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PREFACE.

Tue object of the present work is to lay before the British
public as complete a view as I can of the present state of the
Chemistry of Animal Bodies. This branch of Chemistry is much
more difficult than the chemical investigation of vegetable bodies.
The difficulty does not liein the analysis; for accurate and simple
methods of analyzing animal bodies as well as vegetable have
been devised ; but in separating the different animal bodies from
each other, and obtaining each in a state of purity. These pro-
cesses with respect to vegetable bodies are much facilitated by
the property which they have of crystallizing. Unfortunately
the most important animal substances, as albumen, fibrin, gelatin,
casein, &c. want that property. The consequence is, that we
have no good criterion for determining when these bodies are
pure, or what the substances are with which they are mixed.
The consequence of this difficulty has been, that the greater
number of modern chemists have confined their investigations to
those animal substances, as sugar, cholesterin, cetin, urea, &c. which
are capable of crystallizing. I am not aware ofany modern
British chemist who has attempted to investigate any animal sub-
stance incapable of crystallizing. To Dr Wollaston we owe an
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interesting set of experiments on urinary and gouty calculi; but
they were made and published before the method of analyzing
animal substances had been thought off. The same remark ap-
plies to Mr Hatchett’s experiments on shells, bone, zoophytes,
and membrane. They contain many important facts which have
been overlooked by modern chemists; but at the time of the pub-
lication of these experiments, namely, 1799 and 1800, it was
not to be expected that any attempt at ultimate analysis could
be made.

The modern chemists to whom we are indebted for the most
important analyses of animal substances, hitherto laid before the
public, are Mulder and Scherer. The results of their investiga-
tions will be seen in the following work. By laying the pre-
sent state of our knowledge before the reader, it is to be hoped
that British chemists, when aware of the vast quantity of inves-
tigations yet requisite to place Animal on the same footing as
Vegetable Chemistry, and when medical men become sensible
that the farther improvement and final perfection of physiology
will depend upon an accurate knowledge of the constituents and
properties of animal substances, the subject will speedily draw
general attention, which alone is wanting to insure a rapid

advance.
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CHEMISTRY OF ANIMAL BODIES.

TaE object of this important branch of Chemistry is to give an
account of the numerous principles or definite compounds which
exist in the Animal Kingdom.

When we compare animals and vegetables together, each in
their most perfect state, nothing can be easier than to distinguish
them from each other. The plant is confined to a particular
spot, and exhibits no mark of consciousness or intelligence ; the
animal, on the contrary, can remove at pleasure from one place
to another, is possessed of consciousness, and a high degree of
intelligence. But on approaching the contiguous extremities of
the animal and vegetable kingdom, these striking differences gra-
dually disappear, the objects acquire a greater degree of resem-
blance, and at last approach each other so nearly, that it is
scarcely possible to decide whether some of those species which
are situated on the very boundary belong to the animal or vege-
table kingdom.

To draw a line of distinction, then, between animals and ve-
getables,-would be a very difficult task ; but it is not necessary
at present to attempt it; for almost the only animals whose bo-
dies have been hitherto examined with any degree of chemical
accuracy, belong to the most perfect classes, and consequently
are in no danger of being confounded with plants. Indeed, the
greater number 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.
A
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ANIMAL PRINCIPLES.

The same arrangement which was followed in the Chemistry
of Vegetable Bodies may also be applied to animal bodies. We
shall first give an account of the animal principles, so far as their
nature and constitution have been determined. In the second
place, the different parts, both liquid and solid, of which the ani-
mal body is composed, will be described ; and in the third place,
we shall treat of those animal functions which are likely to be
elucidated by chemistry.

DIVISION I.

OF ANIMAL PRINCIPLES.

The substances which have hitherto been detected in the ani-
mal kingdom, and of which the different parts of animals are
supposed to be composed, may be arranged under the following
heads :—

. Animal acids.
. Animal bases.
. Intermediate oxides.

. Colouring matters.
. Amides?

[ SR

(S R L]

These will be described in succession under their respective
heads.

CLASS 1L
OF ANIMAL ACIDS.

Several of these acids have been described in the Chemistry
of Inorganic Bodies, (Vol. ii. 45.) DButso much has been done
by chemists since the year 1831, when that work was published,
that it will be necessary to resume the account of them here, re-
ferring to the former work for every thing which does not re-
quire to be corrected or amended.

The acids derived from the animal kingdom, which have been
recognized by modern chemists, and more or less accurately ex-
amined, amount to about 40. They are all compounds of two,
three, four or five different constituents. The following table
exhibits the composition of such of them as have been subjected
to analysis :—



ANIMAL ACIDS.

1. Cyanogen, C? Az

2. Mesoxalic acid, C?O¢

3. Hydrocyanic acid, C* Az 4+ H

4. Cyanic, CAz+4+ O

5. Formic, Ct HO?

6. Succinic, C*H2 O® 4 HO

7. Lactic, Cs H3 O*

8. Butyric, CEH? O?

9. Suberic, C® H O 4+ HO
10. Sebacic, C H8 08
11. Choloidie, C2 H» Of
12. Hydromellonic, Cf® Az* + H
13. Fulminic, 2(C* Az) 4 O?
14. Cyanuric, 11 (C* Az) + H 12 4 O3
15. Cyanilic, 3(C*Az) + H3 + OF
16. Parabanic, C¢ H2 Az O
17. Oxaluric, CS H* Az O°F
18. Pimelic, C"H* O° + HO
19. Adipic, C4“ H®* 07 4+ 2 (HO)
20. Lipic, C* H2 O* + HO
21. Aczelaic, C* H8 O* + HO
22. Azoleic, CB HB O
23. Alloxanie, C8 H2 Az2 O8
24, Dialuric, C?® H® Az2 Of
25. Mycomelic, CEH? Az O°
26. Hippuric, . Ce H? Az O°
27. Theionuric, CEH® Az2 O2 §
28. Uramelic, . Cie H1° Az5 OV
29. Choleic, Ca H2 Az OV
30. Cholesteric, CB H® Az O°
31. Uric acid, CBAz204 CPH* Az O?

Atomic
weight.

Hg g nunnn

325
6-25
3-375
425
4625
7:375
8875
9625
10-875
11-5
33-125
11625
85
8:0625
16125
14-25

165
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10°
20875

9-25
13625 -
15:375
1775
1825
18625
21-25
27-875
37
48.5
17-875
21



4 ANIMAL ACIDS DESTITUTE OF AZOTE.

CHAPTER 1.

OF ANIMAL ACIDS DESTITUTE OF AZOTE.

TaesE acids are twenty-two in number. The following table
shows their names:—

1. Mesoxalic. 12. Lipic.

2. Formic. 13. Azelaic.
3. Succinic. 14. Azoleic.
4. Lactic. 15. Butyric.
5. Suberic. 16. Phocenic.
6. Sebacic 17. Caproic.
7. Choloidic. 18. Capric.

8. Cholic. 19. Hircic.

9. Pyrozoic. : 20. Ambreic. 4
10. Pimelic. 21. Castoric.
11. Adipic. 22. Bombycic.

As nine of these acids have not hitherto been subjected to
analysis, their constitution is unknown. It is only from analo-
gy that they have been placed here.

SECTION IL.—OF MESOXALIC ACID.

This acid was discovered by Wahler and Liebig, and an
account of it published by them in 1838.* When a saturated
solution of alloxanate? of barytes is raised to the boiling tempe-
rature and allowed to cool, a precipitate falls, which is a mix-
ture of carbonate, alloxanate, and mesoxalate of barytes. If we
evaporate the residual liquid we obtain a crystalline crust. From
this crust alcohol separates urea,} and leaves mesoxalate of ba-
rytes.

If we let fall drop by drop a solution of alloran§ into a boil-
ing solution of acetate of lead, a very heavy granular precipi-
tate of mesozalate of lead falls and urea remains in solution.

* Annalen der Pharmacie, xxvi. 298. ;

+ This acid will be described in a subsequent section. It is one of the acids
containing azote.

{ An animal oxide which will be described in a subsequent part of this work.
" § Another animal oxide to be described afterwards.
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This salt of lead may be decomposed by adding the quantity of
sulphurie acid just requisite to saturate the oxide oflead. Or we
may separate the lead by passing a current of sulphuretted hy-
drogen gas through water with which the mesoxalate of lead has
been mixed. If we filter to get rid of the lead, and apply heat
to drive off what sulphuretted hydrogen may exist in the liquid,
we obtain a solution of mesoxalic acid in water.

Mesoxalic acid crystallizes readily, though the shape of the
crystals has not been determined. Its reaction is strongly acid,
and it is very soluble in water. With the salts of lime and ba-
rytes it gives precipitates, but only after the addition of ammo-
nia. It does not give oxalic acid when evaporated or boiled in
an open vessel. Its distinguishing characteristic is to form with
the salts of silver, after the addition of a little ammonia, a yellow
precipitate, which, on exposure to a gentle heat, is reduced to the
metallic state, while a great deal of carbonic acid gasis given off.,

‘When mesoxalate of lead is heated with a little nitric acid, it
is converted into oxalate of lead, while, at the same time, nitrous
gas is given out, showing that oxygen has been added to the acid
of the salt.

When alloxanate of silver is dissolved in boiling water, it does-
not change colour, but if we add a little ammonia, it becomes
yellow, and if the boiling be prolonged, it becomes all at once
black, while a lively effervescence takes place. The alloxanate
of silver in this case is decomposed into mesoxalate, to which that
kind of reaction is peculiar.

Liebig analyzed the mesoxalate of lead, and obtained

Carbon, : 6:85
~ Hydrogen, : 0-20
Oxygen, : 12-21

Oxide of lead, . 80-74

100-00

"The quantity of hydrogen is so small, that he was of opinion
that the acid in reality contains none. In that case it is a com-
pound of carbon and oxygen only, like oxalic acid. If the oxide
of lead in-the salt amount to two atoms, then the atomic weight
of the mesoxalic acid will be 6-67. For 80:74 : 19:26 :: 28 : 6-67.
Now the numbers that accord best with the analysis and with
this atomic weight are the following :
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3 atoms carbon, 225, or per cent. 657

4 atoms oxygen, = 400, 11-67
2 atoms oxide of lead, = 28.00, 81-76
100-00

This would make mesoxalic acid C* O* = 625, or it is equi-
valent to two atoms carbonic acid, together with an additional
atom of carbon. Admitting this composition to be correct, we
have no fewer than five acids composed of carbon and oxygen,
namely,

Croconic, : Cs Ot
Mesoxalie, . C: ot
Oxalic, 3 c: O
Rhodizonie, . c O
Carbonic, f C O

Liebig is of opinion that the want of exact accordance between the
analytical and theoretical numbers in theabove analysis was owing
to the presence of a little cyanate or cyanurate of lead in the me-
soxalate subjected to analysis. = This, however, can only be con-
sidered as a plausible explanation. Additional experiments are
still wanting to decide the point completely. Meanwhile, if we
admit the constituents of mesoxalic acid to be as above stated, it
is casy to explain the conversion of mesoxalate of silver by heat
into metallic silver and carbonic acid. Mesoxalate of silver must
be a compound of j

1 atom mesoxalic acid, J =C Ot

2 atoms oxide of silver, 4 =2 (Ag O)
By heat the two atoms of oxygen leave the silver and combine
with the mesoxalic acid. We have consequently C* O¢ 4 2 Ag.
but C* O° is equivalent to three atoms of carbonic acid.

When a solution of alloxanate of barytes is boiled, it under-
goes decomposition. A white precipitate falls, which is a mix-
ture of mesoxalate, alloxanate, and carbonate of barytes. When
calcined, it gives out a notable quantity of hydrocyanic acid and
effervesces feebly with acids. When the liquid separated from
this precipitate is evaporated, it gives a yellow foliated mass of
mesoxalate of barytes, which may be purified by washing it with
alcohol. 'When this salt was heated with oxide of copper, it gave
no trace of azote; 100 parts of it gave 72:1 of carbonate of ba-
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rytes, equivalent to 55:91 of barytes. From this analysis, Lie-
big concludes that the salt was composed of

1 atom mesoxalic acid, . 625, or per cent. 37°04
1 atom barytes, . X 9-5, 5630
1 atom water, i 1-125, 6°66

16-875 100-00

It is easy to see how mesoxalic acid results from the decompo-

sition of alloxanic acid.
Hydrous alloxanic acid is ! Cs H* Az2 OV

Subtract 1 atom urea, ! C* H* Az2 O?
Remain 2 atoms mesoxalic acid, C¢ (0

SECTION IL—OF FORMIC ACID.

An account of this acid has been given in the Chemistry of In-
organic Bodies, ii. 58, and the Chemistry of Vegetables, p. 17.

It is secreted by the Formica rufa or red ant, and is the liquid
that renders the bites of these insects so painful. It was first
publicly noticed by Mr Ray in the year 1670.* Dr Hulse had
written him that he had found this passage in Langham’s Gar-
den of Health, < Cast the flowers of cichory ( Cichorium Intybus)
among a heap of ants, and they will soon become asred as blood.”
He mentions that the fact had been observed before by various
individuals, among others by John Bohin. Dr Hulse said that
he had tried the experiment and found it to sueceed. Mr Fisher
had stated to Mr Ray several years before, that, “if you stir a
heap of ants so as to rouse them, they will let fall on the instru-
ment you use a liquor which, if you presently smell to, will twinge
the nose like newly distilled oil of vitriol.” Mr Fisher farther
stated, that,  when ants are distilled by themselves or with wa-
ter, they yield a spirit like spirit of vinegar, or rather like spirit
of viride @ris.” 1t dissolves lead and iron. When you put the
animals into water, you must stir them to make them angry, and
then they will spirt out their acid juice.” Margraaf obtained this
acid in 1749, by distilling ants mixed with water and rectifying
the liquid which came over. The acid obtained bad a sour taste
and smell. It combined with potash and ammonia, and formed
crystallizable salts with both. It did not precipitate nitrates of

* Ppil. Trans. v. 2063, or ALridgement, i. 554
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lead, silver, or mercury, nor chloride of calcium. It did notat-
tack silver, but dissolved its oxide. It did not dissolve red oxide
of mercury, but when digested with it, the mercury was reduced
to the metallic state. It did not attack copper, but dissolved its
oxide, and formed with it beautiful green crystals. It dissolved
iron filings, and yielded small crystals. This, he says, is worthy
of remark, because the solution of iron in distilled vinegar does
not crystallize. It did not attack lead, but readily dissolved red
lead, and formed beautiful crystals similar to those of acetate of
lead. It dissolved zinc, and yielded crystals quite different from
those of acetate of zinc. It scarcely acted on bismuth or anti-
mony or their oxides. It dissolved carbonate of lime with rapi-
dity, and formed with it a crystalline mass.*

In 1781, Arvidson confirmed the observations of Margraaf,
and gave ample details respecting the preparation and concentra-
tion of this acid.t In 1782, Bucholz showed how it might be
obtained in a very concentrated state by forming dry formate of
potash, mixing the dry salt with the requisite quantity of sulphu-
ric acid and distilling. He formed also a small quantity of for-
mic ether.f In 1784, Hermbstadt published an elaborate paper
on the preparation of this acid, but did not add much to what
was already known.§ Richter followed in 1793, and proceeded
nearly as Bucholz had done.| Deyeux started the notion that
formic was identical with acetic acid, and this was followed up by
a set of experiments by Fourcroy and Vauquelin, from which they
concluded that it was a mixture of acetic and malicacids.J This
opinion was called in question by Suerzen, who demonstrated that
pure formic acid contains no malic acid, and that its properties
were different from those of acetic acid.** This indeed had been
already proved by Margraaf; but the French chemists had paid
no attention to his experiments. Gehlen resumed the subject in
1812, and showed, in the most convincing manner, that formic
and acetic acids possess different characters.tt

Dobereiner discovered a method of preparing formic acid ar-
tificially by mixing tartaric acid and binoxide of manganese ina

# Opuscules Chymiques de M. Margraaf, i. 301.

1 Wieglib’s Geschichte, ii. 242. 1 Ibid. ii. 269.

§ Crell’s Annalen, 1784, ii. 209.

|| Ueber die neueren Gegenstande der Chemie, vi. 135.

¢ Phil. Mag. xv. 118. ** Gehlen’s Jour. iv. 3.
1t Schweigger’s Jour. iv. 1.
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still, and pouring over the mixture sulphuric acid, diluted with
water. An effervescence takes place, and formic acid may be
distilled over. 'Wahler and Liebig have shown that sugar, stareh,
&c. may be substituted for tartaric acid. But, as the preparation
of this acid has been minutely described in the Chemistry of
Vegetable Bodies, (p. 17), the reader is referred to that work.

The characteristic property of formic acid is this: When
formic acid or formate of soda is put into a solution of any salt
of gold, platinum, or silver, an effervescence takes place, and
the gold, platinum, or silver is deposited in the metallic state. It
effervesces also, and reduces to the metallic state ‘oxide of silver
and oxide of mercury.

This acid has been shown to consist of CZHO? = 4.625. It
differs from oxalic acid by containing an atom of hydrogen, while
oxalic acid is C* O® = 4.5.

SECTION IIL.-—OF SUCCINIC ACID.

This acid has been known fornearly acentury. The mode ofob-
taining it, together with its properties and constitution, has been
given in the Chemistry of Inorganic Bodies, (Vol. ii. p. 89.) A
curious discovery made by M. Bromeis during the course of the
winter 1839-40, makes it necessary to introduce it here. He
found that when nitric acid is made to act upon stearic acid,
one of the products obtained is succinic acid.* When the nitric
acid solution formed is evaporated to one-half, it concretes in
twenty-four hours to nearly a solid mass, which, when put into a
glass funnel, and washed with cold water, is freed from the mother
ley. When these washings are concentrated, they yield a white
firm crystalline salt; which Bromeis found to be succinic acid
composed of C* H? O* + HO, and agreeing in all its properties
with succinic acid from amber.

SECTION IV.—OF LACTIC ACID.

This acid is formed when milk becomes sour, It was first ex-
amined by Scheele, who pointed out its most remarkable proper-
ties, and noticed its analogy to acetic acid.t He called i milk
acid, which was afterwards converted into lactic acid, as more

* Annalen der Pharmacie, xxxv. 90.
t Kong. Vet. Acad. Handl. 1780, p. 116, or Scheele’s Essays, p. 273.
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suitable to the English language. The French chemists endea-
voured to prove that lactic acid is merely the acetic, holding some
animal matter in solution. But this opinion was refuted by
Berzelius. It was afterwards observed that lactic acid is formed
when various vegetable substances are allowed to get sour, parti-
cularly when oatmeal is left in a considerable quantity of water.

The constitution and properties of lactic acid were fully inves-
tigated by MM. Jules Gay-Lussac and Pelouze. A full account
of the facts which they ascertained has been given in the Che-
mistry of Vegetable Bodies, (p. 22). The reader is therefore re-
ferred to that work. It has been shown by these chemists that
the atomic weight of lactic acid is 9, and that its constitution is
Cs H* O°.

MM. Fremy and Boutron-Charlard have ascertained that
all animal substances which act as ordinary ferments have the
property of gradually converting sugar, dextrin, gums, starch,
&e. into lactic acid. The process is stopped by a heat of 212°.
Their observations have led them to the following method of
preparing lactic acid :—Put malt, slightly moistened, for a few
days into a stoppered bottle. The animal matter contained in
the malt undergoes a modification ; the temperature rises, and
if we keep this modified malt for two or three days in water of
the temperature of 104°, that water becomes strongly acid, and
contains a notable quantity of lactic acid. *

They have found that animal membranes (bladder for example)
after being dried and kept in moist air till it begins to undergo
decomposition, has the property of converting a solution of sugar
into lactic acid. When milk becomes sour lactic acid is gene-
rated by the action of the casein on the sugar of milk. The
casein combines with lactic acid, and becomes insoluble, which
stops the process. But if we saturate the lactic acid formed with
bicarbonate of soda, the casein becomes again soluble, and act-
ing on the sugar of milk a new portion of lactic acid is formed.
This process of neutralization may be repeated till the whole
sugar of milk is converted into lactic acid. }

MM. Cap and Henry have discovered that the urea in urine
is in the state of lactate of urea. They have made some obser-
vations on the lactates which deserve to be stated §

* Jour. de Pharm. xxvi. 477, + Tbid. xxvii. 825.

4 Ibid. xxv. 133. =
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Lactate of zinc crystallizes in fine needles. Its taste is acid
and styptic. It is more soluble in hot than in cold water. TItis
scarcely soluble in alcobol, and is precipitated in white flocks by
the alkaline sulphurets.

Lactate of lime forms small white crystals, which feel gritty
between the teeth. It has a bitterish taste. When heated it
melts and assumes the aspect of a resin. It is more soluble in
hot than in cold water. 'When heated with sulphuric acid there
is a slight effervescence, and the mixture becomes black, and
gives out the smell of apples.

Lactate of barytes does not crystallize, but assumes the aspect
of gum. It is very soluble in water and alcohol.

‘When lactic acid is treated with peroxide of lead, or deutoxide
of barytes, it is converted in a great measure into oxalic acid.
When chlorites or chlorous acid are used, the decomposition is
rapid. Oxalates are formed, which continue only for a very
short time, the effervescence showing the evolution of carbonic
acid.

Lactic acid, even when dilute, rapidly dissolves most phosphates
of lime ; oxalate of lime also is to a certain extent soluble in the
same acid.

SECTION V.—OF SUBERIC ACID.

Chevreul states that when oleic, stearic, or margaric acid is
boiled with 100 times its weight of concentrated nitric acid, till
the whole oily acids disappear, we obtain on evaporation a mix-
ture of an insoluble oily acid, and another acid soluble in twenty
times its weight of water.* M. Laurent repeated the experi-
ments of Chevreul, and obtained the same acid substance. He
found it a mixture of several different acids; but the one which
existed in greatest abundance was suberic acid + M. Bromeis
confirmed this curious discovery of Laurent, and analysed the
suberic acid with great care. {

If we evaporate the nitric acid solution to one-half it concretes
in twenty-four hours to a mass nearly solid. This mass is put
into a glass funnel, and washed with cold water to free it from
the mother ley. ~ After being three times erystallized from warm
water, exposed to pressure and dried, suberic acid is obtained in
a state of purity.

* Sur les corps gras, p. 28. 1 Ann. de Chim. et de Phys. Ixvi. 157.
t Annalen der Pharm. xxxv. 89. ;
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Suberic acid thus obtained melts at 248 , and congeals into a
mass consisting of clear, fine, pointed needles. When heated in
a small glass flask, it generates a vapour highly impeding respi-
ration, which collects into drops and congeals into crystals, leav-
ing behind it a charry residue. The free acid precipitates ace-
tate of lead, and the precipitate is insoluble in water and in alco-
hol. Suberate of ammonia precipitates solutions of chlorides
of calcium, strontium, and barium upon the addition of alcohol.
It precipitates also the neutral salts of silver, mercury, zinc, and
tin, white. The last precipitate is readily soluble in alochol.
Sulphate of copper is precipitated bluish green, and persulphate
of iron brownish red.

Bromeis found suberate of silver composed of

Suberic acid, ; : 42-1 or 10543
Oxide of silver, : . 879 or 145
1000

Neutral suberate of lead was composed of
Suberic acid, ! . 42-38 or 10297

Oxide of lead, . . 5762 or 14-
10000
Disuberate of lead
Suberic acid, ; . 1958 or 10-228
Oxide of lead, ! 8042 or 28-
100-00
Suberate of soda
Suberic acid, 3 . 7062 or 962
Soda, . o 29-38 or 4-
100-00
Suberate of ethyloxide
Suberic acid, 2 975
Ether, . . 4625

Hydrated suberic acid bemg analysed with oxide of copper,
was composed of C* H® O° 4+ HO = 10-875 ; so that the anhy-
drous acid has an atomic weight of 9+75.

SECTION VI.—OF SEBACIC ACID.
Though sebacic acid is obtained during the distillation of tal-
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low, and is therefore an animal product ; yet its characters are
so similar to the acids belonging to the vegetable kingdom, that
it was thought requisite to place it among them. Accordingly
it has been described in the Chemistry of Vegetable Bodies (p. 31,)
to which work the reader is referred. It has been shown by
Dumas and Peligot that the atomic weight of this acid is 11.5,
and that its components are C** H® O?,

SECTION VIL—OF CHOLOIDIC ACID.

This acid was discovered by M. Demarcay in the year 1838.*
The process which he employed to obtain it was the following :—
Dissolve ox bile in twelve or fifteen times its weight of water, and
boil it with an excess of muriatic acid for three or four hours,
and then let it cool. The choloidic acid will be found collected
at the bottom of the vessel in a solid mass. Decant off the liquid
portion, and melt the acid by heat three or four times successive-
ly in small quantities of distilled water. Finally, dissolve the
acid in alcohol, and agitate the solution with a little ether to dis-
solve out any cholesterin and margaric acid that it may contain.
After this treatment, if the solution be evaporated to dryness over
the water bath, there will remain choloidic acid nearly pure, but
still retaining a trace of common salt.

Choloidic acid thus obtained is a solid fatty looking substance,
of a yellow colour, destitute of smell, and having a very bitter
taste. It does not melt till heated above 212.° While solid, it
is brittle and easily reduced to powder. When heated in boil-
ing water, it melts into a brown, pasty magma. It is very
soluble in alcohol, even when weak, but little soluble in water,
and scarcely at all in ether.

The solutions of this acid strongly redden litmus-paper, and
decompose the carbonates with effervescence. The choloidates
thus formed are little soluble in water, and even in alcohol ; but
they are neutral. Acids throw it down from these compounds
in yellow flocks, which unite when heated and liquefy.

The- choloidates of zine, manganese, iron, lead, copper, and
silver are flocky precipitates, which, when cautiously heated,
become’ granular, and melt at about 176°.  They are all slightly
soluble in water.

Demarcay attempted to analyse the choloidates of lead, barytes,

* Ann. de Chim. et de Phys. Ixvii. 198.
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copper, and silver ; but could not succeed in obtaining these salts
constant in their composition. Water decomposes them into
super and subsalts. Hence it happens that, when we obtain the
choloidates by precipitation, the proportion of acid in them
varies with the concentration of the liquid, and when we attempt
to wash them. The consequence of this is, that the atomic weight
of this acid is still unknown.

Demargay made three ultimate analyses of it by means of
oxide of copper, and obtained as a means of the three,

Carbon, : 72:46

Hydrogen, . 957
Oxygen, : 17-97
100-00

Now, it will be shown in a subsequent section that ox bile is a
compound of choleic acid and soda, and that choleic acid is com-
posed of C2 H¥ Az O™. When bile is boiled with muriatic
acid, besides choloidic acid there is another substance formed,
which L. Gmelin, the discoverer, distinguished by the name of
taurin. 'This substance, which will be described in a subsequent
chapter of this volume, was analysed by Demarcay, and found
composed of C* H” Az O,

Now, if from choleic acid, % C2 H¥® Az O

We subtract taurin, 5 3 Ct H Az Ov

And to the remainder, b C® H® 0
Add four atoms water, ’ H* Ot
We get, . : f C® H3* Of

Now this approaches somewhat the constitution of choloidic
acid:

For 37 atoms carbon, = 2775 or per cent. 74
30 atoms hydrogen, = 375 10

6 atoms oxygen, = 600 16
3750 100

But this formula differs too much from the analysis to be con-
fided in. And Demargay ascertained that the atomic weight of
choloidic acid was not 37.5. The number of atoms that would
suit the analysis would be—
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32 atoms carbon, = 24+  or per cent. 72:45
25 atoms hydrogen, = 3-125 943
6 atoms oxygen, = 6- 1812
33:125 100-00

But these atomic constituents differ from those of Demargay by
five atoms of C H.

SECTION VIIL.—OF CHOLIC ACID.

1t has been already mentioned in the last section that bileis a
compound of choleic acid and soda. Now, when we boil bile
with a fixed alkali, the choleic acid is changed into cholic acid.
But it is not easy in this way to obtain cholic acid in any quan-
tity. The most convenient method, according to Demarc¢ay, who
discovered this acid, is the following.*

Boil in a capsule equal parts of bile and caustic potash dis-
solved in twice its weight of water, adding just water enough to
keep the mixture liquid. This boiling process should be con-
tinued for some days. The brown clots, which separate by the
evaporation of the alkaline liquid, are removed, drained, washed
on the filter, and dissolved in water. Acetic acid precipitates
from the solution white flocks, which collect on the surface,
forming a solid crust, spongy and very friable, if most of the
choleic acid has been decomposed ; but if not, the flocks are
brown and pitchy, and require to be again treated with potash.

The precipitate is thrown on a filter, washed, dissolved in al-
cohol, and the solution left to spontaneous evaporation. White
acicular crystals gradually appear on the surface. They are
to be separated by decantation, and washed in cold alcohol. By
degrees, the liquid separates into two layers; the undermost of
which has the colour of cashew nut, and is thick and viscid. It
is a mixture of choleic and cholic acids. The uppermostis clear
and transparent. It is a dilute solution of the two acids. This
mixture of the two acids must be again boiled with potash as
before.

The crystals must be dissolved in hot alcohol. By evapora-
tion, the acid separates in tetrahedrons. It may be rendered
pure by two or three crystallizations from alcoholic solutions.

The crystals of cholic acid are at first transparent and colour-

* Ann. de Chim. et de Phys. Ixvii. 200.
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less, but by exposure to the air they become opaque. Yet the
silky crystals deposited from boiling alcohol retain their limpi-
dity and their other characters.

The taste of cholic acid is bitter but weaker than that of bile.
It is very soluble in alcohol and ether; but insoluble in water.
The' solution reddens litmus paper, decomposes the carbonates
with effervescence, and neutralizes bases. 'When-the etherial so-
lution is rapidly evaporated, it leaves a deposit having a greasy
feel, showing that the acid belongs to the tribe of oily acids.

It is ﬁxed burning with flame, giving out smoke, and leavmg
a good deal of charcoal.

The characters of the cholates are quite different from those
of the choleates and choloidates. They have not a resinous con-
sistence, do not melt in boiling water and dry easily. It is diffi-
cult to obtain them quite neutral. '

The cholates of potash and soda are soluble in water, while the
cholates of lime, barytes, zinc, copper, and silver are insoluble
in that liquid. They are readily decomposed into bisalts and
disalts.

SECTION IX.—OF PYROZOIC ACID.

Thisname was applied by Berzelius to an acid formed when ani-
mal substances are distilled per se. Unverdorben,* who first exa-
mined its properties, distinguished it by the name of brandsaure.
When an animal substance, glue, muscle, &c. is distilled
per se, the first product is carbonate of ammonia, partly dry
and partly dissolved in a brown-coloured liquid, which con-
tains a variety of substances besides. The second product
is an empyreumatic oil ; which is generally called Dippel’s oil ;
because it was Dippel who first obtained it in a state of purity.
This oil in its crude state has a yellow or rather brown colour,
and contains a variety of bases, which will be described in a sub-
sequent part of this volume. The empyreumatic oil is mixed -
with potash and distilled. The pyrozoic acid remains in com-
bination with the potash. The potash residue is diluted with
water and evaporated. And this process is repeated several
times to get rid of all the empyreumatic oil which it contains.
As soon as the smell of empyreumatic oil can no longer be per-
ceived, dilute sulphuric acid is added to the alkaline liquor as
long as a matter similar to far continues to precipitate. It is

* Poggendorf’s Annalen, viii. 262.
4
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then distilled in a retort, and when it begins to get thick, new
portions of water are added, -and the distillation is continued
till no more volatile oil passes into the receiver along with the
vapour of water. It is this volatile oil which constitutes the py-
rozoic acid.

It is a limpid liquid of a pale yellow colour, and has a sharp
and empyreumatic smell. According to Unverdorben, it is to
the presence of this acid that the empyreumatic oils owe their
peculiar odour. Its vapours redden litmus paper. It is insolu-
ble in water ; but very soluble in alcohol, ether, and the volatile
oils. In the dilute acids it does not dissolve. It ought to be
kept in well stopped phials, which should be filled with it, because
when in contact with the air, it is speedily decomposed, becom-
ing brown, and then black and thick.

