  
the formation of chyme is owing to fermentation. Accord- 
ingly that opinion has been for some time abandoned, by 
all those at least who have taken the trouble to examine the 
subject. 

The formation of chyme, then, is owing to the stomach; Owing to  
and it has been concluded, from the experiments of Stevens, the action 

of the gas- 
Reaumur, Spallanzani, Scopoli; Brugnatelli, Carlin; AL) tric juice. ' 
&c. that its formation is brought about by the action of a 
particular liquid secreted by the stomach, and for that 
reason called gastric juice. 

That it is owing to the action of a liquid is evident; 
because, if pieces of food be inclosed in close tubes, they 
pass through the stomach without any farther alteration 
than would have taken place at the same temperature out of 
the body; but if the tubes be perforated with small holes, 
the food is converted into chyme. 

This liquid does not act indiscriminately upon all sub- Nature of 
stances,: for if grains of corn be put into a perforated tube, the gastric 
and a granivorous bird be made to swallow it, the corn will 
remain 'the usual time in the stomach without alteration ; 
whereas if the husk of the grain be previously taken oft, 
the whole of it will be converted into chyme. It is well 
known, too, that many substances pass unaltered through 
the intestines of animals, and consequently are not acted 
upon by the gastric juice. This is the case frequently.  .with 
grains of oats, when they have been swallowed by horses 
entire with their husks on. This is the case also with the 
seeds of apples, Sze. when swallowed entire by man ; yet 
these very substances, if they have been previously ground 
sufficiently by the teeth, are digested. It appears, therefore, 
that it is chiefly the husk or outside of these substances 
which resists the action of the gastric juice. We see, also, 
that trituration greatly facilitates the conversion of food 
into chyme. 

The gastric juice is not the same in all animals; for 
many animals cannot digest the food on which others 
The corium mattlatum (hemlock), for instance, is a poison 
to man instead of food, yet the goat often feeds upon it. 
Many animals, as sheep, live wholly upon vegetables; and 

DIGESTION. 	 603 

   
  



604 	 FUNCTION'S OF ANIMALS. 

Book V. if they arc made to feed on animals, their stomachs will not 
digest them : others, again, as the eagle, feed wholly on 
animal substances, and cannot digest vegetables. 

The gastric juice does not continue always of the same 
nature, even in' the same animal ; it changes gradually 
according to circumstances. Graminivorous animals nay 
be brought to 'live. on animal food; and after they have 
been accustoMed to this for some time, their stomachs 
become incapable of digesting vegetables. On the other 
hand, those animals which naturally digest nothing but 
animal food may be brought to digest vegetables. 

5. What is the nature of the gastric juice which pos-
sesses these singular properties? It is 'evidently different 
in different animals; but it is Et very difficult task, if not tin 

Methods of impossible one, to obtain it in a state of purity. Various 
procuring 
it. 	attempts have indeed been made by very ingenious phi- 

losophers-to procure it; but theil analysis 'of it is Silffidoilt 
to show us that' they have never obtained it in a state of 
purity. 

The methods which have been used to procure gastric 
juice ate, first; to kill the animal whose gastric juice i§ 'to be 
examined after it has fasted for some time. By' this method 
Spallanzani collected 37 spoonfuls from the twOl first 'sto-
machs of a sheep. It was of a;green caw, -ttntioubtedly 
owing to the grasS which the animal Iliad ehten. 
'alsd half a sPoonful in The stomach 'of smile 	 ci.6ws 
which he killed before they had left their Ciiese r" ' "  

Small -tubes of Metal pierced with h'olesI, and cdntaining 
a dry sponge, have been swallowed by aniniiilsriciltrivlien 
vomited up, the liquid iinbibed bye the "sponge' '14 'gq0ezed 

-out, By this method; Spallanzimf C011eeted 	'of 
gastric juice from the stomachs of five crows. • 

A third Method consists hi' exciting* vomiting in 'the niorn-
ing, when the stonfach is without food. 8pallrizaili tried 
'this method twice.  upon hiMself, 'and 'collected one of the 
times 1 oz, 32 gr. of liquid ; but the pain was so great aiat 
he did not think prdper to try the expettimentirthird• time. 
Mr. Goss,e; however, who could excite vomiting whenever 
he thought proper, by swallowing air, has employed that 
method to collect gastric juice. 

Spallanzarii has observed that eagles throw up every 
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morning a quantity of liquid, which he considers as gastric Chap. M. 
juice; and be has availed himself of this to collect it in con- ‘*"'-Ne.'"1  
siderable quantities. 

It is almost unnecessary to remark how imperfect these 
different methods are, and bow far every conclusion drawn 
from the examination cf such juices must deviate from the 
truth. It is impossible that the gastric juice obtained by 
any one of these processes can be pure; because in the 

.stomach it must be constantly mixed with large quantities 
of saliva, mucus, bile, food, &c. It may be questioned, 
indeed, whether any gastric juice at all can be obtained by 
these methods ; for, as the intention of the gastric juice is 
to convert the food into chyme, in all probability it is only 
secreted, or at least thrown into the stomach, when food is 
present. 

We need not be surprised, then, at the contradictory Attempts to 
accounts concerning its nature, given us by those philoso- analyse it. 
phcrs who have attempted to examine it; as these relate not 
so much to the gastric juice, as to the difliment substances 
found in the stomach. The idea that the gastric juice can 
be obtained by vomiting, or that it is thrown up spon-
taneously by some animals, is, to say the least of it, very 
far  from being probable. 

According to Brugnatelli, the gastric juice of carnivorous 
animals, as hawks, kites, &c. has an acid and resinous 
odour, is very bitter, and not at all watery ; and is composed 
of an uncombined acid, a resin, an animal substance, and a 
small quantity of nturiate of soda.* The gastric juice of 
herbivorous animals, on the contrary, as goats, sheep, &c. 
is %cry watery, a little muddy, has a bitter saltish taste, and , 
contains ammonia, an anitnal extract, and a pretty large 
quantity of muriate of soda,t . Air. Carminati found. the. 
same ingredients; but he supposes that the ammonia had 
been formed by the putrifaction of a part of their food, and 
that in reality the gastric juice.  of these animals is of an acid 
nature.t 	 • 

The accounts which have been given of the gastric juice 
of man are so various, that it is not worth while to tran- 

* Scopoli, Macquer's Diet. 	t 
$ Seutiebier's Observations on Gastric juice. 
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Book V. scribe them. Sometimes it has been found of an acid 
‘•••••••••.) nature, at other times not. The experiments of Spallanzani 

are sufficient to show that this acidity is not owing to the 
gastric juice,• but to the food. He never found any acidity 
in.the gastric juice of birds of prey, nor of serpents, frogs, 
and fishes. Crows gave an acidulous gastric juice only 
when fed on grain ; and be found that the same observa-
tion holds with respect to clogs, herbivorous animals, and 
domestic fowls. Carnivorous birds threw up pieces of shells 
and coral without alteration ; but these substances were 
sensibly diminished in the stomachs of hens, even when in-
closed in perforated tubes. Spallanzani himself swallowed 
calcareous substances inclosed in tubes; and when he fed.  
on vegetables and fruits, they were sometimes altered and 
a little diminished in weight, just as if they had been put 
into weak vinegar; but when he used only animal food, 
they came out untouched. According to this philosopher,. 
whose experiments have been by far the most numerous, 
the gastric juice is naturally neither acid nor alkaline. 
When poured on the carbonate of potash, it causes no 
effervescence. 

Such are the results of the experiments on the juices taken 
from the stomach of animals. No conclusion can be drawn 
from them respecting the nature of the gastric juice. But 
from the experiments which have been made on the diges-
tion of the stomach, especially by Spallanzani, the following 
facts are established : 

Its effect on The gastric juice attacks the surface of bodies, finites to 
the food. the particles of them, which it carries off, and cannot be 

separated from them by filtration. It operates with more 
energy and rapidity the more the food is divided, and its 
action is increased by a warm temperature. The food is not 
merely reduced to very minute parts; its taste and smell are 
quite changed ; its sensible properties are destroyed, and it 
acquires new and very different ones. This juice does not 
act as a ferment; so far from it, that it is a powerful anti-
septic, and even restores flesh already putrified. There is 
not the smallest appearance of such a process ; indeed, when 
the juice is renewed frequently, as in the stomach;  substan-
ces dissolve in it with a rapidity which excludes all idea of 
fermentation. Only a few air bubbles make their escape, 
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which adhere to the elementary matter, and buoy it up to Chap. 111. 
the top, and which are probably extricated by the heat of ‘--"Ne'd  
the solution. 

With respect to the substances contained in the stomach, Substances 
on only two facts have been perfectly ascertained : 'the first is, the s

ti.a  
that the juice contained in the stomach of oxen, calves, mach. 
sheep, invariably contains uncombined phosphoric acid, as 
Macquart and Vauquelin have demonstrated: the second, 
that the juice contained in the stomach, and even the inner 
coat of the stomach itself, has the property of coagulating 
milk and the serum of blood. Dr. Young found that 
seven grains of the inner coat ofa calf's stomach, infused in 
water, gave a liquid which coagulated more than 100 
ounces of milk ; that is to say, more than 6857 times its own 
weight: and yet, in all probability, its weight was not much 
diminished. 

What the substance is which possesses this-coagulating 
property has not yet been ascertained ; but it is evidently 
not very soluble in water : for the inside of a calf's stomach, 
after being steeped in water for six hours, and then well 
washed with water, still furnishes a liquor on infusion which 
coagulates milk :46' And Dr. Young found that a piece of the 

• inner coat of the stomach, after being previously washed 
'with water, and then with a diluted solution of carbonate of 
potash, still afforded a liquid which coagulated milk and 
serum. 

It is evident, from these facts, that this coagulating sub-
stance, whatever it is, acts very powerfully; and that it 
is scarcely possible to separate it completely from the sto-
mach. .But we know at present too little of the nature of 
coagulation to be able to draw any inference from these 
facts. An almost imperceptible quantity of some.  substances 

rn scos to be sufficient to coagulate milk : For Mr. Vailituit
mentions, in his Travels in Africa, that a porcelain dish 
Which he procured)  and which had lain for some years at 
the bottom of the sea, possessed, in consequence, the pro-
perty of coagulating milk when put into it; yet it commu-
oicated no taste to the milk, and did not differ in appear-
;Ace from other cups. 

It is probable that the saliva is of service in the cower-
. 

Dr. Yowl. 
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Book V. sion of food into chyme as well as the gastric juice. It 
evidently serves to dilute the food; and probably it may be 
serviceable also by communicating oxygen. 

Chyme 	6. The chyme, thus formed, passes from the stomach .into 
converted the intestines, where it is subjected to new changes, and at into chyle 
and exert- last converted into two very different substances, chyle and 
meat. 	excrementitious matter. 
Nature of 	The chyle is a white-coloured liquid, very much resent- 
chyle. 	bling blood in its properties ; with this difference that the 

globules which float in it instead of being red as is the case 
with, the colouring globules of the blood, are white. But 
the nature and constituents of chyle have been described in 
the preceding chapter. Dr. Charles Smith, of New Jersey, 
relates an instance of a dropsy of the abdomen, in which 
the liquid accumulated appears to have been chyle. The 
patient, a boy twelve years of age, was tapped twice, and 
each time between seven and eight quarts of liquid ab-
stracted. Its colour was chalky-white, and resembled milk 
pretty nearly, both in its taste, smell, and appearance. On 
standing a night, it threw up a good cream, though not so 
much in proportion as cow's milk usually. does.*  

Its forma- 	7. Concerning the process by which chyle is formed from 
lion a che 
mica) pro

-  
- chyme, scarcely any thing is known. It does not appear ' 

ccss. 

	

	that the chyme is precisely the same in all animals; for tilov 
which are herbivorous have a greater length of intestine 
than those which are carniftrous. It is certain that the 
formation of the chyle is brought about by a chemical 
change, although we cannot say precisely what that change 
is, or what the agents are by which it is produced. But 

• that the change is chemical, is evident, because the chyle is 
entirely different, both in its properties and .appearance, 
from the chyme. The chyme, by the action, of the intes-
tines, is separated into two parts, chyle and excrement : the 
first of which is absorbed by a number of small vessels called 
lacteals; the second is pushed along the intestinal canal, 
and at last thrown out of the body altogether. 

After the chyme has been converted into chyle and excre-
ment, although these two substances remain mixed toge-
ther, it 'does not appear that they are able to decompose 
each other; for persons have been known seldom or never 

• 
•  Phil. Mag. ix. W. 
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. to emit any excrementitious matter per anum for years. In' chap. III. 
these, not only the chyle, but the excrementitious matter "—"v"""" 
also, was absorbed by the lacteals; and the excrement was 
afterwards thrown out of the body by other outlets, particu- 
larly by the skin : in consequence of whiclr, those persons 
have constantly that particular odotir about them which dis-
tinguishes excrement. Now, in these persons it is evident 
that the chyle and excrement, though mixed together, and 
even absorbed together, did not act on each other; because 
these persons have been known .to enjoy good health for 
years, which could not have been the case had the chyle 
been destroyed. 

It has been supposed by some that the decotnposition of use of the, 
the chyme, and the formation of chyle, is produced by the bite. 

agency of the bile, which is poured out abundantly, and 
mixed with the chytne, soon after its entrance into the in-
testines. If this theory were true, no chyle could be formed 
whenever any accident prevented the bile from passing into 
the intestinal canal : but this is obviously not the case ; for 
frequent instances have occurred of persons labouring under 
jaundice, from the bite ducts being stopped, either by gall-
stones or some other cause, so completely, that no bile could 
pass into the intestines; 'yet these persons have lived for a 
considerable time in that state. Consequently digestion, 
and therefore the formation of chyle, must be possible, in-
dependent of bile. 

The principal use of the bile seems to be to separate the 
excrement from the chyle, after both have been formed, and 

• to produce the evacuation of the excrement out of the body. 
It if* probable that these substances would remain mixed to-
gether, and that they would perhaps even be partly absorbed 
together, were it not for the bile, which seems to combine 
with the excrement, and by this combination to facilitate 
its separation from the chyle, and thus to prevent its absorp-
tion. Fourcroy supposes that the bile, as soon as it is mixed 
with the contents of the intestinal canal, suffers a decompo-
sition ; that its alkali and saline ingredients combine with 
the chyle, and render it more liquid, while its albumen and 
picromel combine with the excrementitious matter, and 
gradually render them less fluid.* From the experiments 

Fourcroy, x. 48. 
VOL. IV. 	 2 R 
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of Berzelius on feces, detailed in the preceding chapter, it 
cannot be doubted that the constituents of the bile are to 
be found in the excrementitious matter: so that the ingeni-
ous theory of Fourcroy is so far probable. The bile also 
stimulates the intestinal canal, and causes it to evacuate its 
contents sooner than it Otherwise would do; for when there 
is a deficiency of bile the body is constantly costive. 

8. The chyle, after it has been absorbed by the Iacteals, 
is carried by them into a pretty large vessel, known by the 
name of the thoracic duct. Into the same vessel likewise is 
discharged a transparent fluid, conveyed 'by a set of vessels 
which arise from all the cavities of the body. These vessels 
are called lymphatics, and the fluid which they convey is 
called lymph. In the thoracic duct, then, the_ chyle and 
the lympth are mixed together. 
. Very little is known concerning tba nature of the lymph, 
as it is scarcely possible to collect it in any quantity. It is 
colourless, has some viscidity, and is said to be specifically 
heavier than water. Mr. Brande found that it did not 
coagulate  when heated, but he separated albumen by means 
of the galvanic battery. He found in it also some common salt; 
but no iron.* From the observations of Berzelius it is pro-
bable that it contains the lactates. It is said to be coagula-
ble by heat; if so, it contains albumen. Its quantity is 
certainly considerable, for the lymphatics are very numerous. 

And is con- 9. The chyle and lymph being thus Mixed together, are 
shit l̀o

d 
 ng
to  

s. conveyed directly into the blood vessels. The effect pro- 
duced by their union in the thoracic duct is not known, but 
neither the colour nor external properties of the chyle are 
altered. In man, and many other animals, the thoracic 
duct enters at the junction of the left subelavian and carotid 
veins, and the chyle is conveyed directly to the heart, mixed 
with the blood, which already exists in the blood vessels. 
From the heart, the blood and chyle thus mixed together 
are propelled into the lungs, where they undergo-  farther 
changes. 

10. The stomach and intestines usually contain some 
gaseous matters. Indeed it is probable that common air is 
swallowed along with the food: But from the experiments 
cif'"Magendie and Chevron' there is reason to believe, that 

• Phil. Trans. 1812, p. 97. 

610. 
Book V. 
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• the oxygen gas which usually exists in the stomach in a Chap. III. 
considerable proportion when compared with the other \--"Nr-1  
gases, gradually diminishes, and at last disappears as we 
proceed along the course of the alimentary canal ; while at 
the same time, the proportion of carbonic acid gas and of 
• hydrogen gas increases. They examined the gaseous con-
tents of the stomach and intestines of four criminals exe-
cuted in Paris, very soon after deatlr. The results were as 
follows : 

I. Gases in the stomach. 	• 
Oxygen 11.00 
Carbonic acid 	 WOO 
Hydrogen 3.55 
Azote 	 71'4.5 

100'00 
2. Gases in the small intestines. 

. 	. 	. 
Oxygen 	 r 

0.00 .... 	0'00.... 
Carbonic acid 	 40.00.... 
HYdrogen 	X5.53.... 51.15.... 
Azote 	 20'08 	8.85.... ; 	I 	I 

0.0 
25.0 
'84 

66'6 
11•IIIIMANIMI•11 liumfominfammimm• 

1 	' 	' 100'00 	100'00 
i 	. 	ii 

3. Gases in the large intestines.. 

100'0 

Oxygen 	 6 41 	' 	. 	e4 • • 	0'00 • • •‘• 10.0 

. Carbonic acid 	- 	, 	 43.50.... 7•00 
Hydrogen ,and carbureted} 

hydrogen. • 	. 	4••• 
547.... 

t 	 II 
11.d 

Azote ... .0 4, 	  51.034..1  184  
11.•••••mms•sm, 

100.06 	100.0 

4. 'Gases in the ccectun. 
Oxygen 	 d•O 
Carbonic. acid 	 12:5 
Hydrogen , 	7.5 
Carbureted hydrogen . 12.5 
Azote 	  67.5 

100.00.  

9  R 
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Bork V. 	5. Gases in the rectum. 
Oxygen 	  0'00 
Carbonic acid 	 42'86  
Carbureted hydrogen 	 11'18 
Azote     4.5'96 

100'00 

Such are the phenomena, of digestion, as far as they 
have been traced. The food is first conveyed to the 
stomach, where, by means of the gastric juice, if is con-
verted into chyme. The chyme passes into the intestinal 
canal, where it is subjected to a new process, being gra-
dually decomposed and converted into chyle and excremen-
titious matter, which, by means of the bile, arc separated 
from each other. The excrementitious matter is evacuated, 
but the chyle is absorbed by the lacteals, and conveyed to 
the blood vessels and lungs. Let us now endeavour to trace 
the changes produced on it by these organs. 

. SECT. II. 

Or RESPIRATION. 

Respiration ME absolute necessity of respiration, or of something 
necessary. analogous, is known to every one; 'and few are ignorant 

that'll' man, and hot blooded animals, the organ by which 
respiration is performed is the lungs. No* respiration con-
sists in drawing a certain quantity of air into the lungs, 
and throwing it out again alternately. Whenever this 
function is suspended, even for a very short time, the ani-
mal dies. 

The fluid respired by animals is common atmospherical. 
air; and it has been ascertained by experiment, that no 
other gaseous body with which we are acquainted can be 
substituted for it. All the known gases have been tried; 
but they all prove fatal to the animal which is made to 

'breathe them. Gaseous bodies, as Iitr as respiration is con- 
* Ann. de Chien. et Phys. ii. 292. 
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caned, may be divided into two classes: 1. Unrespirable chap. III. 
gases; 2. Respirable gases. 

I. The gases belonging to the first class are of such a unic pir- 
nature that they cannot be drawn into the lungs of animals 
at all.; the epiglottis closing spasmodically whenever they 
are applied to it. To this class belong carbonic acid, and 
probably all the other acid gases, as has been ascertained 
by the experiments of Pilatre de Rimier.* Ammoniacal 
gas belongs to the same class; for the lungs of animals 
suflocated by it were found by Pilatre not to give a green 
colour to vegetable blues.t 

II. The gases' belonging to the second class may be Respiral  le 
draAyn into the lungs, and thrown out again without any foan ii°,dis.  
opposition from the respiratory organs; of course the ani-
mal is capable of respiring them. They may be divided 
into four subordinate classes: 1. The first set of gases oc-1. Suffu-
casion death immediately, but produce no Visible change caw. 

in the blood. They occasion the animal's death merely by 
depriving him of air, in the same way as he would be suf- 
focated by being kept under water. The only gases which 
belong to this class are hydrogen and =vie. 2. The second 2. Kill by 
set of gases occasion death immediately, but at the sameeLh'sanir„61-',, 
time they produce certain changes in the blood, and there- the bloud. 
fore kill not merely by depriving the animal of air, but by 
certain specific properties. 'flue gases belonoiner to this n n 
class are eurhureted hydrogen, sulphureted hydrogen4 cur- a. Support 
Logic oxide, and perhaps also nitrous gas. 3. The third set li re inwer- fecty. 

• Jour. de Phys. xxviii. 418. Pilatre de Rod:kr went into a brewer's 
tub while full of carbonic acid gas evolved by titrmentation. A gentle 
beat manifested itself in all parts of his body, and occasioned a sensible 
perspiration. A slight itching sensation constrained him frequently to 
shut his eyes. When he attempted to breathe, a violent feeling of suffo-
cation prevented him. lie sought for the steps to get out; but not finding 
them readily, the necessity of breathing increased, he became gi'ddy, and 
felt a tingling sensation in his ears, As soon as his mouth reached the 
air he breathed freely, but for some time he could not distinguish objects; 
his face was purple, his limbs weak, and he understood with difficulty 
what was said to him. But these symptoms soon left. him. He repeated 
the experiment often; and always found, that as long as he continued 
without breathing, he could speak and move about without inconve-
nience; but whenever be attempted to breathe, the feeling of suffocation 
came on. Ibid. P. 422. 

't' Jour. de Phys. xxviii. 424. 
See Chausier's experiments, ibid. lvi. 35. 
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Book V. of gases may be breathed for some time without destroy- 
ing the animal, but death ensues at last, provided their ac- 
tion be long enough continued. To this class belong the 

4. May be nitrous oxide and Oxygen gas.* 4. The fourth set may be 
br.

f
e
t
a
h

t
o
h
u
e
t
d

in- breathed any length of time without injuring the animal. 
jury. 	Air is the only gaseous body belonging to this class.t 
Oxygen ne- It has been long known that an animal can only breathe 
r
c
e
e
s
s
p
sa

ir
ry
ati

i
o
n
n. a Certain quantity of air for a limited time; after which it 

becomes the most deadly poison, and produces suffocation 
as effectually as the most noxious gas, or a total absence of 
air. It was suspected long ago that this change is owing 
to the absorption of a part of the air; and Mayow made a 
number of very ingenious experiments in order to prove 
the fact. In 1757 Dr. Black, by breathing through lime-
water, ascertained that the air, when thrown out of the 
lungs, contained carbonic acid.t This discovery was still 
farther confirmed by Lavoisier in his first dissertation on 
respiration, published in the Memoirs of the French Aca-
demy for 1777. Priestley and Scheele demonstrated that 
the quantity oxygen in atmospherical air is diminished by 
respiration. It was afterwards proved by Lavoisier, and 
many other philosophers, who confirmed and extended his 
facts, that no animal can live in air totally destitute of 
oxygen. Even fish, which do not sensibly respire, die very 
soon if the water in which they live be deprived of oxygen 
gas. Frogs, which can suspend their respiration at plea-
sure, die in about forty minutes, if the water in which they 
have been confined be covered over with oil. § Insects and 
worms, as Vauquclin has proved, exhibit,  precisely the 
same phenomena. They require air as well as other ani. 
coals, and die like them if they be deprived of it. They 
diminish the quantity of oxygen in the air in which they 
live, and give out, by respiration, the very same products 
as other animals. Worms, which are more retentive of 
life than most other animals, or at least not so much affeeted 
by poisonous gases, absorb every particle of the oxygen 

Perhaps also nitrous gas might have the same effect, if it could be 
breathed by an animal whose lungs contained no oxygen. 

For by fitr the complctest account of ,all the experiments hitherto 
made on the respiration of animals; the reader is referred to Dr. Bostock's 
excellent Essay on Respiration. Nor are the clearness, impartiality, and 
solid judgment of this author inferior to the extent of his information. 

• Black's Lectures, ii. 87. 	§ Carradori, Ann. de Chim. xxix. 171. 
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• contained in the air in which they are confined before they Chap. 111. 

die. .Jr. Vauquelin's experiments were made on the gryllas c"-"\e"")  
viridissimus, the limarjlavus, and helix pomatia.* 

The quantity of air respired differs very much in different 
animals. Man and hot-blooded animals are under the. 
necessity of breathing constantly; whereas amphibious ani- 
mals' have a certain power over respiration, and can suspend 
the function altogether for a limited time. Dr. Barclay 
has ascertained that these animals acquire a much greater 
command over their respiratory organs by habit. Fish do 
not breathe at all, and consume so little air, that the small 
portion of it held in solution by the water in which they Number of 
swim is sufficient for them. It appears that the number of roil?' 
respirations made in a given time differ considerably in dif- 
ferent men. Dr. Hales reckons them at 20 in a minute. 
A man on whom Dr. Menzies made experiments, breathed 
only 14 times in a minute. Sir. H. Davy informs us that 
he makes between 26 and 27 in a minute. I myself make 
about 19 at .an average. The average of all is 20. Now 
20 in a minute make 28,800 in 2,1. hours. 