Itis a very feeble acid, being incapable of decomposing the al-
kaline carbonates, even when assisted by heat. Its salts crystallize
with difficulty. When exposed to the air, they gradually un-
dergo decomposition, a resiz being deposited, and, if we believe
Unverdorben, a butyrate of the base remains.

Pyrozoate of potash is formed by dissolving the acid to satu-
ration in caustic potash ley. If, during the evaporation, we add
an excess of acid, we obtain at first a syrup, then minute crystals,
and finally, a dry white mass, split in all directions. = This mass
bears a strong heat, without decomposition; but it becomes at
last black, and then, according to Unverdorben, water extracts
from it butyrate of potash.

Pyrozoate of lime is soluble in fifteen times its weight of water.
When the solution is evaporated, the salt separates partly as a
pellicle and partly as a powder.

Pyrozoate of copper may be formed by double decomposition.
It is a light green powder. It is slightly soluble in water, com-
municating to that liquid a green tint. It is more soluble in al-
cohol, ether, and the fixed and volatile oils. The alkalies partly
decompose it, leaving a brown-coloured subsalt. When distilled
per se it glves off about half the acid, which it contains, unalter-
ed. Tt gives off also oderin, a little butyric acid, and a brownish-
coloured. substance soluble in potash.

Pyrozoic acid combines also with fuscin, forming a brown in-
soluble compound, from which potash extracts the acid, leavmg
the fuscin.

B
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SECTION X.—OF PIMELIC ACID.

This acid was discovered by Laurent, and was one of the nu-
merous products obtained when oleic acid is heated with concen-
trated nitric acid.* Bromeis got it in the same way, and sub-
jected it to a rigid analysis.f

It is found most abundantly in the water employed to wash
the suberic acid, obtained from oleic acid by the process describ-
ed in a former section. It exists also in smaller quantity in the
mother ley from which the suberic acid had precipitated, and
may be obtained by slow evaporation. After being repeatedly
crystallized from water to free it from two very soluble acids,
which will be described in the two following sections, it forms a
mass, differing in appearance from suberic acid, and consisting
of single white, small grains. After having been dried in a heat
of 212° it melts at 273° and may be easily sublimed in fine,
silky, feather-shaped crystals. Itis rather more soluble in water
than suberic acid. Pimelate of ammonia does not precipitate
ehlorides of barium, strontium, calcium, manganese, and zinc, nor
sulphate of copper.

It has no smell but a much stronger acid taste than suberic
acid has. It is not altered by exposure to the air. It is very
soluble in boiling water. At 641° one part of it is soluble in
35 of water. Alcohol, ether, and sulphuric acid dissolve it rea-
dily when assisted by heat.

It was analyzed with nearly the same result by Laurent and by
Bromeis. The last mentioned chemist found pimelate of silver
composed of

Pimelic acid, . 3775 or 8737
Ogzide of silver, 6225 or 14°5

100-00
When analyzed by means of oxide of copper, the hydrous acid
gave Laurent )
Carbon, 3 5252
Hydrogen, . 750
Oxygen, . 39-98

100-:00

» Ann. de Chim. et de 'Phys. 1xvi. 163. + Annalen der Pharm. xxxv. 104.
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Bromeis obtained

Carbon, g 49:56
Hydrogen, . 7:06
Oxygen, . 4338

100-00

And the analysis of the pimelate of silver gave him

Carbon, : 2198
Hydrogen, . 264
Oxygen, . 13-13

Oxide of silver, 6225

160.
From these analyses the following formula may be deduced,
C"H®° O + HO = 10. For

7 atoms carbon 525 or per cent. 525

6 atoms hydrogen = 0-75 7.5

4 atoms oxygen = 4-00 400
10-00 100-

SECTION XI.—OF ADIPIC ACID.

This acid, like the preceding, was discovered by ILaurent.*
The mother water from which the pimelic acid had been obtain-
ed was freed as much as possible from nitric acid by evapora-
tion, taking care not to evaporate too far, otherwise the whole
mass is decomposed violently and becomes black. We must
therefore, after a cautious evaporation, let the solution crystal-
lize for two or three days. Draw off the liquid portion by a
sucker, and wash the crystals with a little cold water. These
evaporations and crystallizations must be repeated till the liquid
ceases to deposit any more crystals. The crystals are dissolved
in water and again crystallized. They constitute a mixture of
adipic and lpic acids. To separate them, the crystals are dried
and then dissolved in ether by the assistance of heat. The solu-
tion is left to spontaneous evaporation till it is reduced to one-
half. The portion remaining liquid is decanted off the crystals
deposited and evaporated. The two products thus obtained from

s Ann. de Chim. et de Phys. Ixvi. 166.
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the ether are dissolved separately in boiling alcohol, and the so-
lutions are left to spontaneous evaporation. These solutions and
crystallizations are repeated two .or three times. Two sets of
crystals are obtained. The one in groups of round tubercles is
the adipic acid ; the other in elongated plates is the Ipic acid.

Adipic acid thus obtained is in tubercles composed of needles
radiating from a centre. Laurent always obtained it of a brown
colour, which enabled him to distinguish it from pimelic acid,
which is white. The spherules of which it is composed are softer
and longer than those of pimelic acid. After being dried at 212°,
it melts when heated to 293°, and, like pimelic acid, it may be
readily sublimed in beautiful crystals. It is almost equally so-
luble in ether, water, and nitric acid.

Adipate of ammonia crystallizes in needles. It does not pre-
cipitate chlorides of barium, strontium, and calcium ; nor sulphates
of magnesia, manganese, nickel, cobalt, and copper; nor ace-
tate of lead. It precipitates perchloride ofiron brick-red. When
nitrate of silver is dropt into adipate of ammonia, no precipitate
appears at first; but when a sufficient quantity of nitrate has
been added, a white precipitate falls.

M. Bromeis analyzed adipate of silver, and found it compos-
ed of

Adipic acid, . 39-39 or 18-846 i
Oxide of silver, 6061 or 29,
100-:00

The adipate of barytes was composed of
Adipic acid, 4 48-58 or 17:95

Barytes, . . 5142 or 19.
: 100-00
Bromeis found the constitution of the hydrous acid to be
Carbon, $ 4956

Hydrogen, . 7.06
Oxygen, : 43-38

100-
The analysis of adipate of silver agreed with this; only that
there were two atoms of water in the acid. They had been dis-
placed by the oxide of silver. Now, the formula that accords
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best with this analysis, and with the atomic weight of the anhy-
drous acid, as it exists in adipate of silver, is C* H® O7 4
2 (HO) = 20875.

14 atoms carbon, = 105 or per cent. 50:30

11 atoms hydrogen, = 1:375 6:58

9 atoms oxygen, =119:0 ber A2
20-875 -+ 100°

.

SECTION XIL—OF LIPIC ACID.

This acid is contained in the thick brown mother ley separated
from pimelic acid, as mentioned in the 10th section of this chap-
ter. When this liquid is farther evaporated, and left for some
time at rest, the lipic acid separates in large transparent crystals
as mentioned in the last section.

The crystals are oblique elongated plates, usually grouped
together. This acid is much more soluble in cold water than
either of the two preceding acids. It dissolves readily in alco-
hol and ether. When heated in a retort, it may be distilled over
without alteration. When slowly heated, it sublimes in long
needles. When the temperature is raised cautiously, it gives out
water, and an anhydrous acid remains which melts between
284° and 293°. Its vapour excites coughing, and is very suffo-
cating.

Lipate of ammonia crystallizes in long prisms. When mixed
with a solution of chloride of barium, nothing happens at first ;
but in a few minutes crystals of lipate of barytes are deposited.
They are square prisms passing into octahedrons. In twenty-four
hours hardly any lipate of barytes remains in solution.

Chloride of calcium behaves nearly as chloride of barium.
Chloride of strontium gives a kind of coronet.

When the dry lipates are heated with sulphuric acid, lipic
acid is disengaged in needles.

Lipate of ammonia does not precipitate the salts of manganese
nor of magnesia. It precipitates the salts of iron, copper, and
silver. According to the analysis of Laurent, to whom we are in-
debted for everything known of this acid, its constitution may
be represented by this formula, C° H? O* 4+ HO = 9-25.
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SECTION XIIL—OF AZELAIC ACID,

This acid, like the three preceding, was discovered by Lau-
rent; but he procured it only in small quantity, and probably
not pure. It was obtained, like the preceding, frem the liquid
formed by digesting oleic acid in nitric acid. The suberic acid,
obtained by the method described in a former section, was agi-
tated with ether, which dissolved the azelaic acid. The ether was
evaporated, and the residue left in contact with cold ether, and
this ether was again evaporated. This process was repeated.
‘What remained was azoleic acid. It constituted an opaque mass,
in which small radiated spheres may with difficulty be distinguish-
ed.

Azelate of ammonia does not precipitate chlorides of barium,
strontium, and magnesium, not even though alcohol be poured
into the mixture. Concentrated chloride of calcium gives a pre-
cipitate ; but if that salt be dilute, no precipitation takes place.
The salts of lead, silver, and mercury are precipitated white.
According to the analysis of Laurent, the constitution of this
acid is represented by this formula, C** H® O* + H O = 13-625.*

SECTION XIV.—OF AZOLEIC ACID.

TFhis acid was also discovered by Laurent, and is one of the
products of the action of nitric acid on oleic acid. It was ob-
tained from the oil swimming on the surface of the nitric acid,
which amounted to about a fifth of the oil originally employed.

This oil was converted into an ether by mixing it with alcohol
and sulphuric acid, and distilling off a certain portion. If we
distil the whole, the ether is decomposed. The ether was de-
composed by an alcoholic solution of potash. The potash being
now neutralized by muriatic acid, the azoleic acid separated. It
is liquid and insoluble in water. Laurent analyzed it, (suppos-
ing it to contain four atoms oxygen,) and gives the following for-
mula for its constitution: C¥ HB® O! — 15-375.1

This acid has been but very imperfectly examined. M. Bro-
meis has promised us a set of experiments on it and the azelaic
acid.

SECTION XV.—OF LITHOFELLIC ACID.
This acid was discovered by M. Goebel} of Dorpat, in a sup-

* Laurent, Ann. de Chim. et de Phys. Ixvi. 172. 1 Ibid, 178.
{ Ann. der Pharm. xxxix. 287
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posed gall-stone in the zoological cabinet of that place, labelled,
a gall-stone consisting of concentric layers. There was no ac-
count of its origin or history. It was oval, had a nucleus of al-
bumen coloured by bile, weighed 240 grains, and had a specific
gravity of 1-043 at the temperature of 68° It was insoluble in
water, muriatic acid, and acetic acid ; slightly soluble in ether,
and readily soluble in boiling alcohol, with the exception of a
little albumen coloured greenish-brown by bile. From this so-
lution it crystallized in hard pulverizable crystals, which W ohler
found to be short six-sided prisms.

When heated in a platinum spoon it melted into a yellow li-
quid, which caught fire when the heat was raised, leaving a small
quantity of shining charcoal, which gradually burnt away without
leaving any residue.

‘When heated with nitric acid it frothed strongly and the acid
was partly decomposed, then it dissolved in the surplus acid.
The solution being evaporated left a beautiful lemon-yellow mass
insoluble in water ; but when rubbed or heated in that liquid it
assumed the appearance of a white resin.

When heated with potash ley it is saponified, giving out the
smell of ambergris. From this soap acids throw down a yellow-
ish white powder, identical with the crystals from the alcoholic
solutions, and constituting a new acid, to which Goebel has given
the name of Lithofellic acid.

To obtain this acid the concretion was dissolved in boiling al-
cohol of 99 per cent, and the greenish brown filtered liquid slow-
ly evaporated. The acid was deposited in crystals coloured
greenish yellow by bile. They were pulverized and washed with
cold alcohol to remove the colouring matter, and again dissolved
in boiling alcohol and crystallized. They were now nearly co-
lourless. The crystals were oblique prisms with oblique termi-
nations. '

At 68° it dissolves in 29+4 times its weight of alcohol, and in
six and a-half times its bulk of boiling alcohol; 44-4 parts of
ether were required at 68° and 47 parts of beiling ether to
dissolve one of the acid.

The melting point of the crystallized acid is 401°. At that
temperature, if allowed to cool, it becomes solid, assumes a crys-
talline appearance, and becomes opaque. But if the temperature be



24 ANIMAL ACIDS DESTITUTE OF AZOTE.

raised a few degrees above 401°, it assumes on cooling the form
of a transparent vitreous, brittle matter, which becomes electric
when rubbed. In this state it fuses at 221° It is not the least
crystalline, but when a little alcohol is poured on it many cracks
appear, which have a certain regularity, and even under a thin
layer of alcohol it is speedily converted into a mass of crystals.

‘When heated in a retort a white vapour was given out, which
condensed into a yellowish liquid, and there passed over into the
receiver a mixture of empyreumatic oil and acid water. The oil
had a penetrating smell similar to that of oil of amber. A small
quantity of charcoal remained in the retort. The product of
distillation seemed to contain a new acid. It formed with potash
a soap, which, when decomposed by muriatic acid, was analogous
to the empyreumatic oil employed.

When heated with a solution of potash or soda, and when the
solution is concentrated, it is almost immediately converted into
a soap. The soap separates from the liquid when sufficiently
concentrated, and swims on the surface as long as the heat con-
tinues; on cooling it constitutes a hard mass, like white colo-
phon. This soap is soluble in ether, alcohol, and water, and is
decomposed by acids.

Twenty-eight grains of pure lithofellic acid being saponified
by soda, and the soap decomposed by muriatic acid, left 24-375
grains of white dry lithofellic acid. The chloride of sodium
weighed 4:875 grains. This quantity corresponds with 2:553 of
soda. Hence the soap is composed of

Lithofellic acid, 24:375 or 38-19

Dodassnl. vt s 2653 oryd:
Lithofellic acid dissolves in liquid ammonia, and is again preci-
pitated unaltered in the state of a white powder by muriatic
acid. If we heat the solution on the water-bath decomposition
takes place, the lithofellicacid being precipitated in plates. The
soda soap of this acid gives heavy and insoluble precipitates with
salts of silver, mercury, iron, lead, platinum, lime, and barytes.

By the action of nitric acid on lithofellic acid a new acid is
formed, which has a lemon-yellow colour, dissolves in soda ley,
and separates as a soap from the concentrated ley. Muriatic acid
throws down a brown mass insoluble in water, which on cooling
becomes solid.

This acid was subjected to an ultimate analysis by burning it
3
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with oxide of copper by MM. Ettling and Will. 57345 parts of
it gave 14805 of carbonic acid and 5585 of water. Hence the

constituents are

Carbon, 7041

Hydrogen, 10-82

Oxygen, 1877
100*

From an analysis of lithofellate of silver they have been induced
to represent its constitution by the formula C* H* Of = 44.25.
If we calculate from this formula we get '

42 carbon = 315 or per cent 7119
38 hydrogen = 4-75 3 10-73
8 oxygen — 8 L . 18-08
4425 100-00

Were we to adopt the atomic weight of 38:125 derived from

Goebel’s analysis of the soda soap, we might consider lithofellic

acid as composed of C¥* H* O7 — 38:125—a formula which

approaches the numbers obtained by the analysis of Ettling and

Will pretty nearly. Wahler gives the formula C* H* 0% =

42-5, which agrees very closely with his analysis. He obtained
Carbon, 5 70-83

Hydrogen, . 1060

Oxygen, . 1857
100t
The lithofellate of lead was composed of
YT I : 68 or 44.6

Oxide of lead, 32 or 21 or 1} atom

100
This would make the atomic weight of the acid 446. The sil-
ver salt, according to Whler’s analysis, is composed of

Lithofellic acid, 75 or 43+5
Oxide of silver, 25 or 14'5
100

* Ann. der Pharm. xxxix. 244. + Ibid. xh. 154.
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Wehler considers the formula C* H3 O° = 425 as most pro-
bable, because the acid has all the characters of a resin.

SECTION XVI—OF BUTYRIC ACID,

The existence of this acid was announced by Chevreul in
1814 ; but it was not till the year 1818 that he got it in a state
of purity. As the name indicates, it is obtained from butter.
It has been described in detail in the Chemistry of Inorganic
Bodies, (ii. 132,) and we have no additional information to state.
To that work, then, we refer the reader.

The constitution of butyric acid, according to the analysis of
Chevreul, is C® H° O° = 9-625.

SECTION XVIL—OF PIOCENIC ACID.
This acid was extracted from the oil of the porpoise, (Delphi-
nus globiceps,) by Chevreul in 1817. There is nothing to add
to the account given of it in the Chemistry of Inorganic Bodies,
(ii. 130.)
According to the analysis of Chevreul, the constitution of this
acid is C'* H O® = 11+4375. It is exceedingly probable from
this analysis, that phocenic acid is identical with the sebacic.

SECTION XVIIL—OF CAPROIC ACID.
Discovered by Chevreul in 1818 in the butter of the cow and
goat. It has been described in the Chemistry of Inorganic Bo-
dies, (ii. 134.)
According to Chevreul’s analysis, it is composed of C*? H
03 == 1325.

1
SECTION XIX.—OF CAPRIC ACID.

Discovered by Chevreul in 1818 in the butter of the cow and
goat. It has been described in the Chemistry of Inorganic Bo-

dies, (ii. 136.)
Its constituents are C8 H* O3 — 18-25.

SECTION XX.—OF HIRCIC ACID.
The few facts ascertained by Chevreul respecting this acid have
been stated in the Chemistry of Inorganic Bodies, (ii. 137.)
It has not hitherto been analyzed.
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SECTION XXL.—OF AMBREIC ACID.
Described in the Chemistry of Inorganic Bodies, (ii. 141.)

SECTION XXIL—OF CASTORIC ACID.

This acid was obtained by Brandes* from castorin, a substance
extracted from castor, which is secreted in two bags in the ingui-
nal regions of the beaver.

When castorin is treated with nitric acid till it is completely
decomposed, and the residual liquid concentrated, small yellow
prisms and grains are deposited, which constitute castoric acid.

It reddens litmus-paper ; it is soluble in water, and the solu-
tion is yellow ; it forms with ammeonia a supersalt, which crys-
tallizes in small grains. This salt, when neutral, does not pre-
cipitate the salts, having the alkaline earths for bases. But it
throws down the salts of protoxide of iron white ; the salts of cop-
per light-green ; the salts of lead and the nitrate of silver white ; -
and these last precipitates do not alter their colour by exposure
to the air.

SECTION XXIIL.—OF BOMBYCIC ACID.

It was observed by Chaussier in 1783, that silk-worms have
the property of reddening litmus-paper. Hence he inferred that
they contained a peculiar acid.t It appears, from Chaussier’s
statement, that Boissier de Sauvage had already noticed this acid ;
but neither of them gave any account of its properties, or seem
to have attempted to procure it in a separate state.

In 1836, M. Mulder mixed together 100 grammes of raw yel-
low silk and 50 grammes of sulphuric acid previously diluted
with 5 litres of water in a retort, and distilled cautiously that the
heat might not be sufficiently high to injure the silk.} The li-
quid which came over was acid, and had a strong and peculiar
smell. To free it from any sulphuric acid whlch it might have
contained, an excess of barytes water was added, and the sulphate
of barytes being separated, the uncombined barytes which it might
still contain was thrown down by a current of carbonic acid gas.

The liquid was then evaporated to dryness, and a saline crust
was obtained, which was bombycic acid. When a little sulphu-

* Br. Arch. xvi. 281.
+ Nouv. Mem. de Dijon, 17883, p. 70 ; or Crell's Annalen, 1785‘ i. 576.
t Poggendorf‘s Annalen, xxxvii. 611.
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ric acid was mixed with this crust, a sharp and penetrating smell
was perceived, and a white vapour exhaled, which acted as an
acid. From this experiment it follows, that silk contains an acid
which is separated from it by sulphuricacid ; that thisacid is vo-
latile, has a strong smell, and forms a soluble salt with barytes.

Bombycic acid is not found in the fibres of silk, but in its ge-
latin and albumen. It may be obtained by boiling the raw sitk
in water, and evaporating the liquid.

When mixed with a great deal of water, it has a peculiarly
strong fatty smell, is very volatile ; has a sharp taste, and reacts
weakly as an acid. When exposed to the light, it is decompos-
ed; the peculiar smell vanishes, and a crop of mucors make their
appearance.

It forms soluble salts with lime, barytes, potash, soda, and am-
monia, and is separated from these bases by the strong acids, as
becomes evident by the smell. Its solution in water is not pre-
cipitated by salts of iron, mercury, copper, and silver, showing
that its combinations with the bases of these salts are soluble.

Concentrated acids mixed with dilute aqueous solutions of
bombyecic acid do not act upon it, if we except muriatic acid,
which occasions a smell similar to that of iodine.

It is obvious, from the characters of this acid, thus determined
by Mulder, that it is neither cyanic acid, as Liebig conjectured,
nor benzoic acid, as was the opinion of Proust.

CHAPTER II

ANIMAL ACIDS CONTAINING AZOTE.

THesE acids are all, or at least the greater number of them,
feeble. They amount at present to about eighteen species; but

they will probably be greatly augmented as the examination of
animal substances proceeds.

SECTION L.—OF CYANOGEN AND ITS COMPOUNDS.

These have been treated of at great length in the Chemistry
of Inorganic Bodies, (Vol. ii. p. 208,) and-in the Chemistry of
Vegetable Bodies, (p. 207.) But the compounds of this very pro-
lific substance are so numerous, that it may not be improper to
give a list of the principal of them in this place.
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Cyanogen, C* Az — 3.25

. Chloride of eyanogen, C*> Az 4 Chl. = 7:75.*

Bromide of cyanogen, C* Az + Br. = 13:25.f

. Todide of cyanogen, C* Az + lod. = 19.}

. Sulpho-cyanogen, C* Az + §* = 7'75.

. Cyanic acid, C* Az O 4 Aq = 5-375.§

. Fulminic acid, 2 (C* Az O) = 425,

. Cyanuric acid, 3 (C*> Az O) + 3HO = 7-625.9

. Cyanate of ammonia, C* AzO + Az H? + HO = 6.

Urea, C? Az O + Az B® + HO = 6.
Cyanate of potash, C* Az O 4+ KO = 11-375. And so of
the other cyanates.

Fulminate of mercury, 2 (C* Az O) + 2 (Hg O) = 35°5.

Fulminate of silver, 2 (C* Az O) 4+ 2 (Ag O) = 37°5.

Fulminate of copper, 2 (C* Az O) 4 2 (Cu O) = 14:25.

Fulminate of Zine, 2 (C? Az O) + 2(Zn O — 14'5. And
so of the other fulminates.

Crystallized cyanuric acid, 3 (C* Az O) 4+ 3 (HO) +
4 Aq = 15.5.

. Cyanurate of ammonia, 3 (C* Az O) + Az H® + HO

= 10-875.
Cyanurate of potash, 3 (C* Az O) + 2 (HO) 4+ KO =
15-875.
or 3(CFAz0O)+ HO +2(K0)=20.75
or 3(C* Az O) + 3 (KO) = 35.625,

. Cyanurate of silver, 3 (C* Az O) + 2 (Ag O) + HO =

37-75.
or 3 (C? Az O) + 3 (Ag 0) = 51'125.

Hydrocyanic acid or prussic acid, C* Az H = 3-375.**

. Hydrocyanate of ammonia, C* AzH + AzH?®=5.5. And

so of the other hydrocyanates.

1. Cyanet of potassium, C* Az + K = 8:25.
2. Cyanet of sodium, C? Az 4+ Na = 625
3. Cyanet of zine, . C* Az + Zn = 7-375.
4. Cyanet ofiron, . C* Az 4+ Fe = 675.
* See Inorganic Chemistry, ii. 234. t Ibid. il. 238.
t Tbid. ii. 239. § Thid. ii. 225. | Ibid. ii. 229.

§ Ibid. ii. 227 ; and Vegetable Chemistry, p. 208.

*y

Chemistry of Inorganic Bodies, ii. 219.
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. Cyanet of mercury, C* Az + Hg — 15-75.

. Cyanet of silver, C* Az 4 Ag = 16°75.

. Cyanet of palladium, C* Az 4+ Pa = 10

. Cyanet of gold, C* Az + 2 (Au) = 28:25. And so
of the other cyanets.

W T O

1. Ferrocyanogen, 3 (C? Az) + Fe = 13-25.
Symbol for ferrocyanogen Cfy.
2. Ferro-cyanhydric acid Cfy 4+ H? = 13.5.
Ferro-prussic or Ferro-chyazic acid of Porret.
3. Ferrocyanet of potassium, Cfy 4 2 K = 23.28.
Prussiate of potash. But it contains also three atoms water.

4. Ferrocyanet of potassium and iron, 2 Cfy 4 { 3KF = 35.

5. Prussian blue, 3 Cfy -{:,-F e? — 43.25.

6. Basic prussian blue, 3 Cfy + 2FI:;‘$ i }-{- FeO* — 54+75.

7. Soluble prussian blue, 2 Cfy +{ ]5;22 } — 38:5.

8. Ferrocyanet ofzincand potassium, 2 Cfy+- SIZ{n } =41-875

9. Ferrocyanet of ammonium, Cfy + 2 (Az H*) 4 3Aq A
17:625.
10. Ferrocyanet of sodium, Cfy +2 N 4 12 Aq = 32:75. And
so of the other ferrocyanets.

11. Ferocyanet of potassium and calcium, Cfy -+ { (}E 1 } =20-75.

12. Ferrocyanet of potassium and iron, 2 Cfy { 3I§‘e };42

Thisis the greenish white precipitate which falls when a solu-
tion of protoxide of iron is mixed with prussiate of potash.
13. Basic cyanodide of iron, 3 Cfy + { %g?; } = 5825
The preceding salt washed and then dissolved in water:
1. Ferricyanogen, 2 Cfy = 26-5.

The supposed basis of Gmelin’s red prussiate of potash :
2. Ferricyanhydric acid, 2 Cfy + 3 H = 26-875.
3. Ferricyanet of potassium, 2 Cfy 4 3 K = 41-5.

Gmelin’s red prussiate of potash :

4, Ferricyanet of iron, 1 atom ferricyanogen, — 26-5.
3 atoms iron, = 105.

37
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This is the blue precipitate thrown down from a solution of
protoxide of iron by the red prussiate.
1. Sulphocyanogen, C, Az + §* = 7-75.
2. Sulphocyanhydric acid, (C* Az 4 §*) + H = 7-875.
3. Sulphocyanet of ammonium, (C? Az 4+ S%) + Az H* = 10
4. Sulphocyanet of potassium, (C* Az 4+ §%) K = 12-75.
5. Sulphocyanet of lead, (C* Az + S%) + Pb = 2075.
6. Basic sulphocyanet of lead, (C* Az + §*) 4+ Pb + PbO =
34+75.
7. Sulphocyanet of mercury, (C* Az + S%) + Hg = 20-25.

SECTION II.—OF URIC ACID.

This very important substance was discovered, and its charac-
ters ascertained by Scheele, in 1776.t He found it in urinary
calculi ; and all the calculi examined by him consisted of it.
From the properties of it pointed out by Scheele, it was consi-
dered as an acid, and Morveau gave it the name of Zthic acid.}
The experiments of Scheele were confirmed by those of Berg-
man,§ and of Fourcroy and Vauquelin during their examination
of urinary caleuli.|| In 1798, a long paper on urinary calculi
by Dr Pearson was inserted in the Philosophical Transactions.q
It contained little that had not been already determined by
Scheele. But Pearson affirmed that the characters of the lithic
acid of Scheele were not those of an acid. He called it an ozide,
and the term lithic being in his opinion improper, he distinguisbed
it by the name of uric oxide ; a term which he had already em-
ployed in histranslation of the French Chemical Nomenclature.**
Fourcroy, admitting the impropriety of the name Zithic, but still
maintaining that the substance was an acid, gave it the name of
uric acid, which was generally adopted.ff

Brugnatelli made some experiments on this acid, one of which

* Inorganic Chemistry, ii. 241.

+ Kongl. Vet. Acad. Handbl. 1776, p. 827 ; or Scheele’s Chemical Essays,
p. 199.

t Eneycl. Meth. Chemic Art. Acides; or Lavoisier's Traité de Chimic,
p- 318. :

§ Kong. Vet. Acad. Handl. 1776, p. 333.

| Ann. de Chim. xvi. 63, and xxvii. 225.

¢ Phil. Trans. 1798, p. 15.
»* See the last table in that work. 1t Ann. de Chim. xxvii. 286.
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was rather important. He showed that when it was treated with
nitric acid, a considerable quantity of oxalic acid was formed.*
This throws some light upon the existence of oxalate of lime in
urinary calculi; for Scheele had shown that uric acid is a con-
stant ingredient in urine.

Gay-Lussac first attempted to analyse uric acid by means of
black oxide of copper. He measured the volumes of carbonic
acid and azotic gases evolved, and found them to each other as
69 : 31, or as 5 : 2:246.f This, as we shall see afterwards, con-
stitutes a tolerably near approximation to the truth. The pro-
perties of uric acid were farther investigated by Dr Henry, who
made it the subject of his thesis, when he took his medical degree
at Edinburgh in 1807. His experiments were revised and pub-
lished in an English dress in 1813.f Berard subjected it to
analysis, and published the result in his thesis on the analysis of
animal substances, which he supported at Montpellier, when he
graduated in that University in 1817.§ In the same year an im-
portant paper by Dr Prout, on the nature and proximate princi-
ples of urine, was published in the eighth volume of the Medico-
Clirurgical Transactions. He gives an analysis of uric acid, re-
markable for the care and accuracy with which it was conducted.
Uric acid was again analyzed by Kodweiss in 1830, by Mitscher-
lich,{ and by Liebig** in 1834.

Scheele had observed that when uric acid is distilled, an acid
substance sublimed, which he considered as analogous to succinic
acid. Dr Pearson obtained it also, and considered it as benzoic
acid. It was examined more in detail by Dr Henry, who con-
cluded from - his experiments that it was a new acid united to
ammonia. The subject was taken up by Chevallier and Las-
saigne in 1820.1t These gentlemen examined its properties in
detail, showed its peculiar characters, subjected it to analysis,
and distinguished it by the name of pyruric acid.

In the year 1838, a most important set of experiments on uric
acid, and the various new compounds which it is capable of yield-

* Ann. de Chim. xxviii. 56. 1 Ibid. xevi. 53.
t Memoirs of the Literary and Philosophical Society of Manchester, (2d Se-
ries), Vol. ii.
§ Ann. de Chim. et de Phys. v. 292. || Poggendorf’s Aunalen, xix. 1.
¢ Ibid. xxxiii. 335. ** Annalen der Pharmacie, x. 47.
+t Ann. de Chim. et de Phys. xiii. 158.
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ing, was published by Wohler and Liebig.* These chemists have
thrown a new light upon the nature of uric acid, and on the im-
portant part which it acts in the animal economy. If the view
which they have taken prove correct,—and it agrees better with
the phenomena than the old opinion,—the statement of Dr Pear-
son, that uric acid is not entitled to be considered as a real acid,
will after all be the true one. Liebig and Wéhler consider it
as a salt having wrea for its base. The other, or acid constituent,
has never been obtained in a separate state, and perhaps is inca-
pable of existing except when united to a base.

Uric acid exists in small quantity in human urine, and may
be obtained in crystals when that liquid is cautiously concentra-
ted. Many urinary caleuli consist almost entirely of it. In
them, however, it is mixed with the colouring matter of urine,
with the mucus of the bladder, and with other substances. The
urine of birds, as was first shown by Dr Wollaston, consists
chiefly of urate of ammonia. The excrements of serpents (void-
ed about once a month) consist almost entirely of the same sub-
stance.

The easiest method of obtaining uric acid is to take the ex-
crements of serpents or of birds, which are solid, nearly white,
and .consist of urate of ammonia, mixed with more or less of
animal matter. = Dissolve this matter by means of heat in a ley
of caustic potash or soda, and evaporate the solution to a thick
magma. Spread this magma upon a fine cloth, and wash it cau-
tiously with hot water till the liquid passes off colourless; then
subject it to strong pressure between folds of blotting-paper.
Dissolve it in boiling water, and precipitate the uric acid by
means of muriatic acid.  Collect it on a filter, and wash it with
cold water till that liquid ceases to have any taste.

Thus obtained, urie acid has a snow-white colour, and is usu-
ally in fine powder, though sometimes in very minute prismatic
crystals. It has been obtained in pretty large crystals by Bott-
ger. They were hydrated uric acid composed of one atom urie
acid, and four atoms water. f

Itis destitute of taste and smell. According to Dr Henry, it
dissolves,in about 1400 times its weight of boiling water, and the

® Annalen der Pharmacle, xxvi. 241 ; or Ann. de Chim. et de Phys. lxviii.
225.
t+ Ann. der Pharm. xxxii. 315.
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solution reddens litmus-paper. Dr Pearson states it to be inso-
luble in cold water, and with his statement my trials agree. It
certainly requires more than 10,000 times its weight of cold
water to dissolve it. Muriatic acid does not dissolve it, nor sul-
phuric acid, but it dissolves with effervescence in nitric acid
when assisted by heat, and if the solution be cautiously evapo-
rated to dryness, the residue gradually assumes a beautiful pink
colour. Water dissolves this residue, and assumes the same pink
colour, but it gradually fades and disappears. The alkaline car-
bonates do not dissolve urie acid, but it dissolves readily in caus-
tic potash or soda ley, and also in ammonia, though less readily.
The alkaline solutions are promoted by heat. It decomposes soap
when assisted by heat, as it does also the alkaline sulphurets.
Lime-water also dissolves uric acid, as was first shown by Scheele.
It is insoluble in alcohol and ether.

M. Lipowitz* has made some experiments on the solubility of
uric acid, which deserve to be stated. - One part of carbonate or
bicarbonate of potash or soda, dissolved in 90 parts water,
dissolves two of uric acid. The mixture must be boiled. During
the boiling, the carbonic acid is expelled and an alkaline urate
formed. On cooling, the urate is_deposited in warty crystals,
which require much water to dissolve them. The affinity of uric
acid for bases is augmented by heat. When uric acid is boiled
with a solution of acetate of potash, the acetic acid is disengaged
and urate of soda formed. On cooling, the acetic acid again
displaces the uric. When one part of borax is dissolved in nine-~
ty parts water, the solution dissolves little more than one part
of uric acid, but the solution does not require heat. A gelati-
nous biurate of soda separates. When this salt is burnt, it leaves
carbonate of soda. When we add boracic acid so as to form
2 atoms biborate of soda 4 1 atom uric acid, and heat, we get
2 atoms urate of soda 4 1 atom quaterborate of uric acid.
On cooling, we have 1 atom biurate of soda 4 1 atom biborate
of soda 4 1 atom biborate of uric acid.

‘When phosphate of soda is dissolved in water and the solution
boiled with uric acid, urate of soda is formed, which is deposited
on cooling, and the liquid becomes acid.

Carbonate of lithia requires 200 times its weight of water to
dissolve it. If it be suspended in water, mixed with uric acid,

* Ann. der Pharm. xxxviii. 348.
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and heated, a solution immediately takes place: 1 part of lithia,
and 1 of uric acid, dissolve in 90 parts water, at the temperature
of 122°, and they remain in solution when the liquid is cooled.
At the boiling point, 1 part of lithia, and almost 4 parts of uric
acid dissolve in 90 parts of water, with the evolution of much car-
bonic acid. On cooling, the whole concretes into a gelatinous
mass, easily redissolved by heat. Urate of lithia at 122° is so-
luble in sixty times its weight of water. Caustic lithia dissolves
about six times its weight of uric acid. Urate of lithia is com-
posed of

Uric acid, 8554 or 10:35 or 1 atom.

Lithia, . 14+46 or 175 or 2 atoms.

10000

M. Lipowitz proposes lithia as an excellent reagent for sepa-
rating uric acid from the other ingredients in calculi. 'We have
only to heat the powdered calculus with a solution of lithia ;
filter and add muriatic acid ; pure uric acid falls down. He
boiled lepidolite in fine powder with uric acid. On dropping
muriatic acid into the filtered liquid, uric acid precipitated. The
same experiment succeeded with spodumen, containing lithia.

When dry uric acid is heated in chlorine gas, cyanic acid,
muriatic acid, and chloride of cyanogen are formed. When moist
uric acid is subjected to the same treatment, the substances form-
ed are carbonic acid, ammonia, and oxalic acid. When it is long
boiled in caustic potash ley ammonia is given out, and oxalic
acid formed.

According to Braconnot it combines with the alkalies in two
proportions, forming with each, urates and diurates. The diurate
of potash, according to his analysis is composed of

Uric acid, X 664 or 231
Potash, - 1 336 or 12-
100-

According to this analysis its atomic weight is 23.

When the alkaline urates are heated to redness in.the open
air, the residue is a mixture of charcoal and carbonate of the al-
kali. But when the experiment is conducted in close vessels,
cyanodide of the alkali, cyanate and carbonate are formed as
appears from the experiments of Lipowitz.*

* “Ann. der Pharm. xxxviii. 356.
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The following table exhibits the result of the different ultimate
analyses of uric acid :
Berard. Prout. Kodweiss: Mitcherlich.  Liebig-
Carbon, . 3362 39875 3979 35-82 37:156
Hydrogen, 706 2:225 2-00 2:38 2:49
Azote, . 3923 314125 3740 3460 3466
Oxygen, . 2009 26775 2081 2720 2570

10000  100° 100 " 100° 100-
If we leave out Berard’s analysis, because his hydrogen differs
so much from all the others, the mean of thest analyses gives,

Carbon, . 3816
Hydrogen, . 2:27
Azote, ) 34.45
Oxygen, . 2512

100-00

Now the number of atoms which agrees best with this mean,

and which approaches the atomic weight determined by Bracon-
not, is the following :

10 atoms carbon, . 7:5 or per cent. 35:72
4 atoms hydrogen, 05 2:38
4 atoms azote, s 70 33:33
6 atoms oxygen, . 6:0 2857

210 100-00

The carbon does not agree with the above mean, but it almost
coincides with the result of Mitcherlich’s analysis. The quantity
of oxygen is above the mean ; the number of atoms of oxygen
deduced from that mean should only be 5% instead of 6.

I am disposed, in consequence of these discrepancies, to adopt
the analysis of Dr Prout as the most exact. It leads to the fol-
lowing atomic constitution :

11 atoms carbon, = 825 or per cent. 37-94

4 atoms hydrogen, — 05 2-30
4 atoms azote, =170 3218
6 atoms oxygen, = 60 27-58

21-75 100-00

‘Wohler and Liebig have adopted the formula, C* H* Az* Of,
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but C** H* Az* O would have answered their purpose as well.
They consider uric acid to be a compound of 1 atom urea and
1 atom of a peculiar acid represented by the formula, C® Az* O*;
but we may as well suppose it C° Az* O and then we have

1 atom urea, ; : C? Ht Az? O?

1 atom peculiar acid, A c Az O

Making 1 atom of uric acid, C" H* Az* O° = 2175

When wric acid is subjected to distillation in a retort, it fur-
nishes a considerable quantity of cyanuric acid and urea.

From the’ late experiments of Liebig, it would appear that
the atomic weight of cyanuric acid ought to be doubled. If so,
it consists of 3 (C? Az) Az® O° = 16:125. This being the atomic
weight of the acid, it is clear that the salt formerly called bicy-
anurate of potash is, in fact, a cyanurate, and when heated to
212°, the cyanuric acid loses an atom of water ; for the salt is
composed of

1 atom, 3 (C* Az) 4 H2 0°, . 15
1 atom potash, - : =G
21

He analyzed the salt formerly called cyanurate of potash, (but
which will be a dicyanurate if we double the atomic weight of
the acid), and found it had lost another atom of water, the acid
now consisting of (C? Az)* HO

He analyzed cyanurate of silver, and found it a compound of
three atoms oxide of silver, with a new modification of cyanuric
acid. For it is deprived of an additional atom of water, and con-
sisted of (C? Az)® 0% = 12-75.*

Thus it appears that cyanuric acid exists in three states.

When uncombined it is . (C* Az H2 O° = 16°125
When united to 1 atom potash, . (C® Az)® H2 O° = 15.
United to 2 atoms potash, . (C Az H O* = 13875

United to 3 atoms oxide of silver, (C* Az)? O°—= 1275
An additional atom of base always displacing a corresponding
atom of water.

Now, neither urea nor cyanuric acid, in any of these four
states, is volatile ; yet they are obtained from uric acid by sub-
limation. But the cyanuric acid may be a product from the de-

* Ann, de Chim. et de Phys. Ixviii.18.
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composition of urea, if we admit with Wéhler and Liebig, that
urea is one of the constituents of uric acid.

SECTION III.—OF PYRURIC ACID.

It has been stated in the last section, that when Scheele sub-
jected uric acid to distillation, a substance sublimed which he
took for succinic acid ; that Dr Pearson considered it to be ben-
zoic acid ; that Dr Henry examined it more in detail, and was
of opinion that it constituted a new and peculiar acid; and, finally,
that Chevallier and Lassaigne subjected it to a rigorous examina-
tion, and gave it the name of pyruric acid.

It may be obtained either by heating uric acid, or uric acid
calculi in a retort: the calculi must be pulverized and washed
with boiling water before being put into the retort. The acid
sublimes in plates, which attach themselves to the upper part of
the retort. Besides this there is a good deal of acid, combined
with ammonia, dissolved in the water which comes over into the
receiver. There comes over at the same time cyanuric acid, and,
in general, carbonate of ammonia, and an empyreumatic oil.

The acid may be obtained from the matter which has passed
into the receiver, and which speedily assumes a solid form. This
matter is to be treated with boiling water, and filtered. The
filtered liquor lets fall a brown bituminous-looking substance.
When saturated with ammonia and evaporated, small crystals
are formed, consisting of super-pyrurate of ammonia, but disco-
loured by an empyreumatic oil. Being. dissolved in water, and
the solution mixed with diacetate of lead, a precipitate falls,
which, being washed with water, and decomposed by sulphuret-
ted hydrogen gas, filtered and evaporated, yields erystals of pyruric
acid. The colour is still yellow, but they may be purified by re-
peated solutions and crystallizations.

Pyruric acid is white. It crystallizes in small needles. When
heated it melts and sublimes entirely in white needles. When
passed through a red-hot glass-tube it is decomposed into char-
coal, oil, carburetted hydrogen, and carbonate of ammonia. It
dissolves in about forty times its weight of cold water. The so-
lution reddens vegetable blues. It dissolves in boiling alcohol
(of 0-843) and when the solution cools is deposited in small white
grains,

It dissolves in concentrated nitric acid. When the solu-
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tion is evaporated to dryness we obtain the pyruric acid unal
tered.

Lime forms with pyruric acid a salt which crystallizes irregu-
larly, and which has a bitter and slightly acrid taste. When ex-
posed to a gentle heat thissalt melts, and on cooling assumes the
appearance of yellow wax. 'When calcined in a platinum crucible
it left 86 of lime. Hence Chevallier and Lassaigne concluded
that it was a compound of

Pyruric acid, : 914 or 371
Lime, : A 86 or 35
; 1000

When barytes is united to this acid a white pulverulent salt is
obtained little soluble in cold water. ~With potash and ammonia
it forms soluble and crystallizable salts. The pyrurate of soda
is soluble, but it does not crystallize. The acids when dropt into
a solution of these salts precipitate the pyruric acid in the form
of a white powder. Of all the metallic salts tried, only the salts of
peroxide of iron, black oxide of copper, oxide of silver, oxide of
mercury, and the trisacetate of lead are precipitated by the py-
rurate of potash.

The pyrurate of peroxide of iron has a chamois-leather colour,
that of copper is light-blue, and those of silver, mercury, and lead
white. The salt of lead formed by mixing solutions of pyrurate
of soda and trisacetate of lead is composed, according to Che-
vallier and Lassaigne, of

Pyruric acid, - 28+5 or 166
Ozxide of lead, . 715 or 48 or 3 atoms.
1000

If we suppose the pyrurate of lime analyzed to be a bisalt and
this a tris-salt, the atomic weight of pyruric acid will be 175, It
was analyzed by Chevallier and Lassaigne, who obtained

Carbon, ; : 2829

Hydrogen, B 10100
Azote, . i 16-84
Oxygen, : ; 4432

9945

There is no likelihood that these numbers are exact. The
smallest number of atoms that would agree with this analysis is,
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4 Atoms carbon, 3 or per cent. 279

8 atoms hydrogen = 1 9:3 .
1 atom azote, =l 5o 163
5 atoms oxygen. =5 4645

1075 100

But 10475 does not at all agree with the atomic weight of py-
ruric acid, as deduced from the analysis of the two pyrurates
above stated, namely, 17:5.*

SECTION IV.—OF PARABANIC ACID.

This acid was discovered by Wohler and Liebig in 1838.1
They prepared it in the following way: Uric acid was dissolv-
ed by means of heat in eight times its weight of moderately
strong nitric acid, and after all evolution of gas had ceased, the
solution was evaporated. At a certain point of concentration,
it deposits colourless, lamellar crystals. Sometimes the whole
liquid concretes into these crystals, and sometimes they do not
appear till after an interval of some time. These crystals con-
stitute the parabanic acid of Wohler and Liebig. They may
be purified by a second crystallization.

The crystals are six-sided prisms, colourless and transparent,
they have a strong acid taste, similar to that of oxalic acid. But
parabanic acid is more soluble in water than oxalic. The crys-
tals do not effloresce though exposed to the heat of 212°. They
preserve their shape and transparency, but assume a red colour.
When exposed to a stronger heat they melt; one portion is su-
blimed while another is decomposed with the disengagement of
hydrocyanic acid.

When the cold solution of parabanic acid is mixed with ni-
trate of silver, a white pulverulent precipitate falls, which is very
much increased by the cautious addition of ammonia. The last
formed portion of this precipitate is gelatinous.

When this acid is decomposed by oxide of copper the volume
of azotic gas evolved is to that of the carbonic acid gas as 1: 3.
Hence it follows that the atoms of azote and carbon in the acid
are to each other as 1 : 3.

Wehler and Liebig analysed parabanate of silver in order to
ascertain the atomic weight of the acid. This salt is insoluble
in hot water; but, like most of the salts of silver, it dissolves in

* Ann. de Chim. et de Phys. xiii. 155. + ibid. Ixviii. 278.
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liquid ammonia and in nitric acid. 100 parts of the salt prepar-
ed without ammonia yielded 706 parts of oxide of silver. Hence
it was composed of,
Parabanic acid, 294 or 12:06
Oxide of silver, 706 or 29 = 2 atoms.
100-0
100 parts of the same salt, which had been thrown down by
ammonia, contained 7011 of oxide of silver, and, therefore, was
composed of,
Parabanic acid, : 2989 or 1234
Oxide of silver, d 7111 or 29 = 2 atoms.

100:00

The mean atomic weight of parabanic acid deduced from these
two analyses, (supposing the salt to contain two atoms of oxide of
silver,) is 12-2.

The crystals of parabanic acid were analyzed three times suc-
cessively in Liebig’s laboratory. The mean result of these an-
alyses give the composition as follows :

Carbon, : 3166
Hydrogen, Wi 41496
Azote, 3 2462
Oxygen, : 4177

100:00
We have just seen that the atoms of azote are to those of car-
bon as 1: 3. But if we were to calculate the number of atoms
on the supposition that 24-62 represented only 1 atom of azote,
we would obtain 7-125 for the atomic weight. While from the
analysis of parabanate of silver we know that the atomic weight
is above 12. Itis clear from this that the acid must contain 2
atoms of azote. Hence its constitution must be,
Six atoms carbon = 45, or per cent, 31'58

Two atoms hydrogen = 0-25 : 175

Two atoms azote =35 : 24-56

. Six atoms oxygen =60 ! 42-11
14-25 100-

This would make the atomic weight of parabanic acid 14:25.
But the atomic weight deduced from the parabanate of silver is
12:2, The difference amounts to 2:05, or very nearly two atoms
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of water. It would appear from this, that when parabanic acid
is united with oxide of silver it parts with two atoms of water,
which are replaced by two atoms oxide. Hence the acid united
with the oxide of silver contains no hydrogen, but is composed
of C® Az® Ot = 12.

No other parabanate but that of silver is known. Whenever
the acid is placed in contact with a soluble base it is converted,
under the influence of the most gentle heat, into ozaluric acid.
When heated with other acids it undergoes no alteration. Nor
is it altered when its aqueous solution is boiled.

SECTION V.—OF OXALURIC ACID.

This acid also was discovered by Wohler and Liebig in
1838,* during their important examination of uric acid and its
compounds.

Parabanic acid, the preparation of which was given in the
preceding section, is very soluble in caustic ammonia, and the
solution is perfectly neutral. If it be raised to the boiling point,
and then left to itself, it concretes on cooling into a white mag-
ma composed of small needles. This substance is ozalurate of
ammonia. If, to a hot concentrated solution of this salt in wa-
ter, we add sulphuric or muriatic acid, and cool the mixture as
quickly as possible, oxaluric acid falls in a white crystalline
powder. It may be purified by‘washing it in cold water, as it
is but little soluble in that liquid.

Its solution has a decidedly acid taste, reddens litmus paper,
and neutralizes the bases. The neutral oxalurates, when dis-
solved in water, precipitate nitrate of silver in white flocks, which
dissolve in boiling water, and crystallize on cooling in long silky
needles.

Neither oxaluric acid nor oxalurate of ammonia throw down
any precipitate when dropped into dilute solutions of salts of
lime. But, if we add an excess of ammonia, a white gelatinoué
precipitate falls, soluble in a great deal of water.

If we boil free oxaluric acid in water till no crystals are de-
posited on cooling, the acid is completely decomposed. The so-
lution is very acid. When concentrated, it first deposits crys-
tals of oxalate of urea and then pure oxalic acid.

When oxaluric acid is decomposed by oxide of copper, the
volumes of azotic gas and carbonic acid gas obtained are to each
other as 1:3, as is the case with parabanic acid.

* Ann. de Chim, et de Phys. Ixviii. 276.
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The mean of two analyses in Liebig’s laboratory gave the con-
stituents of oxaluric acid as follows:
Carbon, 2706 or 6 atoms =45 or per cent. 27-27

Hydrogen, 3-07 or 4 atoms = 05 . 3:03

Azote, 2105 or 2 atoms = 3°5 ¥ 21-21

~ Oxygen, 4882 or 8 atoms = 80 . 4849
100- 165 100~

Its atomic weight is 16:5. It is easy to see how, by boiling, it
is decomposed into urea and oxalic acid.

Oxaluric acid is CS H* Az2 O8

2 atoms oxalic acid are C* (04

1 atom urea : . CHAZO?

Making together . C®H* Azt O®
which is obviously an atom of oxaluric acid.

When crystallized oxaluric acid unites to oxide of silver, it
parts with an atom of water, which is replaced by an atom of
oxide of silver. This is obvious from the composition of oxalu-
rate of silver. The mean of three analyses give

Oxaluric acid, . 5128 or 15-26
Oxide of silver, ; 4872 or 145 = one atom.
100

The atomic weight of the acid united to the oxide of silver is
1526, while that of the crystals is 16-5; the difference, 124, is
very nearly an atom of water. Hence the acid, when in com-
bination with oxide of silver, is C® H® Az® O’= 15-375. This
constitution was confirmed by an analysis of oxalurate of silver
by means of oxide of copper.

Oxalurate of ammonia crystallizes in silky needles. Tt is
very soluble in hot, but little soluble in cold water. When
heated to 212° it loses no weight. The mean of two analyses by
means of oxide of copper gave,

Carbon, 24-07 or 6 atoms — 45 or per cent. 24°16
Hydrogen, 4-85 or 7 atoms = 0°875 x 4470
Azote, 2808 or 3 atoms = 525 . 2819
Oxygen, 4300 or 8 atoms = 8-00 . 4295

18-625 10000
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This is obviously 1 atom acid, ; C'H* Az? O°
1 atom ammonia, A Az
C'H7 Az O8

When solutions of oxalurate of ammonia and chloride of cal-
cium are mixed, brilliant and transparent crystals of oxalurate
of lime are gradually deposited. With excess of lime another
precipitate is obtained in a granular and yet gelatinous form.
This last compound may be prepared by supersaturatmg oxalu-
ric acid with lime, or by pouring some ammonia on crystallized
oxalurate of lime. It is soluble in a great quantity of water,
and very soluble in dilute acids, even in acetic acid.

Oxaluric acid is obviously a combination of two atoms oxalic
acid with one of urea.

Two atoms oxalic acid, irh C* O¢
One atom urea, . . C*H*Az2O?

Constituting an atom of oxaluric acid, C°®H* Az? O®

It deserves attention that the oxalate of urea possesses also
acid characters.

One atom of uric acid 4 4 atoms oxygen may be resolved
into 1 atom urea, 2 atoms carbonic acid, and 1 atom anhydrous
parabanic acid, provided we adopt the constitution of uric acid
given by Liebig.

1atomuricacid C1*H*A z4 Of 1 atom urea, ~C*H'Az*0”
d Aot A } 2 carbonic acid C? 0O
B 1 parabanicacid C* Az20O*
CIOH4AZ4 OlO ClO H4AZ4010

Alloxane, heated with an excess of nitric acid, combines with
two atoms of oxygen, and may be resolved into carbonic acid,
parabanic acid, and water.
2atomscarb. acid C? (0
11 84 2010 2
;a:l(:)m aoxoxag;e iz } {1 parabanic acid C° Az?0*
L 4 water : H* Of

CBH'lAzzOlZ CBH4AZ2012
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SECTION VI—OF ALLOXANIC ACID.

This acid was discovered by Wohler and Liebig in 1838.*
They prepared it in the following way :

Barytes water was added to a hot solution of allozanet A
precipitate fell, which was soluble by a gentle heat. = On
continuing to add barytes water, a point was reached at which
the whole liquor became muddy, and being left to itself, a ba-
rytes salt was deposited, crystallized in white heavy plates. This
salt assumed a red colour when the solution happened to contain
a little alloxantin. The liquid which covered these crystals was
an aqueous solution of the same salt, and contained nothing else.
This salt was alloranate of barytes.

We obtain the same precipitate, though not quite so pure,
when we add chloride of barium to a solution of alloxane, and
then pour in a little ammonia. The salt in that case is deposit~
ed under the form of a thick gelatinous magma, which is com-
pletely dissolved by the addition of a great deal of water, or by
a dilute acid, however weak.

A similar salt is formed when alloxane is treated in the same
way with strontian or lime water, or by chloride of strontium, or
of calcium and ammonia. The strontian salt scarcely differs
in appearance from that of barytes. The salt of lime presents it-
self in the form of grains or short transparent prisms. ~ All these
salts contain water of crystallization, which they lose when
heated to 248°. Alloxane doesnot precipitate nitrate of silver
but, if we add ammonia to the mixture, a white precipitate falls,
which becomes yellow by boiling.

Alloxanate of barytes is easily decomposed by sulphuric acid,
and the alloxanic acid obtained from it in a state of purity.

Alloxanic acid possesses considerable power. It decom-
poses the carbonates and acetates with facility. ~When eva-
porated to the consistence of a syrup, it crystallizes in a few
days into a hard radiated mass, which does not absorb moisture
from the atmosphere. When combined with barytes it forms a
salt precisely similar {o that'from which it was obtained. ~With
ammonia it forms a crystallizable salt.  Oxide of silver dissolves
in it, and when the solution is dried it resembles gum in appear-

+ Ann. de Chim. et de Phys. Ixviii, 284. \

1 This substance, which is obtained by treating uric acid with strong nitric
acid, will be described in a subsequent chapter of this volume.
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ance. Alloxanate of ammonia precipitates the salts of silver
white. The free acid dissolves zinc with the disengagement of
hydrogen gas. Sulphuretted hydrogen has no action on it.
Alloxanate of silver was analysed in Liebig’s laboratory. It
was formed by mixing together solutions of alloxane, ammo-
nia, and nitrate of silver. It became gray when dried, and was
found composed of,
Alloxanic acid, ! 3853 or 1817
Oxide of silver, ; 61:47 or 29 = 2 atoms.
100-
The atomic weight by this analysis is 18-17.
When the salt was decomposed by oxide of copper, the azotic
gas and carbonic acid gas evolved were to each other as 1: 4.
The mean of two analyses in Liebig’s laboratory gave,

Carbon, ; 1291 or 8 atoms — 60 or per cent. 12-84
Hydrogen, L 0+68 or 2 atoms — 025 - 0.54
Azote, . 7:53 or 2 atoms = 35 2 748
Oxygen, . 17-41 or 8 atoms = 8-0 . 17-11

Oxide of silver, 6147 or 2 atoms = 29.0 ’ 62.03

100-00 : 4675 100.00

This makes the constitution of the acid C* H? Az* O® = 17-75.
Doubtless the crystallized acid contained two atoms of water,
which were replaced in the salt by two atoms of oxide of silver.
Hence the constituents of the crystals must have been C® H*
Az O = 20.

Alloxanate of silver deflagrates at a temperature much be-
low redness. The residue gives out a considerable quantity of
cyanic acid.

Allozanate of Barytes—This salt, prepared in the way de-
scribed in the beginning of this section, constitutes short trans-
parent prisms or a precipitate in brilliant crystalline plates. It
loses water when heated to 212° The crystals then become
opaque and milky-white. When decomposed by oxide of copper
the volumes of azotic and carbonic acid gases evolved are to each
otheras1: 3. When heated to 248° it loses20 per cent of water.

100 parts of the salt were found to contain 49-35 of barytes.
This was the mean of two analyses, the first yielding 49:25, the
second, 4946 per cent. .
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When decomposed by oxide of copper the volume of azotic
gas was to that of carbonic acid gas as 1: 3.

The mean of two analyses, the first by oxide of copper, the se-
cond by chromate of lead, gave the following constituents of the
salt :

Carbon, 1420 or 8 atoms = 6 or per cent. 15.84
Hydrogen, 117 or 3 atoms = 0:375 . 0.99

Azote, 9:21 or 2 atoms — 3°5 ¢ 9-24

Oxygen, 26:07 or 9 atoms = 90 : 2376

Barytes,  49:35 or 2 atoms = 19.0 . 5017
37875 100.

According to this analysis the atomic weight of alloxanic acid
is 18:875. But it was afterwards found, that when the salt was
heated to 302° it lost 2 per cent of water, which is nearly equi-
valent to one atom. Hence the atomic weight of the acid is
17-75, and its constitution C8 H2 Az? O%, and alloxanate of bary-
tes is,

1 atom alloxanic acid, ; 17475
2 atoms barytes, ¥ 19:
3675

Alloxanate of Strontian.—This salt may be prepared in the
same way as alloxanate of barytes. Itisin the form of small
acicular transparent crystals, containing water of crystallization.
When decomposed, the volumes of azotic and carbonic acid gases
obtained are to each other as 1:3. At 248° it loses 225 per
cent of water. 100 parts of the crystals left when ignited, 45°16
of carbonate of strontian, equivalent to 31:73 of strontian.
Hence the constituents of the salt are,

Alloxanic acid, 4577 or 1 atom = 1775 or per cent. 44°66

Strontian, . 3173 or 2 atoms = 13.00 } 32-70
Water, % 22-50 or 8 atoms = 900 : 22-64
3975 100.

Alozanate of Lime.—When we add chloride of calcium to a
solution of alloxane, no precipitate falls until ammonia be ad-
ded, which occasions the separation of a thick gelatinous depo-
site, very soluble in acetic acid, and becoming crystalline when
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left to itself. It was analyzed by Wéhler and Liebig, and found
composed of,

1 atom alloxanic acid, (08 H? Az O%) 1775

2 atoms lime, ? 7:00
2 atoms water, A ; 2:25
217.

Now alloxane is C® H2 Az? O 4 2 (HO). Hence it would ap-
pear, that when alloxane combines with a base, it divides itself
into one atom of alloxanic acid, and 2 atoms of water.

SECTION VIL—OF MYCOMELIC ACID.

When a gentle heat is applied to a mixture of ammonia and
alloxane, it becomes yellow, and when cooled and concentrated
it concretes into a yellow jelly. This jelly is a combination of
ammonia and anew acid, which Wohler and Liebig, who discover-
ed it, have distinguished by the name of mycomelic acid.*

If we employ concentrated solutions of alloxane and ammo-
nia, there generally separates, as soon as we apply heat, a heavy
yellow powder, which is the same combination. When the li-
quid assumes a red colour alloxantin is present.

Mycomelate of ammonia dissolved in hot water and treated
with an excess of dilute sulphuric acid, gives a transparent gela-
tinous precipitate of mycomelic acid, which when washed and
dried assumes the form of a yellow porous powder. We obtain
the same acid directly if we supersaturate a hot mixture of
alloxane and ammonia with dilute sulphuric acid, and boil the
mixture for a few minutes.

Mycomelic acid is very little soluble in cold water, but rather
more soluble in hot water. It reddens vegetable blues and dis-
solves in ammonia and the fixed alkalies, but does not form with
them crystallizable salts. Mycomelate of silver is yellow and
flocky. It may be obtained by mixing together solutions of my-
comelate of ammonia and nitrate of silver. The mixture may
be boiled without in the least altering the nature of the salt.

Mycomelic acid, after being dried in the temperature of 248°,
was decomposed by means of oxide of copper. The volume of
azotic gas evolved was to that of the carbonic acid gas as 1: 2.
The constituents of the acid were found to be,

® Ann. de Chim. et de Phys. Ixviii. 295.
4
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Carbon, 3106 or 8 atoms — 6 or per cent. 32:21
Hydrogen, 3.57 or 5 atoms = 0625 X 335

Azote, 3624 or 4 atoms = 7:0 . 37.69
Oxygen, 2913 or 5 atoms = 50 . 2685
100-00 18625 100~

The difference between the experimental and calculated re-
sults in this case are rather too great. This difference Wghler
and Liebig ascribe to the presence of a little uramile* in the salt,
which is a product of the decomposition of alloxantin by am-
monia.

It is easy to explain the formation of mycomelic acid. One
atom of alloxane and two of ammonia are decomposed into one
atom of mycomelic acid and five atoms of water,
1atom alloxane, C°HA 220" 1 atom mycomelic
2 atoms amme- }— { acid, - C:H® Az (P

nia, HEAZ? 5 atoms water, H?° (04

CSHIOAZ4010 CS HIO Az4 010

Dry mycomelic acid possesses exactly the same composition
as allantoin when united to oxide of silver.

Weéhler and Liebig attempted to determine the atomic weight
of this acid by analyzing mycomelate of silver, but they did not
consider the results which they obtained as deserving of confi-
dence ; because the yellow gelatinous precipitate obtained by -
mixing nitrate of silver with mycomelate of ammonia changes
its colour even when washed in the dark. It becomes brown, and
when dried on the water-bath assumes the form of a hard green
mass, giving an olive coloured powder, not completely soluble in
ammonia. They obtained from this salt by combustion 44.39
per cent of silver, equivalent to 4768 of oxide of silver. This
would make the salt, ; ;

Mycomelic acid, 52:32 or 15:91
Oxide of silver, 4768 or 14°5 = 1 atom.
: 100- 4
According to this analysis the atomic weight of mycomelic acid
is 15-91. The difference between this weight and that of the
hydrous acid is 2-715, which is more than two atoms of water.

* This substance will be described in a subsequent chapter of this werk.
D
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Were we to admit in the hydrous acid two atoms of water, its
constitution would be C® H? Az* 0? 4 2 (HO), and its atomic
weight in the anhydrous state would be 16-375. But analogy
would lead to the inference that the hydrous acid contains only
one atom of water, and that its atomic weight is 17°5.