The quantity of air drawn in and emitted at every re- Quantity of 
spiration mist differ considerably with the size of the man air respired.  
and the capacity of his lungs. Dr. Mensies found that a 
man'draws in at a medium 40 cubic inches of air at every 
inspiration. Dr. Goodwin has concluded, from his experi- 
ments, that, after a complete expiration, the mean quantity 
of air which remains in the lungs amounts to 109 cubic 
inches ; and Menzies has endeavoured to prove that, after 
an ordinary expiration, there remains 179. Davy has con- 
cluded that his lungs, after a forced expiration, still retain 
4.1 cubic inches of air; after a natural expiration they con-
tain - 

   .... 113 cubic inches. 
After a natural inspiration 	 .135  
After a forced inspiration 	  254,  

By a full forced inspiration, after a forced exspiration, lie 
threw out   190 cubic inches. 
After a natural inspiration 	 78%5 
After a natural expiration   67.5 

Messrs. Allen and Fepys have calculated that, in an 
• 

• Ann. de Chim. xii. 218. 

   
  



616 	 FUNCTIONS OF ANIMALS. 

Book V. ordinary inspiration, 16'5 cubic inches of air are drawn 
""Nr"—)  into the lungs. In their experiments the average quantity 

of air thrown out of the lungs in an exspiration amounted 
to 61 cubic inches, but the breathing was much fuller and 
slower than usual. In one case a forced expiration amount-
ed to 166 cubic inches; in another to 201 cubic inches. 
From the experiments of the same gentlemen it appears, 
that the lungs of a stout man about five feet ten inches high 
after death contain nearly 100 cubic inches of air.* 

Dr. Menzies' estimate of .an ordinary inspiration seems 
to approach nearest the average ; but Dr. Bostock has 
shown that his estimate of the capacity of the lungs is too 
low. Perhaps we shall not err very much if we suppose, 
with him, that the ordinary quantity of air contained in 
the lungs is 280 cubic inches ; and that 40 inches, or 4.th• 
of the whole, is drawn in and thrown out at every ordinary 
respiration. This,' supposing 20 respirations in a minute, 
will make the quantity of air drawn in tend thrown out 
of the lungs every minute amount to 800 inches ; to 
48,000 inches in the hour; and to 1,152,000 inches in 
24 hours, which amounts to rather more than 	lbs avoir- 
dupois.. If this estimate is too high, it is probably at least 
as near the truth as that of Allen and Pepys, which appears 
as much too low. 

Let us now endeavour to trace the changes produced by 
respiration. These are of two kinds, namely, 1. The 
changes produced upon the air respired ; 2. Changes prow 
duced upon the blood exposed to this air. Each of these 
naturally claims our attention. 

Changes • I. For our knowledge of the changes produced upon the 
produced air by respiration, we are chiefly indebted to Priestley, on the air 
respired. Cigna, Menzies, Lavoisier, and Seguin, Davy, Allen, 

and Pepys. These changes arc the following : 1. Part of 
• the oxygen of the air respired disappears; .2. Carbonic acid 
gas is found in. its place; 3. It is loaded with water in the 
state of vapour. 

Change of 	1. A considerable number of experiments have been made 
bulk. 	to determine the change of bulk which air undergoes by • 

being respired._ According to Davy, air, by a single in-
spiration and expiration, is diminished from Atli to -a-4, .th 

/ Phil. Trans. 1809. 
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• part of its bulk.l: In the numerous and accurate experi- Chap. M. 
ments made by Allen and Pepys on a very large scale, the "Ne—s  
average diminution was little more than hall a per cent:; 
and even this seems to have been owing rather to unavoidv 
able inaccuracy than to real absorption. In the experiments 
of Berth°llet, conducted also with very great care, the 
diminution varied from 0'69 to 3'70 per cent.t If, with 
Dr. I3ostock, we take •Aith as the average diminution, and 
10 inches as the quantity of air drawn into the lungs as 
each inspiration, then it will follow that half a. cubic inch 
of the air disappears each time we respire. This in a day 
would amount 14,400 cubic inches, which is rather more 
than eight cubic feet. 

-When air is breathed till the animal can support it no 
longer, the diminution which it undergoes is variously 
stated. 'Davy found it to amount to 1.11,-th of the whole 
air ;1 Lavoisier and Goodwyn to.( -th ;§ Allen and Pepys 
to T14-th; II and Crawford," .on the other hand, found no 
diminution at all. These numbers vary so much from 
each other, and from the estimate from a single respiration, 
that it is impossible to avoid concluding the diminution 
to be different at difThrent times. I was induced by a letter 
from Mr. Dalton, in the summer of 1806, to make some 
experiments on the subject. In some cases 1 could, perceive 
no diminution at all; in others it was perceptible. It was 
greatest when the animal was taken out repeatedly during 
the experiment, or when air was employed which was 
purer than that of the atmosphere. I am disposed to con-
skier this diminution as accidental, and owing to some ab-
sorption of air altogether independent of respiration, and 
exceedingly various in different circumstances. 

2. When the air drawn into .the lungs is thrown out Oxygen 
again, it is found deprived of a portion of its oxygen. consumed. 
Various experiments have been made to ascertain how much • 
of this principle is lost by respiration in a given tune; but 
they by no means correspond with one another. Indeed, 
it is extremely probable, if not absolutely certain, that the 
degree of effect which the same animal produces upon the 

et Davy's Researches, p. 431. 
t Davy's Researches, p. 435. 
II Phil. Alag. xxxii. 254.  

t Mem. d'Arctteil, ii. 461. 
§ Bostoclion Respiration, p. 81. 
" Crawford on heat, p. 146. 
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Book V. air respired differs materially at different times, and in con-
'""V-1  sequence of different circumstances. Nothing therefore be- 

yond an approximation can be expected from our experi- 
ments on this function. 

Dr. Menzies was the first who attempted to ascertain the 
quantity of oxygen consumed by a man in a day. Accord-
ing to him, 36 inches arc consumed in a minute, and of 
course 51,840 inches in 24 hours.* This estimate exceeds 
that obtained by Lavoisier and Davy from their experi-
ments. Lavoisier and Seguin estimate the quantity of 
oxygen consumed by a man in 24 hours at 46,037 cubic 
inches, and this nearly coincides with the result which La-
voisier obtained from his last experiments, on which be was 
occupied when he was dragged to the place of execution. 
With this also the experiments of Davy coincide very well. 
He calculates that 31'6 inches of oxygen arc consumed in a 
minute, which, in 24. hours, make 45,504 inches. t This 
coincidence would dispose us to embrace this result as 
affording a near approximation to the truth. We may 
conclude, then, that in a day a man consumes rather more 
than 25 cubic feet of oxygen. Now, since the oxygen 
amounts only to about one-fifth of the atmosphere, it fol-
lows; That in a day, a man destroys, or renders unfit for 
supporting combustion and respiration, no less than 125 
cubic feet of air. The result obtained by Messrs. Allen and 
Pepys is somewhat less, or about 27.5 cubic inches per 
minute. And they think that in ordinary respiration the 
proportion consumed is much Taller. 

Carbonic 	3. The air which is thrown 'out of the lungs contains in 
acid form- 
ed. 	it a quantity of carbonic acid which did not exist in it pre- 

vious to its being used for respiration. Dr. Menzies con-
ceived that the bulk of this gas is precisely equivalent to 
that of the oxygen consumed. This also was the result of 
the experiments of Dr. Crawford. Lavoisier, in his ex-
periments on the Guinea pig, found it somewhat less. In 
his first experiment he found the oxygen consumed, to the 
carbonic acid formed, as 20 to 1G•5; in his second, as 20 
to. 17.34 In his experiments on Seguin, in 1789, the 

ilostock on Respiration, P. 81. 	+ Davy's Researches, p. i33. 
See the details, Mew. Tar. 1180, p. 401; Ann. de Chum. v. 261; 

and in Bostock on Respiration, p. 79. 
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• oxygen consumed was to the bulk of carbonic acid formed Chap. 
nearly as 20 to 16'6; but in those that were made after-
wards, the proportion of carbonic acid is diminished by 
nearly one-half. In Davy's experiments, the bulk of car-
bonic acid formed corresponded very nearly with that of 
the oxygen consumed ;* so that in this respect they coin-
cided with those of Crawford and Menzies. I was informed 
by Mr. Dalton, in the summer of 1806, that he had satis- • 
fled himself, by a variety of experiments, that the bulk of 
carbonic acid gas formed was exactly equal to that of the 
oxygen gas consumed. On repeating the experiment with 
that particular view, I found that in some cases this took 
place very nearly ; but upon the whole, the bulk of oxygen 
which disappeared was somewhat greater than that of the 
carbonic acid formed ; but the difference varied consider-
ably, and kept pace with the diminution of the bulk of air 
by respiration. Hence I consider it as owing to the ab-
straction of a part of the air by some other way than re-
spiration. If this abstraction be allowed for, I have no 
doubt, from my own experiments, that the bulk of the 
carbonic acid formed by respiration is precisely equal to 
that of the oxygen which has disappeared. The absolute 
quantity it is difficult to state, as it depends upon a variety 
of circumstances. I am disposed to consider it, at an 
average, as approaching to 40,000 cubic inches in 21 hours, 
though probably somewhat under that quantity. .Now, 
this quantity of carbonic acid contains little less than three 
quarters of a pound avoirdupois of carbon. Messrs. Allen 
and Pepys fOund the carbonic acid formed exactly equal in 
bulk to the oxygen which had disappeared. It amounted 
in their experiments to about 27+ cubic inches per minute, 
or 39,534 cubic inches in 24 hours, a quantity which con-
tains about 11 ounces troy of solid carbon. Air thrown 
out of the lungs contained in their experiments about 8 per 
cent. of carbonic acid gas. In Berthollet's experiments, 
• the carbonic acid gas formed varied from 5.53 to 13.82 pet. 
cent. But the animal was confined for several hours in 
the same airs t 

4.. Dr. Priestley concluded from his experiments, that Mote. 
not only the oxygen, but the azote also, of the air respired 

• Davy's Resenrclies, p.431. 	f Mein. d'Arcueil, ii. 461. 
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620 	 FUNCTIONS OF ANIMALS. 
Book V. was diminished.* This opinion was still farther confirmed 
"--"\E-1  by Davy, who found the consumption of azote to amount 

to about 4.th of that of the oxygen. t Dr. I Ienderson has 
made experiments with the same result, though the pro- 
portion of azote absorbed was rather less. 	Upon repeat- 
ing these experiments, I found likewise a loss of azote; but 
it was extremely inconstant, sometimes being scarcely per-
ceptible, and at other times considerable. It kept pace 
with the diminution of the bulk of the air respired, and 
with the difference between the bulk of the oxygen con-
sumed and the carbonic acid formed.. Hence I am dis-
posed to ascribe all these differences to the same cause. I 
conceive that a portion of the air respired disappears with-
out undergoing any change, and that this portion occasions 
the diminution of the azote, and the difference between the 
bulk of the carbonic acid formed and the oxygen con-
sumed. What comes of this portion of air it is difficult to 
say; but I think it conceivable that the disappearing of, 
,such a portion may he confined to. the unnatural circum-
stances occasioned by the experiment; that the difficult)? Of 
throwing out the air from the lungs in these circumstances 
may be such as to induce absorbents to act, and remove a 
portion which, in the ordinary situation of the lungs, 
would have been thrown out by expiration. Messrs. Allen 
and Pepys, in all their experiments, fbund no change in 
the note, and no absorption of it whatever. Hence it is 
probable that the diminution formerly observed may have 
been owing to errors in the experiments. Berth()llet found 
the proportion of azote to increase a little instead of dimi-
nishing, which he ascribes to the increased bulk of the air 
from moisture and heat. 

	

Carbonic 	5. Dr. Prout has shown by a number of well-conducted 
add formed experiments on himself, that the proportion of carbonic at different 
periods of acid formed at each inspiration is different at diffbrent 
the day. periods of the day. It is at its maximum nearly about 

noon, and is at its minimum about midnight. It appears 
farther from his trials that the quantity of carbonic acid 
gas in expired air begins to increase nearly at twilight. 
The following table exhibits the proportion per cent. of 

• 

* Priestley, ii. 380. 
Nicholsou's Jour. viii. 44. 

1- Davy's Researches, p. 433. 
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.carbonic acid in the air expired from his lungs during every :Dap. ni. 
hour of the day. The experiments from which it was de- ----v"--)  
duccd were made in August.* 

Hour 
A. M. 

Carbonic 
acid ',Cr CCIlt. 

(four 
P. M. 

Carbonic 
acid per cent, 

6 	 3.13 	 .. 	6 	 3410 
7. 	.. . 	 3•13 	 7 	 3.35 
S 	 1.56 8 	 3'32 
9 	 3.56 	 J . 	9 	 3.30 

10 	 6 • 3.78 10 	 . 3.30 
11 	 3'92 11 	 3.30 
] 2 	 4.10 	.. 	 , 42 	 3'30 
1 	... 	 3.98 1 	 3.30 
2 	 3'80 	. • • 	 • 2 	 l'30 
3 	 	 3'65 3 	.. 3'30 
4 	 3'51: 4 	 3.33 
5 	 3.1G 5 	 3'58 

Mean 3'1.5 
Dr. Prout found that alcohol and all fermented liquors, 
diminished the proportion of carbonic acid formed by re- 
spiration, and this was confirmed by the experiments' of 
Dr. A. Fyle. They found likewise that when the constitu- 
tion is affected by mercury, the proportion of carbonic acid 
gas in the air expired is diminished. Dr: Fyfc found that 
the quantity was likewise diminished by a course of nitric 
acid, and by a vegetable diet.± 

G. It is not so easy to determine the proportion of water water 
emitted from the lungs mixed with the air expired, as it is emitted' 
that of the carbonic acid. According to the experiments 
of Dr. Hales, it amounts in a day to 2044 oz. ; I but his 
method was not susceptible of great accuracy. Mr. La- 
voisier, on the other hand, estimates it rather higher; but 
the proportion seems rather to have been the result of cal- 
culation than of any direct measurement. The result of 
a few.  trials which I made during the snippier of 1806, 
gave me very nearly 19 ounces per day as the quantity  
emitted from my own.lungs; but I do not lay much stress 

* Annals of Philosophy, ii. 320, and iv. 331. 	f Ibid. iv. 334. 
t Veget. Stat. ii. 39.T. 

   
  



622 	 FUNCTIONS OF ANIMALS. • 
Book V. upon the results, as they were not sufficiently varied to give 

‘"'""v"--)  a fair average; but I think it worth while to mention the 
method I followed, on account of its simplicity. I filled a 
a glass with water, and then by breathing on it, and gra-
dually raising its temperature till the vapour of the breath 
just ceased tole condensed, I ascertained the force of the 
vapour contained in the air respired from Mr: Dalton's 
table. Then, ascertaining the force of vapour in the at-
mosphere at the time, and subtracting it froni the force of 
the vapour in the breath, I obtained the force of the vapour 
actually emitted from the lungs. Supposing 40 inches of 
air to be drawn in at each inspiration, it was easy .to cal-
culate, from Dalton's table, the weight of the vapour 
which it contained when emitted. 

7. In ordinary cases of respiration, the oxygen, which 
disappears, is just balanced by the carbonic acid formed, 
so that the bulk of the air continues unaltered : but it ap-
pears from the experiments of Messrs. Allen and Pepys, 
that when the same quantity of air is breathed backwards 
and forwards as long as possible, a greater quantity of ox-
ygen disappears than can be accounted for by the carbonic 
acid formed. This oxygen is absorbed by the system. It 
diminishes the bulk of the air respired, and amounts to 
about -Nth of the whole air respired at an average. 

Respiration 8. When oxygen gas, nearly pure, is breathed, rather a of oxygen 
gas. 	greater quantity of carbonic acid is given out; for the air 

expired contains, at an average, above ten per cent. of that 
gas. It appears also from the experiments of Messrs. 
Allen and Pepys, that a portion of the oxygen gas disap-
pears, and then an equal bulk of azotic gas is found in its 
place. This substitution of azote is greatest at the com-
mencement of the experiment, and diminishes as the res-
piration continues. It is difficult at present to account for 
this substitution. The quantity observed, amounting at an 
average to nearly 80 cubic inches, is too great to be as-
cribed to an error in the experiment. It can only be fully 
accounted for when we become acquainted with the compo-
sition of azote,. which is still unknown. 

Of a mix- 	9. When an animal is made to breath a mixture of 79 ture of oxy 
gen and hy. hydrogen gas and 21 oxygen gas, the respiration goes on 
drogen. 	without any inconvenience; carbonic acid gas is formed us 
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. usual, and , at the same time a portion of the oxygen dis- Chap. III. 
appears, and,  azote is found in its place. This mixture has `•"-Nr"d  
a sedative'effect, and makes,theanimal sleepy. It appears 
prof able, froM the observations of Messrs. Allen and Pepys, 
that durina

6 
 sleep the. quantity of carbonic acid formed is 

less than when the animal is awake. 
10. A great number of experiments have lately been Respiratiow 

made on the respiration of fishes by Provencal and Hum- of fights. 

boldt.*. It is well known that these animals require oxygen 
gas as well as other animals, and that if the water in which 
ithey are be' deprived of the whole of its, air, they die very 
"speedily. 'Provençal and Humboldt employed for their ex-
periments the' water•.of the Seine. They separated the air 
from a quantity of it by boiling, and subjected it to a che- 
mical 	Into,  another quantity of the same, water 
tenches were put and .confined. for 'iseverpl hours till they 
began to suffer; they-were them ivithdrawn, and the- air se-
parated from the water in: which they had lived, and sub, 
jected to Chemical' analysis. In every case a, portion, 
both - of oxygen and azote had disappeared, and a quantity 
acarbenic acid had' been formed: The following table ex-

lhibits the results Of Ai variety of their experiments. 

9;59, 
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  W
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  .I. .6 
c* 

2 F e::) 
Nature of the 

gases. 

A
bs

or
be

d.
_  

•ci 
on M Number of -= 	,-, ..= 74 c ? fishes and time. 

c.) 
•-= 

2 	4.. 
:-: -0  c-• .. 

., -:..- 1: 
IL t..J 	t; a 

....---... 
175.0 
52.1  

135.1 
6.6  

S9*9 
.-46•5  

- - - - Three 	tenches. Total.. 	 
Oxygen 	 
Azote 	 115-9 95-8 - 20'1 - - - 43 - 57 during 5 hours, 
Carbonic acid 7.0 33.7 - - 26'7 .- - 15 minutes. 

	--. 
Total . 	 524.0 404•0 119.6 - - - - 
Oxygen ..... 155.9 41.0 - 111.9 - - - Seven 	tenches- 
Azote 	 317.1 249.5 - 97'6 - S7 80 during 6 hours. 
Carbonic acid 21.0 110.9 - - 89.9 --, - 

Total 	..... 	 524.0 453.0 71'0 - - - - 
Oxygen ..., . 155'9 10.5 - 145.4 - - - Seven 	tenches 
Azote 	 317.1 2c9•5 .- 57'6 - 40 ' 91 during 8 hours.. 
Carbonic acid 21•0 153.0 - - 132'0 - - 

Total 	 483.0 345'5 137'5 - - • - ,- 0 xygen 	 143.7 4.2 - 139.5 - - - One tench dur- 
A zote 	 320 0  2041 - 25'9 - 19 - ing 17 hour:, 
Carbonic acid 19'3 47'2 - - 27.9 -- 20 

Total 	 48:3'0 408'0 75'0 - - - - Three 	tenehei Oxygen 	 143.7 626 - 81'1  - - - during ii Azote 	 
Carbonic acid 

320.0 
19.3 

285.4 
60'0 

- 
-* 

34'6 
- 

- 
40'7 

43 
- - 50 (hours ' 	• 

Total 	 483.0 398'6 84'4 - -- - - 
Oxygen... 	 143'7 CPO - 103.7 - - Three 	tenches 
Azote 	 320.0 216.6 - 73.4 - 11 - during 5 hours. 
Carbonic acid 19'3 112.0 - - 92.7 - 89 

.--. 
Total 	 483.0 372.5 11 0.5 - . - Two tenches Oxygen 	 
.Azote 	 
Carbonic acid 

143.7 
:320.0 

19.3 

37'8 
252.9 
81'8 

- 
- 
- 

103.0 
67.1 
- 

- 
- 
62'5 

- 
63 
- 

- 
- 
59 

during 7 
hours.

:.,  
• 

The quantity of gas obtained from the Seine water, was 
at an average 0'0275 of its bulk, or not quite Tv' part; the 
average quantity of oxygen which this gas contained was 
0'310. 

From these experiments it appears, that the respiration 
of fishes differs very much from that of other animals. 
The oxygen is not merely converted into carbonic acid, as 
happens during the respiration of men and tire larger ani. 

* The numbers in this table indicate cubic centimetres. A cubic cen. 
*timetre is equal to 0.0610 of a cubic inch. 
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mats; but a portion of it is absorbed and introduced into Chap,,nr. 
the system. A portion also of a'zote is absorbed. The 'The--.1  
quantity of air consumed by fishes is extremely small, when 
compared with that consumed by terrestrial animals.• This 
will appear from the following table, in which the bulk of 
the air consumed, and of the carbonic acid formed in an 
how:, is' stated in cubic inches. 

Time. 
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n.  
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.  
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be
r  o

f 
fis

h.
  

,-.. 	C  t, 
"' 
Z: '

a 

..f: Z 

Abs ration in 1 h An 
in cubic inches. 

 

ta 
c., .P. 3 
:. 	:.5. 	c' 

;j iii .13 ..6'.  

0'0140 

 Oxy,,,,...n. Azotc. 

28 Feb. 0'056 3 54- 

6 

0.0215 0'0108 

S Match 0.151 7 0'0221 0.0192 0'0177 

7 March 0.031 7 8'r  — — 0'0185 

11 March 0.017 1 17 0'0679 0.0126 0'0136 

28 Feb. 0.178 3 

3 

7+ 0'0298 0'0123 0'0150 

24 Feb. 0'141 5 0.0575 0'0405 0'0512 

20 Feb. 0.130' 2 7 0'0035 0'0397 0'0370 

From this table, compared with the facts stated in the 
preceding part of this section, it follows, that in a given 
time a man consumes 50,000 times as much oxygen gas as 
a tench. Yet the presence of this principle is equally ne- 
cessary for the existence of both. 

II. Let us now endeavour to ascertain the changes pro- Changes 
d
t 

 duced on the blood by respiration. The whole of the o
p

n
ro 

h
u
e
eed  

blood is propelled from the heart to the lungs, circulates blood. 
through the vessels of that organ ; and during that circu-
lation  4 is exposed to the influence of the air which the 
animal is constantly drawing into the lungs. Now, certain 
changes are produced upon it by this •action, which have 
been partly traced by the experiments of Priestley, Cigna, 
rourcroy, Hassenfratz, Beddoes, Watt, and above all by 
those of Davy. These changes, as far as we arc acquainted 
with them, are the following: 1. It acquires a florid red 

VOL. Iv. 	2 s 
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Book V. colour, and the chyle disappears ; 2. It loses a portion of 
-̀--v"--1  carbon; 3. It emits water. 

1. It has been long known that the blood whien flows 
in the veins is of a dark reddish purple colour, whereas the 
arterial blood is of a florid scarlet colour. Lower observed 
that the colour of the venous blood was converted into that 
of arterial during its passage through the lungs. No chyle 
can be distinguished by its white colour in the blood after 
it has passed through the lungs. The changes, then, which 
take place upon the appearance of the blood are two: 1. It 
acquires a florid red colour: 2. The chyle totally disap-
pears. Lower himself knew that the change was produced 
by the air, and Mayo attempted to prove that it was by ab-
sorbing a part of the air. But it was not till Dr. Priestley 
discovered that venous blood acquires a scarlet` colour when 
put in contact with oxygen gas, and arterial blood, a dark 
red colour when put. in contact with hydrogen gas; or, 
which is the same thing, that oxygen gas instantly gives 
venous blood the. colour of arterial ; and hydrogen, on the 
contrary, gives arterial blood the colour of venous blood--r 
it was not till then that philosophers•began to attempt any 
thing like an explanation of the phenomena of respiration. 

Action of 	The blood is a fluid of so complex 'a nature that it is not 
dierent 
gas

ff
es on easy to ascertain the changes produced in it by exposure to 

blood. 	different gases out of the body ; and even if that could be 
done, we ,  have no method of proving that' the effects of 
these gaseous bodies upon the coagulated blood are the 
same as they would be on the blood in its natural state, cir-
culating in the vessels of a living animal. The facts which, 
have been ascertained are the following: 

1 Oxygen, 

	

	1st. It appears from the experiments of Priestley, Girtan- 
ner, and Hassenfratzi that when venous blood is exposed 
to oxygen gas confined over it, , the blood instantly assumes 
ascarlet colour. ' Davy could not perceive any,sensiblq 
minution of the bulk of the gas, 	 • 

2. Air, 

	

	2d. The same change of colour takes place when blood 
is exposed' to common air. In this case a quantity of ear" 
bonic acid gas is formed, and a quantity of oxygen gas, 
exactly equal to it in bulk, disappears; making allowance 
foc the small quantity of carbonic acid, which we may sup-
pose to be absorded by the blood itself. ' 

3. Ante., 	3d. Venous blood exposed to the ,action .,of azotic gas 
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. continues unaltered in colour; neither does any.perceptible 
diminution of the gas ensue. 

4th. Venous blood exposed to the action of nitrous gas 4. Nitrous, 
becomes of a deep purple, and about ith of the gas is ab- 
sorbed. 

5th. Venous blood exposed to nitrous oxide becomes of y. Nitrous  
a brighter purple, especially on the surface, and a consi- olider 
derable portion of the gas is absorbed. 

6th. Venous blood exposed to carbonic acid gas becomes 6. Carbonic 
of a brownish-red colour, much darker than usual, and the acid, 
gas is slightly diminished in bulk. 

7th.* Carbureted hydrogen gas gives venous blood a fine 7. Carbu.. 
red colour, a shade darker than oxygen gas does, as -ties tetoedhY- 
frst observed by Dr. Beddoes, and at the same time a small 

drgen 
 

• 

portion of the gas is absorbed. This gas has the property 
of preventing, or at least greatly retarding, the putrifaction 
of blood, as was first observed by Mr. Watt.* 

8th, When arterial blood is put in contact with azotic Arterial 
'gas, or carbonic acid gas, it aradually assumes the dark blood 

d bdvarak.  colour of venous blood, as L'r. Priestley found. + The ezZe and 
same philosopher also observed, that arterial blood acquired acid 6as ; 

sequently this alteration of colour is owing to some change 
which takes place in the blood itself, independent of any 
•external agent. 

The arterial blood 'becomes much more rapidly and 
deeply dark coloured when it is left in contact with hydro-
gen gas placed above it. § We must suppose therefore that 
the presence of this gas accelerates and increases the change, 
which would have taken place upon the blood without any 
external agenti 

9th. If arterial blood be left in'contact with oxygen gas, By rest, 
it gradually' assumes the Same dark colour which it would 
have'acquired in vacuo,' pr in contact with hydrogen ; and 
after this change oxygen can no longer restore its scarlet 
colour.K Therefore it' is only upon a part of the blood 
that the oxygen acts; and after this part has undergone the 
change. which occasions the dark colour, the blood loses 
the power of being affected by oxygen. 

* Davy's ResearcheS, p. 380. 	1- Priestley, iii. 363. 
t Priestley, iii. 363, and Ann. de Chin). ix. 269. 

Fourcroy, ibid. Nil. 149. 	 JJ Ibid. ix. QGB. 
2 s 2 

   
  



62S 	 PLINCTION'S or ANIMALS. 

Bonk V. 	10th. Mr. Hassenfratz poured into venous blood a gum* 
And 	of chlorine; the blood was instantly decomposed, and And by 
chlorine. assumed a deep and almost black colour. When he poured 

common muriatic acid into blood, the colour was ndt 
altered.* 

Theory of 	2. Dr. Priestley, the first of the modern chemists who 
PritstleY• turned his attention to respiration, concluded from some of 

his earliest experiments, that the blood, as it passed through 
the lungs, gave out phlogiston to the air, which was ex-
pired loaded with that substance; and of course that the 
purpose of respiration was to free the blood of phlogiston. 
Lavoisier soon after ascertained with more precision the 
changes which the air undergoes durirg respiration ; and he 
formed a theory in order to explain that function, assuming 
as its basis that all the changes on the -air inspired are pro-

%duced in the' lungs; and of course, that all the new sub- 
modiced stances expired are formed in the lungs. According to 
S

y Lavoi- him, the blood absorbs no air in the lungs; but it gives 
out hydrogen and carbon, which, combining with the 
oxygen of the air inspired, form water and carbonic acid. 
This theory was adopted by Laplace, Crawford, Gren, 
and Girtanner, with a small variation. Indeed it does not 
dial., except in detail, fiom the original hypothesis of Dr. 
Priestley, that the use of respiration is- to rid the blood of 
phlogiston ; for if we substitute carbon and Lydrogt'n for 
phlogiston, the two theories precisely agree. Mr. Lavoisier 
attempted not to prove its truth; he only tried 'to Show 
that the oxygen absorbed corresponds exactly with the 
quantity of oxygen contained in the carbonic acid and the 
water emitted. 

Theory of 	A different theory was afterwards proposed by Mr. .De 
La Grange. La Grange. According to this philosopher, the Oxygen 

• gas, which disappears, combines with the blood as it passes 
through the lungs ; and at the instant of this combination 
there is set free from the blood a quantity of carbonic acid 
gas and of water, which .are thrown out along with the'air 
expired. This theory was adopted and 'illustrated by Mr. 
1-Iassenfratz. But as the carbonic acid•formed is exactly 
equal' to the bulk of the oxygen which disappears,. this 
oxygen must be changed into carbonic acid in the lungs; 

Fota6roy, ix. 400. 
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. for oxygen, when changed into carbonic acid, does not Chap. III. 

sensibly alter its bulk. The blood, then, must. emit carbon \---Ne—d  
in thelungs to the extent of about ..ths of a pound in the 
day. This, I conceive, is all that happens in the lungs. 
The watery vapour, indeed, is doubtless secreted from the 
blood to mix with the air inspired; but probably the secre-
tion takes place in appropriate organs. By the loss of 
carbon the venous blood is changed. into arterial. The 
very same thing happens when venous blood is presented to 
the air, 

The change, of the chyle into blood, I presume, takes Chyle con-
place in the blood-vessels. Indeed the blood is a liquid v

b
e
lo
r
o
te
d
t! into  

which is constantly running through a suite of changes. 
IIence it is kept of.  a similar nature only by the constant 
influx of new matter, which is as constantly manufactured 
into blood, It appears, from the most accurate observa-
etons hitherto made, that neither chyle nor lymph contain 
fibrin, which forms a very conspicuous part of the blood. 
This fibrin is employed to supply the waste of the muscles; 
the most active parts of the body, and therefore'in all pro-
bability, requiring the most frequent supply. Nor can it 
be doubted that it is employed for other useful purposes. 
The quantity of fibrin in the blood, then, must be con-
stantly diminishing, and .therefore new fibrin 'must be con-
stantly formed. But the only substances out 'of which it 
can be formed are the chyle and lymph, neither of which 
Contain it. There must therefore be a continual decompo-
sition of the chyle and lymph going on in the blood-vessels, 
and a continual new formation of fibrin. Other substances 
also may be formed; but we are certain that this must be 
formed there, because it does not exist previously. Now, 
OW great end of respiration must undoubtedly be to assist 
this decomposition. of chyle and complete formation of 
blood. 

jn what manner the chyle, or a part of it, is converted 
into fibvin, it is impossible to say: we are not sufficiently 
acquainted with the subject to be able' to explain the pro-
cess; But we can see, at least, that carbon must be ab-. 

'stracted from that part of the chyle which is to be con-
verted into fibrin. Hence, as the process of blood-making 
advances, there must be a greater and greater redundancy 
of carbon in the liquid. Unless this redundancy were re. 
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Boole V. moved, the process could not go on, and probably the 
1/4---v=-1  whole would run into putrifaction. We may conclude, 

then, 'that one great use of respiration is to abstract this 
carbon, by forming with it carbonic acid. How this is t 
performed, indeed, it is impossible at present to explain; 
but the fact is undoubted: 

Animal. 	But the abstraction of carbon is not the only advantage 
heat. gained •by respiration : the temperature of all animals de-

pends upon it. It has been long known, that those animals 
• which do not breathe 'have .a temperature but very little 

Superior to the medium in which they live. This is the 
case with fishes and many insects. Man, on the contrary, 
and quadrupeds, which breathe, have a temperature con-
siderably higher than the atmosphere : that of man is 980. 
Birds, which breathe in proportion it still greater quantity 
or air than man, have a temperature equal to 103° or 104°. 
It has been proved, that the temperature of all animals is 
proportional to the quantity of air which they breathe in a 
given 'time. 

These -facts seem sufficient to demonstrate that the heat 
of animals depends upon respiration. But it was not till 
Dr. Black's doctrine of latent heat became known to the 
world, that any explanation of the cause of the temperature 
of breathing animals was attempted. That illustrious 
philosOpher, whose discoveries form the basis upon which 
all the scientific part of chemistry has been reared, saw at 
once the light which his doctrine of latent heat threw upon 
this part of physiology, and he applied it very early to ex-
plain the temperature of animals. ' 

'Dr. Black's According to hid', part of the latent heat of the air in--,  
theory. 

	

	spired becomes sensible; and of 'course the temperature of 
the lungs and the blood that passes through them, must 
be raised ; and the blood, thus heated, communicates its 
heat to the whole body. This opinion was ingenious, but 
it was liable tp an unanswerable 'objection for if it were 
true, the temperature ,of ,the body ought to be greatest in 
the lungs, and to diminish gradually as the distance from 
the lungs increases; which is not true;. The theory, in 
consequence, was abandoned even by pr. Black himself; 
at least he made no attempt to support it. ' 

Theory of 	Dr. Crawford,,  ivho considered all the changes operated 
Crawford. 

!Ir respiration as. taking place in•the lungs, ,accounted for 
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. the origin of the animal heat almost precisely in the same way Chap. IIE. 

with Dr.)  Black. According to him, the oxygen gas of the 
air combines in the lungs with the carbon emitted by the 
blood4 During this combination, the oxygen gives out a 
great quantity of caloric, with which it had been combined; 
and this caloric is not only sufficient to support the tempe- 
rature'of the body, but also to carry off the new-formed 
water in the state of vapour, and to raise considerably the 
temperature of the air inspired. According to this philo- 
sopher, then, the whole a the caloric which supports the 
temperature of the body is evolved in the lungs. His 
theory accordingly was liable to the same objection with Dr. 
Black's; .but Dr. Crawford obviated it in the following 
manner; He found that the specific caloric of arterial 
blood was 1.0$00, while that of venous blood was only 
0•892., Hence he concluded, that the instant venous 
blood is changed into arterial blood, its specific caloric in- 
creases ;; consequently it requires an additional quantity of, 
caloric to keep its temperature as high as it had been while 
venous blood. This addition is so great, that the whole 
new caloric evolved is employed : therefore the temperature 
of the lungs must necessarily remain the same as that of 
the rest of; the body. During the circulation, arterial, blood 
is gradually converted into venous; consequently its specific 
caloric diminishes, and it must give but heat. This is the 
reason that the temperature• of the extreme parts of the 
body does not diminish, 

But this theory, ingenious and plausible as it is, has not insuffi- 
been abler to stand the test of subsequent Investigations. cient.  
Dr. John Davy.  has shown that the difference between the 
specific caloric of arterial and venous blood is much smaller 
than Dr. Crawford had estimated i it. According to Dr. 
Davy, the hPCcifiC, caloric,pf these liquids is as fol101vS 

Arterial blood 	: 0'913 
Venous'blood .... 0-903 

Thelaroche and Berard have shown. that 'the specific 
caloric off' oxygen gas and carbonic acid gas'differs much less, 
thrn Oliwford had supposed. According to these philo; 
sophers, the specific heats of these gases are as follows: 

Oxygen gad . J 	6 6,  6. d 4 0.8848'• 
carbonic acid gas 	, . 0'828Q 

5. 
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Book V. • Now such minute differences would hardly admit the ap- 
---s•—/  plication of Dr. Crawford's explanation. But the most 

formidable objections result from the experiments of Mr. 
Brodie. He found that when artificial respiration is kept 
up in the lungs of animals, after decapitation, the usual pro-
portion of carbonic acid gas is formed, and the circulation 
continues nearly as usual. Yet in these animals thee heat 
diminishes more rapidly than in a dead animal, in which 
artificial respiration is not kept up.* From these experi-
ments Mr. Brodie concludes that the production of animal 
heat is owing to the action of the brain, and not to respira-
tion. 

I think it must be admitted that these experiments have 
entirely destroyed the foundations on which Dr. Crawford's 
theory was built. But I am disposed to think that Mr. 
Brodie has gone rather too far in his consequences when he 
conceives that respiration has no connection whatever with 
the production of animal heat. The fact that all animals 
which respire regularly are hot-blooded, while amphibious 
animals and fishes are cold-blooded, seems to me to esta-
blish a connection between respiration and heat. Though 
'we are. unable to explain in what way the heat is evolved. 

SECT. III. 

OF THE ACTION OF THE KIDNEYS. — 

THUS we have reason td suppose that chyle and lymph 
are converted into blood during the circulation : but besides 
the lungs and arteries, there is another organ, • the sole use 
of which is also to produce some change or other in the 
blood, which renders it more complete, and more proper 
for the various purposes to which it is applied. This organ 
is the KIDNEY. 

A very great proportion of blood passes through the 
kidneys; indeed we have every reason to conclude that the 
whole of the blood passes through them ,very frequently. 

* Phil. Trans..1812, p.378. 
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These organs separate the urine from the blood, to be after- Chap. III. 
wards, evacuated without being applied to any purpose use- `" —v---d  
ful to the animal. 

The kidneys are absolutely necessary for the continuance Action of 
of the life of the animal ; for it dies very speedily when they tn
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become by disease unfit to perform their functions : there-
fore the change which they produce in the blood is a change 
necessary for qualifying it to answer the purposes for-  which 
it is intended. 
. As the urine is immediately excreted, it is evident that 

the change which the kidneys perform is intended solely for 
the sake of the blood. It is not merely the abstraction of 
a quantity of water and of salts, accumulated in the blood, 
which the kidney performs. A chemical change is certainly 
produced, either upon the whole blood, or at least on some 
important part of it; fbr there are two substances found in the 
urine which do not exist in the blood. These two sub- It changes 
stances are urea and uric acid. They are formed, therefore, thehnature 

in the kidneys ; and as they are thrown out, after being blood.  
formed, without being applied to any useful purpose, they 
are certainly not formed in the kidneys for their own sake. 
Some part of the blood, then, must be .decomposed in the, 
kidney, and a new substance, or new substances, must be 
formed ; and the urea and uric acid must be formed at the 
same time, in consequence of the combined action of the 
affinities which produce the change on the blood; and being 
useless, they are thrown out together with a quantity of 
water and salts, which, in all probability, were useful in 
bringing about the changes which take place in the arteries 
and in the kidneys, but which are no longer of any service 
after these changes are brought about. 

The changes operated upon the blood in the kidneys are 
at present altogether unknown ; but they must be impor-
tant. Provided the method of analysing animal substances 
were so far perfected as to admit of accurate conclusions, 
considerable light might be thrown upon this subject, by 
analysing with care a portion of blood from the emulgent 
vein and artery-  separately, and ascertaining precisely in 
what particulars they differ from each other. 
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Book V. 
	 SECT. IV. 

'1/4•••••MINeIMINI 	

OF PERSPIRATION. 

Quantity 
ycrspired. 

THUS we have seen that the principal changes which the 
blood undergoes, as far at least as we are at present ac-
quainted with them, take place in the lungs, in the kidneys, 
and in the arteries. In the lungs, a quantity of water and 
carbonic acid gas is emitted from the blood; and in the 
kidneys, the urine is formed and separated from it. There 
seems also to be something thrown out from the blood during 
its circulation in the arteries, at least through those vessels 
which are near the .surface of the body : for it is a fact, that 
certain substances are constantly emitted from the skips of 
animals. These substances are known in general by 'the 
name of perspirable matter, or perspiration. They have a 
great resemblance to what is emitted in the lungs;, which 
renders it probable that both excretions are owing to the 
same cause; namely, to the decomposition produced in the 
blood by the effects of respiration. 

Many experiments have been made to ascertain the 
quantity of matter perspired through the skin. For the 
first set, and not the least remarkable, we are indebted to 
Sanctorius ; who continued them for no less than 30 years. 
He ascertained his own weight and the weight of his food ; 
and whatever weight :he lost over and above that of his ex-
crements, he ascribed to perspiration. A similar set of 
experiments was afterwards made in France by Dodart; ,in 
England by Keil ; in Ireland by Bryan Robertson and 
Rye; and in Carolina by Lining. The result of all these 
experiments has been collected by nailer ; but it gives us 
no precise estimate of the amount of the transpiration, since 
these philosophers have not distinguished between what is 
lost by the skin and by the lungs. Lavoisier And Seguin 
alone have attempted to ascertain the amount of the matter 
perspired through the skin. A bag composed of varnished 
silk, and perfectly air-tight, was procured, within which 
Seguin, who was usually the subject pc experiment, was 
enclosed, and the bag was closed exactly over,, his head. 
There was a slit in the bag opposite to his mouth, and the 
edges of this slit were accurately cemented round the mouth 
by means of a mixture of tgrpentine and pitch. 'Flip, 
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• every thing emitted by the body was retained in the bag, Chap. In. 

exceptewhatmade its escape from the lungs by respiration. 
By weighing himself in a delicate balance at the com-
mencement of the experiment, and again after he had con-
tinued for some time in the bag, the quantity of matter car-
ried off by respiration was ascertained. By weighing him-
self 'without this varnished covering, and repeating the 
'operation after the same interval of time had elapsed as in 
the former experiment, he ascertained the loss of weight 
occasioned by perspiration and respiration. By subtracting 
from this sum the loss of weight indicated by the first expe-
riment, he obtained the quantity of matter which made its 
escape by perspiration in a given time. The following facts 
were ascertained by these experiments : 

1. The maximum of matter perspired in a minute 
,amounted to 26.25 grains troy; the minimum to nine 
grains : 'Which gives 17-63 grains at a medium in the minute, 
or 52'89 ounces in the 21 hours. This quantity differs less 
than might have been expected from the result of former 
experiments made by Dodart, Keil, Rye, Sze. 

2. The quantity perspired is increased by drink, but not 
bye solid food. 

S. Perspiration is at its minimum immediately after a 
repa4t. It reaches its maximum during digestion.* 

The quantity of matter perspired differs very considerably 
according to circumstances. It has been shown to- be 
greatest in hot weather, and in h6t climates, and after great 
exercise; and its relation to, the quantity of urine has been 
long known. When the matter perspired is great, the 

*quantity of urine is small, and vice versa. 
To ascertain the substance thus emitted by perspiration Substances 

is a difficult task, because it passes off invisibly, and in small perspired. 

quantities at'a tune. It has, notwithstanding, been ascer- 
tained, that water, carbon, and an oily matter are emitted; 
and that an kid, phosphate -of lime, and even urea, are 
sdniedines emitted through the skin.i. 

It has been supposed that the 'skin has the property of 
absorbing moisture froni the air; but this opinion has not 
been confirmed by experiments, but rather the contrary. 

The chief ariunients in favour of absorption of the skin Whether 
• 

Fourcroy, ix. 198.' 	+ See the preceding Chapter, Sect. 25. 
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Book V. have been drawn from the quantity of moisture discharged 
—̀`t-1  by urine being, in some cases, not only greater than the 

he skirt 
bsorbs 	whole drink of the patient, but even than the whole of his 
moisture. drink and food. But it ought to be remembered that, in 

diabetes, the disease here alluded to, the weight of the body 
is continually diminishing, and therefore part of it must be 
constantly thrown off: Besides, it is scarcely possible in 
that disease 'to get an accurate account of the food swal-
lowed.  by the patients; and in those cases where very accu-
rate accounts have been kept, and where deception was not 
*so much practised, the urine was found not to exceed the 
quantity of drink.* In a ease of diabetes, related with 
much accuracy by Dr. Gerard, the patient was bathed 
regularly during the early part of the disease in warm water, 
and afterwards in cold water : he was 'weighed before and 
after bathing, and no sensible difference was ever found in 
his weight.t Consequently, in that case, the quantity ab-
sorbed, if any, must have been very small. 

It is well known that thirst is much alleviated by cold 
bathing. By this plan Captain Bligh kept his men cool 
and in good health during their very extraordinary voyage 
across the South Sea. This has been considered as owing 
to the absorption of water by the skin. But Dr. Currie 
'bad a patient who was wasting fast for want of nourish-
ment, a tumor in the esophagus preventing the possibility 
of taking food, and whose thirst was always alleviated by 
bathing;.  yet no sensible increase of 'weight, but rather the 

'contrary, was perceived after bathing. It does 'not appear, 
then, that in either of these cases water was absorbed: 

Farther, Seguin-has shoWn that. the skin does not absorb 
water during bathing, by a still more complete experiment: 
He dissolved some mercurial Salt in water, and found that 
the 'mercury produced ho effect upon a period that bathed 
in the water, provided' no part of the cuticle was injured; 
but upon rubbing off a portion of the cuticle, the mercurial 
solution was absorbed', and the effects of the-mercury became 
evident upon the body. Hence it follows irresistibly, that 
water, at least.in the state of water,• is not absorbed by the 
skin when the body is plunged into it, unless. the cuticle be 
first removed. 

'I See RA() on Diabetes. 	t Ibid. ii. 73. 
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This may perhaps be considered as a complete proof that Chap. III. 

no such thing as absorption is performed by the skin ; and 
ttthat therefore the appearance of carbonic acid gas, which a :.--i v--- 

er  it)
hoer 

takes place when air is confined around the skin, must be other sub-
owing to the emission of carbon. But it ought to be con- stances. 
sidered, that although the skin cannot absorb water, this is 
no proof that it cannot absorb other substances; particu-
larly that it cannot absorb oxygen gas, which is very dif-.  

.ferent from water. It is well known that water will not 
pass through bladders, at least for some time : yet Dr. 
Priestley found that venous blood acquired the colour of 
arterial, blood from oxygen gas, as readily when these sub-
stances were separated by a bladder as when they were in 
actual contact. He found, too, that when gases were con-
fined in bladders, they gradually lost their properties. It 
is clear from these facts, that oxygen gas can pervade blad-
ders : and if it can pervade them, why may it not also per-
vade the cuticle? Nay, farther, we know from the experi-
ments of Cruickshanks, that the vapour perspired passes 
through leather, even when prepared so as to keep out 
moisture, at least for a certain time. It is possible, then, 
that water, when in the state of vapour, or when dissolved 
in air, may be absorbed, although water, while in the state 
of water, may be incapable of pervading the cuticle. The 
experiments, therefore, which have hitherto been made 
upon the absorption of the skin are insufficient to prove 
that air and vapour cannot pervade the cuticle, provided 
there be any facts to render the contrary supposition pro-
bable. 

Now, that there are such facts cannot be denied. I shall 
not indeed produce the experiment of Van Mons as a feet 
of that ,kind, because it is liable to objections, and at best is 
very indecisive. Paving a patient under his care who, 

-from a wound in the throat, was incapable for several days 
of taking any nourishment, he kept him alive during that 
time by applying to the skin, in different parts of the body, 
several times a-day, .a sponge dipped in wine or strong 
soup.* A, fact mentioned by Dr. Watson is much more 
, important, and much more decisive. A lad at Newmarket, 

* Phil. Mag. vi. 95. 
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Book V. who had been almost starved in order to bring him down to 
1/4—The"--)  such a weight as would qualify him for running a horse 

race, was weighed in the morning of the race day; he was 
weighed again an hour after, and was found to have gained 
30 ounces of weight; yet in the interval he had only taken 
half a glass of wine. .Here absorption must have taken 
place, either by the skin or lungs, or both. The difficulties 
in either case are the same ; and whatever renders absorp-
tion by one probable, will eqtatlly strengthen the probabi-
lity that absorption takes place by the other.*.  

SECT. V. 

OF ASSIMILATION. 
WE have now seen the progress of digestion, and the 

formation of blood, as far at least as we are acquainted with 
it. 	But to what purposes is this blood employed, which is 
formed with so much care, and for the formation of which 

Blood an- so great'an apparatus has been provided? It answers two 
savers two 
purposes : purposes. The parts of which the bcdy is composed, bones, 
1. Supplies muscles, liganients, membraneS, &c. are continually cbang- 
the systcm. 	an.  
the  waste  of inn. In youth they are increasing in size and strength, and 

in mature age they are continually acting, and consequently 
continually liable 'to waste and decay. They are often ex-
posed to accidents, which render them unfit for performing 
their various functions ; and even when no such  accident 
happens, it seems necessary for the health of the system 
that they should be now and then renewed. Materials 
therefore must .be provided for repairing, increasing, or 
renewing all the various organs of the body; phosphate of 
lime and gelatin for the bones, fibrin for the muscles, albu-. 
men for the cartilages and membranes, &c. Accordingly 
all these substances are laid up in the blood; and they are 

• Watson's Chemical Essays, 	The Abbe Fontana also found 
that, after walking ,in • moist air for an hour or two, he returned home. 
some ounces heavier than be went' out, notwithstanding he had suffered 
considerable evacuation from a brisk purge purposely taken for the expe-
riment. This increase, indeed, might be partly accounted for by the ab-
sorption of Moisture by-  'Ili clothes. ' 
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drawn from that fluid, as from a storehouse, whenever they 'Chap. W. 
are required. The process by which the different ingre• 
dienteof the blood are made part of the various organs of A.ssin1114- 
the body is called ASSIMILATION. 