When mycomelate of silver is heated by itself, it gives out a
great deal of cyanate of ammonia, which, when dissolved in wa-
ter and evaporated, becomes urea. There is formed besides a
crystalline substance, having a peculiar smell, and coloured red
by another matter.

SECTION VIIL.—OF DIALURIC ACID.

We owe the discovery of this acid also to Whler and Liebig.*

‘When a current of sulphuretted hydrogen gas is passed through
a solution of alloxane, this last substance is converted into allox-
antin. If we continue the current of sulphuretted hydrogen
through the boiling solution after all the alloxane is converted
into alloxantin, there is a new deposit of sulphur, and the liquid
becomes decidedly acid. If, after all the alloxantin is decom-
posed, we saturate the liquor with carbonate of ammonia, a great
quantity of white crystalline matter falls, consisting of dialuric
acid united to ammonia.

We may obtain the same salt in abundance by dissolving uric
acid in dilute nitric acid, and mixing the liquid with sulphohy-
drate of ammonia, taking care that there is left in the liquid a
slightly acid reaction. The precipitate (which contains sulphur)
is to be washed, dissolved in boiling water, and treated with car-
bonate of ammonia. On cooling the liquid concretes into a
white crystalline mass.

If we reduce alloxane by means of zin¢ and muriatic acid, and
after separating the crystals formed, we treat the residue with
carbonate of ammonia till the oxide of zinc, at first precipitated,
is again redissolved ; the same salt is deposited, provided the mix-
ture be left for some time in a state of repose.

This white precipitate becomes red when dried at the common
temperature. At 212° it becomes blood red without losing am-
monia. It is very soluble in boiling water, but is mostly depo-
sited again when the solution cools, especially if we add carbonate
of ammonia to the liquid.

* Ann. de Chim. et de Phys. Ixviii. 263.
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Its solution precipitates salts of barytes, white ; salts of lead
in yellow flocks. The precipitate becomes violet when exposed
to the air. The salts of silver are immediately reduced by it.

When decomposed by oxide of copper the volume of azotic
gas evolved is to that of the carbonic acid gas as 3:8. The
mean of three analyses made in Liebig’s laboratory by means of
oxide of copper gave

Carbon, 3127 or 8 atoms — 6 or per cent 29-82
Hydrogen, 449 or 7 atoms = 0875 4-34

Azote, 27:36 or 3 atoms = 525 2609
Oxygen, 3688 or 8 atoms = 8:00 s - 139715
100 20125 100*

If from C® H? Az® O° we subtract H® Az, or an atom of am-
monia, the remainder C® H* Az? O° must give us the constitu-
tion of dialuric acid. Its atomic weight is 18. 'We may con-
sider it as alloxane minus 2 atoms of oxygen, or alloxantin minus
1 atom oxygen and 1 atom water.

Dialurate of ammonia dissolves in potash with the disengage-
ment of ammonia. The acids throw down nothing from the so-
lution.

The attempts of Wohler and Liebig to obtain dialuric acid in
an isolated state were unsuccessful.  When separated from its
base it is decomposed with great facility into a great number of
products which have not yet been accurately examined.

* There is obviously a mistake in the numbers given in Liebig’s paper, (An-
nalen der Pharmacie, xxvi. 277.) The data given,

Ist. 0-5095 grammes of dialurate of ammonia gave 0-215 water, and 0°542
carbonic acid.

2d. 0430 of the salt gave 0°168 water and 0-5635 carbonic acid.

8d. 0 377 gave 0 455 water and 0:404 carbonic acid.
0455 water in the third experiment is probably a typographical error for 0:155.
‘But 0:5095 of the salt furnished less carbonic acid than 0°430. This must be
a mistake, which affects the quantity of carbon, which of course acts upon the
azote and the oxygen. Liebig’s numbers are

Carbon, P ) 29830

: Hydrogen, . . 4406

Azote, 2 3 25913

! Oxygen, . . 39:851
100

Numbers coming very near those deduced from the formula C® H? Az3 0%,
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When dialurate of ammonia is moistened with dilute sulphuric
acid, that acid combines with the ammonia, and a matter scarcely
crystalline remains, which; when dissolved in water, disappears
altogether.before it can be freed from sulphuric acid. The water
employed in washing it deposits, after an interval of some hours,
transparent and brilliant crystals of alloxantin. The liquor
freed from sulphuric acid by carbonate of barytes, and concen-
trated, gives a mother liquor, which, being mixed with nitric acid
and set aside. for some hours, does not deposit nitrate of urea ;
but it concretes into transparent prisms similar fo oxalic acid.

Dialurate of ammonia dissolved in hot muriatic acid gives on
cooling a number of crystals similar to those of alloxantin, but
differing decidedly in their shape. The muriatic acid solution
contains urea.

After having saturated a boiling solution of alloxane with sul-
phuretted hydrogen, and after ascertaining that the whole allox-
ane had been converted into the new product, the liquid was
concentrated in a retort out of the contact of air. On cooling
there was deposited a thick white opaque crust, having brilliant
facets.  This crust became red when dried. It was very soluble
in cold water, had an acid reaction and taste, reduced oxide of
silver, gave with barytes a violet-coloured precipitate, and with
carbonate of ammonia, a little ammoniacal salt after an interval
of some time.

When it is dissolved in boiling water or muriatic acid, the so-
lution, on cooling, deposits transparent crystals similar to allox-
antin. The mother liquor scarcely, if at all, reduces the salts of
gilver. On the addition of ammonia and nitrate of silver, it
gives a white precipitate which, by the action of heat, becomes
dark-purple, without being reduced. This mother water gives
a white precipitate with barytes water.

Whler and Liebig distinguish, by the name of urile, the hy-
pothetical substance which they suppose to constitute uric acid,
when combined with urea: And it has been stated in a preced-
ing section of this chapter, that they consider the constitution of
urile to be C* Az? O, Now

If to one atom urile g 2 c Az O
‘We add four atoms water, 2 H* Ot

We obtain an atom of dialuric acid, C® H* Az? O°
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SECTION IX.—OF THIONURIC ACID.

This remarkable acid was discovered by Wéhler and Liebig
during their researches on uric acid in 1838.* -

If we add sulphurous acid to a cold saturated solution of allox-
ane, it loses its smell. 'When to such a solution, containing a
slight excess of sulphurous acid, we add as much ammonia as will
saturate the acid, heat the mixture, and keep it boiling for a
short time, it deposites on cooling a considerable quantlty of
brilliant quadrangular plates. The best method of preparing
this substance on a large scale, is to take sulphate of ammonia
previously mixed with an excess of carbonate of ammonia, to
add to it a solution of alloxane, to raise the mixture to the boil-
ing point, and keep it boiling for half an hour, The salt thus
obtamed is a combination of tlzzonurzc acid and ammonia. When
dry, it is in thin plates having a strong pearly lustre, soluble in
water and again crystallizable w1th0ut any other alteration than
the assumptlon of a red colour. "At 2129, its losesits water and
becomes rose red.

Dr Gregory of -Aberdeen has given the followi ing process as
the easiest for preparing thionurate of ammonia. Take a
pretty strong cold solution of alloxan, add to it half its volume
of a strong solution of sulphite of ammonia, with a little free am-
monia, boil for five minutes. On cooling, a large quantity of
thionurate of ammonia is deposited in beautiful silvery scales.
They are to be slightly washed and dried by pressure.

If we raise the aqueous solution of this salt to the boiling
temperature, and pour into it a solution of acetate of lead, a gela-
tinous precipitate falls, which, on cooling, assumes the form of fine
needles, arranged concentrically, and having sometimes a white,
sometimes a red colour, This is thionurate of lead. By mixing it
with water and passing a current of sulphuretted hydrogen gas
through the mixture, the lead is separated, while the acid dis-
solves in the water. On evaporating the aqueous solution in a
gentle heat, the acid is deposited white and crystalline, though
the shape of the crystals cannot be determined.

Thionyric acid does not absorb moisture from the atmosphere.
It has a decidedly sour taste, and reddens vegetable blues.
When we boil its aqueous solution, the acid is decomposed, being

* Ann. de Chim. et de Phys. lxviii. 253.
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converted into sulphuric acid and wramile.* It becomes muddy
during the boiling, and concretes into a silky mass of uramile,
while the sulphuric acid remains dissolved in the water.

Though thionuric acid contains sulphuric acid, yet the or-
dinary reagents are incapable of detecting that acid in thionurate
of ammonia. The salts of barytes throw down a thick, flocky,
gelatinous precipitate, which is soluble in muriatic acid. The
salts of lead behave in the same manner.

A solution of thionurate of ammonia mixed cold with muriatic,
sulphuric, or nitric acids, undergoes no alteration at the com-
mon temperature, but when boiled for a few minutes, it becomes
muddy, and concretes into a white magma, consisting of micro-
scopic needles, having a satiny lustre. This precipitate contains
no sulphuric acid, but consists of uramile. After this decom-
position, the sulphuric acid may be discovered in the liquor by
the usual reagents.

The thionurate of lead being analyzed in Liebig’s laboratory,
was found to be composed as follows ;

Carbon, p 10-83 or 8 atoms = 6 or per cent. 10:7
Hydrogen, . 1:04 or 5 atoms = 0625 ... 11
Azote, - 9:47 or 3 atoms — 5-25 9:3
Oxygen, . 1083 or 6 atoms — 600 107
Sulphuric acid, 1805 or 2 atoms = 10-00 170
Oxide of lead, 4978 or 2 atoms = 28+00 503

55875 100-0
If we admit, with Whler and Liebig, that the salt is a dithi-
onurate, it is obvious that the constitution of thionuric acid is C*
H® Az® O¢ 4 2 (S O%) = 29-875. This conclusion was con-
firmed by a careful analysis of thionurate of ammonia. Between
the tube filled with chloride of calcium, and that containing the
caustic potash, a tube was interposed filled with peroxide of lead.
This peroxide absorbed the sulphurous acid given out, and con-
verted it into sulphate of lead. The mean of three analyses gave
the constituents of the salt as follows:

* This product of uric acid will be described in a subsequent chapter.
4
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Carbon, . 1784 or 8 atoms 6  or per cent. 1745

Hydrogen, . 490 or 13 atoms = 1625 472
Azote, . 2601 or 5 atoms = 8750 2545
Oxygen, . 2278 or 8 atoms= 8000 ... 2328

Sulphuric acid, 2847 or 2 atoms = 100000 ... 29-10
100 34:375 100

If from the preceding constituents, C® H¥ Az® O° 4 2 (S 0%)

We subtract 1 atom thionuric acid, C* H® Az® O° 4- 2 (S 0?)

There will remain, ¢ : H® Az O?
From this remainder subtract 2 atoms
water, . ; . H? (03
There will remain, . . .- H® Az’ which is equal

to 2 atoms ammonia.

So that thionurate of ammonia consists of
1 atom thionuric acid, C® H® Az® O° 2 (S 0?)
2 atoms ammonia, . H¢ . Az?
2 atoms water, A H? 02

Cs HB Az° O® + 2 (S 0¥

We see that hydrated thionuric acid contains two atoms water,
oritis C* H” Az® Of 4 2 (S O%) = 32:125.

Thionurate of lime is obtained by mixing together hot solu-
tions of thionurate of ammonia and nitrate of lime. It separates
under the form of small short prisms, having a satiny lustre. It
is composed of

1 atom thionuric acid, . 29875
2 atoms lime, : L 7-000
36-875

Thionurate of zinc constitutes small aggregated crystals, which
have a lemon-yellow colour. It is very soluble in water, and is
obtained by mixing a salt of zinc with a solution of thionurate of
ammonia.

A hot-solution of thionurate of ammonia mixed with sulphate
of copper gives a brown precipitate, approaching to yellow, which
is obviously protoxide of copper. By the action of heat, it dis-
solves completely into a yellowish-brown liquid, and separates
again on cooling in an amorphous state.
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‘When thionurate of ammonia is mixed with nitrate of silver,
the oxide is reduced to the metallic state, and the silver is depo-
sited on the inside of the tube, giving it the appearance of a mir-
ror.

Thionurate of barytes, recently precipitated, even from a di-
Tute solution, has the form of a gelatinous mass, which gradually
becomes opaque and crystallime. 'When boiled with nitric acid,
this salt gives sulphate of barytes, and no sulphuric acid remains
free. This shows that the salt is a compound of one atom thio-
nurie acid and two atoms barytes.

The formation of thionuric acid from alloxane and sulphurous
acid is easily explained.

1 atom alloxane is M C® H* Az2 OV

1 atom ammonia, : H2 Az

2 atoms sulphurous acid; . o &
Making altogether, 9 C* H? Az O S
1 atom thionuric acid, . C® H° Az2 O2 §?
2 atoms water, = A H? 02
Making together, . R A OB B

From this we see that two atoms sulphurous acid and one atom
of ammonia unite with one atom of allophane, and the product
is one atom of thionuric acid and two atoms of water.

Wohler and Liebig seem to be of opinion that the sulphurous
acid in thionuric acid is converted into sulphuric acid. ~But there
seems no evidence for this. We see only that the elements of
two atoms sulphurous acid and one atom ammonia unite withan
atom of alloxane, and form thionuric acid. If it existed in the
state of sulphuric acid, barytes surely would be able to detect its
presence. But we have seen that this is not the case.

SECTION X.—OF URAMILIC ACID.

This acid also was discovered by Wéhler and Liebig during
their important investigation of wric acid and its products in
1838.*

It may be obtained by mixing a cold solution of thionurate of
ammonia with a small quantity of sulphuric acid, and evaporating
the mixture in a gentle heat. The wramile separates by little

* Anun. de Chim. et de Phys. Ixviii.308.
3
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and little, and is then decomposed by the free acid. The solu-
tion, when concentrated, becomes yellow, and in twenty-four
hours crystals of uramilic acid are deposited. The success of this
process depends upon the quantity of acid added to the thionu-
rate of ammonia. With too little sulphuric acid, we obtain by
evaporation a pap of small flocky ecrystals, which are white, very
confused, and consist of bithionurate of ammonia. It is always
more advantageous to prepare this salt first. For we obtain a
considerable quantity of uramilic acid by dissolving it anew in
sulphuric acid and evaporating.

If we employ too much sulphuric acid, we do not obtain a
trace of uramilic acid, but when the liquid is left long exposed
to the air, transparent crystals are deposited, which have the form
and the characters of dimorphous alloxantin. ' These crystals are
oblique four-sided prisms, belonging probably to the trimetric
systems. They are formed of the four faces distinguished by M.
G. Rose by the letter g, and terminated by a perpendicular
plane. This base is so large in proportion to the faces g, that
the erystals have the form of tables. The obtuse angle of the base
is about 121°.  Alloxantin, from the dialurate of ammonia, has
the same crystalline form. The crystalline shape of alloxantin
is also an oblique four-sided prism belonging to the same sys-
tem ; but the obtuse angle of the base is only 105°.

When uramilic acid is deposited slowly from a moderately
concentrated solution, it forms pretty large four-sided prisms,
which are colourless and transparent, and have a vitreous lustre.
From a hot saturated solution, it crystallizes in fine silky
needles, When dried by means of heat, it assumes a rose-red
colour, without losing any sensible weight. Its solution in water
has a feebly acid reaction. It combines with ammonia and the
fixed alkalies, and forms with them crystallizable salts. The salts.
of lime and barytes are not decomposed by free uramilic acid,
but the addition of ammonia determines the precipitation of thick
white matter, which is again dissolved by the addition of a great
quantity of water. Uramilic acid does not throw down nitrate
of silver, but if we previously combine the acid with ammonia,
we obtain a thick white bulky precipitate.

Uramilic acid dissolves in concentrated sulphuric acid without
the evolution of any gas or any change of colour. When long
boiled with dilute sulphuric or muriatic acid it undergoes an al-
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teration. The liquid, after a certain time, acquires the property
of precipitating barytes water violet, whereas at first it gives with
it a white precipitate. The acid liquor gives crystals of dimor-
phous alloxantin.

The reaction of uramilic and nitric acid is remarkable. It
dissolves in that acid at first without the evolution of any gas;
but if we boil it with concentrated nitric acid, nitrous acid is dis-
engaged. The liquid becomes yellow when concentrated, and
gives a notable quantity of white crystalline plates, which are
soluble in hot water and crystallize on cooling, With this they
form a yellow solution and acetic acid throws down a white pow-
der. This new substance has not been sufficiently examined.
It resembles zanthic oxide.

When uramilic acid is heated with oxide of copper it furnishes
azotic and carbonicacid in volumes, which are to each other as 1
to 3-2. The acid being subjected to an analysis in Liebig’s labo-
ratory, the constituents obtained were the following :—

Carbon, 3164 or 16 atoms = 12  or per cent. 32:43

Hydrogen, 363 or 10 atoms — 125 B3 7

Azote, . 2307 or 5 atoms = 875 2365

Oxygen, 4166 or 15 atoms = 1500 4055

100:00 37 100-00
These atomic numbers were pitched upon by Wéhler and Liebig
from a supposed relation between uramile and wuramilic acid,
Uramile is C* H° Az* 0% Now from -

2 atoms uramile, : 3 : O F{10 A6 O2
Subtract 1 atom ammonia, . a H3 Az

We have ¢ 3 . C'® H7 Az® O
Add 3 atoms water, : 5 H3 03
And we get ’ a ¢ C18 H Az5 O¥

which is an atom of uramilic acid.

Liebig attempted to determine the true atomic weight of ura-
milic acid by analysing uramilate of silver. But in drying the
salt it was accidentally exposed to too high a temperature, and
became black. This made the proportion of silver in the salt
greater than it ought to have been. It was composed of -
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Uramilic acid, 2 23:08
Oxide of silver, . 7692
100-
If we admit that in uramilic acid the three atoms water substi-
tuted for ammonia and the two atoms of water in the two atoms
of uramile are replaced by 5 atoms of oxide of silver, the con-
stitution of the salt would be,
Acid, ; : c 31-375 or per cent. 3029
Oxide of silver, . 725 69-71
100
Now this does not deviate very far from the result of the analy-
sis of uramilate of silver.

SECTION XI-—OF HIPPURIC ACID.

This acid has been described in the Chemistry of Vegetable
Bodies, (p. 46.) - No additional facts respecting this acid, so far
as I know, have been discovered since the publication of that
volume, except the formation of hippuric ether, an account of
which will be given in the appendix.

Its constitution is C'® H® Az O° — 21-25.

SECTION XIL—OF CHOLEIC ACID,

This acid constitutes the greatest part of ox bile. It had been
considered as an acid by the older chemists and physiologists.
Berzelius gave it the name of biliary matter, and Thenard that
of picromel. But from the recent analysis of ox bile by M. De-
margay* it appears that the old opinion advanced by Cadet, that
bile is of a soapy nature, is after all, the true one. Demarcay
has shown that the essential constituents of bile are soda, and an
oily acid to which he has given the name of choleic.t This acid
may be obtained pure from ox bile by the following process:—

Evaporate the bile to dryness over the steam-bath and digest the
dryresidue in alcohol. The choleate of soda will be dissolved, while
the mucus mixed with the bile is left behind. ~ Distil off the al-
cohol by-‘a steam heat, and dissolve the residue in water. To

* Ann. de Chim. et de Phys. Ixvii. 177.
+ From xoan, bile.
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this solution add as much sulphuric acid as will exactly neutra-~
lize all the soda in the solution, digest for two days in a mode-~
rate heat, agitating frequently. Then evaporate to dryness over
the water-bath, and digest the residue in alcohol. The choleic
acid is dissolved while sulphate of soda in crystals remains be-
hind. Finally, distil off the alcohol, substituting water, and
evaporating to dryness over the steam-bath.

Choleic acid thus obtained possessesthe following properties :
It is a yellow, spongy, pulverulent matter, which rapidly absorbs
moisture from the atmosphere. Its taste is very bitter, with an
impression of sweetness. Its powder irritates the nostrils and
throat. It is insoluble in ether; but very soluble in alcohol,
and pretty soluble in water.

It cannot be distilled without decomposition. When heated
it melts, swells up and burns with flame, giving out smoke and
leaving a bulky charcoal, which may be burned completely with-
out leaving any residue. It melts imperfectly at 248° and is
not decomposed till heated considerably above 400°.

Its solutions redden litmus-paper, and decompose the alka-
line and earthy carbonates with effervescence. But in this
way we can form only bicholeates. =~ The choleic acid thus
eombined with a base is precipitated by acetic acid; though
that acid does not act on bile. The acids throw down choleic
acid in flocks, which soon collect into a brown viscid fluid. Mu-
riatic, sulphuric, and phosphoric acids decompose it into choloidic
acid and taurin.* Nitric acid decomposes it, deutoxide of azote
is evolved, and a peculiar white substance formed. The caus-
tic fixed alkalies decompose it into cholic acid and ammonia.

M. Demargay analyzed it by oxide of copper and obtained,

Carbon, ' 62:82

Hydrogen, 14718:9%

Azote, L 3.30

Oxygen, . 2497
100

He analyzed choleate of soda, and obtained for the atomic
weight of choleic acid 50:213. The number of atoms whichagree
best with the atomic weight and analysis are,

* The choloidic acid was described in the last chapter. Taurin is a erystal-
Iine substance obtained from bile, which will be described in a subsequent chap~
ter.
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41 atoms carbon,
33 atoms hydrogen,
1 atom azote, -

12 atoms oxygen,

30-75 or per cent. 6323
4-125 848
1-75 oo 3.60

12-00 S0 2469

48625 100-

If we suppose the acid in the choleate of soda analyzed to re-
tain 2 atoms of water, the atomic weight will be 50.875, which
approaches the result of the analysis of Demarcay, 14 atom wa-
ter would make the atomic weight 50:3125, which agrees very
nearly with the actual analysis of choleate of soda.

A few only of the salts of choleic acid have hitherto been ex-
amined. The following are the facts which have been ascer-
tained.

1. Choleate of Soda.—To form this salt, (which constitutes
bile,) aleoholic solutions of choleic acid and of soda were mixed
together till the reaction became alkaline. Then a current of
carbonic acid gas was passed through the solution for several
hours. Being left at rest, the carbonate of soda separated in
small crystals. The liquid was filtered and evaporated to dry-
ness. The residue readily dissolved in alcohol of 0-800 without
leaving any residue. Hence it was pure.

The reaction of this salt is weakly alkaline. It has the taste
and properties of bile. When evaporated it leaves a brown re-
sinous magma, similar in appearance to choleic acid. When
dry it forms a yellow, very light, friable mass, which attracts hu-
midity from the atmosphere. It is soluble in all proportions in
water and alcohol. Tt melts at the same temperature as cho-
leic acid, and concretes into a brown and very friable mass'
When heated it behaves like bile. ’

Bicholeate of Soda may- be obtained by digesting choleic acid
over bicarbonate of soda.

2. Choleate of Potash may be formed in the same way as cho-
late of soda, and possesses the same properties.

3. Choleates of Barytes and Strontian are soluble in alcohol
and water. When evaporated they leave a resinous residue
like all the choleates. : :

4. With oxide of lead choleic acid combines in two proportions. -
When a solution of nitrate of lead is dropt into choleate of soda
a neutral choleate is formed. When diacetate of lead is em-
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ployed a dicholeate of lead falls. Both are nearly insoluble in
water, but soluble in acetic acid. They have a resinous con-
sistence.

5. Nitrate of silver forms with choleate of soda a white preci-
pitate, which by washing is converted into dicholeate of silver.
After being dried in vacuo over sulphuric acid, its constituents
were,

Choleic acid, - 5058
Oxide of silver, 29-

Now 29 is the weight of two atoms of oxide of silver. Hence

the salt is a dicholeate.

SECTION XIIL—OF CHOLESTERIC ACID.

Cholesterin, a substance having some resemblance to sperma-
ceti, and a very frequent ingredient in gall-stones, seems to have
been first particularly noticed by Gren in 1788.* 1In the year
1817, the action of nitric acid upon this substance was particu-
larly examined by Pelletier and Caventou.t They ascertained
that by this action a peculiar acid was formed, to which they
gave the name of cholesteric. The subject was again resumed
by Pelletier in 1832.% He subjected it to an ultimate analysis
and determined its constituents.

Cholesterin was treated with its own weight of concentrated
nitric acid. The acid when assisted by heat speedily dissolved
the cholesterin, while at the same time abundance of deutoxide
of azote was evolved. When the solution cooled a yellow-co-
loured matter separated, and when the liquid swimming over this
deposit was diluted with water, an additional portion of the same
substance was separated. This yellow substance was not sensi-
bly soluble in water ; but on elevating the temperature, it swam
like butter upon the surface of the water. When well washed
it was deprived of all acid taste ; but had a peculiar though
slight stypticity. Yet it was capab]e of reddening litmus-paper,
and of saturating the alkaline bases with considerable energy.
To purify the cholesteric acid thus obtained Pelletier and Ca-
ventou proceeded in the following manner: A portion of it was

* Diss. contin. duas observationes circa calculos, &c. Hal. 1788, 62. As
quoted by L. Gmelin, Handbuch der Theoretischen Chemie, ii. 504.

t Jour. de Pharmacie, iii. 292.

t Ann. de Chim. et de Phys. li. 189.
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mixed with water and heated till the azote melted. A little car-
bonate of lead was now added and the mixture boiled for seve-
ral hours, changing repeatedly the water. The liquids when eva-
porated gave all of them a little cholesterate of lead ; but none
of them, except the first, gave any nitrate of lead. The acid thus
treated was digested in alcohol, which dissolved it, leaving the cho-
lesterate of lead and carbonate of lead untouched. By evaporating
this solution, the cholesteric acid was obtained in a state of purity.

Cholesteric acid is soluble in alcohol, and when the liquid is
left to spontaneous evaporation, the acid crystallizes in white
needles. But when concreted into an uncrystallized mass, its
colour is orange-yellow. Its smell has some analogy to that of
butter, and its taste is slightly styptic. It melts, when heated, to
136°. When heated above 212°, it is decomposed into oil,
water, carbonic acid, and carburetted hydrogen. Its specific gra-
vity is higher than that of alcohol, but lower than that of water.
1t is slightly soluble in water, for that liquid when left in contact
with it acquires the property of reddening litmus-paper. It is
more soluble in hot than in cold alcohol.

It readily combines with the bases, and forms salts. The acids
have little action on it. Concentrated sulphuric acid becomes
first red, and then chars it when left long in contact with it.
Nitric acid dissolves it without alteration. It does not act upon
it so as to produce decomposition even when boiled with it.
‘When evaporated, the cholesteric acid remains, possessing all its
properties. Acetic acid has no action on it, and is incapable of
dissolving it. It is very soluble in sulphuric and acetic ethers,
The volatile oils dissolve it readily even while cold, but the fixed
oils do not act upon it.

From the analysis of cholesterate of barytes made by Pelletier
and Caventou it follows that it is composed of

Cholesteric acid, . 64 or 16-9

Barytes, ¢ 5 36-or 95
100-
Cholesterlc acid was analyzed by Pelletier who obtained,
Carbon, . 54-93
Hydrogen, . 7-01
Azote, s 4-71

Oxygen, ’ 33:35

100-00
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The number of atoms which agrees best with this analysis and
with the atomic weight is

13 atoms carbon, = 9-75 or per cent. 5434

10 atoms hydrogen, = 1-25 6:50

4 atom azote, = 0875 ... 4:90

6 atoms oxygen, — 6-0 3356
17:875 100°

The analysis of cholesterate of strontian is considered by Pel-

letier as the most accurate. It was found composed of
Cholesteric acid, 100°  or 16-5
Strontian, . 3698 or 65

This would make the atomic weight of cholesteric acid 16-5,
which does not deviate much from that obtained by the ultimate
analysis.

All the cholesterates are more or less coloured. The alkaline
cholesterates are very soluble and deliquescent, but the earthy
and metalline cholesterates are very little or not at all soluble
in water. They are decomposed by all the mineral and most of
the vegetable acids, if we except carbonic acid. The alkaline
cholesterates precipitate all the metallic solutions, and the preci-
pitates vary in colour according to the kind of metal or the de-
gree of its oxydizement.

1. Cholesterate of potash has a brownish-yellow colour, does
not crystallize, is very deliquescent, and does not dissolve in al-
cohol or ether. It is incapable of uniting with a second dose of
the acid. W hen this salt is decomposed by sulphuric or any other
acid, the cholesteric acid separates in white flocks, which float
upon the surface of the liquid. When heat is applied to this
salt, the acid undergoes decomposition. There pass over water,
oil, and carburetted-hydrogen gas, while carbonated-potash re-
mains in the retort. No hydrocyanic acid is evolved during this
decomposition.

2. Cholesterate of soda resembles the preceding salt so exactly
that we can only distinguish them by separatmg the base, and
ascertaining its nature.

3. Cholesterate of ammonia, obtained by directly uniting the
constituents of the salt together, has the same taste, colour, and
smell, as the two preceding species; and its reactions are similar.

4. Cholesterate of barytes is easily obtained by double decom-
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position. It is very little soluble in water. When newly pre-
cipitated, it has a lively red colour; but on drying it becomes
of a dark muddy red. It has neither taste nor smell. Accord-
ing to the analysis of Pelletier and Caventou, it is composed of
Cholesteric acid,- . 169
Barytes, - d 95
They found that cholesteric acid required for its saturation about
three and a-half times as much barytes as sulphuric acid does. Aec-
cording to that statement, its atomic weight should only be 17-5.

5. Cholesterate of strontian may be obtained, like the preced-
ing salt, by double decomposition. It has an orange-red colour,
is almost insoluble in water, and is destitute of taste and smell.
Pelletier and Caventou analyzed it after it had been dried in the
temperature of 212°, and obtained,

Cholesteric acid, . 165
Strontian, . L 6-5

6. Cholesterate of lime was obtained by mixing solutions of
chloride of calcium and cholesterate of potash. It has a brick-
red colour, is destitute of taste and smell, and is more soluble in
water than the two preceding species.

7. Cholesterate of magnesia is obtained by double decomposi-
tion. It has a deep brick-red colour, and is insoluble in water.

8. Cholesterate of alumina may be obtained by mixing together
solutions of alum and cholesterate of potash. When newly pre-
cipitated it has a beautiful red colour, but becomes dark and
dull on drying.

9. Cholesterate of platinum is obtained by mixing solutions of
chloride of platinum and cholesterate of potash. It has a brown
colour, is insoluble in water, and very heavy.

10. Cholesterate of silver has an orange-red colour, which be-
comes dull on drying.

11. Cholesterate of lead was obtained by mixing nitrate or
acetate of lead with cholesterate of potash. It has a deep brick-
colour, but loses its beauty on drying. It is insoluble in water,
but dissolves in acetic acid, or rather 1t is decomposed by that
acid.

Pelletier and Caventou found that 100 parts of this salt yield-
ed 100 parts exactly of sulphate of lead. Now 100 sulphate of
lead contain 7368 of oxide of lead. - Hence the cholesterate of

lead must be a compound of
) O
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 Cholesteric acid, . 2632o0r 5or 17875
Oxide of lead, 7 7368 or 14 or 50 — 3} atoms.
It was probably a mixture of tetrakis-cholesterate of lead and
cholesterate of lead.

12. Cholesterate of mercury.—When cholesterate of potash is
poured into proto-nitrate of mercury a black precipitate falls.
The colour of the precipitate is deep-red when the mercurial
salt is the per-nitrate.

13. Cholesterate of copper—When cholesterate of potash is
poured into any salt of copper an olive-coloured precipitate falls,
without taste or smell, and quite insoluble. According to the
analysis of this salt by Pelletier and Caventou it is composed of

Cholesteric acid, 3 5 or 15 =1 atom

Oxide of copper, 3 15 or 45 —9 atoms,
It is very unlikely that this analysis can have been made upon
any thing else than a mixture. At least no analogous compound
has hitherto been observed.

14. Cholesterate of iron.—When cholesterate of potash is
poured into sulphate of iron a deep-brown precipitate falls, which
is slightly soluble in water. On exposure to the air it becomes
yellow by absorbing oxygen. This salt was analyzed by Pelle-
tier and Caventou, and found composed of

Cholesteric acid, Y 11-1 or 1665 = 1 atom

Oxide of iron, . . 450r 6°75= 1} atom.
From this analysis it would appear that the salt was a subsesqui-
cholesterate of iron.