Over the nature of assimilation the thickest darkness still 
bangs : there is no key to explain it, nothing to lead us to 
the knowledge of the instruments employed. Facts, how- 
ever, have been accumulated in sufficient numbers to put 
the existence of the process beyond the reach of doubt. 
The healing, indeed of every fractured bone, and every wound 
of the body, is a proof of its existence, and an instance of 
its action. 

Every organ employed in assimilation has a peculiar Every  „„I., 
office; and it always performs this office whenever it has tnilating 
materials to act upon, even when the performance of it is dugces 
contrary to the interest of the animal. Thus the stomach specific 
always converts food into chyme, even when the food is of  change. 

such a nature that the process of digestion will be retarded 
rather than promoted by the change. If warm milk, for 
instance, or warm blood, be thrown into the stomach, they 
are always decomposed by that organ, and converted into 
chyme; yet these substances are much more nearly assimi- 
lated to the animal before ihe action of the stomach than 
after it. The same thing happens' when we eat animal 
food. 

On the other hand, a substance introduced into an organ And ne 
employed in assimilation, if it has undergone precisely the other' 
change which that organ is fitted to.produce, is not acted 
upon by that organ, but passed on unaltered to the next 
assimilating !avian. Thus it is the office of the intestines 
to convert chyme into chyle. Accordingly, whenever 

-chyme is introduced into the intestines, they perform their 
office, and produce the usual change; but if chyle itself be 
introdueed into the intestines, it is absorbed by the lactealS 
1vithont alteration. The experiment, indeed, has not been 
tried with true*chyle, because it is scarcely possible to pro- 
cure it in sufficient quantity; but when milk, which resem- 
bles chyle pretty accurately, is thrown into the jejunum, it 

tihiorbed tinchanged by the lacteals.* 

* Foillyce on Digcstiou, p. 189. 
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Book V. 

Foreign 
substances 
may be in-
corporated 
with the 
body. 

Powers of 
the assitni-
lating or-
gans li-
mited. 

FUNCTIONS OF ANIMALS. 

Again, the office of the blood-vessels, as, assimilating 
organs, is to convert chyle into blood. Chyle, accordingly, 
cannot be introduced into the arteries without undergoing 
that change; but blood may be introductd from another 
animal without any injury, and consequently without un-
dergoing any change. This experiment was first made by 
Lower, and it has since been very often repeated. 

Also, if a piece of fresh muscular flesh be applied to the 
muscle of an animal, they adhere and incorporate without 
any change, as has been sufficiently established by the ex-
periments of Mr. J. Hunter ; and Buniva has ascertained, 
that fresh bone may, in the same manner, be engrafted goia 
the bones of animals of the same or of different species.* 

In short, it seems to hold, at least as fitr as experiments 
have hitherto been made, that foreign substances may be 
incorporated with those of the body, provided they be, prep 
cisely of the same kind with those to which they are added, 
whether fluid or solid. Thus chyle may be mixed with 
chyle, blood with blood, muscle with muscle, and bone with 
bone. The experiment has not been extended to the other 
animal substances, the nerves, for instance : but it is ex, 
tremely probable that it would hold with respect to them 
also. 

On the other hanch when substances are introduced into 
any parfof the body.  which are not the same with that part, 
nor the same with the substance upon which that part acts, 
provided' they cannot be thrown out readily, they destroy 
the part, and perhaps even the animal. Thus foreign sub,. 
stances introduced into the blood very soon prove fatal.; 
and introduced into wounds of the flesh' or bones, they- pro, 
vent these parts from healhig. 

Although the different assimilating- organs have the power 
of changing certain substances into others, and of throwing, 
out the useless ingredients, yet this power is not absolute, 
even when the substances on which they act are proper for 
undergoing the change which the organs produce.: Thus 
the stomach converts food into chyme, the intestines chyme 
into chyle, and the substances which have not been con-
verted into chyle are thrown out of the body.: If there hap!. 

• Phil. Alan.• vi. 308. 
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, pen to be present in the stomach and intestines any sub- Chap. ill. 
stance which, though incapable of undergoing these changes, ‘--""e—' 
at lead by the action of the stomach and intestines, yet has 
a strong affinity, either for the whole chyme and chyle, or 
for some particular part of it, and no affinity for the sub-
stances which are thrown out, that substance passes along 
with .the chyle, and in many cases continues to remain elle-

.mically combined with the substance to which it is united 
in the stomach, even after that substance has been com-
pletely assimilated, and made a part of the body of the 
animal. Thus there is a strong affinity between the co-
louring matter of madder and phosphate of lime.. Accord-
ingly, when madder is taken into the stomach, it combines 
with the phosphate of lime of the food, passes with it through 
the lacteals and blood vessels, and is deposited with it in the 
bones, as was proved by the experiments of Bechier * and 
Duhame1.11 n the same manner, musk, indigo, &c. when 
taken into the stomach, make their way into many of the 
secretions. 

These facts show us that assimilation is a chemical pro- A.  ssimila- 
t
in
to

i
n
ea

T r
ro.

-cess from beginning to end; that all the changes are pro-
duced according to the laws of chemistry; and that we can cess;  
even derange the regularity of the process by introducing 
substances whose mutual affinities are too strong for the 
Organs to overcome. 

It cannot be denied, then, that the assimilation of food. 
consists merely in a certain number of chemical decompo-
sitions which that food undergoes, and the consequent 
formation of certain new compounds. But are the agents 
employed in assimilation merely chemical agents? We 
cannot produce any thing like these changes on the food 
out of the body, and therefore we must allow that they are 
the consequence of the action of the animal organs. But 
this action, it may be said, is merely the secretion of para.. 
cular juices, which have the property of inducing the wished- 

* Phil. Trans. 1736, p. 28T. 	• 
+ Ibid. 1140, p. 390. The fact was mentioned by Mizaldus in a book 

published in 1566, entitled, Memorabilium, utilium ac jucundorutu 
Centuris) novern, 

VOL. IV. 	 2 T 
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Book V. for change upon the food : and this very change would b 
"--v-1  produced out of the body, provided we could procure these 

substances, and apply them in proper quantity to the food, 
If this supposition be true, the specific action of the versels 
consists in the secretion of Certain substances; consequently 
the cause of this secretion is the real agent in assimilation, 
Now, can the cause of this secretion, be shown to be merely 
a chemical agent ? Certainly not. For in the stomach, 
where only this secretion can be shown to exist, it is not 
always the same, but varies according to circumstances. 
Titus eagles at first cannot digest grain, but they may be. 
brought to do it by persisting in making them use it as 
food. On the contrary, a lamb cannot at rst digest animal 
food, but habit will also give it this power: In this case, , 
it is evident that the gastric juice changes according to cir-
cumstances. 

But the a- ' The presence of some agent, different front a mere che- 
gent not mical power, will be still more evident, if we consider the chemical. 

immunity of the stomach of the living animal during the 
process of digestion. The stomach of animals is as fit for 
food as any other substance. The gastric juice,. therefore,. 

. must have the same power of acting-on it, and of decompo-
sing it, that it has of acting on other substances; yet it is 
well known that the stomach is not affected by digestion. 
while the animal retains life ; though, as Mr. Punter 
ascertained, the very gastric juice which the living stomach 
secretes, often dissolves the stomach itself after death.* 
Now what is the power which prevents the gastric,  juice 
from acting on the stomach during life? Certainly neither 
t chemical nor mechanical agent, for these agents ,must still 
retain the same power after- death. We must, then, of ne-
cessity conclude, that there exists in the animal an agent 
-very different fronichemical and mechanical powers, since 
it controuls these powers according, to its pleasure, , These 
powers, therefore, in the living body,' are merely the ser-
vants of this superior agent, which directs them so as to 
accomplish always one particular end. This agent seems 
to regulate the chemical powers, chiefly by bringing only 

• Phil. Trans, 1772, p. 447. 
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, certain substances together which are to be decomposed, Chap.M. 
and by keeping at a distance those substances which would `--• 
interfere with, or diminish, or spoil the product, or injure 
the organ ; and we see that this separation is always at- 
tended to even when the substances are apparently mixed 
together : For the very same products are not obtained, 
which would be obtained by mixing the same substances 
together out of the body, that are produced by mixing them 
in the body ; consequently all the substances, are not left at 
full liberty to obey the laws of their mutual affinities. The 
superior agent, however, is not able to exercise an unlimited 
authority over the chemical powers ; sometimes they are 
too strong for it : some substances, accordingly, as madder, 
make their way into the system; while others, as arsenic, 
decompose and destroy the organs of the body themselves. 

But it is not in digestion alone that this superior agent 
makes the most wonderful display of its power; it is in the last 
part of assimilation that our admiration is most powerfully, ex- 
cited. How comes it that the precise substances wanted are 
always carried to' every organ of the body? How comes it 
that fibrin is always regularly deposited in the muscles, and' 
phosphate of lime in the bones ? And,what is still more unac- 
countable, how comes it that prodigious quantities of some 
one particular substance are formed and carried to a parti- 
cular place, im order to supply new; wants which did not be- 
fore exist ? A bone, for example, becomes diseased. and 
unfit for the use of the animal ; a new bone therefore is 
formed in its place, and the old one is carried off by the 
absorbents. In order to form this new bone, large quanti- 
ties of phosphate of lime are .deposited in a place where the 
same quantity was not before necessary. Now, who in- 
forms this agent .that an unusual quantity of phosphate of 
lime is necessary, and that it must be carried to that parti- 
cular place?. Or, granting, as is most probable, that the 
phosphate of lime of the old bone is partly employed for 
this:purpose, 'who taught this agent that the old bone must 
be carried off, new-modelled, and deposited and assimilated 
anew? The -same wonders take place during the healing 
of every wound, and the renewing, of every diseased part. 

But neither iu this case is the power of this agent over 
2 T 
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Book V. the chemical agents which are employed absolute. We 
may prevent a fractured bone from healing, by giving the 
patient large quantities of acids. And unless the natterials 
for, new-wanted substances be supplied by the foimi, they 
cannot in many cases be formed at all. Thus the canary 
bird cannot complete her eggs unless she be furnished with 
lime. 

Nature of 	As this agent which characterises living bodies does not 
this agent. appear to act according to the principles of chemistry, any 

inquiry into its nature would be foreign to the subject of this 
work. Physiologists have given it the name of the living 
or animal principle; and to them I beg leave to, refer the 
reader, 

2. Blood 	Besides the different organs of the body, the blood is 
furnishes also employed in forming all the different secretions which the mate- 
rials of se- are necessary for the purposes of the animal, economy. 
cretion. .These have been enumerated in the last chapter. The 

process is similar to that of assimilation, and undoubtedly 
the agents in both cases are the same : but we are equally 
ignorant of the precise manner in which secretion is per-
formed as we are of assimilation. 

Animals 	After these functions havd gone on for a certain time, 
decay and which is longer or shorter according to the nature of the 
die. • 

animal, the body gradually decays; at'llist ;ill its functions 
cease completely, and the -animal dies. The cause Rf this 
must appear very extraordinary, when we consider the 
power which the, animal has of renewing decayed parts; for 
it, cannot be doubted that death_ proceeds, in. most, cases at 
least, froni the body becoming incipable of performing its 
functions. But if we consider that, this power is limited, 
and that it must, cease &together when those .parts of the 
system begin to ,decay which are employed in preparing 
_materials for future assimilation, our surprise 	in some 
measure, cease. It.is in these parts, in the organs of diges-
tion and assimilation, accordingly, that this decay usually 
proves fatal. The decay in other parts destroys life only 
when the waste is so rapid that it does not admit of repair. 

What the reason . is that the decay of the organs causes 
death, or, which is the same thing, causes the living prin-
ciple either to cease to act, or to.leave the body phogether, 
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. it is perfectly impossible to say, because we know too little 
of the nature of the living principle, and of the manner in 
which' it is connected with the body. The last is evidently 
above the human understanding; but many of the proper-
ties.of the livini; principle have been discovered ; and were 
the facts already known properly arranged, and such gene-
ral conclusions drawn from them as their connection with 
each other fully warrant, iidogree of light would be thrown 

, upon the animal economy, which those who have not at-
tended to the subject are not aware of. 

No sooner is the animal dead, than the chemical and 
Mechanical agents, which were formerly servants, usurp the 
supreme power, and soon decompose and destroy that very 
body which had been in a great measure reared by their 
means. But the changes which take place upon animal 
bodies' after. death, are too important to be passed over 

'glightly. They shall therefore form the subject of the next 
chapter: 

615 

Chap. IV. 

CHAP. IV. 

OF THE DECOMPOSITION OF ANIMAL BODIES. 

THE rapidity with which animal bodies undergo decom-
position, rand the disgusting fetor which accompanies this 
'decoMpoition, have long been considered as some of their 
inosf striking peduliarities. this spontaneous destruction 

denoininated putquttion. Considerable attention has 
been paid to'it by chetnist.S. Beccher and Stahl have de-
scribed with fidelity the phenomena with which it is at- 
tended, and the circumstances necessary 	i6 taking place. 
Seiteral. curious remarks on it 'were made by Boyle' and. 
Beale.* 'Tti Sits Joint Pringle We are indebted for -some, 
important ekperitnents or it the method of retarding rintri-

"factiOn 0-, neither are the experiments of br. Mriebrides k:ss 
lialtiable; -though the conseluebees which he drew from 
them were erroneous. We ure indebted also to 'Crell and 

1 	, 

Phil.Triths.W.1735. 1' Ibid. xlvi. 
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Book v; Priestley for many valuable facts; and to Berthollet and 
Lavoisier for the first attempts to determine the real changes 
which takes place, and the manner in which the niw pro-
ducts which appear during putrifaction are tbrincd. But 
notwithstanding the labours of these philosophers, and of 
many others, much is still wanting to enable us to trace the 
complicated changes which take place during putrifaction, 
and to account for them in a satisfactory manner. 

conditions 	It has been ascertained long ago, that putrifaction never 
requisite takes place in those animal substances which contain only for purri- 
faction. 	two or three ingredients, such as oils, resins, sugar; they 

must always be more .complicated in their texture : and 
perhaps in all cases a mixture of two or more compound 
bodies is necessary for speedy decomposition. But how-
ever complicated the animal substance may be, it does not 
putrify unless moisture be present; for diy animal sub-
stances are not susceptible of alteration. A certain degree 
of heat is also necessary. Animal bodies may be kept 
without decomposing for any length of time at the freezing 
temperature. In general, the higher the temperature the 
more rapid is the putrifaction, provided the heat be not 
great enough to reduce the animal body to dryness. It has 
been observed, too, that putrifaction advances with more 
rapidity in the open air ; but exposure to the air is not ne-
cessary, though it modifies the decompOsition. 

Putfirac- 	When these conditions are observed, and dead animal 
tinn in air' matter is left to itself, its colour becomes gradually paler, 

and its consistence diminishes : if it be a solid part, such 
as flesh, it softens, and a serous matter sweats out, whose 
colour quickly changes; +the texture' of the part becomes 
relaxed, and its organization is destroyed; it acquires a 
disagreeable smell ; the. fubstance gradually sinks . down,- 
and is diminished in bulk,; its smell becomes strongly am-
moniacal. If the subject be contained in- a close vessel, the 
progress of putrifaction at this stage seems to slacken; no 
other smell but that of a pungent alkali is-perceived; the 
matter effervesces with acids, and-converts syrup 'of' violets 
to a green. But if the communication with the air be ad-
mitted, the urinous exhalation is dissipated, and a pecu-
liar putrid smell is spread around with a kind of impe- 
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, tuosity; a smell of the most insupportable kind, which Chap. IV. 

lasts a long time, and pervades every place, affecting the "-se—)  
bodies of living animals after the manner of a ferment, 
capable of altering the fluids : this smell is corrected, and 
as it were confined by ammonia. When the latter is vola-
tilized, the putrifactive process becomes active a second 
time, and the substance suddenly swells up, becomes filled 
with bubbles of air, and soon after *subsides again. Its 
colour changes, the fibrous texture of the flesh being then 
scarcely distinguishable ; and the whole is changed into a 
Soft brown or greenish matter, of the consistence of a poul-
tice, whose smell is faint, nauseous, and very active on the 
bodies of animals. The odorant principle gradually loses 
its force, the fluid portion of the flesh assumes a kind of 
consistence, its colour becomes deeper, and it is finally re-
duced into a friable matter, rather deliquescent: which, 
being rubbed between the fingers, breaks into a course 
powder like earth. This is the last state observed in the 
putrifaction of animal substances ; they do not arrive at this 
'term but at the end of a considerable time.* 

During this decomposition a variety of gaseous bodies Product*. 
arc emitted : these vary according to the substance exposed 
to putritiAction ; but they consist chiefly of hydrogen gas, 
holding sulphur, phosphorus, and carbon in solution; of am-
monia, water, and carbonic acid, and perhaps also of azotic 
gas: Nitric acid seems in some cases to be forMed and 
emitted. The earthy-like residuum, which remains after the 
decomposition is completed, consists of the fixed parts of the 
animal substance, mixed with charcoal, oil, and ammonia. 
Thus it appears that putrifaction consists in a total decom-
position of the animal body ; the elements of which combine 
,together two and two, and thus form a new set of less com-
plicated bodies. But any attempt to explain the manner 
in which these changes take place would be exceedingly int: 
perfect' indeed; not only because we are ignorant of the 
strength of .th© affinities of the different elementary parts of 
animal bodies for each other, but because we do not even 
know the manner in which these elements are combined, 

'ourcroy, 
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Book V. and consequently we cannot know by what particular foroes 
Oleic compounds are destroyed. 

Putrifac- 	In carcases buried in the earth, putrifaction takes place 
tionund 

under much more slowly; but it is scarcely possible to observe its gro  
progress with accuracy. The abdomen is gradually dilated 
with elastic fluids, which make their appearance in it, and 
at last it bursts and discharges a horribly fetid and noxious 
gas; at the same time a dark coloured liquid flows out. 
•If the earth be very dry, and the heat considerable, the 
moisture is often absorbed so rapidly, that the carcase, in., 
stead of putrifying, dries, and is transformed- into what is 
called a mummy. 

Putrifac- 	Such are the phenomena when dead bodies are left to 
flan t ac- 
cumulated P utrifY separately but when great numbers of carcases are 
animal a crowded together in one place, and are so abundant as to. 
;natter.  exclude the action of external air and other, foreign agents, 

their decomposition is entirely the consequence of the re-, 
ciprocal action of their ingredients themselves upon each. 
other, and the result is very different. The body is not 
entirely dissipated or reduced to mould,. but all the soft 
parts are fOund diminished remarkably in size, and con-. 
vented * into a peculiar saponaceous matter. This singular,. 
change was first accurately observed in the year 1786. 

Converted - The burial ground of the Innocents in Faris having be- 
in 
na

to
m 

a 
 es 
sapo- come noxioul to those who lived in its neiglIbourhood, on, 

matter. 	account of the disagreeable and hurtful odour which it ex-. 
haled, it was found necessary to remove the Carcases 
another place. It had been usual to dig very large pits in 
that burial ground, and to fill them with the carcases off, 
the poorer sea, of. people, each in its proper bier; andi 
when they were quite full, to cover them, with about a.ropt,1  
deep of earth, and to dig another similar pit, , and. fill it in)  
the same manner. Each pit held between 1000 and 150Q,  
dead bodies. It was in removing the. bodies from these 

. pits that this saponaceous substance was found. The grave-
diggers had ascertained,. by long experience, that about 
thirty years were required before all the bodies had under-; 
gone this change in its full exent.* Every part of the 

Fourcroy, Ann. de Chin. v.154. 
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body acquired the properties of this substance. The in. Chap.tv. 
testines and viscera of the thorax had completely disap- 
peareA; but what is singular enough, the brain had lost 
but little of its size or appearance, though it was also con.: 
vetted into the same substance. 

This saponaceous matter was of a white colour, soft and Its prop 
unctuous. to the touch, and melted, when heated, like tal.ties• 
low. It exhibited all the properties of a soap, containing, 
however, an excess of fatty matter. Fourcroy, who 
analysed it, found that it was composed of a fatty matter 
combined with ammonia, and that it contained also some 
phosphate of lime and ammonia. Diluted acids decom. 
posed it, and separated the fatty matter : alkalies and lime, 
on the other .hand, drove off the ammonia. When ex-
posed • td the 'air it gradually lost its white colour; the am.. 
monia, in a great measure, evaporated ; and what re. 
mauled had something of the appearance Of wax. It ab-
sorbed writer with great avidity, and did not part with it 
readily. Its white colour was owing to the presence of that 
liquid. The oily matter, when separated by means of a 
diluted acid,.was concrete, and of a white colour, owing to 
the,  mixture ,of a quantity of water. When dried, it ac- 
quires a greyish-brown colour, a lamellar and crystalline 
texture, 'like that of spermaceti; but if it has been rapidly 
dried, it assumes the appearance of wax.* It melts when 
heated' to 126°; When properly purified, by passing it 
through.a linen cloth while fluid, it has scarcely any smell.. 
Alcohol does not • act upon it while cold, but at the tem-
perature of P20° it dissolves it: when the solution cools, the 
fatty matter precipitates, and forms &gritty mass. With 
alkalies it.fo' rmi a soap; and when set on fire it burns pre- 
cisely like till or fat, only thatit 'exhales a more unpleasant 
odonr.-1. • 	• 	, 

Dr: Smith • Gibbes found 'the same substance in the pit 

Chevreul' has shown that it.is a compound of two substances, one 
baying ne4rly the properties of merged° acid, the other of fluid fat. 
Ana, 	xcv, 25 

+ FourCroy, Ann. de Chino. viii. 17. A set of experiments on ti simi-
lar substance have been published by Dr. Einike. See Gehleu's Jour, iv. 
439. 
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Book V. into which animal matters are thrown at Oxford after 
section. A small stream of water constantly passes through 
this pit ; a circumstance which induced him to try whether 
animal muscle exposed to the action of a running stream 
underwent the same change. The experiment succeeded 
completely: he attempted, in consequence, to render this 
substance, to which he gave the name of Ispermaceti, useful 
in those manufactures which require tallow; but the fetid 
odour which it constantly exhales was an unsurmountable 
objection.* Attempts were indeed made to get over it; 
and a manufacture of Dr. Smith Gibbes'i spermaceti was 
even established near Bristol. 

Substances Many attempts have been made to retard the destructive 
which re-  progress of putrifaction, in order to preserve animal bodies 
tard putn- 
faction, 	either as food or for other useful purpose.s; and several 

methods have been ascertained which prevent it from 
operating for a considerable time. 

1. The freezing temperature is a complete preservative 
from putrifaction, as long as the animal substance is ex-
posed to it. Hence the common practice of keeping meat 
in snow'in the frozen climates of the north; and of packing 
fish in ice, and sending them in that state from Scotland 
to the London market. 

2. Almost all bodies which have a strong affinity for 
water retard putrifaction for a longer or shorter the, 
doubtless by depriving the animal substances of their water, 
or preventing that liquid from acting upon these bodies in 
its usual manner. In this way the acids, sugar, alcohol, 
&c. seem to prevent or retard putrifaction. 

3. It is well known that common salt is a powerfutanti-
septic. Hence the practice of salting meat, and the length 
of time which meat that has undergone this operation may 
be kept. Several other salts, especially nitre, 'possess the 
same property. In what manner these bodies act has.not 
been ascertained ; but they undoubtedly produce Some 
chemical change upon the meat; for they alter its taste, its 
colour, and other sensible properties., 

/1,. Many aromatics, such as .camphor, resins, volatile 

Trans. 1794)  1705. 
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oils, bitumens, and other similar bodies, act with consi- Chap. IV. 
thimble efficacy in preserving animal bodies from putri-
faction. Hence their utility in embalming. In what the 
action of these substances consists has not been ascertained. 
Part of their efficacy is doubtless owing to the rapidity with 
which the animal substances to which they are applied lose 
their moisture ; and something may be ascribed likewise to 
their odour, which keeps insects at a distance, and thus 
prevents the lodging of excrementitious matter, which 
always acts powerfully as a putrifactive ferment. 

PARAGRAPHS OMITTED. 

The two following paragraphs bare been omitted by 
mistake. 

1. Glass of Antimony. 
(Should have come in Vol. I. p. 532.) 

The protoxide of antimony has the property of dissolving Glass of 
different proportions of sulphuret when in a state of fusion. antimony' 
The resulting compound is a semitransparent substance of 
a brownish-red colour, differing considerably in its appear-
ance according to the proportion of its ingredients. 'When 
it is composed of about eight parts of oxide and one part 
of sulphuret, it has a red colour, and is semitransparent. 
It is then called glass of antimony. Wbcp it contains eight 
parts oxide and two sulphuret, it is. opaque, and of a red 
colour inclining to yellow. This is the crocus metallomm of 
apothecaries. Eight parts of 'oxide and four of sulphuret 
form an opaque mass of a dark-red colour. This is the liver 
of antimony of apothecaries.* 

When sulphur is heated with either of the oxides, it re-
duces them to the metallic state, if 'sufficient in quantity ; 
if too small for that, it deoxidizes a portion, combines with 
it, and the sulphuret formed unites with the remaining 
oxide, always converted to a protoxide. Hence the reason 
that these different compounds may be formed by a•great 

Proust, Jou. de Pim, lv, 334. 
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Book III. variety of processes. The glass of antimony is usually pre- 
L—Ne—' pared by exposing sulpburet of antimony in powder to a 

gentle heat for a considerable time in an open vessel. By 
this process, which is called roasting, the greater part of the 
sulphur is driven off; and the metal is reduced to a protox-
ide. In this state it is put into a crucible, and melted by a 
sudden heat into glass. If the roasting has been carried so 
*far as to drive off the whole of the sulphur, only dark-co-
loured scoria are obtained; but on the addition of a little 
sulphur or sulphuret of antimony, the glass may be easily 
formed.* The glass sold by apothecaries is seldom or never 
pure, containing almost always, as Vauquclin has.demon-
strated, about 0'09 t parts of silica; derived undOubtedly 
from the crucibles in which the oxidized sulphuret is fused ; 
for these crucibles contain a very great proportion of silice-
ous,  earth. 