15. Cholesterate of Zinc is obtained by double decomposition.
It has a fine red colour, and is slightly soluble in cold water, and
still more soluble in boiling water.

16. Cholesterate of cobalt is obtained by double decomposition,
and has a yellow colour similar to that of plain Spanish snuff.

17. Cholesterate of tin is also yellow, but lighter, and having
a tint of orange.

18. Cholesterates of nickel and manganese have a bistre colour.

SECTION XIV.—OF HYDROMELONIC ACID.

This acid was discovered by M. L. Gmelin in 1835, and nam-
d hydromelonic, because it is composed of one atom of melon
and one atom of hydrogen.*

* Annalen der Pharmaeie, xvi. 252, °
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In preparing sulpho-cyanic acid, when the mixture of prussiate
of potash and sulphur had been heated too high, he occasionally
got small quantities of another salt. In such cases, when the
iron had been precipitated, and the filtered liquid, after having
been sufficiently concentrated, was set aside, white cauliflower-
looking crystals of this new salt were deposited. These being
again dissolved in hot water, crystallized, exposed to pressure,
and washed with hot alcohol till the salt no longer struck a red
with the persalts of iron, were considered as freed from all ad-
mixture of sulpho-cyanate of potash. When this salt was dis-
solved in boiling water, and the solution mixed with muriatic,
sulphuric, or nitric acid, a dirty-white gelatinous precipitate fell,
which dried into a yellow powder. This precipitate is a hydrate
of hydromelonic acid. It is slightly soluble in cold water, but
more soluble in that liquid when hot. It dissolves also in alco-
hol. It is destitute of taste and smell, but has a feeble acid re-
action. 'When heated it decrepitates slightly, and leaves melon,
which may also be driven off by continuing the heat. It dis-
solves readily in nitric acid, and the solution may be evaporated
without decomposing the hydromelonic acid. It dissolves also
in sulphuric acid. Hydromelonate of po'ash effervesces when
heated with nitric acid, dissolves in water, and is decomposed by
acids.

To analyze this acid, Gmelin employed hydromelonate of lead,
dried in the open air at 60°. 100 parts of this salt exposed toa
heat of 212°, lost 11°087 parts of water; and when the heat was
raised to 248° it suffered an additional loss of 3-043; making
the whole water in the salt amount to 14-13 per cent. 100 parts
of the same salt being decomposed by sulphuric acid, left 6238
of sulphate of lead, equivalent to 45-946 of oxide of lead. Hence
the constituents of the salt were

Hydromelonic acid, . 39906 or 12:154 = 1 atom.

Oxide of lead, . . 45964 or 14 — 1 atom.
‘Water, " « . 14'130 or 3304 = 4 atoms

100-000
This analysis gives as the atomic weight of hydromelonic acid,
12-154.
Gmelin analyzed hydrous hydromelonate of lead by means of
oxide of copper, and obtained
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Carbon, . 14720 or 6 atoms — 45 or per cent. 14:94
Hydrogen, . 2:037 or 5 atoms = 0625 ... 208
Azote, . . 23010 or 4 atoms = 70 or per cent 23:24

- Oxygen, . 14269 or 4 atoms — 40 eo 1318
Oxide of lead, 45°964 or 1 atom = 14-0 i E4B:46
100-000 30125 100~

But it is clear from the preceding analysis, that the salt thus
analyzed contained 14:13, or 4 atoms of water. Subtracting
this there remain for the constituents of hydromelonic acid

6 atoms carbon, = VT
1 atom hydrogen, 0-125
4 atoms azote, = 7000
11-625
Thus it appears that hydromelonic acid is composed of
1 atom melon, (C° Az*) = 114
1 atom hydrogen, = 0125
11625

Hydromelonate of Potash is a yellowish white opaque cohesive
mass, having a bitter taste. When heated, it gives out carbo-
nate and hydrocyanate of ammonia, and melts into a clear yel-
low liquid, which concretes on cooling. 'When heated with ni-
tric acid it froths, but without effervescence. It dissolves in hot
sulphuric acid, and is again precipitated by water. It is scarcely
soluble in cold, but very soluble in hot water. Alcohol scarcely
acts upon it, even at a boiling temperature. It is decomposed by
all the strong acids, hydromelonic acid being disengaged. The
earthy alkaline salts, earthy salts, and most of the metalline salts
occasion a precipitate in hydromelonate of potash, consisting of
flocks most commonly white. But the salts of oxide of chromi-
um give a bluish white ; those of peroxide of iron, a light brown ;
those of oxide of cobalt, a rose red ; those of oxide of nickel, a
bluish white ; those of suboxide of copper, a whitish yellow ; those
of black oxide of copper, a sisken green ; those of oxide of gold,
a yellowish white ; and those of oxide of platinum, a brownish
yellow precipitate.

It has been ascertained that when hydromelonic acid is heated
in contact with a metallic oxide, water is formed, and the melon
nnites with the metal, constituting a melonet. The only one of
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these melonets hitherto examined is the melonet of potassium. 1t
may be formed by fusing sulphocyanate of potash in a porcelain
crucible at a red heat, adding melon as long as an evolution of
bisulphuret of carbon and sulphur is observed. A brown opaque
glassy mass is obtained, which, being dissolved in boiling water,
and the solution allowed to cool, deposits hydrated crystals of
melonet of potassium. It may be formed also by fusing five parts
of butter of antimony with eight parts of sulphocyanate of potash,
and removing by boiling water the soluble portion of the resi-
due, after the sulphur and bisulphuret of carbon have been dri-
ven off,

It crystallizes from its aqueous solution in fine needles, which
collect into large flocks. A concentrated solution congeals into
a white mass, not easily dissolved in cold water. The crystals
contain water of crystallization, which they lose when heated.
They then fuse without loss of weight into a transparent yellow
glass. The solution of this compound is tasteless, and precipi-
tates all earthy and metalline salts.

SECTION XV.—OF CEREBRIC ACID.

This substance, which constitutes an important constituent of
the brain, was first noticed by Vauquelin in his chemical analy-
sis of the brain, published in 1812 * He gives it the name of
white fatty matter ; but did not obtain it in a state of purity;
Kiihn also noticed it under the name of myelocone. t Couerbe, in
1834, obtained it also, though not in a state of complete purity,
and gave it the name of cerebrote. TIn 1841 it was again ex-
amined by Fremy, § who brought it to a state of comparative
purity, discovered its acid propertles, and gave it the name of
cerebric acid.

Couerbe’s method of obtaining it was to digest the matter of
brain in ether, till every thing soluble in that liquid was remov-
ed, the residue was treated with boiling alcohol, as long as any
thing continued to dissolve. The alcohol, on cooling, deposited
a white‘matter consisting chiefly of cerebrote and cholesterin.
Cold alcohol dissolved the latter of these substances, and left
the cerebrote. But Fremy ascertained that cerebrote obtained
in this way still contained sensible quantities of cerebrate of lime

* Ann. de Chim. Ixxxi. 37, or Annals of Philosophy, i. 332.
+ Dissert. de Cholestearine, p. 20. }{ Ann, de Chim. et de Phys. lvi. 17]
§ Jour. de Pharmacie, xxvii. 439.
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and albumen. He succeeded in obtaining it pure by the follow-
ing process.

He digested the mass obtained by evaporating the etherial solu-
tion of the brain in a great quantity of ether. By this means a
white substance is precipitated, whieh is isolated by decantation,
and which, when exposed to the air, is transformed into a waxy
and fatty matter. This precipitate contains cerebric acid, often
combined with phosphate of lime, or soda, and with albumen.
It was dissolved in boiling absolute alcohol slightly acidulated
by sulphuric acid. The sulphates of lime and soda, with some
albumen, remained in suspension, and were separated by the fil-
ter. The cerebric and oleophosphoric acids were held in solution,
and were deposited as the liquid coeled. The precipitate was
washed with cold ether, which dissolved the oleophosphoric acid,
and left the eerebric. Finally, the cerebric acid was dissolved
in boiling ether, and crystallized three or four times. It was
then pure.

Thus obtained it is white, and composed of small crystalline
grains. It is entirely soluble in boiling alcohol, almost insolu-
ble in cold ether, but more soluble in that liquid when boiling
hot. It has the remarkable property of swelling like starch in
boiling water, though it is quite insoluble in that liquid. When
strongly heated it melts, but its fusing point is very little lower
than that at which it undergoes decomposition.

When heated in the open air it burns, giving out a characte-
ristic odour, and leaving a charcoal which burns with difficulty,
and which is sensibly acid. Sulphuric acid blackens it. Nitric
acid decomposes it very slowly. "When calcined with nitre and
carbonate of potash, no sulphate of potash is formed ; a proof
that it contains no sulphur. But phosphoric acid is always formed
in such quantities as may be determined.

When heated with an excess of potash, ammonia is disengag-
ed, proving the presence of azote.

This acid was analyzed by Fremy in the usual way. He found
the constituents to be

Carbon, ¥ 66-7
Hydrogen, . 106

Azote, ? 2:3
Phosphorus, . 09
Oxygen, . 195

1000
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To determineits atomic weight, he analyzed cerebrate of barytes,
which he had obtained in the following manner :—Cerebric acid
was boiled with water to convert it into a hydrate. An excess
of barytes water was then poured into the liquid, and it was kept
boiling for some time, taking care to exclude carbonic acid gas.
A white, flocky insoluble precipitate fell, which, when washed and
dried, was composed of

Cerebric acid, : 92-2 or 11229
Barytes, ] : 78or 95
1000

‘Were we to consider the salt as a neutral cerebrate, the ato-
mic weight of cerebric acid would be 112-29. But it is more
probable from analogy that it contains two atoms barytes united
to one atom of cerebric acid. . This would make the atomic weight
of the acid 224-58.

The atomic composition agreeing best with this weight, and
with, Fremy’s analysis is

198 atoms carbon, . = 1485 or per cent. 66:90
186 atoms hydrogen, . = 2325 1047
3 atoms azote, = 525 2-36

1 atom phosphorus, . = 2- 0-90
43 atoms oxygen, = 43. 19-37
222- 100-00

or perhaps 3 (C*® H® Az O*) 4- Ph. These numbers corre-
spond sufficiently with the analysis, and make the atomic weight
of the acid 222,

Cerebric acid combines in definite proportions with bases. It
is therefore an acid, though possessed of very little energy.
When heated with dilute solution of potash, soda, or ammonia, it
is not dissolved ; yet it combines with their different bases. These
combinations may be obtaimed by putting an alcoholic solution
of cerebric acid in contact with these bases. A precipitate im-
mediately falls, almost quite insoluble in alcohol, which consists
of the acid united to the respective bases. Lime, barytes, and stron-
tian combine directly with cerebric acid, and make it lose the
property of forming an emulsion with water. The remaining
cerebrates have not yet been examined.
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SECTION XVL.—OF OLEOPHOSPIORIC ACID.

The presence of this acid in the human brain, and doubtless
in that of the inferior animals, has been lately discovered by M.
Fremy. *

It has been stated in the preceding section, that when the ethe-
rial product of the brain is treated with ether, there remains in
solution a viscid substance which contains oleophosphoric acid,
frequently combined with soda. To obtain the acid we must de-
compose this salt with an acid, and digest the mass in boiling
alcohol, which dissolves the oleophosphoric acid, and lets it pre-
cipitate as it cools. Thus obtained it is always mixed with olein,
which may be removed by anhydrous alcohol. ‘We may free
it from cholesterin, which is often present, by alcohol and ether,
which dissolve the cholesterin more readily than the oleophos-
phoric acid. It has not yet, however, been obtained in a state
of purity. Fremy was not able to free it completely from cho-
lesterin and cerebric acid.

It has usually a yellow colour, like olein. It is insoluble in
water, and swells a little when put into boiling water. Itis al-
ways viscid. In cold aleohol it is insoluble, but dissolves rea-
dily in that liquid when at the boiling temperature. It is soluble
in ether.

When placed in contact with potash, soda, or ammonia, it im-
mediately forms soapy compounds similar to the matter extract-
ed from brain when treated with ether. With the other bases
it forms compounds insoluble in water. When oleophosphoric
acid is burnt in the open air, it leaves a strongly acid charcoal,
in which the presence of phosphoric acid may be detected.

When this acid is boiled for a long time in water or alcohol,
it gradually loses its viscidity, and is changed into a fluid oil,
which possesses the characters of pure olein. The water or al-
cohol holds a notable quantity of phosphoric acid in solution.
This decomposition is very slow and incomplete when the oleo-
phosphoric acid is treated with pure water or alcohol, but be-
comes very rapid when these liquids are rendered slightly acid.
It takes place at the common temperature, but very slowly. The
atmosphere has no share whatever in this decomposition.

Olein is soluble in absolute alcohol, but oleophosphoric acid is
quite insoluble in that liquid. This shows that oleophosphoric

* Jour, de Pharni., xxvil. 463.
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dcid is not a mere mixture of olein and phosphoric acid, but a
compound of the two. But after the oleophosphoric acid has
been boiled in water or alcohol, the olein being separated from
the acid, is readily taken up by absolute alcohol, even without
the application of heat. The olein thus disengaged burns upon-
platinum foil without leaving any residue, which is not the case
with oleophosphoric acid.

From these facts it is obvious that oleophosphoric acid is very
easily altered inits nature. Hence the reason why it is frequently
found in a brain quite fresh ; though no traces of it can be dis-
covered after the brain has been left for some time to putrefy ;
but instead of it, much olein and phosphoric acid in a separate
state. M. Fremy is of opinion that this tendency to decomposi-
tion may account for some of the changes which are apt to take
place in a living brain.

Oleophosphoric acid is readily acted on by fuming nitric acid.
Phosphoric acid is dissolved, and a fatty acid swims on the sur-
face of the liquid. The quantity of phosphoric acid determined
in this way varies from 19 to 2 per cent.

The alkalies added in excess transform the oleophosphoric acid
into oleates, phosphates, and glycerin.

Fremy considers oleophosphoric acid to be a compound of
phosphoric acid and olein. But he could not succeed in his at-
tempts to combine these two bodies artificially. It must be ac-
knowledged that such a compound, if it do exist, is of a very sin-
gular nature. Olein is a compound of oleic acid and glycerin,
in reality a salt, while phosphoric acid is a powerful acid.

SECTION XVIL.—OF NITROLEUCIC ACID.

This acid was discovered by Braconnot in 1820.* When
minced animal muscle is digested in water till everything solu-
ble is removed, and, after being exposed to pressure, is mixed with
its own weight of concentrated sulphuric acid, it swells up and
dissolves and a little fatty matter swims on the surface, which
must be removed. This mass being mixed with twice its weight
of water and boiled for nine hours, taking care to add water as
fast as it évaporates, the muscle undergoes decomposition. Am-
monia is formed, which unites with the sulphuric acid, while frem
the other constituents of the muscle at least three new prlnmples

* Ann. de Chim. et de Phys. xiii. 118.
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are formed. These three may be separated from each other in
the following way. Saturate the acid liquid with carbonate of
lime, and filter in order to get rid of the sulphate of lime formed,
and then evaporate to dryness. A yellowish mass remains, hav-
ing the flavour of boiled meat. If we boil this matter with aleo-
hol of 0-845, two of the three principles are dissolved. The aleo-
holic solutions are mixed and distilled. The residue taken out of
the retort is evaporated to dryness, and what remainsistreated with
a small quantity of alcohol of 0-83. An extractive looking sub-
stance is dissolved, which attracts moisture from the air, and has
the smell and taste of roasted meat.

The portion insoluble in alcohol of 0-83 has been called by
Braconnot leucin (from Aevxos, white.) Itis a white powder solu-
ble in water and crystallizable. It generally contains some fo-
reign matter, from which it may be freed by cautiously adding
solution of tannin. If, after filtering, we evaporate till a pelli-
ele begins to appear on the surface, and then leave it at rest, a
great number of small round grains are deposited, flat, and hav-
ing an elevated margin so as to resemble some buttons. These
crystals are leucin.

Leucin crackles under the teeth ; its taste resembles that of
boiled meat. When heated to 212° it melts and undergoes a
partial decomposition, giving out at the same time the smell of
roast meat. One portion sublimes unaltered in the form of small
white opaque crystalline grains, while at the same time there
comes over into the receiver ammoniacal water and a little em-
pyreumatic oil. Leucin is very soluble in water and but little
soluble in alcohol. But hot alcohol dissolves a greater portion.
than it can retain when cold. The aqueous solution of leucin is
not precipitated by diacetate of lead nor by any metalline salt, ex-
cept pernitrate of mercury, which throws it down completely in the
state of a white magma, while the supernatant liquor becomes red.

To obtain nitro-leucic acid the leucin is to be dissolved in ni-
tric acid by means of a gentle heat. A slight effervescence takes
place, but no red vapours appear. When sufficiently concen-
trated the liquid concretes into a mass of white crystals. When
freed from nitric acid by pressure between the folds of blotting-
paper and purified by a second crystallization, these crystals con-
stitute nitroleucic acid.

Its taste is sour but weak. It combines with bases and forms
salts called nétroleucates.  Only two of them, nitroleucate of lime
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and of magnesia, have been examined by Braconnot. They crys-
tallize and do not absorb moisture from the atmosphere.

It would be an object of some consequence to examine this
acid more in detail. It is probably analogous to the compound
acid described in the Chemistry of Vegetable Bodies, p. 168.

CLASS 1I.

OF ANIMAL BASES.

Tuese bodies have been hitherto but imperfectly examined.
The number of animal bodies which are known to combine and
neutralize acids does not exceed eleven, and, if we except urea,
not one of them has hitherto been subjected to an ultimate ana-
lysis. It is true, indeed, that ammonia is obtained from the ani-
mal kingdoms, and that it is a very decided base. But, for reasons
too obvious to require being stated here, that alkali was described
while treating of the chemistry of inorganic bodies. Here, there-
fore, we shall simply give a list of the principal combinations in-
to which it enters.

CHAPTER IL
OF UREA.

Tue substance now known by the name of urea was discover-
ed by Rouelle Junr., during his researches on urine, which were
published in the Journal de Medecine for 1773 and 1777. He
obtained it by evaporating recent urine to dryness and digesting
the residue in alcohol. The urea, which he distinguished by the
name of soapy matter, was dissolved. By proper evaporation it
was ohtained in crystals. He mentions that it is difficult to ob-
tain it in a dry state, and that it absorbs moisture from the at-
mozphete. When heated, it yielded, he says, much more than
half its weight of carbonate of ammonia.* In 1808 a new set of
experiments was made upon it by Fourcroy and Vauquelin.t

* Macquer’s Dictionnaire de Chimie (second edition), ii. 645.
1 Ann. de Mus. d’Hist. Naturelle, ii. 226.
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They give a process for procuring it, and describe its properties
at considerable length, though they did not succeed in obtaining
it in a state of purity.

In the year 1798, Dr Rollo published his cases of Diabetes
Mellitus. 'To the second edition of this work was added an ap-
pendix by Mr Cruikshanks of Woolwich on Urine. In this
very important paper Mr Cruikshanks, who seems to have been
ignorant of what Rouelle had done, describes urea anew, and
gives a much more detailed account of its properties. Fourcroy
and Vauquelin take no notice of Cruikshanks in their paper,
and might have been supposed ignorant of the discoveries of the
British chemist, had not Fourcroy added copious notes to the
French translation of Rollo’s work, and must therefore of neces-
sity have been acquainted with that book. In his Systeme de
connaisanges Chimiques, published about the beginning of the
present century, he notices Cruikshanks’s discoveries, and parti-
cularly the property which urea has of combining and crystal-
lizing with nitric acid ; but blames him for calling it animal ez-
{ractive matter instead of distinguishing it by a peculiar name.
In the elaborate paper upon Urine by Fourcroy and Vauquelin,
published in 1800, they notice Cruikshanks’s discoveries; but
assure their readers that they had discovered urea and ascertain-
ed its characters, a whole year before they became acquainted
with Rollo’s work, in consequence of the notice of it in the Bi-
bliotheque Britannique.

Neither Rouelle, Cruikshanks, nor Fourcroy and Vauquelin,
had obtained urea in a state of purity. But in 1808 Berzelius
published the second volume of his Djurkemien in which he de-
scribes a process, rather complicated indeed, but successful, by
which he obtained it in a state of purity, and was enabled to deter-
mine its properties.t But, as this book was written in the Swe-
dish language, the discovery of Berzelius remained unknown till
his View of the Progress and present State of Animal Chemistry
was published in English in 1813.

In 1818, Dr Prout published his Observations on the Nature
of some of the Proximate principles of Urine.t In this important
paper he gives a much easier and shorter process for obtaining

* Ann. de Chim. xxxi. 48, and xxxii. 80.
4+ Férelasningar i Djurkemien, ii. 279.
t In the eighth volume of the’ Medico- Chirurgical Transactions.
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pure urea than that of Berzelius, with which, indeed, he was un-
acquainted. He described the properties of pure urea and sub-
jected it to an accurate ultimate analysis. An analysis had been
previously made by Berard and another by Prevost and Dumas ;
both of which approached very near the results obtained by Prout,
except in the hydrogen, of which they obtained a great excess, be-
cause their urea had not been freed from water. More lately
Whler made the curious discovery, that urea may be made ar-
tificially by uniting together cyanic acid and ammonia.* He
described also the phenomena which take place when urea is ex-
posed to a high temperature.t He showed likewise that urea is
obtained when uric acid is distilled.i Berzelius, in the seventh
volume of the French translation of his T'raité de Chimie, gives
a new process for obtaining urea. It seems merely a modifica-
tion of that of Prout.

The process of Dr Prout is the following : Evaporate by a
gentle heat a quantity of fresh urine to the consistence of a syrup.
Allow it to cool, and add by degrees pure concentrated nitric
acid till the whole assumes the form of a crystallized mass, hav-
ing a deep brown colour. Let this mass be washed with a little
cold water, and left to drain, then pour upon it slowly a pretty
concentrated solution of carbonate of potash or soda till it is com-
pletely neutralized. Concentrate the liquid by a cautious eva-
poration, and set it aside till the nitre formed is deposited in crys-
tals. Separate the liquid portion from these crystals, and add to
it enough of animal charcoal to reduce the whole to the state of
a thin paste. Let the mixture remain at least for some hours,
and then pour upon it a sufficient quantity of cold water to se-
parate the urea. Evaporate the colourless liquor to dryness by
a gentle heat and then boil the residue in very strong alcohol,
which will dissolve the urea, but leave the nitre and most other
saline substances behind it. By evaporating the alcoholic solu-
tions we obtain the urea in crystals, and two or three solutions in
alcohol and crystallizations are sufficient to bring it to a state
of purity.

The process of Berzelius is as follows: Evaporate the urine
to the consistency of a syrup, and then dry it over the steam-bath

+ Poggendorf’s Annalen, xii. 253.
+ Jour. de Pharmacie, xvi. 298, or Poggendorf’s Annalen, xv. 619.

t Poggendorf, ibid. p. 529.
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as completely as possible. Treat the residue with absolute alco-
hol till every thing which that liquor is capable of taking up is
dissolved. Distil the alcoholic solution over the steam-bath.
Dissolve the residue in a little water, and digest it with a little
animal charcoal, which will render it nearly colourless. Filter
the liquid. Heat it to 122,° and dissolve in it as much oxalic
acid as it is capable of taking up at that temperature. On cool-
ing colourless crystals of oxalate of urea are deposited. By eva-
porating the residual liquid in a gentle heat we obtain more oxa-
late of urea. When it begins to thicken and has no longer a
strong ‘acid taste, we may obtain a great deal more oxalate of
urea by heating it to 122°, and adding a new dose of oxalic acid.
Collect the whole crystals thus obtained and wash them with a
little cold water. Then dissolve them in boiling water, adding
a small quantity of animal charcoal, filtrate and evaporate. Oxa-
late of urea is deposited in crystals as white as snow. Dissolve
these crystals in water and mix it with carbonate of lime in very
fine powder, which decomposes the oxalate of urea with efferves-
cence. When the liquor no longer reddens litmus-paper, let it
be filtered to get rid of the oxalate of lime, and evaporate the
clear liquid over the water-bath. We obtain a white mass of a
saline appearance, which is urea, but still mixed with an alkaline
oxalate. This oxalate is removed by digesting the saline mass
in absolute alcohol. Nothing is dissolved but pure urea. What
remains is a chemical combination of urea and an alkaline oxa-
late, usually oxalate of ammonia.

Liebig has lately given another process, which he says is less
expensive, and which is merely the method used by Wahler to
convert cyanate of ammonia into urea.*

Twenty-eight parts of dry prussnate of potash are mixed with
14 parts of peroxide of manganese in powder, and the mixture
is made as intimate as possible. This mixture is heated on a
plate of iron over a charcoal fire to a dull red heat. It takes
fire, but is gradually extinguished, and it must be well stirred
while cooling to prevent agglutination and to facilitate the admis-
sion of air. 'When cold it is digested repeatedly in cold water,
and the solution is mixed with 20% parts of sulphate of ammo-
nia.. The first concentrated liquid obtained by washing the pre-
cipitate should be set aside, and the sulphate of ammonia dis-

¢ Ann. der Pharm. xxxviii. 108.
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solved in the succeeding weak liquids. A copious precipitate of
sulphate of potash falls The supernatant liquid is decanted off
and evaporated over the water-bath. More sulphate of potash
falls, which is separated, and this is repeated as long as the sul-
phate continues to form. The liquid is now evaporated to dry-
ness, and the solid residue is digested in boiling alcohol of 80 or
90 per cent. The urea is dissolved. It crystallizes as the al-
cohol cools or is evaporated. By this process a pound of prus-
siate of potash will furnish one-third of a pound of urea, colour-~
less and crystallized.

The precipitate of potash when heated with black oxide of
manganese is converted into cyanate of potash, a salt very solu-
ble in water. When the solution of this salt is mixed with sul-
phate of ammonia, sulphate of potash and cyanate of ammonia
are formed, which last by a gentle heat, as Wahler first discover-
ed, is converted into urea.

Urea when pure and in crystals is white and transparent. It
has no smell, but a cooling taste, and its lustre is pearly. When
deposited from a concentrated hot solution it is in the form of
fine needles; but by spontaneous evaporation it assumes the
form of long, narrow four-sided prisms. It is best obtained in
crystals by allowing a boiling-hot saturated alcoholic solution to
cool slowly. It produces no change on vegetable blues. It is
not affected by exposure to the air, unless the atmosphere be very
moist, when it deliquesces slightly, but is not decomposed. W hen
heated it melts, one portion is decomposed and another sublimed
without any apparent change. The specific gravity of its crys-
tals, as determined by Prout, is 1:350.

At the temperature of 60°, water dissolves more than its own
weight of urea. The solution exposed to the air for some months
underwent no alteration. Boiling water dissolves any quantity
whatever of urea, and the urea is not altered at that temperature.

At the ordinary temperature alcohol of 0:816 dissolves the
fifth part of its weight of urea, and when boiling hot it dissolves
more than its weight of it. On cooling the additional quantity
is precipitated in crystals. It is hardly soluble in ether and oil
of turpentine, though it renders these liquids opaque.

The fixed alkalies and the alkaline earths decompose urea, es-
pecially when assisted by heat and when water is present. It
combines with most of the metallic oxides. Its combination with
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oxide of silver is grey. This compound detonates when heated
and the oxide is reduced. But urea does not seem capable of
decomposing any of the metallic salts. 'We can only combine it
with the oxides by double decomposition. The best way of ob-
taining these compounds is to mix a solution of a metallic salt
with a concentrated solution of urea, and to add as much alkali
as will saturate the acid of the metallic salt. 'We may combine
urea with oxide of lead by digesting the oxide in a concentrated
solution of urea.

Nitric acid forms with urea a compound which crystallizes in
large brilliant plates or transparent prisms; though it is very
difficult to obtain the compound in regular crystals. These crys-
tals have an acid taste, and are not altered by exposure to the
air. At the temperature of 50° 100 parts of water dissolve 19-7
parts of nitrate of urea. This salt was found by Dr Prout’s ana-
lysis to be composed of,

Nitric acid, ! < 675
Urea, ; ; Wlo®yd s
14-2
When heated in a retort it gives out a combustible gas,t and is
converted into nitrate of ammonia. When heated rapidly on
platinum foil it detonates. A good deal of cold is produced
when nitrate of urea is dissolved in water. 'When the aqueous
solution is boiled an effervescence takes place and carbonic acid
is disengaged. There remains a solution of carbonate and ni-
trate of ammonia.

Dr Prout discovered that oxalic acid forms a crystalline com-
pound with urea as well as nitric acid. Oxalate of urea is in
long slender plates. Itstaste is cooling. 'When heated it melts
and boils, carbonate of ammonia is disengaged and cyanuric acid
is formed. Oxalate of urea dissolves in much greater ‘quantity
in boiling than in cold water, and is deposited in crystals as the

* There is probably another compound of nitricacid and urea. 1 obtained a
compound of nitric acid, 6'75; urea, 1723, or rather more than twice the urea
stated in the text. In this case the urea was not deprived of its colouring mat-
ter, and therefore was heavier than it ought to have been. Had it been pure it
would in all likelihood not have exceeded fifteen, or double the quantity which
Prout obtained.

1 Probably cyanogen.
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liquid cools. At 61° 100 parts of water dissolve only 4:37 of
oxalate of urea. It is still less soluble in alcohol than in water.
One hundred parts of alcohol of 0-833 dissolves only 16 of oxa-
late at the temperature of 61.° According to the analysis of Ber-
zelius this salt is composed of,

Oxalic acid, 5 ¢ 37:436 or 45

Urea, b X . 62564 or 7:525

100:000

It contains no water of crystallization. According to Berze-
lius this salt is capable of combining with the neutral alkaline
oxalates, forming double salts, which are soluble in alcohol. Iime
decomposes these salts in such a way that oxalate of lime preci-
pitates, while the urea and alkaline oxalate remain in solution,

‘When cyanuric acid is boiled with a concentrated solution of
urea, and the solution filtered while hot, fine needles are depo-
sited as the solution cools. These are composed of cyanuric
acid and urea. The same salt is obtained when uric acid is dis-
tilled in a retort. It is soluble in alcohol. Nitric acid decom-
poses it, nitrate of urea being formed, and cyanuric acid set at
liberty.

MM. Cap and Henri, by treating lactate of lime with oxalate
of urea, obtained lactate of urea, which crystallizes in white pris-
matic needles. They have extracted the same salt from urine.
They separated the free lactic acid from urine by an excess of
hydrate of zinc, and obtained lactate of urea identical with that
prepared by direct combination.* Urea possesses the property
of a base, and combines not only with nitric, oxalic, and lactic
acid, but also with sulphuric acid. ~Sulphate of urea may be ob-
tained by mixing 100 parts of oxalate of urea with 125 parts of
sulphate of lime in silky crystals, adding a little water and heat-
ing for an instant. Add four or five volumes of alcohol, of spe-
cific gravity 0-843, filter and evaporate. The sulphate of urea
crystallizesin grains and needles ; its taste is sharp and cooling.

‘When common salt is dissolved in urine, it crystallizes in oc-
tahedrons, while sal-ammoniac, under the same circumstances,
crystallizes in cubes. This alteration in the shape of the crystals
is ascribed to the salts entering into combination with urea.