The peroxide of antimony is incapable of dissOlVing any 
sulphuret: Of course it does not form a glass; , 

3, Black Ore of Antimony.$ 

(Should have cone in Vol; III. p., 535.) 

This ore is found in Cornivall. Colour 'iron-black. 
Crystallize in Four-sided; reqangtilar tablest  truncated on 
the edges. 

 
Crystallized 

	of the crystals sufootILIf Internal lustre 
shining, metallic. Fracture small conchoidal. Fragments 
indeterminate. Soft. gather sectile. 1-leavy 

I 
4r 	 I 	 • 

Bergman, iii. 	JAnn.10, 
3 JamerrOir 
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ACANTICONE, vol. iii, p. 280 
Aceric acid, iv. 213 
Acetates, ii. 132 
Acetic•aCid, ii. 125 

in animals, iv. 44.8 
in plants, iv. 3. 

Acetous acid, ii. 127 
'Acids, ii. 70 	 • 

how distinguished, ii. 215 
with a simple basis, ii. 73 
combustible, ii. 124. 
composition of, ii. 213, 
freezing. of, i. 67 
implants, iv. 3 and 188 - 
in animals, iv. 446 
weight of, ii. 43 and 213 

Actinolitdoii. 369 
• Adamantine spar, iii. 265 • 
Adepts, i. 
Adipocire, iv. 577 
Adularia, iii. 333 
Aerated alkaline water, ii. 87 
Aerial acid, ii. 85 
/Es, i. 451 
JEtites, ill. 477 
Affinity, iii. 1 

homogenous, iii. 7. 
heterogeneous, ibid. 
tables of, iii. 9 

Agalmatolite, iii. 861 
Agaric mineral, iii. 335 
Agaricus acres, iv. 291 

bulbosus, iv. 292 
campestris, iv. 290 
juglandis, iv. 292 
muscarius, ibid. 
piperatus, iv. 291 
stypticus, 
theogalus, ibid. 

Air, iii. 171 
how reduced to a given den- 

sity, iii. 182 
in the swimming bladders of 

' fishes, iv. 545 	• 
Alalite, iii. 376 
Albumen, id. 406 

uncoagulated, iv. 410 
'coagulated, iv. 414 

Alburnum, iv. 314 
Alchymists, 
Alcionium, iv. 468 
Alcohol, n.305 

its composition, ii. 326 
action, on solids, iii. 109 
of sulphur, i. 289 

Ale, iv. 380 
Algaroth, pbwder of, i. 532 
Alkali, affinities of, iii. 149 

aluminated, ii, 66 
fixed, ii. 39 
fossil, i. 326 	• 
mineral, ibid. 
phlogisticated, ii. 282 
prussian, ibid. 
silicated, ii. 95 
vegetable, ii. 418 
volatile, ii. 28 

Alkalies, ii. 27 and 89 
in animals, iv. 449 
in plants, iv. 189 

Alkalinity, i. 313 
Allanite, iii. 494 
Allochroite, iii. 289 
Alloys, table of, i. 527 
Alluvial formations, iii. 572 
Almonds, iv.. 272 
Aloes, iv. 167 
Alum, i. 361 

burnt, ii. 514 
cubic, ii. 516 
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Alum, earth, iii. 429 

slate, iii. 34.7 
stone, iii. 311 

Alumina, 1. 361 and ii. 61 
salts of, ii. 510 
acetate of, ii. 518 
arseniate, ibid. 
benzoate, ibid. 
borate, ii. 512 
camphorate, ii. 519 
carbonate of, ii. 511 
fluate, ii. 269 
•gallate, ii. 520 
gelatinous, i. 362 
malate, ii. 520 
mellate, ii. 520, and 

419 
muriate, ii. 240 
nitrate, ii. 511 
oxalate, ii. 519 
phosphate, ii.512 
saclactate, ii. 520 
silicate, ii. 512 
soap, ii. 695 
soluble in alkalies, 
spongy, i. 362 
suberate, ii. 519 
succinate, ii. 519 
sulphate, ii. 512 
stibsulphate, iii.4.18 
sulphite, ii. 518 
supersulphate, ii. 513. 
tartrate, ii. 520 
tungstate, ii. 518 
urate, ii. 520 , 

Aluminite, iii. 418 
Aluminum, i. 361 
Amalgam, 1.171, 482 

of silver, iii. 411 
Amber, iv. 147, and iii. 425 
• salt of, ii. 140 

varnish,'iv. 118 
Ambergris, iv. 441 
Amethyst, iii. 296 
Amianthus, iii. 366 
Ammonia, i. 228, and ii. 27 

acetate of, ii. 406 • 
action of potassium on, 

ii. 38 
antimoniater  ii. 105 
arseniate, ii. 404. . 
arsenite, ii. 405 

Iti'DEX. 
Ammonia, aurate of, ii. 33 

benzoate, ii. 407 
bicarbonate, ii. 4C1 
borate, ii. 402 
camphorate, ii. 1.03 
carbonate, ii. 400 
chromate, ii. 40.5 
citrate, ii. 409• 
dissolves oxides, 
ferromuriate, ii. 540 
ferrophosphate, ii. 539 
fluate, ii. 267 
formate, ii. 410 
gallate, ii. 411 
hypophosphite, ii. 403 
lactate, ii. 110 
liquid, ii. 28 
ululate, ii. 410 
mellate, ii. 409 
molybdate, ii. 4.06,  
moroxylate, ii. 408 
muriate, ii. 234, and iii. 

421 
nitrate, ii. 399 
oxalate, ii.409 
phosphate, ii. 401 
phosphite, ii. 402 
saclactatc, ii. 410 
salts of, ii. 398 
soap, ii. 694 
sorbates ii. l0 
suberate, ii. 408 
succinate, ii. 407 
sulphate, ii.4.03 
sulphite, ..ii. 401. 
sulphuret, ii. 31 
tannate, ii. 411 
tartrate, ii. 409 

. 	tungstate, ii. 406 
urate, ii. 410 

Ammoniac, iv. 165 
fixed, 1.337 

• vitriolated, ii. 403 
Ammonium, 11.37 
Amnios, liquor of, iv. 538 ' 

human, ibid. 
Of cows, iv. 540 

Amniotic acid, iv. 117 
Amphibole, iii. 367 
Amphigene, iii. 281- 
Arnygdaloid,. iii: 568 
Analcime; iii. 322 
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A natase, iii. 309 
Anatto, iv. 274. 
Andalasite, iii. 330 
Andreolite, iii. 321 
Anhydrite, iii. 406 
Animal poisons, iv. 542 

substances, iv. 598 
Animals, iv. 397 

decomposing of, iv. 64.5 
functions of, iv. 599 
parts of, iv. 452 
saccharine matters of, 

iv. 432 
Anime, iv. 138 
Anthophyllite, iii. 282 
Anthracite, iii. 4.32 
Antimonial silver ore, iii. 446 

sulphuret of silver, iii. 
447 

Antimonic acid, i. 533, and ii. 116 
Antimonious acid, ii. 116 
Antimony, i. 529. 

acetate of, ii. 670 
alloys of, i. 536 
argentine flowers of, 

r. 533 
salts of, ii. 667 
benzoate, ii. 670 

'black ore of, iv. 652 
butter of, i. 534 
grey ore of, iii. 533 
ihydrosulphuret, ii. 686 
liver of, iv. 651 
native, iii. 533 
'nickeliferous sulphu- 

i 	ret, iii. 535 
ochre, iii. 536 
ores of, iii. 532. 

) • ores analysis of, iii. 608 
oxalate, ih 670 , 
oxides of, i. 531 t 
red ore of, iii. 536 

,$uccinate, ii. 670 
• tartrate, ii. 670 
. white ore of, iii. 535 

Ants, acid of, 182  

Aqua fortis, ii. 74 
Aqueous humour of the eye, iv. 

529 
Aquila alba, i. 466 

mitigata, ibid. 
Arbor Dianze, i. 477 
Arcanum duplicatum, ii. 429 

tartari, ii. 429 
Archil, iv. 286 
Arctizite, iii. 337 
Arendate, iii. 280 
Argentine, iii. 384 

flowers of antimony, 
1.533 • 

Argentum vivuzn, i. 459 
Argil, i. 361, 
Argillite, iii. 34.8 
Arnica montana, iv. 252 
Arragonite, iii. 390 
Arseniates, ii. 114 
Arsenic, i. 293 

acid, 1. 296, and ii. 113 
alloys, i. 388, 395, 4.21, 

129, 439, 419, 471, 
488, 505, 536, 517 

Arsenic bloom, iii. 411 
butter, i. 298 
chloride of, i. 297 
hydrosulphuret, ii. 688 
iodide of, i. 298 
native, iii. 537 
native oxide, iii. 540 
ores, iii. 537 and 609 
oxides of, i. 295 
phosphuret of, i. 300 
sulphuret of, i. 301 
white, i. 293 

Arsenical hydrogen,i 	i. 299 
neutral salt of Macquer, 

ii. 426 
pyrites, iii. 538 

Arsenious acid', i. 295, and ii. 11:5 
Arsenites, ii. 115 
Asafoetida, iv. 168 
Asbestus, iii. 365 
Asparagin, iv. 70 
Asparagus, iv. 244 

stone, iii. 401 
Asphalt, ii. 386 
Assimilation, iv. 638 
Atmosphere, iii. 168 

• 
oil of, iv. 44Q 

.Apatite, iii; 400 ' 
Aphrite, iii. 384 
Aplome, iii. 292? 
Apophyllite, iii. Si* 
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Atmosphere, as food of plants, iv. 
318 

composition of, 
169 

stones from, iii. 194 
unknown bodies in, 

iii. 191 
Atomic theory, account of, iii. 18 
Atropa belladonna, iv. 245 
Attraction explained, iii. 2 
Aubier, iv. 314 
Augite, iii. 375 ' 
•Auriferous silver, iii. 445 
Auripigmentum, iii. 539 
Aur=a graphicum, iii. 439 

musivum, musicum, 
mosaicum, i. 438 

paradoxicum, iii.439 
Automalite, iii. 260 

'Axestone, iii. 362 
Axinite, iii. 283 
Azote, i. 207 

chloride of, 1.215 
deutoxide of, i. 211; ii. 8 
iodide of, i. 218 
oxides of, ii. 3 
protoxide of, i. 212 ; 
given out by-plants, iv. 350 

Azotic gas, i. 207 
Azotites, 
Azure de cuivre, iii. 460 
Azurite, iii. 326 

B 
Balass ruby, iii. 261 
Balm of Gilead, iv. 154 
Balsam of Canada, iv. 135 

of Copaiva, iv. 155 
of Peru, iv. 157 
of sulphur, ii. 357 

• of Tofu, iv. 157 
,Balsams, iv. 154 

liquid, ibid. 
solid, iv. 160 

Baltic, iii. 211 
Balneum regale, i. 538 
Barilla, i. 326 
Barium, i. 389 

chloride of, i. 844 
iodide of, i. 346 
oxides of, i. 842  

Bark, iv. 231 
Barley, iv. 261 
Barm, iv. 478 
Baroselenite, iii. 413 
Barote, i. 340 
Barras, iv. 135 
Barytes, i. 339, and ii. 55 

salts of, ii. 472 
acetate of, iv: 479 
antimoniate, ii. 478 
antimonite, ibid. 
arseniate, ii. 477 
arsenite, ii. 478 
benzoate, ii. 479 
boletate, ii. 480 
borate, ii. 474 
camphorate, ii. 480 
carbonate, ii. 473 
chromate, ii. 478 
citrate, ii. 481 
fluate, ii. 268 
formate, ii. 482 
gallate, ibid. 
hydrates of, ii. 55 
hydrosulphuret, ii. 679 
hypophosphite, ii. 476 
lactate, ii. 482 
malate, ibid. 
mellate, ii. 481 
'muriate, 1. 344 
nitrate, ii.472 
oxalate, ii. 480 
phosphate, ii. 474 
phosphite, ii. 475 
saclactate; ii. 482 
silicate, ii. 474 
soap of, ii. 695 
sorbate, ii. 482 
suberate, ii. 480 
succinate, ibid. 
sulphate, ii. 476 
sulphite, ii. 477 
tannate, ii. 483 
tartrate, ii. 481 
tungstate, ii. 478 
urate; ii. 482 

	

water, ii. 55 	• 
zumate, ii. 482 

Basalt, iii. 379 	' 
Basaltine, octahedral, iii. $76 
Dasanos, iii. 302 • • 

or 

   
  



Bdellium, iv. 173 
Bean, iv. 267 
Bee, venom of, iv. 544 
Beer, k. 372 
Bell metal, i. 453 
Benzoates, ii. 138 
Benzoic acid, ii. 136 

plants containing, 
iv. 7 

in animals, iv. 446 
Benioin, iv. 160 

flowers of, ii. 136 
Bergmannite, iii. 338 
Bergman's doctrine of affinity, iii. 

11 
Berthollet's doctrine of affinity, 

12 
Beryl, iii. 274. 

shorlous, 	 '270 
Bezoardic acid, ii. 173 
Bezoars, iv. 574 
Bihydroguret of carbon, i. 242 

.of phosphorus, i. 274 
Bildstein, iii. 361 
Bile, iv. 518 

of fishes, iv. 521 
fowls, ibid. 
human, iv. J22 
the sow, iv. 521 

use of, iv. 609 
Biliary calculi, iv. 576 
Birdlime, iv:121. 
Bismuth, i. 455 

alloysof, i. 41.1,4.72,491, 
505, 512, 637, 548 

salts, ii. 627 
acetate of, ii. 630 
arseniate, ii. 629 
benzoate, ii. 630. , 
borate, ii. 6.28 
butter, is 457 
carbonate, ii. 628 
chloride, i. 457 
cupreous sulphuret, 

520 
iodide, i, 4.58 
inagistery, ii. 628 
molybdate, ii. 630 
muriate, ii. 247 
native, iii. 518- 
needle ore of, 3, 519' 
nitrate, ii. 627 
ochre, iii. 520 

yOL. xv. 
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Bismuth, ores, iii. 518 

oxalate, ii. 630 
oxides of, i. 456 
phosphate, ii. 628 
rheumate, ii. 631 
succinate, ii. 630 
sulphate, ii. 629 
sulphite of; ii. 629 
sulphuret, iii. 519 
tartrate, ii. 631 

Bitter principles, ive 52 
artificial, iv.58.  

Bittern, i. 354 
Bitter spar, iii. 394 
Bitumens, ii. 383, and iii..427 

proper, ii. 385 
Bituminous oils, ii. 384 

marl slate, iii. 399 
Black cobalt ore, iii. 501 

copper ore, ii. 456 • 

	

jack, iii. 513 	• 
lead, i. 231 
lead ore, iii. 526 
ore of antimony, iv. 652 
ore of manganese, iii. 4S9 
ore of tellurium, iii. 440 
poplar resin, iv. 140 

Blende, iii. 513 
Blight, iv. 304 
Blisters, liquor of, iv. 598 
Blood, iv. 497 

. colouring matter of, iv. 421 
effect of different gases on, 

iv. 626 
how altered by respiration, 

iv. 625 
uses of, iv. 638 
diseased, iv. 502 
of the firms, Iv. 502 

Blowpipe, iii. 2,50 
Blue carbonate of copper, iii. 460 

calx of copper, ill. 460 
iron earth, iii. 482 
lead ore, iii. 522 
flowers, iv. 217 
spar, iii. 328 
vesuvian limestone, iii. 389 

Bog-iron ore, iii. 4.78 
Boiling explained, i. 95 
Bole, iii. 358 

	

I3olctic acid, ii. 14.7 	• 
Boletus igniarius, iv. 294. 

Iaricis, iv. 293 
2u 

   
  



668 	 INDEX. 
Boletus pseudo igniarius, ii. 293 

viscidus, ibid. 
Bones, iv. 458 

fossil, iv, 459 
Boracic acid, i. 24.5, and ii. 90 

composition of, i. 246 
Boracite, iii. 447 
Borax, ii. 441, and iii. 423 
Boron, i. 244 

chloride of, i. 248 
Botany Bay resin, iv. 158 
Botryol►te, iii. 409 
Bournonite, iii. 523 
Boyle, fuming liquor of, ii. 31, 

677 
Brain, iv. 482' 
Brandy, ii. 206 
Brass, 1.450 
Brazil wood, iv. 229 
Brewing, iv. 376 
Brimstone, i. 277 
Brionia alba, iv. 220 
Brittle silver ore, iii. 447 
Bronze, i. 452 
Bronzite, iii. 3'74 
Brown cobalt ochre, iii. 502 

iron ore, iii. 476 
lead ore, iii. 528 
ore of tatanium, iii. 512 
spar, iii. 397 

Bully coat of blood, iv. 502 
Bulbs, iv. 277 
Buntkupfererz, iii. 454 
Butter, iv. 504 

of bismuth, i. 457 
of wax, iv. 113 

C 
Cadmia, i. 414 
Calla), iv. 56 • 
Calaguala, iv. 220 
Calamine, iii. 516 
Calcareous acid, ii 85 

spar, iii. 387 
Calcedony, iii. 303 
Calchantum, ii. 530 
Calcium, i. 331 

. chloride of, i. 331 
iodide of, i. 339 

Calcsinter, iii. 888 
Calctuff, ibid. 
Calculi, biliary, iv. 576  

Calctili, urinary, iv. 579 
arranged, iv. 585 
solvents for, iv. 590 
of inferior animals, iv. 591 

Calomel, i. 465 • 
Caloric, i. 27 

decomposes bodies, i. 104. 
effects of, i. 63 
escape from surfaces, i. 35 
how conducted, i. 48 
latent, i. 88 
motion of; i. 34 
nature of, i. 27 
of evaporation, i. 101 
of fluidity, i. 94 
quantity in bodies, i. 105, 

115 
radiation of, i. 36 
sources of, 1. 129 
specific, i. 106 

table of i. 111 
Calorimeter, i. 109 
Camphor, iv. 115 

artificial, iv. 121 
oil of, 4. 119 

Camphorates, ii. 146 
Camphoric acid, ii. 145 
Cancer, matter of, iv. 597 
Cannon metal, 1 453 
Cantharidin, iv. 436 
Caseic acid, iv. 508 
Caoutchouc, iv. 174 

mineral, ii. 388, and 
iii. 427 

Capacity for heat, i. 107 
Caranna, iv_ 173 
Carbon, i. 229 • 

absorption of gases by L 
231 

combustion of, i. 234 
oxide of, 1. 235. 
phosphuret of, 1 276 
sulphuret of, i. 288 

Carbonates, ii. 88 
Carbonic acid, i. 234, and 11. 84 

in' the . atmosphere, 

in animals, iv, 446 
absorbed by plants, 

iv.•350 
emitted' by plants, 

iv. 855 	, 	• 
oxide, i. 285, and ii. 22 
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farburet of manganese, i. 405 
Carbureted hydrogen gas,•i. 242 
Carica papaya, iv. 105 
Carnelian, iii. 304 
Caromel, iv. 22 
Carrying power, what, i. 51. 
Carthamus, iv. 249 
Cartilage, iv. 456 
Caseic acid, iv. 508 

	

Cassava, iv. 8.5 	• 
Cassius, precipitate of, ii. 254 
Cast iron, i. 374 
Castor, iv. 344 
Cat's eye, iii. 298 
Catechu, ii. 202 

extractive of, iv. 64 
Caustic, i. 31$ 
Cautery, potential, ibid. 
Celestine, iii. 414 
Cementation, i. 380 
Cerasin, iv. 71 

	

. Cerate, iv. 11L 	• 
Cerin, iv. 110, 111 

	

Cerite, iii. 494 	, 
•Cerium, i. 406 

salts of, 	559, and iii. 
494 

acetate, ii. 561 
arseniate, ibid. 
benzoate, ibid., 
carbonate,. ii. 560 
citrate; ii. 562. 
molybdate, ii. 561 8 
nitrate, ii. 559 
oxalate, ii. 562 
phosphate, ii. 560 
succinate, ii. 562 
sulphate, ii.-560 
sulphite, ii. 561 

-tartrate; ii. 562 
ores of, iii, 493. 

Cerumen of•the ear, iv. 523 
Ceruse, 
Cetic acid, ii. 382 , 
Ceylanite, iii. 259 
ChAbasite, iii. 323 
Chalcolite; iv. 492 
Chalk, iii. 885, 567 

black, iii, 817 
silvery, iii. 384 
stones, iv,• 593 

Charcoal,.i. 229 
4 	mineral, iii. 433  

Charcoal, gas from, i. 245 
• action on gum, iv. 39 

proportion yielded by 
different trees, iv.185 

Chemistry, definition of,1. 2 
origin of,.i. 3 
as a science, i. 9 
object, i. 11 

Cheese, iv. 508 
Chert, iii. 300 
Chiastolite, iii. 331 
Chlorates, ii. 219 
Chloric acid, i. 190; and ii., 218 
Chloride, 1. 136 

of azote, i. 215 
sulphur, i. 285 
manganese, i. 404 
zinc, i. 418 
lead, i. 125 
tin, i. 435 
copper, i. 446 
bismuth, i. 4.57 
mercury, i. 463 
silver, i. 4476 
platinum, i. 501 
antimony, i. 534 

Chlorides, table of, i. 523 
Chlorine, i. 184 

protoxide of, i. 187 
deutoxide of, i. 189 
compound of, ii. 217 

Chloriodic acid, i. 198 
Chlorite, iii. 352 
Chlorocarbonic acid, i. 238 
Chlorocyanic acid, ii. 276 
Chloruret of iodine, i. 199 
Chromic acid, i. '511, and 
Chromium, i. 539 

ores of, iii. 613 
Chyle, iv. 4.95 
Chrysoberyl, iii. 268 
Chyrysocolla,,ii. 442 
Chrysolite, iii. 378 
Chrysophrase, iii► 304 
Chyme, iv. 600 
Cimolite,• iii. 356 
Cinchona, iv. 233 	- 
Cinnabar, i. 469 	• 

native, iii. 442 
Cinnamon, iv. 210 

' 	stone, iii. 291. 
Cistic oxde, iv. .581 
Citric acd, IL 163 

2 u 2 

118 
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Citric acid, plants containing, iv. 5 
formed from gum, iv. 

40 
Civet, iv. 444 
Clay, iii. 34.1 

common, iii. 342 
iron-stone, iii. 476, 480 
potters, iii. 343 
slate, iii. 34.3, 348, 550 
stone, iii. 344 	• 

Clink-stone, iii. 380 
Club-moss, iv. 274 
Clyssus, ii. 415 
Coal, ii. 389 

. brown, ii. 390, and iii. 428 
black, ii. 390, and 114'429 
glance, ii. 391, and iii. 

432 
cannel, iii. 430 
earth, iii. 428 
Kilkenny, iii. 432 
moor, iii. 4.29 
slate, 	 .• iii430 

Cobalt, i. 396 
alloys of, i. 4.22, 430, 411, 

489, 547 
salts of, ii. 547 
acetate, ii. 550 
ammonionitrate, ii. 551 
antimoniate, ii. 650 
antimonite, ibid. 
arseniate, ibid. 
borate, ii. 548 

, carbonate, ibid. 
chloride, i. 399 
fluate, ii. 270 
muriate, ii. 244 
nitrate, ii. 548 
ores, iii. 498, 610 
oxalate, ii. 551 
oxides of, i. 398 
phosphate, ii. 548 , 
phosphuret, i. 399 
pyrites, iii. 501 
soap, ii. 696 • 
sulphate, ii. 549, and ill. 

502 
sulphuret, i. 899 
tartrate of, ii. 551 
zumate, ibid. 

Cobalt ore, black, iii. 501 
brown, iii. 502 
glance, iii. 500  

Cobalt ore, grey, iii. 499 
red, iii. 502 
white, iii. 499 
yellow, iii. 501 

Cobalus, i. 396 
Coccolite, iii. 376 
Cochenilin,iv. 4.36 
Coco, iv. 272 
Coffee, iv. 270 
Cohesion, iii., 112 
Coin, gold, i. 494 

silver, i. 480 
Colcotbar of vitriol, ii. 531 
Cold, i. 123 
Collyrite, iii. 356 
Colour, iii. 211 
Colouring matters of plants, iv.19 
Columbic acid, ii. 122 
Columbite, iii. 497 
Columbium, i. 555 
Combination, iii. 14.0 
Combinations.by heat, iii, 42 

spontaneous, iii, 4.1 
Combustibles, iii. 4.24 

acidifiuble, i. 221 
simple, L. 220 
compound, ii. 304 
analysis of, iii. 594. 