* Phil. Mag. third series, xiii. 478; or Jour. de Pbarm. xxv. 183.
F
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Urea is not precipitated from its solutions by any metallic salt
nor by tannin,

Urea was subjected to an ultimate analysis by Berard and by
Prevost and Dumas, but the proportion of hydrogen obtained by
these chemists was greatly in excess. It was analyzed by Dr
Prout in 1818,* with great precision. He obtained

Carbon, : 19-99
Hydrogen, . 666
Azote, " 4666

Oxygen, . 2666
100-
In Dobereiner’s supplement it is stated that Whler and Lie-
big made two analyses of urea with the following results :

Carbon, 2002 2020
Hydrogen, NG Tl 6-60
Azote, L 4673 4676
Oxygen, . 2654 2644

100-00 100-00
I do not know where these analyses were published. Butit is
obvious at a glance that they coincide most satisfactorily with
the results previously ‘obtained by Dr Prout.
Some idea of the atomic weight of urea may be formed from
the constitution of nitrate of urea and oxalate of urea. The
former gives 7-45, and the latter 7-52, the mean of which is

7°485. Now, if its atomic weight be 7°5, its constitution must
be

2 atoms carbon, 1:5 or per cent. 20-00

4 atoms hydrogen, = 05 666

2 atoms azote, = 35 4666

2 atoms oxygen, = 20 26°66
75 100-

which corresponds exactly with the analysis of Dr Prout.
Whler discovered that when a solution of sal-ammoniac is
poured upon cyanate of silver recently precipitated, chloride of
silver is formed, and instead of cyanate of ammonia, which ought
to be formed, if we evaporate the solution we get white crystals,

* Annals of Philosophy, first series, xi. 353.
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possessing the characters of urea. It is obvious that the consti-
tuents of urea and of cyanate of ammonia are identical.

Urea is ’ C? H* Az2 O

Cyanate of ammonia, C? Az O+ H* Az4+ H O.

At first cyanate of ammonia actually exists in the liquid.
But by the evaporation, the constituents of this salt arrange
themselves in a different manner, and constitute -the more sta-
ble compound, urea. The difference between the properties of
cyanate of ammonia and urea is very great, yet the ultimate
constituents of both are the same. We see here strikingly ex-
emplified how entirely the properties of substances depend. upon
the way in which the ultimate atoms are arranged.

Urea some years ago was introduced in France in medicine
as a diuretic. But 1 have never seen any well attested evidence
that it really possesses diuretic properties. Urea is not confined
to the urine. It has been detected in the blood and in the liquor
of dropsy.

CHAPTER II

OF ODORIN.

‘WHEN animal substances are distilled, one of the constant
products is an empyreumatic oil, usually called Dippel’s animal
oil,; because that chemist was the first who obtained it in a state of
purity.* Unverdorben examined this oil in the year 1826, and
extracted from it four different salifiable bases, which he distin-
guished by the name of odorin, animin, olanin, and ammolin.

Rectified Dippel’s oil is composed of these four substances.
Odorin may be obtained from the rectified oil by the following
process : Saturate the ammonia in the oil till the alkaline reac-
tion is destroyed ; but care must be taken not to add more than
is sufficient for that purpose. Then distil the oil over the steam-
bath without adding any water to it. What comes over first is

* He made it known as a medicine in 1711, in a pamphlet, published at Ley-
den. All animal substances, he says, yield it. He purified it by 30 successive
rectifications.

t Poggendorf’s Annalen, viii. 253.
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odorin. Examine what comes over from time to time, by letting
a drop of it fall into water. As long as it dissolves complete-
ly in the water, it is pure odorin, but as soon as it begins to ren-
der the water muddy, we may conclude that animin is coming
overalso. We must then change the receiver that we may not
injure the purity of the odorin, which has already distilled over.
If we continue the distillation till only one-twentieth of the oil
remains in the retort, we obtain a mixture of odorin and animin.
The last 20th is a mixture of animin and olanin.

Odorin* is a colourless oil, which refracts light very power-
fully. It has a peculiar and disagreeable odour, differing from
that of Dippel’s oil. Its taste is acrid and peculiar. It restores
the blue colour of litmus-paper reddened by an acid. It boils
at about 212°, and does not become solid though cooled down
to —13°.

It is very soluble in water, alcohol, ether, and the volatile
oils. It combines with the acids and forms salts. It dissolves
the resins, and the compounds formed with them are decomposed
when the solution is distilled with water. It combines also with
various extractive matters so intinately that it cannot be sepa-
rated from them by distillation. But these compounds are de-
composed by the more powerful salifiable bases.

All the salts of odorin have the form of oils; and they have
little stability. A portion of the odorin makes its escape, and a
subsalt remains, or even the acid alone, if it is feeble and fixed.
The nitrate, muriate, and acetate of odorin may be distilled over
along with water. Odorin is separated from its combination
with acids by almost all the other bases. The few observations
made upon the salts of odorin by Unverdorben, the only person
who hitherto has examined them, are the following :

1. Sulphate of odorin.—When we mix concentrated sulphu-
ric acid with more odorin than it can saturate, the mixture be-
comes boiling hot. The sulphate precipitates under the form of
a heavier oil, through the excess of odorin, which does not dis-
solve it. This sulphate is very soluble in water. When we dis-
til or evaporate it a portion of the odorin escapes, and a super-
sulphate of odorin remains.

2, Sulphite of odorin is formed when odorin is made to ab-
sorb sulphurous acid gas. Heat is evolved, and an oily salt

* Unverdorben, Poggendorf’s Annalen, xi. 61.
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formed, which may be distilled over without alteration. It is
very soluble in water, and when exposed to the air absorbs oxy-
gen, and is converted into sulphate. Acids decompose it with the
evolution of sulphurous acid gas.

3. Nitrate of odorin may be distilled over ; but it undergoes
a partial alteration during the process. What comes over is
a mixture of nitrate and nitrite of odorin, together with an em-
pyreumatic oil. The residue in the retort, besides undecomposed
salt, consists of an extractive matter and a resin soluble in po-
tash.

4. Carbonate of odorin is a volatile oil.

5. Borate and benzoate of odorin when exposed to the air,
let go by far the greatest part of their base; but retain a small
portion of it with considerable force.

6. Unverdorben did not succeed in his attempts to combine
odorin with arsendous acid.

7. Muriate of odorin may be formed by causing the base to
absorb the acid in the gaseous state. Itis a colourless oil, which
does not become solid though cooled down to —13° It may be
distilled over without decomposition, and is very soluble in water.

When a current of chlorine is passed through odorin, decom-
position takes place, muriate of odorin is formed, but the great-
est part of the liquid is converted into a thick yellow magma.
About two-thirds of the odorin is converted into this matter,
while the remaining third becomes muriate. The yellow mag-
ma is partly soluble in potash, from whichit is precipitated by acids
in the state of a yellowish-brown powder. The portion insoluble
in potash is a resinous-looking substance, fusible and soluble in
concentrated sulphuric acid.

Muriate of odorin has a brownish-yellow colour, and is solu-
ble in water, alcohol, and ether. When distilled odorin passes
over, and a supersalt remains in the retort.

8. When iodine is added to odorin, a powder is formed, hav-
ing a brown colour, and insoluble. There is formed at the same
time an extractive-looking substance, soluble in ether, and pre-
cipitated by the salts of lead and silver.

9. The double salts of odorin have more fixity and a stronger
resemblance to the common class of salts than the simple salts.

Sulphate of copper is dissolved by odorin, and the solution
has an intense blue colour. A subsalt of sulphate of copper re-
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mains, showing that sulphate of odorin and copper has been
formed. By evaporation we obtain it of a green colour; and
the excess of odorin may be gradually driven off.

Acetate of copper behaves with odorin in the same way as
sulphate. When we mix an aqueous solution of this salt with
odorin, no precipitate falls, and when the mixture is left to spon-
taneous evaporation, in proportion as the excess of odorin is vo-
latilized, a double subsalt is deposited in four-sided short prisms,
having a grass green colour. This salt does not lose its odorin
though exposed to the air. It is soluble in water and alcohol,
but insoluble in ether. When distilled, odorin comes over first,
then acetate of odorin, and there remains in the retort acetate
of copper, mixed with brown subacetate, which has precipitated.

Neither oxide of copper nor carbonate of copper is soluble in
odorim.

When a solution of corrosive sublimate is mixed with muriate
of odorin, the two salts combine together, and when we evapo-
rate the liquid, an o:l precipitates limpid-like water. This oil is
a double salt not altered by exposure to the air. When we mix
a solution of corrosive sublimate with a solution of odorin, a
subsalt precipitates in the form of a crystalline powder, which is
soluble in ten times its weight of boiling water, and which is
mostly deposited in crystals as the solution cools. If we boil the
solution, the odorin escapes with the steam, and nothing remains
but the corrosive sublimate. The anhydrous salt behaves in the
same way. It is soluble in alcohol and ether, and is slowly de-
composed when exposed to the air.

When chloride of gold is mixed with muriate of odorin, a
double salt precipitates in small yellow crystals, soluble in twen-
ty times their weight of boiling water.. The solution of thissalt
reddens litmus-paper. It is more soluble in alcohol than in
water, and is insoluble in ether. It may be fused, but in that
case is easily decomposed into muriate of odorin, chlorine, and
metallic gold; dilute acids dissolve it at a boiling temperature,
and it is again deposited unaltered as the liquid cools.

When odorin is mixed with chloride of gold, a yellow saline
powder precipitates, which is a double subsalt almost insoluble
in cold water, slightly soluble in boiling water, but again preci-
pitated as the solution cools. It is not altered by exposure to
the air, and may be fused withgut undergoing decomposition.



ANIMIN. 87

After cooling, it is yellow and transparent. When exposed to
a stronger heat, muriate of odorin may be distilled over, leaving
metallic gold with some other products of decomposition in the
retort.  Nitric acid scarcely dissolves it even at a boiling heat.

Chloride of platinum gives with muriate of odorin a double
salt, which crystallizes, has a yellow colour, and is soluble in four
times its weight of water. "With odorin alone it forms a subsalt,
which is very little soluble, and which precipitates under the form
of a powder. Boiling water dissolves a small quantity of it,
which is deposited as the solution cools. The action of these
two double salts upon reagents is similar to that of the two cor-
responding salts of gold.

CHAPTER III

OF ANIMIN.

It was stated in the last chapter, that when rectified il of Dip-
pel, saturated with ammonia, was subjected to distillation, the
first liquid which came over was pure odorin. As soon as the
liquid which distils begins to render water muddy, a new re-
ceiver is applied, and the distillation continued, till only one-
twentieth of the original quantity remains in the receiver. The
liquor thus obtained is a mixture of odorin and animin. If we
agitate it with a little water, the odorin will be dissolved, together
with a little animin. 'We may extract the odorin from this solu-
tion by supersaturating the liquid with sulphuric acid, evaporat-
ing the solution, and distilling the residue with a base. The
animin remains under the form of an oil. It has a peculiar
smell. It is soluble in twenty times its weight of cold water,
but it is much less soluble in hot water. Hence it happens that
the cold solution becomes milky when heated, and resumes its
limpidity again when allowed to cool. The solution changes
reddéned litmus-paper to a violet blue colour. Itis very solu~
ble in alcohol, ether, and oils.

Its affinity for acids seems nearly the same as that of odorin.
Its salts resemble oils like those of odorin ; but they are much

less soluble in water.
1. Sulphate of animin is an oily body very little soluble in
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water. When we boil it with water, a portion of the animin is
volatilized, and there remains a supersalt very soluble in water
and alcohol, and which undergoes no farther change, though the
boiling be prolonged.

2. Benzoate of animin is little soluble in ¢old water, but more
soluble in hot water, by which it is not so easily decomposed as
benzoate of odorin.

3. Muriate of Animin forms double salts with the chlorides of
copper, gold, and platinum. The double chloride of animin and
mercury has the form of a colourless oil, that of chloride of ani-
min and geld the form of a brown oil, while the chloride of ani-
min and platinum crystallizes. All these double salts are very
little soluble in water.*

CHAPTER 1IV.
OF OLANIN. T

It has been already stated, in the preceding chapters, that
when rectified Dippel’s oil is distilled to one-twentieth part, what
passes over is odorin and animin. The twentieth that remains is
chiefly olanin ; though it still retains a portion of animin. If we
agitate this residue four times successively with five times its
weight of water, the animin will be dissolved by that liquid, and
the olanin will remain in a state of purity.

It is an oily liquid, somewhat thick, and resembling a fat oil.

It has a peculiar but not a disagreeable odour, and reacts very
feebly as an alkali upon reddened litmus-paper. When expos-
ed to the air it becomes brown, and is gradually converted into

Susein. Tt is but little soluble in water, but very soluble in al-
cohol and ether.

Itssalts are all oily ; and, according to Unverdorben, they re-
semble the salts of odorin very closely in their properties. But
they have been very imperfectly examined. The following are
the facts stated by Unverdorben, and I am not aware that they
have been examined by any other chemist.

* Unverdorben, Poggendorf’s Annalen, xi. 67.
1 The name is derived from the first syllables of oleum enimale, adding to them

the termination in. s
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1. When Perchloride of Iron is mixed with muriate of ola-
nin, a double oily salt is formed, baving a deep brown colour so-
luble in twice its weight of cold water ; but requiring four times
its weight of bot water to dissolve it. Hence when a saturated
cold solution is raised to the boiling temperature, a great deal of
the salt is separated, which is again redissolved as the solution
cools. This double salt is neither decomposed by boiling nor by
acids. It dissolves in oil of cumin, and water can only take it
from that solution by long boiling, and in proportion as the oil
evaporates.

2. Corrosive sublimate and 'muriate of olanin form an oily co-
lourless double salt. Olanin combines with corrosive sublimate
into a subsalt, little soluble in water, and having a yellow colour.
It is fusible, and resembles a resin. It requires a thousand times
its weight of boiling water to dissolve it, and from this solution
it is deposited in a crystalline form. It is not decomposed by
boiling, and is insoluble in alcohol.

3. Chloride of gold forms with muriate of olanin a neutral
double salt, having a deep-brown colour. It is little soluble in
cold, but more soluble in hot water, and is very soluble in alco-
hol and ether. "When this salt is long boiled with water, alittle
of the gold is reduced to the metallic state.

Chloride of gold and olanin form a subsalt resembling a re-
sin. It is hard, brown, insoluble in water, but soluble in alco-
hol. If we pour muriatic acid into that solution, the salt be-
comes neutral. But this scarcely happens unless alcohol be pre-
sent.

4. With chloride of platinum, olanin forms a double neutral
salt, which has the appearance of tar. It is more soluble in wa-
ter than the chloride of gold and olanin. It is also very soluble
in aleohol, but insoluble in ether.*

* Unverdorben, Poggendorf’s Annalen, xi. 70.
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CHAPTER V.
OF AMMOLIN. *

Tais substance, like the three preceding, was first obtained
and examined by Unverdorben. His process for obtaining it is
the following:.

Pour dilute sulphuric acid into unrectified Dippel’s oil, as long
as any effervescence is produced. When this is at an end, add
as much more sulphuric acid as has been already mixed with the
oil; allow the mixture to remain for some hours, agitating it
frequently during that time. When the sulphuric acid liquor
and the oil have separated from each other, draw off the oil and
wash it with water. Add these washings to the sulphuric acid
liquor. This acid solution contains supersulphates of odorin,
animin, olanin,-and also of ammolin, saturated with empyreuma-
tic oil dissolved. To get rid of this last oil, let the liquor be
boiled for three hours in an open vessel, replacing the water as
it evaporates. By this treatment, a portion of the oil is vola-
tilized, and another portion separates under the form of a brown
resin. Mix the liquor, which has now become brown, with a
fortieth part of its weight of nitric acid, and evaporate till only a
fourth part of the original quantity remains. Add water till the
original bulk of the liquid is restored, and after having nearly,
but not fully, saturated it with carbonate of soda, distil till what
comes over has neither the smell of odorin nor animin. What
remains in the retort is a mixture of sulphate of ammonia and
sulphate of ammolin. After taking this residue out of the re-
tort, let the sulphuric acid be completely saturated with carbon-
ate of soda, and then evaporate the liquid. ~Carbonate of ammo-
nia is disengaged, and a brown oil separates. This oil is to be
cautiously distilled. 'What passes over is ammolin, containing
an empyreumatic oil, having the smell of horsc-radish. What
remains in the retort is fuscin.

Boil what has been distilled over with water. A portion of
the empyreumatic oil is volatilized, and another portion dissolves
in the water. The ammolin which remains is a colourless oily
body, which is heavier than water, and which instantly restores
the colour of litmus-paper reddened by an acid.

* The word is made_up of the first syllables of the words emmoniacum and
oleum, adding the termination in.
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1t is so little volatile that when boiled with wate very little
of it, if any, is volatilized. It dissolves in forty times its weight
of boiling water, and 200 times its weight of cold water.
If we evaporate the solution, the water may be driven off, leav-
ing the ammolin behind. Ammolin is very soluble in alcohol and
ether.

Chlorine decomposes it; the products are muriate of ammolin,
animin, fuscin, and an extractive-looking matter. Ammolin
combines readily with extractive matter and resins. It is more
strongly alkaline than any of the three preceding bases. When
boiled with ammoniacal salts, it expels the ammonia, doubtless
in consequence of its little volatility. = 'When even a great
excess of ammonia is added to an ammolin salt, very little of the
ammolin is disengaged.

The ammolin salts are oily, very soluble in water and alcohol ;
but insoluble in ether. Sulphate and nitrate of ammolin are
probably decomposed when distilled, free ammolin coming over,
mixed with the products of decomposition. Acetate and mu-
riate of ammolin may be distilled over almost completely, with-
out being decomposed. With succinic and benzoic acids am-
molin forms oily salts, which may be heated without undergoing
decomposition.*

CHAPTER VI.
OF FUSCIN. t

To Unverdorben we are indebted also for the discovery of fus-
cin, which he extracted from unrectified Dippel’s oil by the fol-
lowing process:

One part of the oxl is mixed with one-eighth of hydrate of
potash dissolved in six parts of water. This mixture is cautiously
distilled till the volatile substances and the empyreumatic oil
pass.into the receiver, and there remains in the retort solution
of potash united to pyrozoic acid, on which swims a viscid pitchy
substance. It is this last substance which contains the fuscin.
When it is digested in acetic acid a portion is dissolved. ~This
portion is precipitated by the alkalies. The precipitate is brown,

* Unverdorben, Pogg endorf’s Annalen, xi. 74.
1 The name derived from, fuscus, lrown.
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Digest it in absolute alcohol, a portion is dissolved. This por-
tion is fuscin. When the alcohol is evaporated, we obtain the
fuscin in a brown coloured mass, cracked in all its dimensions.

Fuscin is solid, has a brown colour, and is insoluble in water.
The acids dissolve it, and when the solutions are evaporated a
brown matter remains, which is soluble in water and in aqueous
alcohol ; and which, while in a solid state, may be exposed to
the atmosphere without undergoing any alterations. The com-
pounds of fuscin with succinic and benzoic acids constitute an ex-
ception to this solubility in water ; for they are insoluble in that
liquid. 'When any of the solution of salts of fuscin is mixed with
potash, fuscin precipitates, which, when washed and dried, has
the form of a brown powder. It does not melt when heated, but
is charred, and gives out a smell similar to that of burning born.

Fuscin, whether in the state of a dry powder, or in solution,
in acids gradually absorbs oxygen from the atmosphere, and as-
sumes a red colour. The solutions in that case contain the same
substance which alcohol leaves undissolved when digested on
the brown matter precipitated by alkalies from the acetic acid
solutions mentioned in the process for procuring fuscin. This
substance, as well as fuscin, combines with the acids. But it soon
loses this property, and assumes the form of a brown powder,
insoluble in all menstrua. *

CHAPTER VII.

OF CRYSTALLIN. T

Tais substance was obtained by Unverdorben from indigo ;
but its analogy to the five preceding bases is so strong, that it was
deemed better to place it here than among the produets of vege-
table substances.

When indigo is distilled per se it gives first water and oil,
and then oil holding resin in solution passes over. The oil
is colourless and volatile, and has not an empyreumatic smell,
but one similar to that of indigo when strongly heated. This
oil, when left exposed to the air, becomes yellow, and then con-

* Unverdorben, Poggendorf’s Annalen, viii. 261.

1 So called because its salts are capable of crystallizing, which is not the case
with those of any of the preceding five bases.
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tains ammonia, crystallin, and several other substances. The
crystallin may be obtained by the following process :~—

Mix the oil with sulphuric acid, which dissolves it, leaving the
other substances behind. Mix the acid liquid with another base,
and distil. The erystallin passes over.

Crystallin is a colourless oil, which is heavier than water. Its
odour is strong, and has some resemblance to that of new honey.
It does not react sensibly as an alkali. It is but little soluble in
water, yet it may be distilled over with that liquid. When ex-
posed to the air it becomes red, and then communicates a yellow
colour to water when dissolved in it.

Sulphate of erystallin crystallizes, whether it be neutral or con-
tain an excess of acid. When the neutral salt is evaporated, it
is converted into a supersalt. It is insoluble in absolute alco-
hol. Its aqueous solution becomes gradually brown, and then it
contains sulphate of fuscin. When supersulphate of crystallin is
heated, it melts and concretes on cooling into a crystalline mass.
‘When exposed to a stronger heat it undergoes decomposition, and
there are formed sulphate of crystallin, sulphate of odorin, and a
great quantity of sulphate of ammonia. The charcoal remaining
leaves no residue when burnt.

Phosphate of crystallin crystallizes readily, when it is neutral ;
but the superphosphate does not crystallize at all. Alcohol se-
parates the crystals by removing the excess of acid and the water.*

CHAPTER VIIIL

OF APOSEPEDIN. T

THais substance was first noticed by M. Proust in 1818, 1 who
gave it the name of cheesy oxide. It was again examined, and
its properties ascertained by Braconnot in 1827, § who distin-
guished it by the name of aposepedin, because it is formed when
casein undergoes a species of putrefaction.

Cheese, as every body knows, consists essentially of coagulat-
ed casein, || from which the great quantity of liquid which it ori-

* Unverdorben, Poggendorf’s Annalen, viii. 897.

+ From. axwe and cazxedor, putridity.

%+ Ann. de Chim. et de Phys. x. 40. § Ibid., xxxvi, 161.

§ This substance will be described in a subsequent chapter of this volume.
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ginally contained has been expelled by pressure. When thus
treated it may be kept a considerable time, during which it is
slowly undergoing an alteration, which renders it more agree-
able to the taste. If the liquid portion has not been squeezed out
with care, it undergoes a species of putrefaction, similar to what
takes place when moist gluten of wheat is left in a similar state.
Proust conceived that during this process a peculiar acid was
formed, which he distinguished by the name of caseic acid, toge-
ther with another substance which he called caseous or cheesy
oxide. Braconnot showed that the caseic acid of Proust was com-
posed of a congeries of substances which he separated from each
other. The cheesy oxide he found a peculiar substance, and dis-
tinguished it, as has been already stated, by the name of apose-
pedin.

He mixed 4167 grains of fresh cheese from creamed milk
with 61 cubic inches of water, and left the mixture to putrefy for
a month in a temperature varying from 68° to 77°.  During this
interval the greatest part of the cheese was dissolved. The so-
lution was separated by filtrations from the undissolved portions.
Its smell was putrid, but no odour of sulphur could be distin-
guished in it. When evaporated to the consistence of honey it
gradually congealed into a granular mass, one portion of which
dissolved in alcohol, while another portion remained unattached
by that liquid. The first of these portions was the caseate of am-
monia of Proust, and the second his caseous oxide.

This last substance was dissolved in water and the solution
treated with animal charcoal, which rendered it colourless. This
liquid being left to spontaneous evaporation, deposited brilliant
crystalline vegetations, constituting rings and cauliflower-looking
concretions on the edges of the liquid. To obtain it perfectly
white it was necessary to dissolve and evaporate it two or three
times successively. Thus purified its properties were as follows :

Its colour is white; it has no smell, its taste slightly bitter’
with a flavour of roasted meat. It crackles under the teeth; it
is heavier than water, and is easily reduced to powder. Itburns
away without leaving any residue. When heated in a tube of
glass open at both ends a portion of it is volatilized unaltered,
under the form of long slender crystals. Kvery time that this
process is repeated a new portion is decomposed. When dis-
tilled per se ina retort it does not sublime but undergoes decom-
position. A solid oil passes over into the receiver together with
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a liquid holding carbonate and sulphohydrate of ammonia in so-
lution.

When aposepedin is heated on polished silver, the metal is
blackened, being converted into sulphuret. At the temperature
of 57° aposepedin is soluble i m&Z times its weight of water. The
solution speedily putrefies, and acquires a very disagreeable smell.

Aposepedin is very soluble in alcohol. When a boiling alco-
holic solution cools, the oxide is precipitated under the form of
a fine light powder, which after being dried, has a good deal of
resemblance to magnesia. Nitric acid converts it into a bitter
matter and a yellow oil; but no oxalic acid is formed. Muria-
tic acid dissolves a greater quantity of it than water, and when
the solution is concentrated it concretes into a mass on cooling. -

The aqueous solution of aposepedin is neither precipitated by
alum nor persulphate of iron. The infusion of nut-galls throws
it down abundantly in flocks, which are redissolved by adding a
great excess of thereagent. 'When mixed with a solution of su-
gar no fermentation is produced.

The portion of the cheese dissolved in ammonia owes its acid
properties to acetate of ammonia, generated during the putrefac-
tion of the cheese. It contained also a brown extractive matter,
ammonia-phosphate of soda and a brown oil, heavier than water,
and having an acrid and burning taste. Braconnot considered
it as a compound of oleic acid with an acrid oil.

CHAPTER IX.

OF TAURIN.

Tuis substance was discovered by L. Gmelin in 1824, during
the researches of Tiedemann and Gmelin on ox bile ; and its pro-
perties were described by him in 1827.* They distinguished it
by the name of gallenasparagin, which L. Gmelin afterwards
changed into faurin, obviously from the Latin name of the ani-
mal'from whose bile it was extracted. There can be little doubt
that it was formed from the choleic acid of bile by the processes
to which Gmelin subjected ox bile; though he was of opinion
that it constituted one of the many ingredients of which he con-

* Poggendorf’s Annalen, viii. 326.
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sidered the bile to be composed. Gmelin’s method of obtaining
it was the following :

Ox bile was mixed with muriatic acid, and filtered to separate
a mucous or albuminous matter which bad precipitated ; the filter-
ed liquor being left for some days in repose, some stearic acid
was deposited. The filtered liquor was then concentrated by eva-
poration till only a small quantity remained. This residue con-
sisted of a resinous matter and an acid liquor. The liquor being
separated from the resin and still farther concentrated, more of
the resin fell, and finally crystals of faurin and of common salt
were deposited. The taurin was picked out and purified by a
second crystallization. 'When the resin is dissolved in absolute
alcohol and the solution filtered, taurin in small crystals remains
on the filter. It may be purified by washing it in absolute alco-
hol; dissolving it in water and crystallizing.

Thus purified taurin consists of transparent colourless crystals.
The primitive form is a right rhombic prism with angles of 111°
44/, and 68° 16’. But it is usually in six or eight-sided prisms,
terminated by four or six-sided pyramids. These crystals crackle
under the teeth, and have a sharp taste, neither sweetish nor sa-
line. Taurin neither reacts as an acid nor an alkali, and is not
altered by exposure to the air, even when heated to 212.°
When strongly heated taurin melts into a thick liquid, becomes
brown, swells, and exhales an agreeable but empyreumatic odour,
similar to that of burning indigo. It leaves a charcoal which is
easily consumed. ‘When distilled per se it gives a thick brown
oil with a little yellow coloured and acidulous water, which con-
tains an ammoniacal salt in solution, and reddens a solution of
perchloride of iron.

Taurin dissolves in 15} times its weight of water at the tem-
perature of 54.° It is much more soluble in boiling water, and
the surplus crystallizes as the solution cools. Boiling alcohol of
0-835 dissolves only 3} sth part of its weight of taurin, and in ab-
solute alcohol it is almost insoluble.

Concentrated sulphuric acid dissolves it without the assistance
of heat, forming a transparent brown liquor from which the tau-
rin is not precipitated by water. When this solution is raised -
to the boiling point its colour becomes darker, but no sulphurous
acid is disengaged. Cold nitrie acid dissolves taurin readily, and
when the acid is evaporated away the taurin remains unaltered.

The aqueous solution of taurin is not sensibly acted on by
muriatic acid, potash, ammonia, alum, chloride of tin, chloride
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of iron, sulphate of copper, corrosive sublimate, nitrate of mer-
cury, or by nitrate of silver.
Taurin, according to the analysis of M. Demarcay, 1s com~
posed of C* H” Az O, This may be resolved into,
2 atoms oxalic acid, C* O°
1 atom ammonia, . H3 Az
4 atoms water, . . O H*

¢t H Az0"°=15%625
This composition has been confirmed by the analysis of Dumas
and Pelouse.*

CHAPTER X.
OF CHITIN.

Tuis name (from xdwy, funica) has been given by Dr Odier
to the hard horny crust which forms the outer covering of many
insects, and in particular the elytra of the coleopterous insects.t
When these elytra are boiled in a solution of caustic potash, the
menstruum extracts albumen, a matter analogous to the extract
of meat, and a fatty coloured matter which is soluble in'the al-
kali ; but insoluble in alcohol and water. W hat remains is chitin.

Chitin is white and translucent. It does not melt when heat-
ed; but is charred without giving out ammonia or hydrocyanic
acid. It is soluble in dilute sulphuric acid, and in nitric acid
when assisted by heat. The solution in nitric acid is not yellow,

CHAPTER XI.
OF AMMONIA.

Ammpnia is beyond question the most important of all the ani-
mal bases. But its use is so indispensable to the chemist at the
very commencement of hisinvestigations, thatit it was necessary to
describe its propertxes while treating of the Chemlstry of Inor-
ganic Bodies. (Vol. i. p. 138.)

* Ann. der Pharm xxvii. 292.
+ Odier, Mem. de Mus, d’Hist. Nat. i. 35.
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It enters into a greater number of combinations than perhaps
any other base whatever. I propose in this section to give
merely a catalogue of the most important of these compounds,
and, at the same time, to explain the viewsat present entertained
respecting their nature,

Ammonia has been long known to be a compound of azote
and hydrogen. But azote and hydrogen are at present con-
ceived to be capable of uniting in three different proportions.

1. The first, called amide, is a compound of one atom azote,
and two atoms hydrogen, Az H> — 2. It is considered as the
radical of ammonia, and has not hitherto been obtained in an
isolated form. It is not a base; but is capable of combining
with bases, and seven of such compounds are known.

2. The second compound of azote and hydrogen is ammonia.

It consists of one atom of azote combined with three atoms am--

monia, Az H? = 2-125. It is a powerful base, and readily com-
bines with and neutralizes acids.

3. The third compound of azote and hydrogen is called am-
montum. It is a compound of one atom of azote with four atoms
hydrogen, Az H* — 2:25. It possesses the character of a metal,
and is capable of combining with metals. Hitherto it has not
been obtained in an isolated state. But all the ammoniacal salts
containing oxygen acids are considered at present as compounds
of the acid and oxide of ammonium.

Let us take a view of the compounds which these three modi-
fications of ammonia are capable of forming.

I. AMIDES. .

1. Amide of potassium, : e dP 3 K = 7

2. Amide of sodium ; AzH? - Na= 5

3. Amide of mercury, . Az H? 4+ Hg— 145

White precipitate, Az H? Hg 4 Chl. Hg = 315 (Kane) ob-
tained by precipitating corrosive sublimate by caustic ammonia.

‘When white precipitate is treated with caustic potash, we ob-
tain a yellow powder composed of Az H* Hg + 2 HgO 4
Chl. Hg — 585 (Kane.)

A number of other complex compounds have been analysed by
Dr Kane of Dublin.

4. Amide of copper and hyposulphate of ammonium, Az H?
Cu + (8% 0°) (Az H* O) = 18:25.

A
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5. Amide of copper and nitrate of ammonium, Az H? Cu 4
(Az O°) + (Az H* O) = 16.

And so of the other compounds of metallic amides with salts
of ammonium.

1. Oxamide, C? O? 4- Az H? — 5°5.

This was the substance originally discovered by Dumas, which
led to the whole doctrine of amides. It is oxalate of ammonia
— an atom of water

2. Sulphamide, Az H? 4 SO* = 6.

Discovered by Regnault. Obtained by mixing chlorine gas,
sulphurous acid gas and olefiantgas. A liquidisformed which, by
a current of ammoniacal gas, is converted into a white powder
and sal-ammoniac. The white powder is sulphamide.

3. Sulphohydramide, SO* 4- Az H* = 7-25.

The anhydrous sulphate of ammonia of Rose.

" 4. Bisulphohydramide, 2 (S O%) 4+ Az H* = 10-25.
The anhydrous acid sulphite of ammonia discovered by Rose.

IL AMMONIA, Az H3 = 2-125.
1. Liquid ammonia, Az H? + 3 Aq.
It dissolves oxides of zinc, copper, nickel, cobalt, &c.
2. Ammoniated oxide of copper, 2 (Az H3) + 3 (C4'0) + 6
Aq = 26 (Kane.)
A blue powder.
3. Ammoniated oxide of mercury, Az H? + 3 (Hg O) + 3
Aq = 46 (Kane.)
And so of the other ammoniated oxides,

1. Ammonietted chloride of sulphur, Az H® 4 S Chl = 8625
and 2 (Az H?) 4 S Chl = 10-75.

2. Ammonietted sesquichloride of phosphorus, 5 (Az H?) 4
(Ph Chl}) = 21-375.

3. Ammonietted perchloride of phosphorus, 5 (Az H?) + Ph
Chl% = 23-875.

4. Ammonietted chloride of boron, 3 (Az H*) + 2 (Bo Chl%)
= 15-125.

5. Ammonietted perchloride of tin, Az H* + 2 (St Chl?) =
18:375.

6. Ammonietted chloride of calcium, 4 (AzH?)+Ca Chl=15-3.

7, Ammonietted chloride of strontium, 4 (Az H?®) 4 Str Chl
= 185,
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8. Ammonietted chloride of copper, 3 (Az H*) 4+ CuChl =
14-875. i
9. Ammonietted chloride of nickel, 3 (Az H?) + N Chl =
14-125, ;
10. Ammonietted chloride of cobalt, 2 (Az H?) + Cb Chl = 12.
11. Ammonietted chloride of lead, 3 (Az H?) 4 4 (Pb Chl) =
: 76-375.
12. Ammonietted chloride of antimony, Az H® 4 Sb ChP*? =
21-375.
13. Ammonietted chloride of mercury, Az H® 4 2 (Hg Chl)
= 36-125.
14. Ammonietted dichloride of mercury, Az H* 4. 2 (Hg® Chl)
= 61-125.
15. Ammonietted chloride of silver, 3 (Az H?) 4 2 (Ag Chl)
= 42-375.
16. Ammonietted chloride of platinum, Az H* 4+ P1 Chl =
18-625.

Ammonia combines also with bromides, iodides, and fluorides.
It combines also with sulphates of magnesia, zinc, copper, nickel,
cobalt, cadmium, silver, and with nitrate of silver ; though the
exact proportions have not been determined.

1. AMMoNIUM, Az H* — 2:25
Amalgam of ammonium, Hg + Az H* = 14-75.
1. Sal-ammoniac, or chloride of ammonium, Chl + Az H! =
6-75.
2. Chloride of ammonium and magnesium, (Chl + Az H*) 4+
Mg Chl = 1275.
3. Chloride of ammonium and zinc, 2 (Chl 4+ Az H*) 4 2
(Zn Chl) + Aq = 31875, (Kane.)
There is another compound constituting a pearly powder, which
contains also oxide of zinc, according to the analysis of Kane.
4. Chloride of ammonium and nickel, (Chl 4+ Az H*) 4 (Az
H?® + N O) + Aq = 1425
5. Chloride of ammonium and copper, (Chl 4 Az H*) 4 ct "‘Lu.
Chl 4 Aq = 16:375. :
.6. Chloride of ammonium and mercury, (Chl + Az H*) 4
Hg Chl + Aq = 24-875.
7. Chloride of ammonium and platinum, (Chl + Az H*) +
P1 Chl = 23-25.
8. Bromide of ammonium, Az H* + Br = 12-25,
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9. Todide of ammonium, Az H* 4- I = 17-875.
Todide of ammonium and gold, (I 4+ Az H*) + Aul’ =
77:626. .

10. Fluoride of ammonium, Az H* 4 Fl = 4-5.

11. Seleniet of ammonium, Az H* 4 Se = 7-25.

12. Sulphuret of ammonium, Az H* S = 4'25.

13. Bisulphuret of ammonium, Az H* S* = 6-25.

14. Persulphuret of ammonium, Az H* §% — 12-25.
Sulphohydrate of ammonium, Az H* S 4 HS — 6-375.
Blsulphocarburet of ammonium, Az H* S + CS? =9,

15. Ozide of ammonium, Az H* O = 3:25.

16. Sulphate of ammonium, SO* 4+ Az H* O 4 Aq = 9-375.

17. Bisulphate of ammonium, 2 (SO%) + Az H* O = 13-25.

18. Ammonium-sulphate of magnesia, (SO* + Az H* O) +
(SO’ 4 Mg O) + 7 Aq = 23625.

19. Ammoniacal alum, (SO® + Az H* O) 4+ 3 (SO* 4 A10)
+ 24 Aq = 54,

And so with the double ammoniacal salts described in the
Chemistry of Inorganic Bodies, (Vol. ii. p. 750.) Adding an
atom of water to convert ammonia into oxide of ammonium.

1. Nitrate of ammonium, Az O° 4 Az H* O =10.

And so with the double ammoniacal nitrates.

2. Chlorate of ammonium, Chl O° 4+ Az H* O = 12-75.

3. Iodate of ammonium, 10° 4 Az H* O = 24,

4. Carbonate of ammonium, CO? + Az H* O = 6. Thissalt
exists only in solution.

And so with the double ammoniacal carbonates.

5. Phosphate of ammonium, 2 (PO%) + Az H* O + 2 (HO)
+ Aq = 15625, and 2 (PO%) + 2(AzH*O) + H O
= 16-625.

, (Na O
6. Soda-phosphate of ammonium, 2 (PO%) 4 {Az H* O}
HO

+ 8 Aq = 26:375.
And so with the other double ammoniacal phosphates.

7. Chromate of ammonium, Chr O° 4+ Az H* O 4 Aq
=,10-875.

8. Permanganate of ammonium, Mn O7 + Az H* O 4 Aq
= 14-875.

9. Tungstate of ammonium, Tu O° + Az H* 0 + Aq
= 19-875.
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10. Molybdate of ammonium, Ml O* 4 Az H* O = 12-25.
11. Vanadiate of ammonium, VO? 4 Az H* O = 1475,
12. Selenite of ammonium, Se O? 4 Az H* O = 10-25.

For farther information respecting the compounds of ammonia,
we refer the reader to the Memoir of M. Bineau in the Annal.
de Chim. et de Phys. Ixvii. 225 ; and Ibid. Ixx. 251.

CLASS III

INTERMEDIATE ANIMAL OXIDES.

THE animal principles belonging to this class have been so im-
perfectly examined, that the characters of many of them are only
inferred from very imperfect analogies. 'We shall divide them
into five sets.

1. Oxides containing azote and not oily.

2. Oxides not containing azote and not oily.

3. Oily oxides saponifiable.

4. Oily oxides not saponifiable.

5. Colouring matters.

It can scarcely be doubted that the oily saponifiable oxides
contain an acid; and it is probable that the animal colouring
matters resemble the vegetable in their nature.

CHAPTER L.

OF ANIMAL OXIDES CONTAINING AZOTE AND NOT OILY.

Trese bodies have been all recently discovered, and most of
them have been formed artificially by treating uric acid with va-
rious reagents. They are eight in number ; namely,

. Xanthic or uric oxide.
. Cystin.
. Allantoin.
. Alloxane or erythric acid.
. Alloxantine.
. Uramile.
. Murexide.
Murexane.

P IS b
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SECTION I.—OF XANTHIC OR URIC OXIDE.

Dr Marcet gave the name of zanthic oxide to the constituent
portion of a small calculus, which Dr Babington having receiv-
ed from one of his patients gave to Marcet for examination. Its
texture was compact, hard, and laminated. The surface was
smooth, and it had a reddish cinnamon colour, which was much
heightened by adding caustic alkali to the calculus in powder.
Before the blow-pipe, it crackled, split in pieces, became black,
and Was ultimately consumed, leaving only a minute particle of
white ash. The smell which it emitted was that of an animal
substance, and was peculiar, though feeble and not easily defined.

‘When exposed to destructive distillation, it crackled, split into
scaly fragments, blackened, and emitted a fetid ammoniacal li-
quor, from which carbonate of ammonia crystallized, leaving a
heavy yellowish oil.

When reduced to an impalpable powder, the greatest part of
it dissolved in boiling water, and the solution reddened litmus pa-
per. When the liquid was allowed to cool, it became covered
with a white flocculent film, which gradually subsided and con-
stituted a white crust.

Caustic potash dissolved this calculus very readily, and the so-
lution was precipitated by acetic acid, provided the acid was not
added in great excess. The mineral acids also dissolved it, though
not nearly so readily as the alkalies. Concentrated sulphuric
acid did not blacken it.

‘When the solution of the calculus in nitric acid was evaporat-
ed to dryness, the residue assumed a bright lemon colour. This
yellow residue was partly soluble in water, to which it commu-
nicated its colour. The addition of an acid- destroyed the yel-
low colour, but caustic potash turned it red, and upon evapora-
tion, it assumed a brilliant crimson hue. ~This colour disappear-
ed on adding water, the yellow tint being reproduced, while the
liquid remained transparent. The previous action of nitrie acid
is necessary for these changes of colour: for if potash be added
to the pure xanthic oxide, no change of colour takes place.

Xanthic oxide is insoluble in alcohol and ether, very sparing-
ly soluble in acetic, and not at all in oxalic acid. It is insoluble
in bicarbonate of potash and bicarbonate of ammonia.*

Such are the properties of this uncommon substance as deter-

¥ Marcet’s Essay on Calculous Disorders, p. 96.
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mined by Dr Marcet. In the year 1816, a similar calculus was
extracted from a patient by Langenbeck, and given to Stromeyer,
who determined it to be the same as the xanthic oxide of Marcet.
A considerable portion of this calculus is still in Langenbeck’s
collection. It weighs eleven grammes, or almost 170 grains.
It is much larger than the one described by Marcet. It has been
lately examined and analyzed by Wéhler and Liebig. *

The surface of the calculus was partly light brown, smooth, and
shining, partly earthy and whitish. ~The fracture had a brownish
flesh-colour. It was composed of concentric layers, separable
from each other, and had a nucleus composed of the same mat-
ter with the rest of the calculus. It had the same degree of hard-
ness as the uric acid calculi. When rubbed or scraped, it as-
sumed a waxy lustre.

As it might be supposed to contain more or fewer of the con-
stituents of urine, Whler and Liebig purified the zanthic oxide, or
uric oxide, as they have called it, in the following way :—The cal-
culus was pulverized and dissolved in caustic potash. The solu-
tion had a dark brownish yellow colour, with a shade of green,
not unlike the colour of bile. Through this-solution pure car-
bonic acid gas was passed till the potash was converted into bi-
carbonate. The uric oxide precipitated in the form of a white
powder. When this powder was washed and dried, it assumed
the form of masses of a light yellow, which, when rubbed, acquir-
ed a waxy lustre. It contained no trace of potash, differing in
this respect from uric acid. For when an alkaline solution of
this last is saturated with carbonic acid gas, the precipitate is not
pure uric acid, but urate of potash.

Uric oxide is soluble in sulphuric acid, and the solution has a
yellow colour. The oxide is not precipitated by water. In this
respect also it differs from uric acid. It is insoluble in muriatic
and oxalic acid ; a circumstance which distinguishes it from cystic
oxide.

When subjected to destructive distillation it so far resembles
uric acid, that a great deal of hydrocyanic acid is evolved. ~ But
the empyreuma has a different smell, similar to that of distilled
horn. There is given out also a sublimate of carbonate of am-
monia, but no urea.

When heated with oxide of copper the azotic was to the car-

* Ann. der Pharm. xxvi. 340.
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bonic acid gasas 1:25. The result of an analysis of this sub-
stance in Liebig’s laboratory gave its composition
Carbon, . 3928 or 5 atoms — 375 or per cent. 39:48

Hydrogen, . 295 or 2 atoms = 0:25 2:63

Azote, . 3635 or 2 atoms — 35 36.84

Oxygen, . 2142 or 2 atoms — 2- 21-05
100.00 * 95 100-

So that its formula is C° H? Az?2 O? = 9-5. We have seen be-
fore that the formula for uric acid is C*® H* Az* 05 Now the
half of this is C° H? Az* 0% So that uric oxide differs from
uric acid by containing one atom less oxygen. It may probably
be at least occasionally an ingredient in urine; though it is so
very seldom deposited in a solid form.

A SECTION IL—OF CYSTIN.

This name has been applied to the substances constituting the
whole, or almost the whole of the calculus first observed and de-
scribed by Dr Wollaston, and called by him cystic oxide.t This
calculus Dr Wollaston had obtained about the year 1805 from
Dr Reeve of Norwich. It had been taken from his brother, when
he was five years old, and at that time was covered by a coating
of phosphate of lime very loose in its texture, and consequently
very soon separateds Dr Wollaston only met with one other
calculus of the same kind. It was in the collection of caleuli in
Guy’s Hospital, and was No. 46 of that collection. It was ex-
tracted by the usual operation from William Small, a man of
36 years of age. Dr Henry of Manchester afterwards found
two caleuli in his collection belonging to the same species ; and
Dr Marcet detected cystic oxide calculus in no fewer than three
different cases, of which he has given a description.f Some years
ago I was kindly presented with another calculus belonging to
the same species by Dr Apjohn, which had been extracted by the
usual operation in Dublin. M. Lassaigne, in 1823, announced
that Fie had found the same substance in a calculus from a dog.§

* Theré must be a typographical error in the data from which this composi-
tion was deduced. For when we calculate from them the result differs enor-
mously from the statement in the text, deduced by Licbig from bis analysis.

+ Phil. Trans. 1810, p. 223.

t On the Chemical History and Medical Treatment of Calculous Disorders,
p. 28.

§ Aunn. de Chim. et de Phys. xxiii. 828.
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But his analysis differs so much from that of cystic oxide by Dr
Prout, that I consider it impossible that both operated upon the
same substances, Two cystic oxide calculi exist also in the Muse-
um of St Bartholomew, and have been described by Mr Taylor.*
One of them weighed 740 grains. It is, therefore, the largest
calculus of this species hitherto observed. It was analyzed by
Mr Taylor, and found composed of,

Cystic oxide, 4 : 91
Phosphate of lime, . . 38
Ammonia-phosphate of magnesia, . 1-0
Animal matter, . A 5 42
1000

About the year 1836, M. O. Henrie got two very small calculi
of the same species, which had been passed with great pain by
an individual 50 years of age. {

Cystic oxide calculi have a pale yellow colour, are translucent,
and appear irregularly crystallized. They are not composed of
distinct lamine, but constitute one compact mass. They have
also a peculiar glistening lustre, like that of a body having a
high refractive density.

When cystic oxide is submitted to destructive distillation, it
yields feetid carbonate of ammonia, partly fluid, and partly in a
solid state, a heavy feetid oil, and there remains a black spongy
coal, much smaller in proportion than is found after the distilla-
tion of uric acid caleuli.

Under the blowpipe it may be distinguished by the smell, which
at no period resembles that of hydrocyanic acid ; but, in addition
to the usual smell of burnt animal substances, there is a peculiar
feetor quite different from that of any other substance.

Cystic oxide is not soluble in water, alcohol, acetic acid, tar-
taric acid, citric acid, nor in bicarbonate of ammonia. It is dis-
solved in considerable quantity by muriatic, nitric, sulphuric,
phosphoric, and oxalic acids. It is also dissolved readily by pure
alkaline menstrua, by potash, soda, ammonia, and lime-water.
Even bicarbonates of potash and soda dissolve it.

The combination of cystic oxide with acids may be made to
crystallize without difficulty, and they form slender spicule ra-
diating from a centre, which readily dissolve again in water, un-

* Phil. Mag, (3d series) xii. 287. + Jour. de Pharm., xxiii. 71.
6
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less they have been injured by having been in any degree over-
heated. The muriatic saltis decomposed at 212°, in consequence
of the volatility of its acid, and the rest are easily destroyed by
a greater excess of heat.

The salt formed by combination with nitric acid does not
yield oxalic acid, and does not become red when similarly treat-
ed with uric acid ; but assumes a brown colour, becoming gra-
dually darker till it is ultimately black.

‘When the combinations with alkalies are evaporated they leave
small granular crystals. The only definite form observed was
that of flat hexagonal plates. But the primary shape of the crys-
tal could not be ascertained. On the cystic oxide calculus in
Guy’s Hospital minute crystals nearly cubical were observed ; but
whether these were crystals of cystic oxide was not determined.

Dr Prout subjected cystic oxide to an ultimate analysis, and
obtained,

Carbon, 29-875 or 6 atoms = 4'5 or per cent. 30

Hydrogen, 5125 or 6 atoms = 0.75 5

Azote, . 1185 orl atom = 175 1167

Oxygen, 53+150 or 8 atoms — 8-00 53:33
100-00 15- 100-

These numbers merely express the smallest ratios of the number
of atoms of each constituent which cystin contains. For no ex-
periments have been made to determine its atomic weight. The
analogy of uric oxide and urea would lead us to double the num-
ber of atoms of each constituent, and to represent the constitu-~
tion of cystin by the following formula, C* H? Az* O — 30.

SECTION IIL—OF ALLANTOIN.

This substance was first detected by Vauquelin and Buniva in
the liquor of the amnios of the cow, and was called by them am-
miotic actd.* It was afterwards found that the liquor from which
it was extracted was not that contained in the amnios but in the
allantois.  'This induced chemists to change its name to allantoic
acid ; and Wahler and Liebig having found it incapable-of neu- -
tralizing alkaline bases changed that name to allantoin.

An account has been given in the Chemistry of Vegetable
Bodies, (p. 212) of the method employed by Whler and Liebig

* Ann. de Chim. xxxiii. 279.
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to form allantoin artificially. But it will be requisite in this
place to be somewhat more particular.

Pure uric acid extracted from the excrements of serpents was
mixed with water* to the consistence of a thin pap. This mix-
ture was raised to the boiling point, and peroxide of lead in fine
powder was added by little and little. A reaction took place,
carbonic acid was given out with effervescence. The pap thick-
ened considerably unless water was added ; and the peroxide of
lead disappeared. More and more of this peroxide was cautious-
ly added, taking care to renew the water and to keep the whole
in a boiling heat till the mixture, by assuming a chocolate colour,
indicated that a slight excess of peroxide had been added. The
‘whole was then filtered while hot, and the matter on the filter was
repeatedly washed with boiling water.

The filtered liquid was colourless, and on cooling deposited a
great number of hard brilliant crystals, which were colourless, or
had only a very slight tint of yellow. These crystals constitute
allantoin. The mother water by evaporation yields an addition-
al quantity of them.

The liquid, after depositing the allantoin, having been evapo-
rated to the consistence of a syrup over the water-bath, yielded
on cooling long prismatic crystals of urea. The white matter
collected on the filter is oxalate of lead. If we wash it, mix it
with water, and pass through it a current of sulphuretted hydro-
gen, the oxalic acid freed from lead dissolves in the water, and
may be obtained in crystals.

Thus the products of the reaction of uric acid and peroxide of
lead are allantoin, urea, oxalic acid, carbonic acid, and protoxide
of lead, and these are the only products.

‘Wahler and Liebig compared the allantoin thus obtained with
a quantity of allantoin from the liquor of the allantois of a calf
which they had in their possession, and found the two to agree in
their characters and composition.

The crystals are colourless and transparent. Their primitive
form is a rhomboid. They are hard and their faces are very
brilliant. They are tasteless and do not alter the colour of lit-
mus-paper. At 68°allantoin is soluble in 160 times its weight of
water. But it is much more soluble in hot water, and crystal—
lizes while the solution is cooling. It does not combine with the

* Ann. de Chim. et de Phys. Ixviii. 228.
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bases into salts, and therefore is not entitled to be considered as
an acid. The oxide of silver makes the only exception to this.
Allantoin forms with it a compound, which is a white powder.
It may be obtained by mixing aqueous solutions of nitrate of sil-
ver and allantoin together, and adding ammonia drop by drop as
long as a precipitate continues to fall. The dilute acids decom-
pose this compound, disengaging the allantoin.

At a high temperature it is decomposed by the caustic alka-
lies into ammonia and oxalic acid. This decomposition is most
easily observed when we employ barytes. If we dissolve allan-
toin in boiling hot barytes water, ammonia is disengaged and a
white powder falls, which is oxalate of barytes. “When allantoin
is heated with sulphuric acid exactly the same decomposition
takes place; only instead of oxalic acid, carbonic acid and car-
bonic oxide are disengaged, and the ammonia combines with the
acid.

Allantoin being subjected to an ultimate analysis in Liebig’s
laboratory, was found composed of,

Carbon, . 3020 or 4 atoms = 3-000 or per cent. 30-38

Hydrogen,  4°04 or 3 atoms = 0-375 3-80

Azote, . 3527 or 2 atoms — 3-500 3544

Oxygen, . 3049 or 3 atoms = 3000 30-38

100-00 9:875 100-
‘We might consider it as a compound of,
2 atoms cyanogen, . C*! Az’
3 atoms water, . . H3O?
To convert it into oxalate of ammonia, or C* O* + Az H? we
must add three atoms water. We have then,
- Allantoin, , CtH3 Az OF
3 atoms water, . H3 024~

. C* H® Az® OS Nowtwo atoms
oxalate of ammonia, CtO8 4+ Az H®
The compound of allantoin and oxide of silver being analyzed
in Liebig’s laboratory, was found composed of,
; Allantoin, . 56-45 or 1879
Oxide of silver, 4355 or 44°5

100-
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If it consist of 2 atoms allantoin united with one atom oxide of
silver, then an atom of allantoin will weigh 94, which approaches
the number 9875, resulting from Liebig’s formula.

The constitution of allantoin, urea, and oxalic acid being
known, it is easy to see what happens when uric acid and per-
oxide of lead are made to act upon each other.

1 atom uric acid is, N Cv Azt H* O

Subtract 1 atom urea, C? Az2 H* O?
Remains, 1 C: AZ 05
Add O? from perox1de of lead, 04
CEAz2  Of
Now C? Az? O are resolvable
into 2 atoms oxalic acid, C* Qo
2 atoms cyanogen, . Ct Az
CtAz2  OF

Now we have seen already that if three atoms water be added
to 2 atows cyanogen, we have an atom of allantoin or C* Az*
H? 0%

. Thus we see that 1 atom of uric acid 4 2 atoms oxygen +
3 atoms water, form

1 atom urea, E C? Ht Az O?

2 atoms oxalic acid, . Ct o¢

1 atom allantoin, o CrH3 Az2 O®
ClO H7 AZ4 011

‘Which is the same as

1 atom uric acid, : CH* Azt O

2 atoms oxygen, ¢ 0?

2 atoms water, 3 H3 (0

CIO H7 Az4 Oll
The carbonic amd evolved is obviously owing to the action of
the peroxide of lead on the oxalic acid.
Liebig conceives that the reason why the atomic weight of al-
lantoin in the allantoate of silver is less than that deduced from
analysis, is that two atoms of allantoin, when they unite with

oxide of silver, lose an atom of water, so that they become C?
Azt H® O,
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SECTION IV.—OF ALLOXANE OR ERYTHRIC ACID.

This remarkable substance was discovered in 1819 by Dr Gas-
pard Brugnatelli;* but succeeding experimenters were unable to
succeed in forming it till it was discovered again in 1838 by
Wahler and Liebig, who gave a minute detail of the process
which they followed.t ;

The substances formed by the action of nitric acid on uric acid
vary with the strength of the nitric acid and the temperature.
Alloxane is the compound obtained when the nitric acid is con-
centrated. If we put into cold nitric acid of the specific gravity
1+425 dry uric acid, a strong effervescence takes place, a good
deal of carbonic acid is disengaged together with some nitrous
acid, and when the gases cease to be evolved, the liquid assumes
the state of a thick bouillée consisting of small prismatic crystals.
The mother water contains ammonia. A gentle heat determines
the evolution of pure azotic gas. The mass contains nothing
but ammonia, and the small crystals, which consist of pure al-
loxane.

If in this experiment we employ a great excess of nitric acid,
and if .we boil it with the crystals, on allowing the matter to cool,
long straight prismatic crystals are formed, having a very strong
resemblance to oxalic acid.

If we employ nitric acid of the specific gravity 1:55, alloxane
is still formed ; but a portion of the uric acid undergoes other
modifications. Small masses of it become brown or black as if
charred, and the colouring matter which is developed is not easily
removed from the crystals.

‘Wehler and Liebig employed the following process for pre-
paring alloxane. The most concentrated fuming nitric acid is
mixed with the ordinary acid of commerce so as to form a liquid
having a specific gravity from 145 to 1-5. This mixture is put
into a very shallow porcelain evaporating basin, and then is ad-
ded to it by little and little at a time half its weight of dry uric
acid ; every portion added being mixed very carefully with the
nitric acid. On every addition an effervescence takes place, and
care must be taken to wait till the effervescence is over, and
the liquid cold, before any more of the uric acid be added.

By this process we obtain a mass almost solid, consisting of
brilliant and transparent crystals. It is poured upon a very

* Ann, de Chim. et de Phys, viii, 201, 1 Ibid. Ixviii. 240.
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porous brick or upon bloating-paper. In.twenty-four hours the
liquid portion is removed, and there remains a dry white powder,
easily purified by repeated crystallizations. It is mixed with its
own weight of water in a porcelain capsule, and heated till com-
plete solution takes place. The solution being filtered and left
in a warm place, colourless transparent crystals, having the dia-
mond lustre and considerable bulk, are gradually deposited.
These crystals constitute alloxzane in a state of purity.

Alloxane crystallizes in water under different forms. On al-
lowing a hot saturated solution to cool, very bulky crystals are
formed, very deliquescent, and containing a great deal of water
of crystallization. The crystals deposited in a hot solution are
always anhydrous, and do not effloresce. The form of the crystal
is a right prism with a rectangular base, and its primary form is
a rhomboid. They have a pearly lustre, especially after having
been kept for some time, and may be easily obtained an inch in
length. The anhydrous crystals have the form of pyroxen; the
primitive form being an oblique prism with a rhomboidal base.
The crystals have usually the form of rhomboidal octahedrons
truncated on the angles. They have a vitreous lustre, are trans-
parent and much smaller than the hydrous crystals.

Alloxane is soluble in alcohol, and very soluble in water. Its
solution communicates a red stain to the skin, and a peculiar
disagreeable smell. It reddens litmus-paper ; but loses that
property when a base is present, although it does not form a salt.
Its solution does not decompose the carbonates of lime or barytes.
Oxide of lead may be boiled with it, without oocasioning any al-
teration. From these facts, it is obviously not entitled to the
name of acid.

After the addition of an excess of barytes water, the liquid so-
lution of alloxane remains for some time clear and colourless,
but after some hours, it deposites white brilliant crystals, which
are soluble in hot water, and again deposited when the solution
cools. An excess of lime-water occasions an immediate white
crystalline precipitate, soluble in a great quantity of water.

When alloxane is mixed with the salts of protoxide of iron, it
occasions at first no precipitate ; butthe liquid assumes an intense
‘indigo blue colour. ;

Alloxane, heated with sulphuric acid and metallic copper, does
not give out a trace of oxide of azote or of nitrousacid. When
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a solution of alloxane is gently heated with peroxide of lead,
pure carbouic acid gas is given out. After the process is over,
we obtain a white magma of carbonate of lead, containing merely
a trace of oxalate. The filtered liquor does not contain any
lead; butwhen evaporated, yields crystals of urea, mixed witha
very minute quantity of a white powder. Thus by the action of
peroxide of lead, alloxane is decomposed into carbonic acid and
urea. ,

Alloxane was analyzed with much care in Liebig’s laboratory.
The atoms of carbon were to those of azote as 4: 1. The mean
of five analyses made with oxide of copper gave,

Carbon, 3022 or 8 atoms = 6 or per cent. 30

Hydrogen, 254 or 4 atoms —= 05 25

Azote, 17:63 or 2 atoms — 35 175

Oxygen, 4961 or 10 atoms = 100 500
100-00 200 100.

The theoretic constitution, or C® H* Az? O, corresponds very
well with the analysis.

When the crystals of hydrated alloxane are heated, the water
which they contain is disengaged, and they are converted into
small crystals of anhydrous alloxane. This, as is well-known,
is the case when sulphate of zinc is heated. The hydrated crys-
tals effloresce very quickly in a hot place or in a vacuum, be-
come opaque and white, and fall into powder. When de-
prived of their water by heat, they diminish in weight about 26-3
per cent.—hence they are composed of,

® 1 atom alloxane, 20 or 7476
6 atoms water, 675 or 25°24

100.

When alloxane is heated, the crystals assume a slight shade
of red.

The composition of alloxane being known, it is easy to explain
its formation by the action of nitric acid on uric acid.

It has been already stated that uric acid may be considered
as a compound of an unknown acid and urea.

1 atom of urea is . C* H* Az® O*

1 atom of the acid, C: Az O
H
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The urea is disengaged, and there remains the

acid, Cz2 Az2 O
Add 2 atoms oxygen, . ; 0?2

4 atoms water, . d H* (0

we have C8 H* Az2 O

which is an atom of alloxane.

The urea, as is well known, and the nitrous acid formed mu-
tually, decompose each other into nitrite of ammonia, and free
cyanic acid. The nitrite of ammonia, by a gentle heat, is de-
composed into azotic gas and water ; while the cyanic acid, along
with the elements of water, is decomposed into ammonia and
carbonic acid. Equal volumes of these two gases ought to be
disengaged, while the proportion of ammonia formed by the de-
composition of the cyanic acid ought to remain in the liquid.
Now, as all this is what actually takes place, there can be no
doubt of the accuracy of the explanation of the action of nitric
acid on uric acid given by Wéhler and Liebig.

When crystals of anhydrous alloxane are dissolved in concen-
trated muratic acid by the assistance of heat, we perceive an ef-
fervescence which continues till the action is complete. The pro-
ducts differ according to the mode of proceeding. 1If we only
heat the solution for a few minutes it becomes muddy, and de-
posites on cooling a great number of brilliant and transparent
crystals of alloxantin. The solution being freed from these crys-
tals, and purified from muriatic acid by evaporation, gives crys-
tals of oxalate of ammonia. The decomposition consists in the
separation of two atoms of alloxane into oxalic acid, oxaluric
acid, and alloxantin.

1 atom oxalic acid, = (2 03
B &tiine allozuih 1 atom oxaluric acid, = Of H3 Az2 O7

— C* HE Azt O 1 atom alloxantin, = C8 H’ Az2 OV

C'* H® Azt O®

The oxaluric acid, by boiling with muriatic acid, is decompos-
ed into cyanate of ammonia, the acid of which, in presence of the
same agent, becomes bicarbonate of ammonia.

Alloxane treated in the same way with dilute sulphuric acid
gives the same products. This is a very convenient and rapid
way of obtaining alloxantin.

By a long continued boiling, the alloxantin disappears in its
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turn, and a new yellow powder, scarcely soluble in water, is de-
posited. The same substance is often obtained when we trans-
form alloxane into alloxantine by zinc and muriatic acid, when
we employ too concentrated a solution, or continue the heat too
long.

It is then deposited under the form of a yellow crust, which
may be purified by washing. It dissolves readily in ammonia,
and brilliant, yellow, granular crystals are soon deposited. When
heated with excess of ammonia they are transformed into a yel-
lowish jelly, very little soluble in water and ammonia.

Whler and Liebig dissolved in ammonia the yellow crystals
obtained by the action of zinc and muriatic acid on alloxane, and
neutralized the liquid by acetic acid. The yellow substance se-
parated in a few days. The analysis of it led to the formula C°
H? Az2 O = 11-375.