Combustion, i. 133 
opinions relative to, 

i. 134 
Berzelius' theory of, 

• i. 165 
Lavoisier's theory of, 

1. 138 
explanation of, 1.143 

Compounds, ii. 1 
primary, ii. 2 
secondary, ii. 392 

Concretions, morbid, iv. 571 
Conductors of caloric, 1,48 

of electricity, i. 163, 
170 

Contagion, iii. 193 
Cooling, i. 58 
Cooling powers of gases, i. 57 
Copaiva, iv. 155 
Copal, iv. 14.1 
Copper, i. 442 

acetate of, ii. 617 
alloys of, i. 449, 473, 492, 
• 506, 512, 537, 548 
salts of, ii. 603 

   
  



Copper, white, iv. 422 
zuniate, ii. 626 

Copperas, ii. 530 
blue, ii. 608 

Coral, iv. 465 
Cordierite, iii. 276 
Corivindum, iii. 265 
Cork, ii. 148 

rock, iii. 365 
Corneous mercury, iii. 444 

silver ore, iii. 451 
Corrosive sublimate, i. 463 
Cortical layers, iv: 232 
Corundum, iii. 265 
Cotton, iv. 180 
Cotyledons, iv. 306 
Couch, iv. 373 
Cream, iv. 504 
Cross-stone, iii. 324 
Croton eleutheria, iv. 238 
Cruor of blood, iv. 500 
Crusts, composition of, iv. 463 
Cryolite, iii. 420 
Crystals, iii. 117 
Crystallization, iii. 116 

expansion 
I. 80 

nature of, 
Cube ore, iii. 482 

during 

iii. 119 
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Copper, ammonio.oxalate, ii. 622 

ammonio-sulphate, ii. 611 
anhydrous carbonate, iii. 

459 
antimoniate, ii. 616 
antimonite, ii. 617 
arseniate, ii. 613, and iii. 

463 
arsenite, ii. 616 
azure, iii. 460 
benzoate, ii. 619 
borate, ii. 606 
carbosilicate, iii. 463 
carbonate, ii. 605 
citrate, ii. 625 
chlorides, i. 446 
chromate. ii. 617 
emerald, iii. 462 
fluate, ii. 271 
formate, ii. 625 
glance, iii. 454 
iodide, i. 447 
lactate, ii. 626 
martial arseniate, iii. 465 
mellate, ii. 624 
mica, iii. 463 
in01‘bdate, ii. 617 
muriated, iii. 465 
native, iii. 453 
nickel, iii. 503 
nitrate, ii. 604 
nitrite, ii. 605 
ores of, iii. +53 
ores, analysis of; iii. 601 
oxalate, ii. 619 
oxides, i. 443 
phosphate, ii. 607, and iii. 

466 
pyrites, iii. 455 
rheumate, ii. 625 
saclactate, ii. 626 
silicate, ii. 606, and iii. 462 
soap, ii. 696 
sodanxalate, ii. 621 
suberate, ii. 619 
guccinate, ibid.-  • 
sulphate, ii. 608, and iii. 

466 
sulphite, ii. 610 
sulphuret, iii. 454 
tartrate, ii. 624 
tinned, i. 4.54 
tungstate, ii. 617 

spar, iii. 407 
Cubizite, iii. 322 
Cupellation, i. 427 
Cuprium, i. 452 
Curd, iv. 506 
Cutis, iv. 476 
Cuttlefish, bone of, 
Cyanite, iii. 572 
Cyanogen, i."238 
Cymophane, iii. 268 

D 
Dalton, Mr. John, atomic theory 

of, iii. 18 
Daourite, iii. 278 
Daphnin,-iv. 58 
Date-tree, pollen of, iv. 253 
Datholite, iii. 409 
Dead Sea, iii. 212 
Decomposition, iii. 14.3 

tables of, iii. 144 
of animal bodies, 

iv. 645 
Decrement, iii. 125 

iv. 462 
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Decrepitation, ii. 476 
• Delphinite, iii. 280 

Deoxidizing rays, i. 22 
Dephlogisticated air, i. 181 
Diallage, iii. 373 

rock, iii. 561 
Diamond, i. 232, and iii. 256 
Dichroite, iii. 276 
Digestion, iv. 599 
Diopside, iii. 376 
Dioptase, iii. 462 
Dippel's animal oil, iv. 440 
Dipyre, iii. 325 
Disthene, iii. 372 
Distinct concretions, iii. 248 
Dolomite, iii. 394. 
Draco mitigatus, i. 466 
Dragon's blood, iv. 162 
Drawing slate, iii. 347 
Dropsy, liquor of, iv. 597 
Ductility, i. 315, 

E 
Eagle-stone, iii. 477 
Earths, ii. 46 

in plants, iv. 191 
whether formed in plants, 

iv. 320 
as the food ofplants, iv.319 
alkaline, 1i. 46 
proper, ii. 63 

' in"aniinals;iv.419. 
Earthy smell; i."362 
Egg shells, iv. 461 

white of, iv': 406 
Eggs, iv. 513 
Eisenram; 
Ekeberdite, in. 335 ' 
Dian, ii.`371 
Elaolite, iii. 338 
Elecampane, iv.' g26'  
Electricity, i. 163, 166' 

• phenomena of, i. 166 
distribution of, i. 171 
as A source df heat, i. 

63 
Electrum, i. 497, and iii. 437 
Elements, weight of, i. 309, 520, 

562 
Elemi, iv. 137 
Emerald, iii. 274.1  

copper ore, iii. 462 
Emery, iii. 266  

Fab1 ore; iii.•456•1. 
Fat, iv. 438 i 
Feathers, itr. 491' 
Feces, iv. 564 
• ." '.human,iv, 565 

of cattlei, hi., 568 
of fowls; iv. 569 

Feculi, green, contains gluten, iv. 
102 

Felspar, iii. 332 
Labradore; iii. 333 
compact; Hi: 334: 

Fer oligiste, 'id/ 472. 
oxydul6; iii. 4•71, , ' 	• 

Fermentation, iv. 370; 382 
acetbut, iv. 393 . 
Vihous1  iv.'372 

1 

Emetin, iv. 66 
I ' Empyreal air, i. 181 
Emulsion, ii. 368 
Enamel of the teeth, iv. 45(1 
Epidermis of animals, iv. 476 

of trees, iv. 332 
Epidote, iii. 280 
Epsom salt, ii. 496 
Equilibrium of caloric, i. 57 
Ether, ii. 328 

acetic, ii. 349 
caloric, i. 240, and ii. 344 
formic, ii. 552 
hydriodic, ii. 848 
muriatic, ii. 345 
nitric, ii. 337 
sulphuric, ii. 329 
composition, ii. 333 

Ethiops mineral, i. 469 
martial, i. 968 
per se, 1.461 

Euchlorine, 1. 188 
Euclase, iii. 273 
Eudiometers, iii. 175 
Euphorbium, iv. 17 
Eye, humours of, iv. 528 
Excrementitious matter, iv;561 
Expansimi, 1.-63 • 	i 

exceptions to itl, i. 76 
Expectorated matter, iv. 527 
Extract 'iv. 61t, 	' 	) ;  '("foulard's, ii. 591 
Extractiv4iV:61' 

si)ecies of, iv4 63 • 
: 

F 
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Ferrocyanates, ii. 297 
• Ferrocyanic acids ii. 295 

Ferrureted chyazic acid, ibid. 
Fettstuin, iii. 339 
Fibrin, iv. 104, 417 
Fibrolite, iii. 280 
Figure-stone, iii. 361 
Finery, i. 375 
Fire-damp, i. 245 . 
Fish:scales, iv. 470 
Fixed, what, ii. 40 . 

.air, ii. 85 
Flake, white, i. 457 
Flesh, iv. 471 
Flint, iii. 302 
Flint-slate, iii. 201, and iii. 555 
Float-stone, iii. 345 
Flowers, iv. 247 
Fluates, ii. 267 
Fluidity produced by heat, i. 83 

'Fluids conduct caloric, i. 53 
Fluoborate of ammonia, ii. 272 
Fluoboric acid, i. 249, and ii. 271 
Fluor, iii. 403 
Fluoric acid, i. 202, 227, and 260 
Fluorine, i. 200 
Fluosilicates, ii. 273 
Fluosilicic acid, i. 255, and ii. 273 
Flux, black, iii. 418 

-white, ibid; 
Foliated earth of tartar, ii, 429 

crystallized, ii. 450 
ore of tellurium, iii, 444 

Food of plants, iv. 314 
animals, iv. 599 

Formations, iii. 546 
alluvial, iii. 572 
floetz, iii. 562 
independent coal; iii. 

563 
new Paris, iii. 570 
primitiveciiii, 516 
transition, iii. 558 
yolcanici, iii, 572, 

tormiates, ii. 184 
Formic acid, ii. 132 
Fractureciii. 217 
Franchipan, iv, 511 
Frankincense,iv, 135,. 	• 
Freezing, expansion. by, 030, 

contraction by,. i. 81,  
mixtures, i. 126 
of bodies, i. 84 

Friction, i. 15.5 
Frigorific particles, 1. 123 
Fruits, iv. 275 
Fuci, iv. 299 
Fuller's earth, iii. 359 
Fulminating powder, ii. 417 
Functions of animals, iv. 599 
Fungates, iv. 290 
Fungic acid, iv. 289 
Fungin, iv. 186 
Fustic, iv. 230. 

G 
Gadolinite, i. 357, and iii. 495 
Gahnite, iii. 260, 287 
Galbanum, iv. 165 
Galena, i. 429, and iii. 521 
Galipot, iv. 135 
Gall-stone, iv. 576 
Gallic acid, ii. 192 

plants containing, iv. 9 
Galvanism, i. 172 
Gamboge, iv. 170 
Garlic, iv. 281 
Garnet, iii. 299 

black, iii. 289 
white, iii. 28,1 

Gas, what, i. 181 
Gases, iii. 20 , 

absorption by water, iii. 56 
combination of, iii.11 
ditto with liquids, iii. 55 
ditto with solids, iii. 90 
constitution of, iii. 21 
elasticity ofd iii. 21, 26 
expansion of, 1.65 
mixture of, iii. 30 
in the intestines, iv. 610 
respirable, iv. 613 
specific gravity of, iii. 25 • 
table of; iii. 24 
unrespirable, iv.,613 
water which they contain, 

iii, 27 
weight of their atoms, iii. 

25 
Gastric juice, iv. 603 
Geblenite, iii. 329 
Gelatin, iv. 398' 
Gelberz, iii. 31.9 
Gellert's table of decompoSitions. 

Gentian, iv. 223 
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Geoffroy's table of affinity, iii. 9 
Geognosy, iii. 541 
Germination, iv. 306 
Gin, ii. 306 
Glacies Mark; iii. 350 
Glance cobalt ore, iii. 500 
Glands, iv. 481 
Glass, ii. 95 

expansion of, i. 73 
phosphoric, ii. 99 

Glauberite, iii. 408 
Glauber's salt, ii.446 
Glucina, i. 359, and ii. 63 

• salts of, ii. 507 
acetate, ii. 510 
carbonate, ii. 508 
chromate, ii. 510 
chromo-sulphate, ibid. 
hydrosulphuret, ii. 680 
muriate, ii. 240 
nitrate, ii. 508 
oxalate, ii. 510 
phosphate, ii..508 
succinate, ii. 510 
sulphate, ii. 509 

.Glucinum, i. 359 
Glue, iv, 404 

.Gluten, iv. 97 
fermented, iv. 99 • 
plants containing it, iv. 

103 
Gneiss,• iii. 549 
Gold, i. 482 

. 	alloys, i. 488,508,511,538, 
549 

native, iii. 436 
ores of, iii. 435 
ores, analysis of, iii. 596 
oxides of, i. 484 
muriate, ii. 252 
nitrate, ii. 655 
fulminating, ii. 33 
phosphuret, i. 487 
sulphuret, ibid. 
soap, ii. 697 

Gorgonia, iv. 467 
Goulard's extract, ii. 591 
Gouty concretions*  iv. 593 
Grainer, iv. 478 
Gfammatite, iii. 371. 
• Granatite, iii. 293 
Granite, iii. 548 
Grapes,- iv. 276  

Graphic gold ore, iii. 439 
Graphite, iii. 433 
Graugiltigcrz, iii. 456 
Graywacka, iii. 559 

slate, ibid. 
Greek fire, ii. 387 
Green, Scheele's, ii, 616 

colour of plants, iv. 352 
earth, iii. 353 • 
lead ore, iii. 528 
porphyry, iii: 553 
resin, iv. 141 
sand of Peru, iii. 465 
stone, iii. 553 

Grey copper ore, iii. 456 
• cobalt ore, iii. 499 

ore of antimony, iii. 533 
ore of manganese, iii. 48$ 

Grossularia, iii. 288 
Guaiacum, iv. 150 
Gum, iv. 36 

arable, iv. 44 
cherry tree, iv. 74 
congo; 
gut, iv. 170 
kuteera, iv. 44 
resins, iy: 163 

• Senegal, iv. 44 
tragacanth, iv. 72 
West Indian, iv, 75 

Gun metal, i. 453 
Gunpowder, ii. 416 
Gurhofite, iii. 397 
Gypsum, • ii. 461, and iii. 404., 555 

H 
Hmmatites, brown, iii. 476 

red, iii. 475 
Hair, iv. 488 • 
Hairy concretions, iv. 575 
Hardness, i. 314 
flarmotome, iii. 321 
Hartshorn, ii. 28 
Hauyne, iii. 327 
Hazle-tree, pollen of, iv. 255 
Heat, i. 27 

animal, iv. 630 
during combustion, i. 148 
escape of, from surfaces, i. 

35 
latent, i. 93 
red, i. 24 

Heavy inflammable air, i. 242 
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Hedenbergite, iii. 484 
Heliotrope, iii. 305 
Hellebore, iv. 219 
Hemutin, iv. 51 
Hempseeds, iv. 269 
Hepar sulphuris, ii. 674 
Hepatic gas, i. 286 

concretions, iv. 573 
mercurial ore, iii. 443 

Ho-ang-lien, iv 221 
Hollow spar, iii. 331 
Honey, iv. 434 

stone, iii. 419 
Hops, iv. 377 • • 
Hornblende, iii. 367 

basaltic, iii. 368 
Labradore, iii. 375 
slate, iii. 368 

Horns, iv. 468 
of the hart and buck,iv.469 

i. 476, and iii. 451 
Hornstone, iii. SOO 
Horsechesnut, iv. 240 
Horseradish, iv. 225 
Hospital sore, matter of, iv. 596 
Humours of the eye, iv. 528 
Hyacinth, iii. 258 

blanche cruciform, iii. 
324 

white, iii. 340 
yields mucus, iv. 45 

Hyacinthine, iii. 286 
Hyalite; 
Hydnum repandum, iv. 295 

hybridum, 
Hydrargillite, iii. 315 
Hydrargyrurn, i. 459 
Hydrates, ii. 17, 393 
Hydriodates, ii. 262 
Hydriodic acid, i. 226, and ii. 262 
Hydrochloric acid, i. 226, and ii. 

229 
Hydrocyanic acid, ii. 279 

plants containing; iv.7 
, Hydrogen, i. 222 

arsenical, i. 299 
borurefed, i. 250 
combustion of, iii. 4.2 
gas, i. 222 
absorbed by charcoal, 

i. 231 
Hydroguret of carbon, i. 239 

phosphorus, i. 271 
 

Hydrogureted sulphur, ii. 671 
sulphurets, ii.6S0 
metallic, ii. 683 
sulphuret of am- 

monia, ii. 682 
sulphuret of pot-

ash, ii. 44 
Hydrometer, Clarke's, ii. 319 
Hydrophosphoric gas, i. 274 
Hydrosiderum, i. 381 
'Hydrosulphurets, ii. 673 

metallic, ii. 683 
Hydrosulphuric acid, i. 286 ; 

673 
Hydrothionic acid, ii. 673 
Hyperstene, iii. 375 
Hvponitrous acid, i. 215 
Hypophosphorous acid, i. 265, 

and ii. 102 
Hyposulphurous acid, i. 284, and 

ii. 112 

I 
Jade, iii. 362 
Jalap, iv. 222 
Jargon, i. 363 
Jasper, iii. 310 

Rage, iii. 312 
Egyptian, iii. 310 
porcelain, iii. SII 

Ice, ii. 13 
expansion of, i. 80 
spar, iii. 310 

Ichthyophthalmite, iii. 321 
Idocrase, iii. 286 
Jelly, iv. 47 
Jet, iii. 430. 	 • 
Incombustibles, simple, i. 203 
Indian rubber, iv. 174 
lndianite, iii. 332 
Indigo, iv. 86' 	• 
Indigofera tinctoria, .ibid. 
Inflammable air, i. 222 • 

heavy, i. 242 
Ink, ii. 208 

printers, ii. 366 
sympathetic, ii. 244 

Intestinal concretions, iv. 573 
Intestines, gases in, iv. 610 
Inulin, iv. 75 
lodatt's, ii. 258 
Iodic acid, i. 196, and ii. 257 

union with acids, ii, 257 

   
  



cold, short, i, 383 
fluted, ii. 27. , 
froth, iii. 474 
gallate, ii. 539 •, 
glance, iii. 4.72 

• hydrate, iii. 475 
bydyosulphuret, ii 688 
byposulphite, ii. 533 
iodide of, i. 373 	. 
lactatd, ii. 538: 
tnalate„ ibid. 

. 	mellate, ii. 537 
molybdate, 
muriated, ii. 232 
native, 	46S 

' borate, ii. 528 
boruret, i. 383 
carbonate, • 479 
cast, i. 374 
chlorides of; i, 372. 
chromate;  iii. 483 
citrate, 
clay, iii. 380 , 
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alloys, i. 388, 395, 400, 422, 
430, 440, 449, 471, 4.88, 
505, 512, 536, 547, 558 

Iodide, i. 195 
of azote, i.218 

sulphur, i..286 
zinc, i.419 
lead, 'i, 428 
tin, i. 437 
copper, i. 447 
bismuth, i. 45.8 
mercury, .i. 468 
silver, i. 478 
antimony, i. 535 

Iodides, table of, i. 524 
Iodine, i. 193 

how prepared, i. 194 
properties of, ibid. 

Ipecacuan, iv. 174, 221 
Iridium, i. 516 , . 

salts of, ii. 664 
ores of, iii. 438 

Iron, i. 566 
affinities of, i. 388 	. 

acetate, ii. 535 
antimoniate, ibid. 
arseniated, ii. 534, and 

482 
benzoate, ii. 536 
boletate, ,ii. 537 

• Iron nitrate, ii. 525 
ores of,  iii. 468 
ores, analysis of, iii. 602 
oxalated, R. 537 
oxides of, i. 368 
phosphated, iii. 481 

• phosphuret, i. 383 
pyrites, iii. 469 
rheumate, ii. 538 
saclactate, ibid. 
salts of, ii. 524 
sand, iii. 471 
silicate; iii. 484 
silicuret, i. 383 
soap, ii. 696 
subcarburet, i. 382 
suberate, ii. 537 
subsulphate, iii. 487 
succinate, ii. 536 
sulphated, ii. 529 
sulphite, ii.• 532 
sulphurets, i. 384 . tartrated, 	538 
tungstate, ii. 535, and. iii. 

486 
zumate, ii. 538 
flint, iii. 300 

Isatis tinctoria, iv.' 245. 
Iserine, lilt 511 
Isinglass, iv. 405  
Juice, peculiar, of plants,. iv. 213, 

362 
Jupiter, ii. 598 

X 
Kali, I. 318 
Kaolin, iii. 342 
Kelp, i, 326. 	, 	!If• 

Kermes mineral, ii. 686 
Kidney bean, iv, 268 „ 4 

Kidneys, -.action of, iV., 632 
calculi of, iv; 589 

Kilkenny coal, iii. 432. 
Kinate of lime, ii. 169, 
Kinates, ibid. - 
Kinic acid, ii468, 

iii.,358tf, 	, „ 
Kino yields a species oftannin,iv.9 
Klebshiefer,iiii; 344 
Klinkstone, 	 • 
Kournisi, iv. 51Q 	14: • 
,Knpfer lazur, iii. 460.i. , 1 

nickel, i. 389,:',and iii. 503 
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L 
Labdanum, iv. 138 
Lac,14. 145 

sulphuris, i. 284 
Laccic acid, ii. 177 
Lackers, iv. 147 
Lactates, ii. 187 
Lactic acid, ii. 185 
Ladanum, iv. 138 
Lana pbilosophica, i. 418 
Lapis infernalis, ii. 645 

nephriticus, iii. 362 
lazuli, iii. 325 
philosophorum, i. 4 

Latent heat explained, i. 88 
Lazulite, iii. 325, 326 
Lead, i. 422 

alloys, i. 429, 441, 452, 472, 
492, 506, 512, 537, 548 

salts of, ii. 576' 
acetate, ii. 588 
antimonial sulphuret of, iii. 

523 
antimoniate, ii.-586 
antimonite, ii. 587 
arseniate, 11.586, and iii.532 
arseniophosphate; iii. 529 
benzoate, ii. 591 
borate, ii. 582 4 

carbonate, ii.581, and ;1525 
chloride, 1.428 
citrate, ii. 593 
chromate, iii. 529 
fluate, ii. 270 
gallate, ii. 595 • 
iodide, 428 • 
lactate, ii. 594 
malate, ibid. 
mellate, ii. 593 
molybdate, ii. 587, and iiil 

531 
muriate, ii. 237 • 
muri0-Carbonate, iii. 527 
nitrate, ii. 576 

• nitrite, ii. 578 
*nitrophospbate,. ii..584 
ores,' iii. 521 
ore, analysis of, IA. 604 
oxalate, ii. 592 
oxides, i. 423 

.phosphate, ii. 582, and iii. 
1528 . 

Lead, phosphite; ii. 584 
red, i.426 
refining of, i. 427 
saclactate, ii. 594 
soap, ii. 696 
sorbate, ii. 594 
suberate, ii. 592 
succinate, ibid. 
sugar of, ii. 588 
sulphate, ii. 581, and iii. 530 
sulphite, ii. 586 
tannate, ii. 596 • 
tartrate, ii. 593 
tungstate, ii. 588 
vinegar of, ii. 591 
white, i. 4.25, acid ii. 581 
zumate, ii. 595 

Leather, iv. 477 
Leaves, iv. 24.1 

functions of, iv. 542 
why they fall off, iv. 345 
the digestina

b 
 organs of 

plants, iv. 363 
how produced, ibid. 
seminal, iv. 313 
absorb cartynic acid, iv. 

346 
absorb water, iv. 559 
emit oxygen, iv.. 347 

Lemnian earth, iii. 359 
Lemons, essential salt of, ii. 537 
Lens, crystalline, iv. 530 
Lentiles, iv. 268 
Lepidolite, iii. 349 
Leucite, iii. 284 
Leucolite, iii. 270 
Libavius, smoking liquorof, i. 435 
Lichens, iv. 284 
Lievrite, iii. 484 
ligaments, iv. 481 
Light, i. 12 

its peculiarities, 1. 23 
sources of, i. 24 

Lilalite, iii. 350 
Limbourg's table of affinity, iii. 10 
Lime, i. 334, and ii. 47 

salts of, ii. 455 
acetate of, ii. 465 
antimoniate, ii. 464 L 
antimonite, ii. 465 
arseniate, ii. 464 	• 
arsenite, ibid. 
benzoate, ii.466 
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Lime, bipbosphate, ii. 460 
boletate, ii. 148 
borate, ii. 45b 
borosilicate, ibid. 
camphorate, ii. 467 
carbonate, ii. 4.56 
chromate, ii. 465 
citrate, ii. 469 
effects of, on mould, iv. 329 
fluate of, ii. 267 

- formate, ii. 471 
gallate, ibid. 
hydrate, ii. 48 	. 
llydrosulphuret, ii. 679 
hypophosphite, ii. 461 
hynsulphite, ii. 464 
kinate, ii. 469 
lactate, ii. 471 
malate, ii. 470 . 

• raellate, ii. 468 
molybdate, ii. 465 
rnoroxylate, ii. 466 
xnuriate, i. 337 
nitrate, ii. 455 
oxalate, ii. 467 
phosphate, ii. 459 
quadriphosphate, ii. 460 
saclactate, ii. 470 
silicate, ii. 458 
slacking'of, ii. 48 
soap, • ii. 695 
sorhate, • ii. 471 
suberate, ii. 467 
subphosphate, ii. 461 
succinate, ii. 166 
sulphate,• ii. 461 

anhydrous, ii. 462 
sulphite, ii. 463 	• 
supermalate, ii. 470, 
tannate, ii. 471 
tartrate, ii. 468 
tungstate, ii. 465 
urate, ii. 470 
water,"ii. 49 
zumate, ii. 471 

Limestone, iii. 385, .554 
- primitive,. iii. 554 

• floetz, iii. ,565 	- 
transition, 	 560 

Liquefaction explained, i. 83 
Liquids, iii. 79 

constitution of, iii. 80 
table of, iii. 82 

Liquids, specific gravity,  of, iii. 83 
expansion of, i. 66 
action on each other • 2  84. 
mixture of, ibid. 
combination with solids, 

iii. 90 
Liquor silicum, ii. 95 
Liquorice, iv. 35 
Litharge, i. 427 
Lithic acid, ii. 173 
Lithomarge, iii. 355 
Liver of sulphur, ii. 43 
Lixiva, i. 318 
Loam, iii. 313 
Lohoite,' iii. 287 
Lobster crust, iv. 463 
Logwood, iv. 228 
Lomonite, iii. 324 
Lucullite, iii. 389 
Luna cornea, i. 476 
Lunar caustic, ii. 645 
Lupine, white, iv. 269 
Lustre, iii. 24.0 
Lute, what, i. 186 
Lycoperdon, tuber, iv. 297. 
Lydian stone, iii-. 302 
Lymph of plants, iv. 331 

animals, iv. 610 
• 1!1 

Madder, iv. 223 
Madrapores, iv. 4.65 
Magistery of bismuth, i. 457 
Magnesia, i. 352, and ii. 61 

salts of, 190 
acetate of, ii. 500 
aunnonio-nitrate, 

492 
ammonio phosphate, 

ii. 495 
ammonio-sulphate, 

497' 
ammonio-sulphite, 

500 
arseinate, 	500*-
benzoate of, ii. 501 
borate, ii. 494, and iii. 

417 
camphorate, ii. 501 
carbonate, ii. 492, and 

iii. 4•16 
chromate,. ii. 500 . 
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Magnesia, citrate, ii. 503 
fluate, ii. 269 
gallate, ii. 504 
hydrosulphuret, ii. 679 
lactate, it..503 
malate, ibid. 
molybdate, ii. 500 
muriate, i. 351 
native, iii. 357 
nitrate, ii, 490 
oxalate, ii. 502 
phosphate, ii. 495 
saclactate, ii. 503 
silicitate, ii. 491 
soap of, ii. 695 
soda-sulphate, ii. 493 
sorbate, ii. 503 
suberate, ii. '502 
succinate, ii. 501 
sulphate, ii. 496, and 

iii. 416 
sulphite, ii. 499 
tartrate, ii. 502 
tungstate, ii. 500 
urate, ii. 503 
zumate, ibid. 

Magnesian limestone, iii. 395 
Magnesite, iii. 416 
Magnesium, i. 352 

chloride of, i..351 
iodide of, i. 355 

Magnetic iron-stone, iii. 471 
sand, ibid. 

Magnets, 1 387 
Maize, iv. 264 
Malachite, iii. 4-61' 
Malacolite, ill. 376 
Malates; 	179 
Malic acid, ii. 177 

plants containing it, 
iv. 6. 

in animals, iv. 448 
Malleability, i. 315 
Malt; iv. 372 
Mukha, ii. 385 
Manganese, i. 400 

alloys, i. 450, 490, 
517 

salts of, ii. 552 	• 
acetate, ii. 557 
antimoniate, ii. 556 
arseniate, ibid. 
benzoate, ii. 557  

chromate, ii. 556 
citrate, ii. 558 
carbonate, ii. 553 
carburet, i. 405 
chloride, i. 401 	• 
muriate, ii. 245 ' 
nitrate, ii. 552 
Ores, iii. 4-88, 611 
oxalate, ii. 558 
oxides of, i. 402 
phosphate, ii. 554, 

and iii. 4.90 
silicate, ii. .553 and 

iii. 491 
soap, ii. 697 
tuccinate, ii. 557 
sulphate, ii. 554 
sulphureted oxide, 

iii. 490 
tartrate, ii. 558 
tungstate, ii. 556 
black ore of, iii. 489 
grey ore of, iii. 488 ' 

Manna, iv. 29 
rnetallorum, i. 466 

Manure, iv. 325 	, 
Marble, iii. 386 

• Portsoy, iii. 363 
Marcasite of gold, i. 415 
Margarates, it. 379 
Margaric acid, ii. 378 
Marine acid, ii. 229 ' 
Marl, iii. 398 
Marrow, iv. 485 
Mars, ii. 524 

Stahl's tincture of, ii. 527 
tartarised tincture of, ii. 

.540 
tincture of, ibid. 

Martial oethiops, i. 368 
• salts, ii. 521 

Massicot, i. 121 
Mastich, iv. 135 
Meadow ore, iii. 478 
Medicine, universal, i. 
Medullin, iv. 182 
Meershaum, iii. 358 
Meionite, iii. 339 
Melanite, iii. 2S9 
Melasses acid, iv. 16 
Mellate of atumina, iii. 419 
Mellates, ii, 158 
Mellite, iii. 119 

Manganese, 
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Mellitic acid, ii. 157 
Melt of the carp, iv. 537 
Melting explained, i. 83 
Membrane, iv. 480 
Menachan, i. 559 
Menachanite, iii. 510 
Menilite, iii. 310 
Mephitic acid, ii. 85 
Mercurius dulcis, i. 465 
Mercury, i. 459 

action oti metals, iii. 110 
amalgams of, i. 471, 

495, 507, 537 
salts of, ii. 631 
acetate, ii. 640 
arseniate, ibid.  
benzoate, ii. 619 
borate, ii. 635 
carbonate, ibid. 
carbosulphuret, iii. 443 
chloride, i. 463 
chromate, ii. 640 
citrate, ii. 625 
congelation of, i. 460 
corneous, iii. 444 
fluate, ii. 271 
fulminating, ii. 35 
hepatic ore of, iii. 443 
Howard's fulminating, 

ii. 312 	, . 
malate of, ii. 642 
mellate, ibid. 

'muriate, i. 463 
molybdate, ii. 640 
native, iii. 4'41 
nitrate, ii. 633 
ores of, iii. 440 
ores, analysis of, iii. 

660 
oxalate, ii. 611 
oxides of, 1.'461 	. 
phosphate, ii. '636 ' 

'phosphite, ibid. 
saclactate, ii. 642 
soap of, ii. 696 
succinate, ii; 641 
sulphate, ii.'636 
tartrate, ii. 642 

.t 	tungsthte; ii. 640 
Merulius cantharellus, iV. 296' ' • 
Mesotype, 	 ' '•• 
Metallic hydrOgotet'S; ii. 683 

lustre, 14.31a. 

Metals, i. 313 
tenacity of, i. 521 
in plants, iv. 200 • 
how obtained pure, rd. 611 
conducting power of, 1.54 
in animals, iv. 450 

Meteoric stones, iii. 194 
Miasmata, putrid, destroyed by 

muriatic acid, ii. 255 
Mica, iii. 350 • 

green, iii. 492 
iron, iii. 473 
slate, iii. 550 

MicaCeous iron ore, iii. 473 
Micarell, ill. 351 
Milk, iv. 503 

acid of, ii. 185 
woman's, iv. 511 
ass's, iv. 512 
goat's iv. 513 
ewe's, ibid. 
mare's, ibid.. 
mountain, iii. 385 
rock, ibid. 

Millepores, iv. 465 
Milt of the carp, iv. 537 
Mineral caoutchouc, ii. 388 

. crystal, 	414 
. pitch, iii. 427 
tar, ii. -887' r 1" 

Minerals, 299 .1' 
aspect of, 
characters of, iii 240 
compound, iii. 541' 
simple, iii:'2511" 
analysiilof, lii. 583 

Minium, i. 426 	II 	0, 

	

native, ill: 525', 	lit 
Mirrors of telescopes,.i. 451 
Mispickel, i. 388 
Misy, ii. 530 
Mixture, as a source of 

160 
Molybdate of lead, iiwz. 631 ," 

4.v • 14 ‘  

Molybdates, ii. 121± 	ti 
Molybdena, 	504 	' 	)1' • 
Mo1ybdentuni 4.1'042 	' 

ores' of, 
612 

Molybdic 	and 120 
Molybdous acid 0. 545, and ii.-121 
Moonstone, iii. 383:' 	' I rP‘ 
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Moorcoal, iii. 429 
Morass ore, iii. 478 
Moroxylates, ii. 144 
Mor3xylic acid, iii. 143 
Morphia, iv; 67 

salts of, iv. 69 
Mortar, ii. 53 

water, ii. 54 
Mosaic gold, i. 438 
Mother ley, i. 352 	• 
Mother of pearl, iv. 461 
Mould, vegetable, iv. 326 

acid, iv. 328 
Mountain blue, iii. 460 

green, iii. 462 
iron-shot, ibid. 

Mucilage, iv. 36 
Mucous acid, ii. 171 
Mucus, iv. 45, 424, 524 

of the nose, iv. 525 
Muriatic acid, i. 225, and ii. 229 

how prepared, ii. 
230 

destroys putriate 
miasmata, ii. 255 

dephlogisticated, i. 
184 

in animals, iv. 446 
Muriates, ii. 23b 
Muscles of animalsviv. 4.71 
Muscovy glass, iii. 850 
M tishrooms, iv. 288 
Musk, iv. 444 
Mussite, iii. 376 
Must,. iv., 386 

fermentation .of, iv. 387 
Myricin, iv. 111 
Myrrh, iv. 171' 

- 	N 
Nacrite,iii. 865 
Nadelsteirt,, iii. 508 
Nails, iv. ,469 - • 
Naphtha, ii. 330 
Narcotic salt, i..24.5 

	

principle, 	67 
Natrolite, iii. 3191 
Natron, i. 326 
Needle-ore, iii. 519 
Needle-stone, iii. 319 
Nepheline, iii. 34Q 
Nephrite, iii. 362 

Nerium tinctorium yields, indigo, 
iv. 88 

Nerves, iv. 482 
Neutralization iii. 137 
New silver, i. 496 
Nickel, i. 389 

alloys, i. 395, 422, 430, 
450, 489, 547 

salts of, ii. 54.1 
acetate, ii. 546 
ammonio-nitrate, ii. 542 
ammonio-sulphate, ii. 544 
arseniate, ii. 545 
borate, ii. M3 

'carbonate, ii. 542 
carburet, i. 394 
chloride, ibid, 
chromate, ii. 545 
molybdate, ii. 546 
muriate, ii. 244 
nitrate, ii. 541 
ochre, iii. 504 
ores, iii. 503 
ores, analysis of, iii. 6Q7 
oxalate, ii. 54.6 
oxides of, i. 392 
phosphate, ii. 543 
phosphuret, i. 395 
sulphate, ii. 543 
sulphuret, i. 395 
tartrate, ii. 546 

Nicotin, iv. 59 
Nightshade, deadly, iv. 245 
Nigrine, iii. 511 	• 
NM album, i. 418 
Nitrates, ii. 78 
Nitre, ii. 412 • 

cubic, ii: 438 
fixed, ii. 418 
fixed by charcoal, _ii. 415 

Nitric acid, i. 212, and ii. 73 
Nitrogen, 1..207 
Nitrous acid, i. 213, 282 

vapour, ii, 83. 
etherised gas, ii. 342 
gas, ii. 8: 
gas, dephlogisticated, ii. g 
oxide, ii. 41  
gas, eudiometer, iii. 173 

Nitroxi, ii, 7 
Nitrum fixum, ii. 423 . 

liammans, ii. 399,, 
senuyelatile, ibid. 
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Novaculite, iii. 348 
Nutgalls, ii. 198 
Nutmeg, iv. 273 
Nuts, husk of)  iv.275 

Oxalic acid plants containing, 
iv. 3 

in animals, iv. 448 
Oxide and oxidizement, i. 1'33 

of antimony, i.531 
(mote, i. 211, and ii. S 
bismuth, i. 456 
cerium, i. 409 
chromium, i. 511 
cobalt, i. 398 
copper, i. 443 
gold, i. 484 
iridium, 1. 518 
iron, i, 368 
lead, i. 423 
manganese, i. 402 
mercury, i. 461 
molybdenum, i. 544 
nickel, i. 393 
osmium, i. 308 
palladium, i. 510 
phosphorus, i. 261 
platinum, i. 500 
rhodium, i. 514' 
silver, i. 475 
tantalum, i. 557 
telluriuin, i. 303 
tin, i. 432 
titanium, i. 560 
tungsten, i. 551 
uranium, i. 412 
zinc, i. 417 

Oxides, ii. '3 
metallic, i. 522, and ii. 68 
table of, i. 310, 522, 562 
divisiOn of, ii. 3 
unsalifiable, ibid. 

Oxycarbureted hydrogen, ii. 243 
Oxygen; i. 178 

gas, bow prepared, ibid. 
combination with ni-

trous gas, ii. 9 
combination with simple 

combustibles; ii. 
emitted by plants, iv. 

348 
absorbed by plants, iv. 

351 	 • 
Oxymuriatic acid, i. 184 
Oxyprussic acid, ii. 276 

Pakfong, i. 422 

0 
Oats, iv. 261 
Obsidian, iii. 313 
Ochre, iii. 4.74. 
Ochroite, i. 407 
Octahedrite, iii. 509 
Oetites, iii. 477 
Oil of vitriol, ii. 101 
Oils, ii. 353 

animal, iv. 437 
bituminous, ii. 381 
fixed, ii. 361 

list of, iv. 106 
volatile, ii. 353 

list of, iv. 107 
drying, ii. 365 
essential, ii. 353 
fat, ii. 366 
philosophical, ii. 364. 
poisonous, ii. 383 
sweet, principle of, ii. 370 

Ol'eates, ii. 381 
Olefiant, gas, i. 239 
Oleic acid, ii. 380 
Oleo-sacchbrum, ii. 359 
Oleum sulphuric, H. 101 
Olibanum, iv. 167 
Oliven ore, iii. 461 
Olivine, iii. 378 
Onion, iv. 282 
Opacity, i. 313 
Opal, iii. 307 

jasper, iii. 312 
Opium, iv. 68 
Opobalsamum, iv. 154. 
Opoponax, iv. 170 
Ores,' iii. 133 	• 

analysis of, iii. 596 
Orichalcum, i. 451 
Orpiment, i. 302; and iii. 539 
Orthite, iii. 496 
Osmazome, iv. 425 
Osmium, i. 316 
Ossifications, iv. 572 
Ouretic acid; ii. 444 
Oxalates, ii. 151 
Oxalic acid, ibid. 
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Palladium, i. 509 
salts of, ii. 660 
ferroeyonate, ii. 662 
muriate of, ii. 660 
nitrate, ibid. 
oxides of, i. 510 
sulphate, ii. 661 

Panacea holsatica, ii. 423 
Panchymagoaum minerale, 1.466 
Panthymagogus quercitanus, ibid. 
Pancreatic juice, iv. 518 

concretions, iv. 572 
Papaw tree contains fibrin, iv. 105 
Parenchyma, iv. 232 
Patellae, iv. 461 
Pea stone, iii. 388 
Pearl, iv. 462 

ash, i. 316 
white, 628 
stone, iii. 313 • 
sinter, iii. 306 

Peas, iv. 264 
Pecillende, iii. 492 
Pepper, iv. 273 
Perehloric acid, i. 191 
Perchloride of phosphorus, i. 269 
Percussion, i. 150 
Pericardium, liquor of, iv. 528 
Peridot, iii. 378 
Periodide of phosphorus, i. 270 
Perlated acid, ii. 444 
Perspiration, iv. 634. 
Peru, balsam of, iv. 157 
Peruvian' bark, iv. 235 
Petroleum, ii. 381 . 
Petro:silex, iii. 334 
Pewter, i. 412 
Phallus impudicus, iv. 296 
Pliarmacolite, iii. 411 
Phlogisticated air, i. 207 

alkali, ii. 282, 297 
Phlogiston, i. 222 
Phosgene gas, i. 237 
Phosphate of iron and manganese, 

iii. 490 
Phosphatic acid, ii. 102 
Phosphorana, i. 267 
Phosphorane, ibid. 
Phosphoric acid, i. 263, and ii. 99 

plants contain- 
ing, iv. 188 
in animals, iv. 

446 
VOL. IV.. 

Phosphorite, iii. 401 
Phosphorous acid, i. 265 ; ii. 101 
Phosphorus, i. 257 

chlorides of, i. 267 
hydrogurets of, i. 271 
iodides of, i. 270 
liquid, ii. 58 
oxide of, i. 267 
of Homberg, i. 338 
of Balduin, ii. 456 
in animals, iv. 415 

Phosphuret of antimony, i. 535 
arsenic, i. 800 
barytes, ii. 57 
carbon, i. 276 
cerium, 1. 409 
cobalt, i. 598 
copper, i. 417 
gold, i..487 
iron, i. 383 
lead, i. 428 
lime, ii. 51, 
manganese, i. 405 
mercury, i. 468 
molybdenum, i. 546 
nickel, i. 395 
platinum; i. 502 
silver, i. 178 
strontian, ii. GO 
sulphur, i. 291 
tin, i. 437 
titanium, i. 560 
tungsten, i. 551. 
sulphur, i. 291 
zinc, i. 420 

Phosphureted alcohol, ii. 322 
azotic gas, i. 271 
hydrogen gas, ibid. 

Phytolacca berries, iv. 274 
Picnite, iii. 270 
Picromel, iv. 426 
Picrotoxin, iv. 55 
Pierre a fusil, iii. 302 

de croix, iii. 293 
Pig iron, i. 374 
Pimelite, iii. 354. 
Pinchbeck, i. 451 
Pineal concretions, iv. 572 

iii. 351 
Pisiform iron ore, iii. 4.77 
Pitch, mineral, iii. 427 • 

ore, iii. 492 
stone, iii. 313 

2 x 
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Pitchy iron ore, iii. 487, 491 
Pitcoal; ii. 389 

gas from, 1. 244 
Piztazite, iii. 280 
Plants, death of, iv. 368 

decay of, iv. 367 
diseases of, iv. 302 
food of, iv. 314 
ingredients of, iv. 200 
parts of, iv. 207 
peculiar juices of, iv. 213 

Plasma, iii. 304 
Plaster of Paris, ii. 462 
Plasters, ii. 697 
Platina, iii. 438 
Platinum, .i. 496 

alloys of, i. 505, 511, 
538,549 	• 

chloride, i. 501 
fulminating, ii. 35 
ores of, iii. 497 

analysis of, iii. 597 
oxides of, i. 500 
phosphurets, i. 502 
sulphate, ii. 656 
triple salts of, ii. 657 

Pleonaste,Iii. 259 
Plumbago, i. 231, and iii. 433 
Plumbum corneum, i. 428 
Plumula, iv. 307 
Plutonium, i. 342 
Poisons, animal, iv. .542 
Pollen, iv. 253 
Pollenin, iv. 104 
Polychroite, iv. 50 
Pompholyx, i. 418 
Ponderable bodies, i. 177 
Ponderous spar, 1.340, and iii. 413 
Porcelain earth, iii. 342 
Porphyry, iii. 551, 555 
Potash, i. 316, 320 ; and ii. 40 

dissolves oxides, ii. 55 
acetate of, ii. 429 
ammonio-sulphate, ii. 425 
antimoniate, ii. 427 
antimonite, ii. 428 
arseniate, ii. 426 
arsenite, ii. 427 
benzoate, ii. 430 
binarseniate, ii. 426 
boletate, ii. 148 
borate, ii. +19 
camphorate, ii. 431 

Potash, carbonate, ii. 418 
chromate, ii..428 
citrate, ii. 436 
columbate, U. 428 
ferrosuiphate,. ii. 539 
ferrotartrate, ii. 540 
fluate, ii. 267 
gallate, ii. 437 
hydrate of, ii. 41 
hydrosulphuret, ii. 677 
hypophosphite, ii. 423 
lactate, ii. 437 
malate, ibid. 
radiate, ii. 433 
molybdate, ii. 428 
muriate, i. 322 
.nitrate, ii. 412, and iii. 421 
nitrite, ii. 4.18 
oxalate, ii. 432 
phosphate, ii. 421 
phosphite, ii. 423 
quadroxalate, ii. 433 
saclactate, ii. 436 
salts of, ii. 411 
silicate, ii. 421 
soap of, ii. 693 
sorbate, ii. 436 
succinate, ii. 431 
suberate, ibid. 
succinate, ibid. 
sulphate ii. 423 
sulphite, ii. 425 
tartrate, ii.-433 
tungstate, ii. 428 

nitro, ii. 429 
urate, ii. 437 
zumate, ii. 189 

Potassium, i. 319. 
alloys of, i. 421, 429, 

440, 449, 471, 488, 
505,' 536 

peroxide of, i. 321 
chloride of, i. 322 
iodide of, i. 323 
hydruret of, i. 324 
phosphuret of, i. 325 
sulphuret of, ibid. 
arseniuret, ibid. 
action

i. 3 
  of,

i 
 on ammonia 

i 
 

Potatoe,' iv. 278 
Potential cautery, i. 318 
Potstone, iii. 364 
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Powder of algoroth, i. 532 
Prase, iii. 298 
Precipitants, table of, iii. 149 
Precipitate per se, i. 462 
Precipitation, iii. 158 	• 
Prehnite, iii. 316 
Prince's metal, i. 451 
Principle, vegetative, iv. 368 

animal, iv. 644 
Products of combustion, i. 144 
Propolis, iv. 443 
Prostate concretions, iv. 573 
Protiodide of phosphorus, i. 270 
Protochloride of phosphorus, i. 

268 . 
Prussian alkali, ii. 281, 297 

blue, ii. 279 
native, iii. 482 

Prussiates, ii. 297 
Prussic acid, ii. 279 

plants containing it, 
iv. 7 

Puddling, i. 376 
Pulmonary concretions, iv. 573 
Pumice, iii. 314 
Purple of amorgos, iv. 287 
Pus, iv. 594 

how distinguished from mu- 
cus, iv. 596 

Putrifaction, iv. 895, 64.5 
in air, iv. 646 
under ground, iv. 

648 
of accumulated mat- 

ters, ibid. 
preventatives from, 

iv. 650 
Pycnite, iii. 270 
Pyrenite, iii. 285 
Pyrites,. i. 384, 385, and iii. 469 

magnetic, 1.384, and iii. 
469 

arsenical, iii. 538 
copper, iii. 455 
hepatic, iii. 470 

Pyro-acetic spirit, ii. 132 
Pyrodmalite, iii. 485 
Pyromachus, iii: 302 
Pyrometer of Wedgewood, ii. 65 
Pyrop, iii. 293 
Pyrophorus, Homberg's, 11.517 

Canton's i. 18 
Pyrophysalite, iii. 271  

Pyrotartaric acid, ii. 150 
Pyrotartarous acid, ibid. 
Pyroxen, iii. 376 

Q 
Quartz, iii. 296, 554 

milk iii. 297 
Quassin, iv. 53 
Quercitron, iv. 239 
Quicklime, i. 334 
Quicksilver, i. 459 
Quinquina, iv. 233 

R 
Radiant heat, i. 35 
Radiating power of bodies, i. 39 
Radical vinegar, ii. 128 
Radicle, iv. 307 
Rancidity, ii. 369 
Rays of light, i. 13 

caloric, i.35 
Realgar, i. 301, and iii. 539 
Red antimonial ore, iii. 536 

cobalt ore, iii. 502 
copper ore, iii. 458 
flowers, iv. 248 
hematite, iii. 475 
iron ore, iii. 474 
lead, i. 426 
lead ore of Siberia, 
ochre, iii. 474 
ore of antimony, iii. 536 
ore of manganese, 491 
precipitate, i. 462 
sanders, iv. 230 
silver ore, iii. 449 

Reflection of heat, i. 42 
light, i. 14 

Refraction of light, ibid. 
Regulus of antimony, i. 529 

martial, i. 537 
of Venus, ibid. 

Reissite, iii. 422 
Repulsion, iii. 22 
Resin, iv. 135, and iii. 425 

Botany Bay, iv. 138 
from bitumen, iv. 149 
green, iv. 141 
of bile, iv. 427 
Highgate, iii. 426 

Resinous electricity, i. 167, 168 
Resins, iv. 127 

animal, iv. 411 
2 x 2 

iii. 529 
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Respiration, iv. 612 
of fishes, iv. 623 
Priestley's theory of, 

iv. 628 • 
Lavoisier's theory of, 

ibid. 
Lagrange's theory of, 

ibid. 
changes on air by, iv. 

616 
changes on blood by, 

iv. 625 
Respirations, number of, iv. 615 
Rete mucosum, iv. 480 
Reticularia portensis, iv. 298 
Retinasplialtum, ii. 389, and iii. 426 
Rheumic acid, ii. 167 
Rhodium, i. 512 

salts of, ii. 662 
Rhcetizite, iii. 373 
Rhomb spar, iii. 894 
Rhubarb, iv. 245 
Rice, iv. 261 
Richter's law of double decompo- 

sition, iii. 16 
Rock cork, iii. 365 

crystal, ii. 93 
soap, iii. 355 
wood, iii. 866 

Rocks, iii. 54.2 
position of, iii. 545 
structure of, iii. 543 

Roestone, iii. 386 
Roots, iv. 219 

absorb oxygen, iv. 359 
Rosa mallos, iv. 159 
Rosacic acid, iv. 447 
Rosin, iv. 135 
Rouge, iv. 249 
Rubellite, iii. 278 
Ruby, iii. 261, 263 

balass, iii. 261 
occidental, iii. 269 
octahedral, iii. 261 
oriental,' iii. 263 
spinell, iii. 261 

Rum, ii. 306 
Rust, ii. 527 
Ruthile, iii. 508 
Rutilite, iii. 512 
Rye, iv. 258 

S 
Sacar-nambu, iv. 32  

Saccharine acid, ii. 152 
Saclactates, ii. 172 
Saclactic acid, ii. 170 
Saffron, iv. 252 

of Mars, i. 370 
Sagapenum, iv. 168 
Sagunto, iii. 508 
Sago, iv. 84 
Sahlite, iii. 376 
Sal ammoniac, ii. 234 

secret, ii. 403 
ca(harticus amarus, ii. 496 
de duobus, ii. 423 
gem, ii. 235 
mirabile, ii. 446 
polychrest Glaseri, ii. 423 
perlatum, ii. 444 

Salifiable bases, ii. 27 
Saline solutions, action of salt on, 

iii . 106 
table of, iii. 99 
freezing of, i. 85 

Saliva, iv. 515 
of the horse, iv. 518 

Salivary concretions, iv. 572 
Salop, iv. 85 
Salsola, i. 326 
Salt, i. 330, and iii. 395 

arsenical, neutral, ii. 426 
common, i. 330 
how decomposed, ii. 235 
digestive, of Sylvius, ii. 429 
diuretic, ibid. 
Epsom, ii. 496 
febrifuge, i. 322 
essential of lemons, ii. 432 
Glauber's, ii. 446 
microcosmic, ii. 445 
narcotic, i. 245 
of amber, ii. 141 
of Saturn, ii. 588 
of Seignette, ii. 452 
of Sylvius, i. 322 
of tartar, ii. 418 
of wood-sorrel, ii: 432 
perlated, ii. 444 
Rochelle,, ii. 452 
rock, i. 330 
sea, ibid. 
sedative, i. 245 
Seydler, ii. 496 
petre; IL 412 
regenerated sea, ii; 235 

   
  



Salt, rock, iii. 423 
sulphureous, of Stahl, ii. 425 

Salts, ii. 395 
,,,calcareous, iii. 383 
compound, ii. 395 
neutral, ibid. 
nomenclature, ii. 397 
simple, ii. 395 
solubility in alcohol, ii. 323 
solubility in water, iii. 99 
triple, ii. 396 
food of plants, iv. 322 

Sandarach, iv. 137 
Sandstone, iii. 562 
Sap of plants, iv. 208 

motion of, iv. 331 
transpiration of, iv. 343 

Saponaceous extract of urine, iv. 
428 

matter of putrifac- 
tion, iv. 648 

Saponules, ii. 358 
Sappare, iii. 372 
Sapphyr, iii. 263 

oriental, ibid. 
occidental, iii, 269 

Sarcocoll, iv. 33 
Saturation, iii. 93 
Saturn, i. 422 

salt of; ii. 588 
sugar of, ibid. 
extract of, ii, 690 

Saussurite, iii. 530 
Savonule, ii. 358 • 
Scales of fish, iv. 470 

serpents, ibid. 
Scammony, iv. 169 
Scapolite, iii. 337 
Schalstone, iii, 410 
Shaumearth, iii. 384 

i. 551 
Schiefer spar, iii, 384 
Schillerstone, iii. 373 
Schillitin, iv. 56 
Schmeltzstein, 	325 
Schorl, iii. 276 

common, ibid. 
red, iii. 278, and iii. 508 
white, iii. 340 

Schorlite, iii. 270 
Schrifterz, iii. 439 	• 
Schwarzgiltigerz, iii. 456 
Scorpion, venom of, iv. 544 

67 

Sea-froth, iii. 348 	- 
salt, ii. 235 
salt, rea

b
endrated,fiaid. 

wax, ii.385 
Sebacic acid, ii. 140 
Secretions, iv. 503 

morbid, iv. 591 
S.:dative salt, i. 215 
Seeds of platits, iv. 256 
Selenite, ii.A61, and iii. 405 
Semen, iv. , 
Semiopal, iii. 308 
Senna, iv. 211 
Serosity, iv. 498 
Serpentine, iii. 554k, 363, 557 
Serum of blood, ibid. 
Seydler's salt, ii. 496 
Shale, iii. 347, 
Shells, iv. 460 

porcellaneous, iv. 461 
motlier-of-pcarl, ibid. 
of eggs, iv. 513 

Shistus, argillaceous, iii. 348 
Siberite, iii. 278 
Siclerocalcite, iii. 397 
Siderum, i. 383 
Sienite, iii. 556 
Silica, i. 251, and ii. 92 

composition of, i. 253 
Silicated potash precipitates gum, 

iv. 39 
Silicon, i. 251 
Silk, iv. 491 
Silver, i. 473 

alloys of, i. 479, 496, 508, 
512, 538, 549 

salts of, ii. 644 
acetate, ii. 651 
amalgam of, iii. 441 
antimonial, iii. 446 
antimonial sulphuret, 

447, 
arseniate, ii. 650 
auriferous, iii. 415 
benzoate, ii. 651 
bismuthic, iii. 446 
black, iii. 452 
borate, ii. 618 
carbonate, iii. 452 

, chloride, i. 476 
chromate, ii. 651 
citrate, ii. 6.52 
fluate, ii, 271. 
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*Silver, fulminating, ii. 55 
glance, iii. 447 
horn, iii. 451 
iodide, 1.478 
malate, ii. 653 
mellate, ii. 652 
molybdate, ii. 651 
muriate, 1.476 
native, iii. 445 
nitrate, ii. 61t 
ores of, iii. 4'4 
ores, analysis of, 	598 
oxalate, ii. 652 
oxides, i. 475 
phosphate, ii. 648 
phosphuret, i. 478 
red ore, iii. 449 
saclactate of, ii. 653 
soap, ii. 697 
succinate, ii. 651 
sulphate, ii, 649 
sulphite, ibid. 
sulphur.et, i. 478, and iii. 

447 
tartrate, ii. 652 
white ore, iii. 448 

Silvered looking glasses, i. 473 
Simple combustibles, i. 220 

incombustibles, i. 206 
substances, i. 11 
supporters, i. 177 

Sinovia, iv. 532 
Sinter, siliceous, iii. 306 
Size, iv. 405 
Skin, iv 475 

whether it absorbs, iv. 636 
Slate, adhesive, iii. 344 

drawing, iii. 347 
polishing, iii. 344 
whet, iii. 348 
clay, iii. 343 
spar, iii. 381 

Smaragdite, iii. 374 
Soap, ii. 689 

hard, ii. 690 
soft, ii. 693 
Starkey's, ii. 358 

Soaps, alkaline, ii. 689 
earthy, ii. 694 
metallic, ii. 695 

Soda, i. 326 
composition of, i. 328, and 

ii. 45  

Soda, salts of, ii. 437 
acetate of, ii. 450 
ammonio-phosphate, ii., 445 
arseniate; ii. 449 
benzoate, ii. 450 
bisulphate, ii. 448 
borate, ii. 441 
camphorate, ii. 451 
carbonate, ii. 439, and iii. 

421 
citrate, ii. 456 
chromate, ii. 449 
fluate of, ii. 267 
hydrosulphuret, ii. 678 
hypophosphite, ii. 446 
lactate, ii. 454 
malate, ibid. 
mellate, ii. 4.52 
molybdate, ii. 449 
muriate, ii. 235, 423 
nitrate, ii. 438 
oxalate, ii. 451 
phosphate, ii. 443 
phosphite, ii. 446 
saclactate, ii. 454 
silicate, ii. 443 
soap of, ii. 690 
sorbate, ii.151 
sub-borate, ii. 442 
suberate, ii. 451 
succinate, ibid. 
sulphate, ii. 446, and iii.422 
sulphite, ii. 448 
tartrate, ii. 452 
tungstate, ii, 449 
urate, ii.'454 
zumate, ibid. 
how extracted from common 

salt, ii. 235 
Sodalite, iii. 339 
Sodium, i. 326 

alloys of, i. 421, 430, 
440, 419, '471, 488, 
505, 536 

peroxide of, i. 329 
chloride of, ibid. 
iodide of,' i. 332 • 
phosphuret of, ibid. 
sulphuret 'of, ibid. 
arsenuret of, i..333 
alloy with potassium, ibid. 
action of an amMonia, 

31 	' 
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Soil, iv. 319 
Solids, iii. 152 

table of, iii. 133 
expansion of, i. 70 
specific gravity of, iii. 133 

Solution, iii. 96 
• Sommite, iii. 340 

Sorbates, ii. 181 
Sorbic acid, ii. 180 
Soty, ii. 530 
Sowins, iv. 85 
Spar, ponderous, i. 346; ii. 476 

fluor, iii. 403 
calcareous, iii. 387 

Sparry iron ore, iii. 479 
Spath perle, iii. 397 
Specific caloric, i. 106 
Specificum purgans, IL 423 
Spectrum, prismatic, i. 16 
Specular iron ore, iii. 172 
Speller, L 415 
Spermaceti, ii. 376 

oil, iv. 439 
Sphene, iii. 512 
Sphragid, iii. 359 
Spiders' webs, iv. 494 

venom, iv. 544 
Spinell, iii. 261 
Spirit of nitre, ii. 74 

mindererus, ii. 406 
sal ammoniac, ii. 28 
salt, ii. 229, 4.96 
urine, ii. 28 
wine, ii. 305 

Spirit, proof; ii. 319 
Spirits, ardent, ii. 306 

rectified; ibid. 
Spodumene, iii. 336 
Sponges, iv. 467 
Squills, iv. 283 
Starch, iv. 76 

plants containing it, iv. 83 
potatoe, iv. 84 

Staurolithe, iii. 293 
Staurotide, ibid. 
Steam, ii. 13 

elasticity of, i. 97 
Stearin, IL 371 
Steatite, iii. 360 
Steel, i. 376, 378. 

natural, i. 380 
.of tem entation,ibid. 
cast, i. 381 

Steel, tempering, i. 371 
Steinheilite, iii. 299 
Stibium, i. 529 
Stilbite, iii. 320 
Stinking sulphureous air, i. 286 
Stinkstone, iii. 389 
Stones, analysis of, iii. 585 

iii. 381 
earthy, iii. 252 
from the atmosphere, iii. 

194 
Storax, iv. 162 
Straldstein, iii. 369 
Strontian, i. 347, and ii. 59 

salts of, ii. 483 
acetate of, ii. 488 
arseniate, ii. 487 
arsenite, ii. 488 
benzoate, ibid. 
borate, ii. 486 
carbonate, ii. 485 
chromate, ii. 488 
citrate, ii. 489 
bydrosulphuret; ii: 679 
hypophosphite, ii. 487 
hyposulphite, 
malate, ii. 490 
muriate, i. 350 
nitrate, ii. 484 
oxalate, ii. 489 
phosphate, ii. 486 
silkate, 
soap of, ii. 695 
succinate, ii. 488 
sulphate, ii. 4.87 
tartrate, ii. 489 
urate, 490. 
water, ii. 59 
zumate, ii. 490 

Strontianite, iii. 414 
Strontites, i. 377 
Strontium, i. 347 

oxide of, i. 349 
chloride of, i. 350 
iodide of, i. 351 

Styrax, iv. 159 
Suber, iv. 182 
Suberic acid, ii. 148 
Subsalts, ii. 398 
Subsoap, ii. 358 
Succinates, ii. 142 
Succinic acid, ii. 140 
Sugar, iv. 11 
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Sugar, acid of, ii. 151 
alcohol from, iv. 383 
of Botany Bay, iv. 28 
cane, juice of, iv. 16 
liquid, lv. 25 
of beet, iv. 25 
of diabetic urine, iv. 435 
of figs, iv. 25 
of grapes, ibid. 
of lead, ii. 588 
of milk, iv. 432 
of mushrooms, iv. 29 
of starch, iv. 27 
of Saturn, ii. 588 
plants conta:ning, iv. 31 

Sulphate of cobalt, iii. 503 
indigo, iv. 93 
lead, iii. 530 
zinc, iii. 518 

Sulphates, ii. 109 
Sulphites, ii. 112 
Sulplsocyanates, ii. 293 
Sulphocyanic acid, ii. 290 
Sulphur, i. 277, and iii. 425 

auratum, ii. 687 
chloride of, i. 285 
iodide of, i. 286 
flowers of, i. 277 
combustion of, i. 279 
in animals, iv. 445 
native, iii. 425 

Sulphureous salt of Stahl, ii. 425 
Sulphuret of ammonia, ii. 31 

antimony, i. 535 
arsenic, i. 301 
barytes, ii. 58 
bismuth, i. 458 
carbon, i. 288 
cerium, i. 410 
cobalt, i. 398 
copper, i. 448, and 

iii. 454 
gold, i. 487 
iron, i. 384 
lead, i. 429 
lime, ii 52 
magnesia, ii. 61 
manganese, i. 406 
mercury, i. 468 
molybdenum, i:516, 

and iii. 504 
nickel, i. 395 

.palladium, 1. 511  

Sulphuret of phosphorus, i. 291 
platinum, i. 503 
potash, ii. 43 
silver, i. 4.78 
soda, ii. 46 
strontian, ii. 60 
tin, i. 437 
tungsten, i. 554 
uranium, i. 413 
zinc, i. 4.20 	• 

Sulphureted c14azic acid, ii. 290 
hydrogen gas, i. 286 
alcohol, ii. 322 

Sulphurets, table of, i. 525, and iii. 
136 

metallic, 1. 525 
Sulphuric acid, i. 281, and ii. 104 

phlogisticatect, 
109 

in animals, iv. 446 
Sulphurous acid, i. 279, and ii. 

109 
Sulphurs, i. 284 
Sumac'', iv. 231 
Sun, nature of, i. 129 

a source of heat, i., 129 
heat of its rays, i. 132 

Supersalts, ii. 396 
Supersulphuret of iron, i. 385 

lead, i. 429 
Supporters of combustion, i. 177 
Surface of minerals, iii. 246 
Surturbrand, iii, 428 
Swamp ore, ,iii. 478,  
Sweat, iv 547 
Swimming bladders of fishes, air 

contained in, iv. 545 
Sylvanite, i. 302 
Syrup, iv. 19 

T 

Tablespar, iii. 410 
eacamah2e, iv. 137 
Talc, iii. 361 

Venetian, ibid. 
Talcite, iii. 365 
Tallow, iv. 438 

mineral, ,ii. 385 
Tamarinds, iv. 276, 
Tannin, ii. 196 

artificial, ii. 209, 
natural, ii. 197 
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Tannin, species of, iv. 9 
Tanning, iv. 478 

principle, iv. 196 
Tantalite, iii. 497 
Tantalum, i. 555 

. alloys of, i. 558 
ores of; iii. 497 

Tapioca, iv. 85 
Tar, mineral, ii. 3S7 
Tartar, ii. 434 

cream of, ii. 4.34 
vitriolated, ii. 423 
chalybeated, ii. 540 
emetic, ii. 668 
regenerated, ii. 429 
of the teeth, iv. 517 
secret foliated earth of, ii. 

429 
salt of, i. 318 
soluble, ii. 433 

Tartaric acid, ii. 159 
plants containing it, 

iv. 
Tartarin, i. 318 
Tears, iv. 524 
Tectum argenti, i. 455 
Teeth, iv. 485 
Telesia, iii. 263 
Tellurates, ii. 665 
Tellureted hydrogen gas, i. 305 
Tellurium, i. 302 

chloride of, i. 301 
salts of, ii. 664 
muriate of, ii. 667 
native, iii. 439 
nitrate, ii. 667 
ores of, iii. 438, 

609 
oxides of, i. 303 
sulphate, ii. 667 
sulpliUret of, i. 306 

Temperature, equal distribution 
of; 57 

Tempering of steel, i. 371 
Tenacity, 1. 315 
Tendons, iv. 481 
Terra ponderosa, i. 340 
Thallite, iii. 280 
Thermometer explained, i. 73 

differential, i. 37 
varieties of, i. 75 

Thermoxygen, i.•143 
Tliorina, i. 562  

Thorinum, i. 562 
Thummerstone, iii. 283 
Thus, iv. 135 
Tile ore, iii. 459 
Tin, i. 432 

alloys, i. 439, 452, 472, 481, 
492, 506, 512, 537, 548 

salts of, ii. 597 
acetate, ii. 601 
arseniate, ibid. 
benzoate, ii. 602 
borate, ii. 600 
carbonate, ii. 599 
fluate, ii. 270 
hydrosulphurets, ii. 685 
muriate, ii. 248 
nitrate, ii. 598 
ores, iii. 505 
ores, analysis of, iii. 603 
oxalate, ii. 602 
oxides of, i. 432 
phosphate, ii. 600 
pyrites, iii. 505 
rheumate, ii. 603 
succinate, ii. 602 
soap, ii. 696 
sulphate, ii. 600 
sulphite, ii. 601 
tartrate, ii. 603 

Tincal, ii. 442 
Tinfoil, i. 432 
Tinning, i. 454 
Tinplate, i. 440 
Tinstone, iii. 506 
Titanite, iii. 508, 512 
Titanium, i. 559 

brown ore of, iii. 512 
carbonate, ii. 672 
muriate, 
nitrate, ii. 671 
ores of, iii. 508, 613 
oxides of, i. 379 
oxalate, ii. 672 
salts of, ii. 671 
silicate, iii. 512 
sulphate, ii. 672 
tartrate, ibid. 

Tobacco, iv. 243 
Tolu, balsam of; iv. 157 
Tombac, white, i. 449 
Topaz, iii. 269 

occidental, ibid. 
oriental, iii. 263 

• 
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Topaz, rock, iii. 555- 
Saxon, iii. 269 

Tortoise-shell, iv. 470 
Touchstone, iii. 302 
Tourmaline, iii. 276, 278 
Tracheae, iv. 336 
Tragacanth, iv. 72 
Train oil, iv. 439 
Transparency, iii. 249 
Transpiration of plants, iv. 343 
Traps, primitive, iii. 552 

floetz, iii. 567 
transition, iii. 560 

Tremella nostoc, iv. 298 
Tremolite, iii. 371 
Triphane, iii. 336 
Tripoli, iii. 345 
Trona, ii: 440 
Truffles, iv. 297 
Tube of safety, ii. 74 
Tungstate of lime, iii. 411 
Tungstates, ii. 122 
Tungsten, i. 550 and iii. 411 

alloys, i. 554, 559 
ores of, iii. 611 
oxides of, i. 551 

Tungstic acid, i. 552, and ii. 122 
Turmeric, iv. 224 
Turpentine, iv. 135 
Turpeth mineral, ii. 639 

nitrous, ii. 634 
Type metal, i. 537 

U 
Ulcers in plants, iv. 303 
Ulmin, iv. 48 
Umber, iii. 179 
Uran mica, iii. 492 

ochre, iii. 493 
Uranitic ochre, ibid. 
Uranium, i. 410 

ores of, iii. 491 and 612 
oxides of, i. 412 
salts of, ii. 563 
acetate, ii. 666 
arseniate, ibid. 
muriate, ii. 247 
nitrate, ii. 563 
phosphate, ii. 566 
sulphate, ii. 565 
tartrate ii. 567 

Urates, ii. 175 
Urea; iv. 428  

Uric acid, ii. 173 
sublimate from, ii. 175 

Urine, iv. .551 
fusible salt Of, ii. 445 
spirit of, ii. 28 
changes produced on, by 

diseases, iv. 558 
of the ass, iv. 561 

camel, iv. 562 
castor, iv. 564 
cow, iv. 561 
fowls, iv. 564 
guineapig, iv. 563 

• horse, iv. 560 
lion, iv. 563 
rabbit, ibid. 
tiger, ibid. 

saponaceous extract of, iv. 
428 

Urinary calculi, iv. 579 
of inferior ani- 

mals, iv. 591 
V 

Valerian, iv. 225 
Vapour, explained, i. 100 

elasticity of, i. 97 
state of, in the atmo- 

sphere, iii. 185 
Vapours, nature of, iii. 29 
Varec, i. 326 
Variegated copper ore, iii. 454 
Varnishing, iv. 112 
Vegetable substances, iv. 1 
Vegetables, ibid. 

ingredients of, iv. 2 
decomposition of, iv. 

369 
Vegetation, iv. 305 
Veins, iii. 573 
Venus, ii. 603 

salts of, ibid. 
Verdigris, ii. 617 
Verjuice, iv. 26 
Vermillion, i. 469 
Vessels of plants, iv. 335 
Vesuvian, iii. 284, 286 
Vinegar, ii. 125 

distilled, ii. 127 
radical, ii. 128 
of Venus, ii. 128 

Viper, poison of; iv. 542 
Vital air, i. 181 

   
  



INDEX. 	 683 

Vitreous copper ore, iii. 451 
electricity, i. 167, 168 
humour of the eye, iv. 

530 
silver ore, iii. 447 

Vitriol, green, ii. 530 
blue, ii. 608 
white, ii. 571 

Vitriolic acid, ii. 104. 
Volatile and volatilization, i. 277, 

and iii. 164 
liniment, ii. 694 

Volcanite, iii. 376 
Volta's eudiometer, iii. 179 
Vulpinite, iii. 408 

, 	W 

Wacka, ill. 380 
Walton mineral, iii. 79 
Wash, iv. 381 
Wasp, venom of, iv. 544 
Water, i. 224, ii. 12 

boiling point of, as affect- 
ed by salts, ii. 14 

as the food of plants, iv. 
515 

composition of, i. 224, and 
ii. 19 

decomposed by iron, i. 
368 	 • 

of nitre, ii. 71 
expansion by cold, 1. 76 
sea, iii. 206 
in the atmosphere, in. 184 

Waters, iii. 202 
acidulous, iii. 219 
analysis of, iii. 222 
chalybeate, iii. 219 
common, iii. 202 
hepatic, iii. 219 
mineral,  iii. 213 
rain, iii. 203 
river, iii. 204 
saline, iii. 220 
snow, iii. 203 

Wavellite, iii. 315 
Wax, iv, 109 

Brazil, iv. 114 
myrtle, iv. 113 
punic, iv. 111 
from rose and lavender oil, 

iv. 114  

Wernerite, iii. 337 
Wheat flour, iv. 257 
Whet slate, iii. 348 
Whey, iv. 509 
Whisky, ii. 306 
White cobalt ore, iii. 499 

copper ore, iii. 455 
flowers, iv. 248 
gold ore, iii. 439 
lead, i. 425 
lead ore, iii. 525 
ore of antimony, iii. 535 
silver ore, iii. 448 
tombac, i. 449 
of eggs, iv. 514 

Willow, white, bark of, iv. 239 
Wine, iv. 386 

essential salt of, ii. 429 
its fermentation, iv. 386 
component parts, iv. 389 

Wines, table of their component 
parts, iv. 391 

Witherite, ii. 473, and iii. 412 
Woad, iv. 245 
Wolfram, i. 550, and iii. 486 
Wolframium, 1 551 
Wood, iv. 183 

gas from, i. 213 
opal, iii. 309 
rock, iii. 366 
tio, iii. 507 

Woods, conducting power of, i. 55 
Woodstone, iii. 301 
Wool, iv. 227, 490 
Wort, iv. 376 
Wormwood, iv. 243 

Y 
Yanolite, iii. 283 
Yeast, iv. 378 
Yenite, iii. 484 
Yellow earth, iii. 356 

cobalt, ore, iii. 502 
acid, iv. 474 
flowers, iv. 248 

Yolk of egg, iv. 514 
Yttria, i. 356, and ii. 63 

salts of, ii. 504 
acetate of, ii. 506 
arseniate, ibid. 
carbonate, ii. 505 
chromate, ii. 506 
hydrosulphuret, ii. 680 
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Yttria, muriate; ii. 240 
nitrate; ii. 505 
oxidate, ii. 507 ' 
phosphate, ii. 505 
succinate, ii. 507' 
sulphate, ii. 506 
tartrate, ii. 507 

Yttrium, i. 356 
Yttrocerite, iii. 196 
Yttrotantalite, iii. 497 

Z 
Zeolite, iii. 318 

foliated, iii. 320 
mealy, .iii. 318 
radiated,. ibid. 

Zero, real, i. 115 
Zinc, 414. 

alloys, i. 4.21, 441, 450, 
471, 4.90, 505, 537, 547 

salts of, ii. 567 
acetate, ii. 573 
antimoniate, ibid. 
arseniate, ii.573 
benzoate, ii. 574. 
borate, ii. 569 
butter,' i. 419 
carbonate, ii. 568 

anhydrous, iii.516 
hydrous, iii. 517 

chloride, i.4.18 
chromate, ii. 573 
citrate, ii. 574 
flowers of, i. 418 
fluate, ii. .270 •  

Zinc, hydrosulphuret, ii. 686 
hyposulphite, ii. 572 
iodide, i. 4.19 
lactate, ii. 575' 
malate, ii. 574 
molybdate, ii. 573 
muriate, ii. 247 
nitrate, ii: .567 
ores of, iii. 513 
ores, analysis of, iii. 607 
oxalate, ii. 574 
oxide of, i. 417 
phosphate, ii. 570 
ph.osphuret, i. 420 
red ore, iii. 515 
rheumate, ii. 574. 
silicate, ii. 569, and iii. 516 
soap of, ii. 696 
succinate, 	571 
sulphate, ii. 570, andiii. 518 
sulphite, ii. 572 
tartrate, ii. 674. 
tungstate, ii. .573 
zumate, ii. 575 

Zircon, i. 364, and iii. 257 
Zirconia, i. 364, and ii. 68 

acetate, ii. 52S 
carbonate, ii. 522 
muriate, ii. 241 
nitrate, ii. 522 . 
sulphate, ii. 523 

Zirconium, i. 363 
Zoisite, ill. 281 

. Zoophites, iv. 464 
Zumates, ii. 190 
Zumic acid, ii. 189 

THE END. 

C. Baldwin, Printor, 
Now 3rvolc-si.v...:1, London'. 
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