When a concentrated solution of pure alloxane is boiled, car-
bonic acid is given out for a long time. It then gives with
barytes a deep blue precipitate, and with carbonate of ammonia
a rich crystallization of murexide. On cooling, and even dur-
ing the boiling, a great quantity of alloxantin falls down, though
none originally existed in the liquid. 3 atoms of alloxane gave,

2 atoms alloxantin, - C® H Azt O
1 atom parabanic acid, . CH? Az2OF
2 atoms carbonic acid, . . C? (0%
3 atoms of alloxane 3 C* H2 Az8 O *

SECTION V.—OF ALLOXANTIN.

The solution of uric acid in dilute nitric acid takes place with
the same phenomena as in concentrated acid. But after a gentle
evaporation the liquid deposites hard transparent crystals, which
are colourless, or have a slight yellow tinge. ~ These crystals have
been distinguished by Wohler and Liebig by the name of allox-
antin. t

Alloxantin is scarcely soluble in cold water. It dissolves,
though slowly, in boiling water, but is almost wholly dep051ted in
crystals as the solution cools. Even after five or six successive
crystallizations it reddens litmus-paper ; yet it wants the charac-

* Ann. der Pharm. xxxviii. 857.
+ Ann. de Chim, et de Phys. Ixviii. 227.
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ters of an acid; for when it comes in contact with a base it is
-immediately decomposed.

When barytes water is added to a solution of alloxantin, a
copious precipitate of a fine violet colour falls, which becomeg
white, and then disappears entirely when the liquor is boiled. An
excess of barytes throws down a fine white precipitate. The reac-
tion of alloxantin with nitrateof silver is very remarkable. Assoon
as the two liquids come in contact, a black precipitate of metal-
lic silver falls, though no gas whatever is evolved, nor any thing
else thrown down. 'When the liquid is separated from the me-
tallic silver by filtration, barytes water throws down a white pre-
cipitate from it. 'With selenious acid it acts in the same way, a
red precipitate of selenium falling.

When alloxantin is placed in an atmosphere containing gase-
ous ammonia, it assumes a red colour, its crystals become opaque,
and loze no weight though exposed to a temperature of 212°
At a higher temperature they lose water.

Alloxantin was subjected to an ultimate analysis in Liebig’s
laboratory. The mean of four different analyses gave

Carbon, . 3006 or 8 atoms = 60 or per cent. 29:82
Hydrogen, . 316 or 5 atoms = 0.625 ... 3-10

Azote, . . 17563 or 2 atoms 35 = & Sali7e40
Oxygen, . . 49-25 or 10 atoms = 10:0 ... 4968
10000 20125 100-

This gave the formula C* H® Az*> O = 20-125. So that al-
loxantin differs from alloxane by containing an additional atom
of hydrogen.

‘When alloxantin is formed in dilute nitric acid, one atom of
oxygen only instead of two unites to the elements of the acid, C°®
AZ® 0% which, united to urea, constitutes uric acid. Hence the
nitric is converted into nitrous acid (Az O%) This acid, by the
contact of water, is decomposed into hyponitrous acid (Az O%),
and nitric acid (Az O%); only one of these decomposes the urea.
The consequence is, that a quantity of urea remains undecom-
posed in the liquid.  Accordingly, if we add nitric acid, crystals
of nitrate of urea are deposited.

When alloxane is treated by deoxygenizing bodies, it is con-
verted into alloxantin. Thus, if we pass a current of sulphuret-
ted hydrogen gas through :; moderately concentrated solution of
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alloxane, the liquid becomes muddy, and a precipitate of pure sul-
phur falls. Soon after a white crystalline powder is deposited,
and if the solution of alloxane was concentrated, the liquor as-
sumes the form of a thick magma of crystals of alloxantin. When
the precipitate is treated with boiling water it dissolves, with the
exception of the sulphur, and deposites a large quantity of allox-
antin in white transparent crystals.

We convert alloxane into alloxantin also by adding to its solu-
tion a little muriatic acid, and then introducing a piece of zinc.
After an interval of some hours a considerable deposite of allox-
antin makes its appearance under the form of a crystalline crust.

Protochloride of tin likewise throws down alloxantin from a
solution of alloxane.

On the other hand, when alloxantin is treated by oxygenizing
bodies, itis converted into alloxane. If we add a few drops of nitric
acid to a solution of it, a slight effervescence is observed, and the
products of the decomposition of that acid are given out. When
the liquid is evaporated to the consistence of a syrup it congeals
into a crystalline mass, which, being dissolved in water, the
solution, when evaporated, spontaneously deposites colourless
crystals of alloxane.

Alloxantin does not produce anything else than alloxane: no
ammonia nor any other substance is evolved.

‘When ammonia is added to a hot solution of alloxantin it be-
comes purple ; but the colour disappears by the action of heat,
andalso sometime after the hot solution is allowed to cool. When
ammonia is added to alloxane, scarcely a sensible change of co-
lour takes place. 'When we add nitric acid to alloxantin, drop
by drop, we observe, when we saturate a portion of it from time
to time with ammonia, and heat it a little, that the solution ac-
quires a more and more intense purple colour. After the addi-
tion of a certain quantity of nitric acid, and afterwards of am-
monia, the purple colour becomes so deep that the liquid loses
its transparency. But if more than a certain proportion of ni-
tric acid be added, this property disappears.

A golution of uric acid in dilute nitric acid treated immediate-
ly by ammonia does not acquire a purple colour, or at least
speedily loses it again. The same solution subjected during some
minutes to boiling, or even gentle heat, takes with ammonia a
deep purple colour, and gives a considerable quantity of the
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beautiful cantharides green crystals constituting the purpurate of
ammonia of Prout. But we do not obtain them, if we conti-
nue the heat beyond a certain time; the solution even loses
the property of becoming coloured with ammonia. The reason
of these phenomena is obvious: the solution of alloxantin treat-
ed with a certain quantity of nitric acid and ammonia furnishes
the green crystals. But when all the alloxantin is converted
into alloxane by the action of the nitric acid, these crystals cease
to make their appearance. ,
Nitrate of silver converts alloxantin into alloxane, by giving
out an atom of oxygen, which forms water with the additional

atom of hydrogen, while the silver is precipitated in the metal-
lic state.

SECTION VI.—OF URAMILE.

Pure uramile* is obtained by boiling for some minutes a mix-
ture of thionuric acid or thionurate of ammonia, and dilute sul-
phuric or muriatic acid. ~The solution, even though dilute, con-
cretes at that temperature into a white magma consisting of very
minute brilliant needles. This magma is easily washed, and di-
minishes enormously in volume when dried.

Uramile may be prepared exeeedingly beautiful by dissolving
thionurate of ammonia in cold water, heating the solution to the
boiling point, adding the requisite quantity of muriatic acid,
keeping the mixture boiling for a few minutes, and then allowing
it to cool. In this case the uramile is formed slowly, and crys-
tallizes in long brilliant hard needles, having a feathery form.

Dr Gregory of Aberdeen has given the following process for
preparing uramile : Dissolve thionurate of ammonia in boiling
water, add a small excess of dilute sulphuric acid, and boil for a
short time. Even while hot uramile is deposited in large quan-
tity. It is to be collected and dried by pressure.

Dry uramile is white, has a satiny lustre, is insoluble in cold
water ; but slightly soluble in boiling water, from which it sepa~
rates as the liquid cools. It dissolves in ammonia and is thrown
down unaltered by the addition of acids to the solution. When
boiled with ammonia it is decomposed ; the liquid becomes yel-
lowish, and acquires the property of assuming a deep purple co-
lour and of depositing green crystalline needles. = Uramile con-

* Ann. de Chim et de Phys. lxviii. 261.
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tains no sulphuric acid. By nitric acid it is decomposed with ef-
fervescence. When the solution is evaporated and saturated
with ammonia, it assumes a purple colour like the solution of
uric-acid in nitric acid. _

Uramile is soluble in potash ley and in sulphuric acid. It is
precipitated unaltered from the former by acids, and from the
latter by water.

When heated with oxide of copper the carbonic acid and azo-
tic gases evolved were to each other as 8 : 3. When dried by
artificial heat it assumes a slight shade of red. The mean of four
analyses in Liebig’s laboratory, by means of oxide of copper, gave
the constituents of uramile as follows :

Carbon, . 32-83 or 8 atoms = 6 or per cent. 3356

Hydrogen, 375 or 5 atoms = 0625 ... 3-50
Azote, . 2872 or 3 atoms = 5:250 29:38
Oxygen, . 34:70 or 6 atoms = 6000 3356

100-00 17-875 100-00

Thus it appears, that, at a boiling temperature, thionuric acid
is decomposed into one atom of uramile and two atoms of sul-
phuric acid.

1 atom thionuric acid is, . C8 H® Az O2 §2

1 atom uramile, 1 . CEH® Az O°

Remain 0o §*
which is equivalent to two atoms of sulphuric acid.

SECTION VIL—OF MUREXIDE, *

This is the substance which Dr Prout first obtained by adding
ammonia to a solution of uric 4cid in nitric acid, and which he
described under the name of purpurate of ammonia. The pre-
paration of it was so uncertain, and depended upon so many
circumstances which had not been determined, that scarcely any
chemist was able to succeed in obtaining it till the subject was
investigated by Wohler and Liebig.

Dr Prout found that this substance dissolves in the alkalies
while ammonia is evolved, and that the acids precipitate from its
solution a white or yellow matter in fine brilliant plates. This
last substance he called purpuric acid.

* Ann. de Chim. et de Phys. Ixviii. 314,
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The subsequent experiments of Vauquelin* and Lassaigne,f
show only that these chemists conceived that there existed in pur-
purate of ammonia another substance, besides those pointed out
by Prout, but which they did not obtain or characterize by any
positive results.

Murexide was obtained by W ghler and Liebig in the following
manner: One part of uric acid was put into a porcelain capsule
and moistened with thirty-two times its weight of water. The
mixture was raised to the boiling point, and nitric acid of speci-
fic gravity 1425 previously mixed with twice its weight of water
was added by small quantities at a time, waiting till the effer-
vescence was at an end before a new quantity was added. The
addition of nitric acid was stopped when only a trace of uric acid
remained. The liquid was raised to the boiling point, filtered
and evaporated by a gentle heat. During this evaporation a
slight effervescence was continually observed. The liquid when
concentrated to a certain: point became coloured. The evapora-
tion was stopped when the liquid assumed the colour of an onion.
It was cooled down to 158° and then dilute caustic ammonia
was. added.

The success of the process depends upon the quantity of am-
monia, and on the temperature. The liquid should contain a
very slight excess of ammonia. It ought neither to be cold nor
hotter than 158°; otherwise the compound is destroyed by the
free ammonia and another formed. The colour of the liquid is
so intense that it is opaque. We cannot therefore assist our-
selves i determining the requisite proportions by the reactions of
vegetable blues. The smell is the best means of determining if’
the quantity of ammonia added be sufficient.

Dr Gregory of Aberdeen has-given the following process for
preparing murexide: Dissolve seven grains of alloxane (con-
taining its water of crystallization), and four of alloxantin in 240
grains of water by boiling, and add the hot solution to 80 minims
of a cold strong solution of carbonate of ammonia. Collect the
crystals after some hours, slightly wash them with cold water, and
dry them by pressure between folds. of paper.}

During and after the cooling are deposited the magnificent
erystals of murexide. They have a green colour and the metal-

* Jour. de Phys. Ixxxviii. 258, + Ann. de Chim. et de Phys. xxii. 334.
+ Ann. der Pharm. xxxiii. 334,
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lic lustre. They are generally mixed witha red flocky powder ;
from which the crystals are easily freed by dilute ammonia, in
which the powder is soluble.

Sometimes when the temperature, during the addition of the
ammonia, has sunk too low; it was found advantageous, when the
quantity of ammonia added was sufficient, to pour into the liquid
its own bulk of boiling water. The crystals then were deposit-
ed slower, and were of remarkable beauty.

But the easiest process, and the one which yields murexide in
the state of greatest beauty, is the following: Mix equal weights
of uramile and red oxide of mercury with from twenty-four to
thirty times their weight of water, add caustic ammonia to the
mixture, and raiseit gradually toa boiling temperature. A very
little ammonia is sufficient. The solution gradually acquires an
intense purple colour. 'When it begins to boil it is opaque, and
has a thick consistence. After allowing it to boil a few minutes
passit through a filter. Generally flocks of uramile adhere to the
filter. They may be washed off and heated anew with red oxide
of mercury and ammonia. It yields, like the first solution, crys-
tals of murexide. The addition of carbonate of ammonia when
the liquid is almost cold generally occasions the formation of
more crystals.

The crystals of murexide are always small, never exceeding
three or four lines in length. They are short four-sided prisms,
two of the faces of which reflect the light of a metallic green co-
lour like the wings of cantharides, while the two other faces ex-
hibit a mixture of brown. When seen by solar light they have
a garnet red colour, and are transparent. Thus they resemble
in colour the beautiful crystals of sulphomolybdate of potassium.
When in powder the substance is red ; but under the burnisher
becomes green and assumes the metallic lustre.

Murexide is very little soluble in cold water, though it gives
it a deep purple colour. It dissolves more readily in hot water.
It is insoluble in alcohol and ether. A saturated solution of car-
bonate of ammonia scarcely takes up a trace of it. Hence this
salt may be employed with advantage to purify murexide from
substances which are soluble init. It dissolvesin caustic potash,
assuming a fine blue colour.

The formation of murexide is the result of the action of am-
monia upon the alloxane and alloxantin which exist in the nitric
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acid solution of uric acid. 'Wahler and Liebig have ascertain-
ed that both these substances are present, and the former in
greater proportion, and that the decompositions which take place
are very complicated.

If we boil a solution of alloxantin in ammonia till the colour
at first induced disappears, allow the liquid to cool down to 158°,
and then add a solution of alloxane, every drop we add the pur-
ple colour of the liquid increases in intensity, till at last it be-
comes quite opaque. Soon after we see formed on the sides of
the vessel and the surface of the liquid brilliant green crystals
of murexide. But the quantity of them is never proportional to
that of the substances employed. Sometimes these crystals are
mixed with red flocks of uramile, easily separated by washing
them cold in caustic ammonia.

The principal result of the action of ammonia on alloxantin
being the production of uramile, it was natural to think that the
formation of murexide depended on the action of alloxane on
uramile while ammonia was present. They found that when a
solution of alloxantin with sal-ammoniac or oxalate of ammonia
is heated till the decomposition was effected and the uramile
formed, if enough of ammonia be added to redissolve the preci-
pitate at first formed, and after that a solution of alloxane be
poured in, the colour becomes very intense, and murexide sepa-
rates in considerable quantity.

We obtain murexide in great beauty, though in nogreat quan-
tity, when, after having decomposed alloxantin by sal-ammoniac,
we filter off the uramile formed and saturate the residual liquid
with carbonate of ammonia. Uramile dissolved in ammonia and
treated with alloxane always gives murexide.

The co-operation of alloxantin in the production of murexide
seems merely to consist in the formation of uramile; but in
what way alloxane acts seems still an enigma.

Whler and Liebig observed that a simple solution of uramile
in ammonia, evaporated by the assistance of heat, and beiled for
some time, assumes a deep purple colour, and gives, on cooling,
a great quantity of murexide. This would seem to prove that
alloxane does not contribute to the formation of this produet, but
by abandoning a portion of its oxygen. This led them to try

-whether other substances easily parting with oxygen might not

be substituted for alloxane.
6
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They found that murexide may be prepared with great faci-
lity by putting uramile in boiling water, and adding by little and
little, small quantities of oxide of silver or oxide of mercury.
The oxides are reduced, the liquid assumes a deep purple colour,
and when filtered yields pure crystals of murexide. No gas is
given out during the process.

The slightest excess of oxide causes the red colour to disappear.
The liquid becomes colourless, and contains an ammoniacal salt,
which behaves with the salts of silver and barytes like alloxanate
of ammonia.

When the crystals of murexide are heated, they lose between
three and four per cent. of water.

The analysis of murexide occasions some difficulty, in conse-
quence of the readiness with which protoxide of azote is formed.
It was avoided by causing the gases to pass through very fine
copper filings raised to the requisite temperature. The propor-
tion of azotic gas to that of carbonic acid gas, the mean of four
experiments, was 2:084 of the former, to 4:994 of the latter, or
as 2 : 479, or very nearly as 5 . 12.

The mean of five analyses in Liebig’s laboratory, by means of
oxide of copper, gave

Carbon, 3361 or 12 atoms = 9-00 or per cent. 33.97
Hydrogen, 3:00 or 6 atoms — 075 2-83

Azote, . 3270 or 5 atoms = 875 33:01
Oxygen, 3069 or 8 atoms = 8.00 30:19
100-00 26°5 100-00

The formula C'2 H® Az° O8 agrees very well with the analysis,
and its accuracy has been corroborated by Wahler and Liebig
by the following considerations:

Murexide is obviously not an ammoniacal salt; but an amide—
thougha kind of amide hitherto without analogy. The problem of
the exact formula would have been easily resolved, if, by its
decomposition, it had only given two products like the amides.
But it gives origin to five different bodies, susceptible themselves
of being altered by the agents employed to destroy the murexide.
This leads to the supposition that secondary products are pre-
sent.

A boiling solution of murexide, treated by sulphuric or mu-
riatic acid, deposites in a short time pearly plates, which are white,
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yellow, or reddish, and which Prout has called purpuric acid.
Liebig and Wghler have distinguished this substance by the
name of murexane.

SECTION VIIL—OF MUREXANE."

We obtain this substance when we dissolve murexide in caus-
tic potash; boil the liquid till the blue colour disappear, and then
pour into it dilute sulphuric acid. To obtain it pure, we have
only to dissolve the murexane thus obtained in potash, and pre-
cipitate it by an acid. It has then the form of a very light pow-
der, very porous, having a silky lustre, and becoming red when
exposed to the vapour of ammonia. It is insoluble in water and
in dilute acids; but soluble without sensible alteration in con-
centrated sulphuric acid, from which it is precipitated by wa-
ter. It dissolves readily in the alkalies and in ammonia, but
without neutralizing them. When newly precipitated, it has a
great resemblance to uramile; but it is easily distinguishable
both by its reaction and by its composition.

‘When burnt with oxide of copper, it gives azotic and carbonic
acid gases in the proportion 1:3.

The mean of four analyses made in Liebig’s laboratory gives
its compositions—

Carbon, 3276 or 6 atoms = 4°5 or per cent. 33-33

Hydrogen, 373 or 4 atoms = 05 3:70

Azote . 2548 or 2 atoms = 3-5 2593

Oxygen, 38+03 or 5 atoms = 50 3704

100-00 135 100-00

Murexane is not the only product of the decomposition of mu-
rexidee. We find ammonia combined with the acid, which was
employed to throw down the murexane. It may be driven off by
the addition of a fixed alkali. If, after having decomposed mu-
rexide by dilute sulphuric acid, we separate the murexane by the
filter, there remains a colourless liquid, which possesses the fol-
lowing characters:

When placed in contact with nitrate of silver, it assumes a
black colour, and deposites in a short time metallic silver, just as
would happen to a solution containing alloxantin. Ammonia
forms in the liquor separated from the silver a dense white pre-

* Ann. de Chim. et de Phys. Ixviii. 322.
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cipitate, which becomes yellow on boiling, without dissolving.
In this respect it agrees with a solution of alloxane mixed with
ammonia.

If we decompose murexide by muriatic acid, seéparate the mu-
rexane, and add barytes water to the acid liquid, a dense preci-
pitate falls of a light violet colour. This reaction indicates the
presence of alloxantin. The precipitate is not of so deep a vio-
let as with pure alloxantin, but it is not colourless like that from
pure alloxane. A current of sulphuretted hydrogen instantly
destroys the colour of the murexide. Silky plates of murexane
precipitate ; and the liquid gives with barytes water a deep vio-
let precipitate, while ammonia is disengaged. It is obvious that
the alloxane become free is changed by the sulphuretted hydro-
gen into alloxantin.

When we boil murexide with a solution of potash till the deep
indigo blue colour disappear, precipitate the murexane by mu-
riatic acid, and neutralize the liquid exactly with ammonia, it
does not precipitate the salts of lime and barytes. But if weadd
a new dose of ammonia, dense white flocks fall, which disappear
when we add a large quantity of water. This reaction charac-
terizes the alloxanates of lime and barytes.

If, after having decomposed murexide by dilute sulphuric acid,
we pour barytes water into the cold liquid, as long"as a precipi-
tate continues to fall, the whole sulphuric acid, and along with
it all the alloxane and alloxantin, except a mere trace, are pre-
cipitated. The filtered solutions being treated with carbonate of
ammonia to separate the free barytes, filtered anew, and evapo-
rated to a small bulk, gives with nitric acid crystals of nitrate of
urea.

The solution obtained by the decomposition of murexide by
means of sulphuric acid being neutralized by carbonate of am-
monia, and evaporated in a very gentle heat, loses, after some
time, the red colour which it had assumed. It gives a crystal-
line mass, in which it is easy to recognize alloxanate of ammonia
mixed, with sulphate. The same solution being treated with am-
monia and a salt of silver, gives a white precipitate, which, by
the action of a gentle heat, becomes black while gas is disengaged,
and is reduced to metallic silver.

From all these reactions, it results that murexide produces, by
its decompositions by acids and alkalies, five different produets,
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namely, ammonia, murexane, alloxane, alloxantin, and urea.
Wohler and Liebig consider it as a combination of various
amides. Yet the decomposition of thionurate of ammonia when
decomposed by the acids gives a greater number of products
than even murexide.

CHAPTER 11
OXIDES NOT CONTAINING AZOTE, AND NOT OILY.

TrEsE bodies have been hitherto very imperfectly investigated.
We can enumerate in the present state of our knowledge only
four such substances, namely,

1. Melain. 3. Diabetes sugar.
2. Oébnin. 4.. Sugar of milk.
These bodies will constitute the subject of the following sections :

SECTION I.—OF MELAIN.*

This name has been given by Bizio to the black matter which
constitutes the essential constituent of the ink of the cuttle-fish.
It was first examined by Mr G. Kewpt in the year 1813, after-
wards by Dr Prout in 1815 ;1 and finally by Bizio.§

The black liquor of the cuttle-fish is secreted in a bag or blad-
der situated near the caecum, which communicates by a narrow
duct, with an opening in the upper part of the belly of the fish.
When chased by other fishes, the cuttle-fish is said to discharge
a quantity of this liquid, which, by rendering the water muddy,
enables it to escape from its enemies. Dr Prout found that when
the black matter in this ink is mixed with water, it takes at least
a whole week to subside. It is therefore admirably adapted for
the purposes of concealment.

The ink of the sepia when fresh is a black glairy liquid, of a
viscid consistence, a peculiar fishy smell, and very little taste.
‘When allowed to dry in its bladder, it becomes hard and brittle,
has an imperfectly conchoidal fracture, a brownish-black colour,
and exhibits a slight peacock-tail lustre on exposure to a strong

* From meras, black. 1 Nicholson’s Jour. xxxiv. 34.
{ Annals of Philosophy, v. 417. § Brugn. Jour. xviii. 18.
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light. When in powder, it has a fine velvet black colour, has no
smell it taste is saltish, and its specific gravity about 1:640.
Dr Prout analyzed a portion of this dry matter, and found its
constituents as follows :
Melain, : 78:00
Carbonate of lime, 1040
Carbonate of magnesia, 7:00

Common salt ? } 2-16

Sulphate of soda,

Mucus, ; . 084
9840

Melain has a fine full black colour, and possesses the shining
appearance of powdered charcoal. It is insoluble in muriatic
and sulphuric acids, even when assisted by heat; and also in
acetic acid. Concentrated nitric acid acts on it readily, and with
considerable energy, abundance of red fumes being emitted,
and at length a partial solution being formed of a very deep
reddish-brown colour. Potash added to this solution occasions
no precipitate ; but carbonate of potash occasions a slight
one. Caustic potash ley, when assisted by heat, effects a partial
solution of melain. So does caustic ammonia, but in a slighter
degree. The colour of these alkaline solutions is a darker brown
than of the solutions in nitric acid. When muriatic or sulphu-
ric acid is dropt into the alkaline solution, a slight precipitate
falls ; but this does not happen when nitric acid is employed.

Melain burns without melting and with considerable difficulty,
emitting the usual smell of burning animal matters, somewhat
modified by a fishy odour. When burnt, it left a minute portion
of reddish ashes, consisting of a mixture of peroxide of iron, lime,
and magnesx&

Melain is insoluble in water, but mixes with that liquid readily
and remains long suspended ; but the addition of the mineral
acids or ammonia causes it to subsxde rapidly. Itis insolublein
alcohol and ether.

Melain may be obtained from the dried ink of the cuttle-fish
by boiling that substance in water till every thing soluble in that
liquid is taken up. It is then treated in the same way succes-
sively by alcohol and muriatic acid. Thus purified, it is to be
well-washed with water, containing towards the end a little car-
bonate of ammonia.
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SECTION IL.—OF OONIN.

This name (from «o, an egg,) has been given to a peculiar
principle which M. Couerbe extracted from the albumen of an
egg in the year 1829, and to which he gave at first the name of
albuminin, but afterwards changed for oonin.*

M. Couerbe lefta concentrated solution of albumen from an egg
in water, in a temperature varying from 32° to 18°. The solu~
tion became thick without congealing, and in about a month de-
posited a membranous net-work, which was pretty abundant.

This membranous matter is solid, white, translucent, com-
posed of membranes, tasteless, and without smell. It was easily
reduced to powder.

‘When heated in a glass tube, shut at one end, it is decomposed
without melting, and yields no ammonia. During its calcination
it swells, and leaves a bulky charcoal difficult to burn. When
decomposed by oxide of copper and heat, it gives nothing but
water and carbonic acid gas.

It is insoluble in water, though it is softened by that liquid.
In boiling water it swells without dissolving, and assumes the ap-
pearance of insoluble mucor.

Alcohol, ether, and acetic acid have no action on it whatever,
either cold or hot. It swells slightly in concentrated sulphuric
acid while cold ; but if we apply a gentle heat, the o6nin is ra-
pidly charred, and gives out an agreeable smell. When water
is added, the charred matter precipitates, leaving a colourless di-
lute acid. Cold nitric acid acts but feebly on otnin; but when
heat is applied, it dissolves it with the evolution of deutoxide of
azote. The best solvent of oonin is hot muriatic acid. The so-
lution is colourless, and no precipitate falls when it cools; but if
we add water, the liquid becomes muddy, and a white precipi-
tate falls in the state of a very fine powder.

Alcoholic solution of potash dissolves it with the assistance of
a little heat. 'When the liquid cools no precipitate appears. If
we saturate the alkali with muriatic acid, the mixture becomes
muddy ; but no precipitate falls during twenty-four hours.
These experiments of Couerbe were repeated and confirmed by
MM. Soubeiran, and Henri, Jun.}

¢ Ann. de Chim. et de Phys. xli. 323.
t Jour. de Pharm. xv. 495, and xix. 299,
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SECTION IIL.—OF DIABETES SUGAR.

It is now universally known that in the disease called dia-
betes, the urine contains a considerable quantity of sugar, which
may be easily extracted in a state of purity. The sweet taste of
diabetic urine, and, of course, the existence of sugar in it, seems
to have been first observed by Dr Willis. Sydenham, though he
describes the disease, and distinguishes it by the name of diabe-
tes, takes no notice of the sweet taste of the urine, but only of
its great quantity.* The first person who attempted to obtain the
sugar in a separate state was Mr Cruikshanks. He gives an ac-
count of his experiments in an appendix to Dr Rollo’s book on
Diabetes, which was published in 1797. He extracted from dia-
betic urine about one-twelfth of its weight of a sweet tasted ex-
tract like honey.

In 1815, Chevreult analyzed diabetic urine, and extracted
from it the sugar in astate of purity. He found that the shape
of the small crystals which it formed (small spherules) was pre-
cisely the same as that of grape sugar. It possessed all the
qualities of that sugar, has the same solubility in water and alco-
hol, and like grape sugar melts when exposed to a gentle heat.
From these facts, Chevreul concluded that diabetic sugar was
precisely the same with that of grapes. Cruikshanks had already
compared it to honey ; and we now know that sugar of honey is
identical with that of grapes. M. Calloudt found diabetic and
grape sugar to agree also in another property, namely, that of
combining with common salt and forming crystals which have the
form of dodecahedrons composed of two six-sided pyramids
applied base to base, or sometimes of rhomboids. According to
Calloud these crystals are composed of,

Common salt, s 8.3
Sugar, . . S OLR
100-

This differs essentially from Brunner’s analysis, which I have
g1ven in the Chemistry of Vegetables, p. 638. Calloud’s analy-
siswouldindicate four atoms of sugar to one of common salt, while
Brunner’s make the compound to consist of an atom of each con-
stituent. But when he combined common salt directly with

* Opera, p. 271. 1 Ann. de Chim. xev. 319.

4 Jour. de Pharmacie, xi. 562.
I
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sugar of grapes, he obtained a compound exactly coinciding
with Brunner’s, since it consisted of],

Common salt, . 28
Sugar, ; 75
100

In some rare cases of diabetes, the quantity of common salt in
the urine is so great, that, by evaporating it by a gentle heat,
crystals are deposited consisting of common salt combined with
diabetes sugar.

Sugar of diabetes was first analyzed by Dr Prout.* He found
it composed of

Carbon, 36° to 40-
Hydrogen, 7-11 to 6:66
Oxygen, 5689 to 53:34

100-00 10000

But these differences are too great to enable us to deduce the
constitution of diabetes sugar from the analysis, Peligott ana-
lyzed diabetes sugar with great care in 1838, and found its con-
stituents to be

Carbon, A 3588

Hydrogen, . 744

Oxygen, . 5668

100-00
This gives the formula,
12 atoms carbon,
14 atoms hydrogen,
14 atoms oxygen,

9:00 or per cent. 36:36
175 707
14-00 5657
24,75 100.00
This is obviously the same constitution which sugar of grapes
has. By heat diabetes sugar may be deprived of two atoms of
water, and thus it becomes,

n-nh

¢ Phil. Trans. 1827, p. 373. 1 Ann. de Chim. et de. Phys. lxvii. 142.
6
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12 atoms carbon, . — 90 or per cent. 40-
12 atoms hydrogen, . = 15 666

12 atoms oxygen, = 5334
225 100.00

I found that, by combining it with certain bases, it might be
deprived of another atom of water, and thus reduced to
12 atoms carbon, = 9 or per cent. 42.11
11 atoms hydrogen, = 1-375 ... 643
11 atoms oxygen, =11 e 5146
21375 ... 100
Thus it is identical with grape sugar in its constitution. Hence
the reason why diabetic urine is so apt to ferment and evolve
alcohol.

SECTION IV.—OF SUGAR OF MILK.

Sugar of milk may be extracted from whey in the following
manner : Evaporate the whey to the consistence of a syrup, and
set it aside for some weeks in a cool place. Granular crystals
of sugar of milk will be deposited. To obtain it pure we must
redissolve it in water, and crystallize it a second time. And this
process must be repeated two or three times.

Fabricius Bartholetti, an Italian, was the first European who
mentioned this sugar. He described it in his Encyclopedia
Hermetica-Dogmatica, published at Boulogna in 1619 ;* but it
seems, from what Haller says, to have been known in Indialong
before that time. It is manufactured in large quantities in
Switzerland, from which country all the sugar of milk of com-
merce comes. The person who chiefly contributed to make su-
gar of milk generally known, was Ludovico Testi, who gave it
out as an invention of his own, and sold it as a powerful remedy
in the gout and other diseases. He was a physician in Venice,
where he. died in 1707. After his death Valisneri published
the process which Testi employed in extracting his sugar from
whey.

Sugar of milk is white, and crystallizes in right four-sided
prisms, usually terminated by four-sided pyramids. It has a

* According to Beckman, he called it manna, sex nitrum seri lactis. His_
tory of Inventions, ii. 494.
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taste only slightly sweetish. Its specific gravity at the tempera-
ture of 55° is 1:543. At 59° it is_soluble in 5 times its weight
of water, and 2% times its weight of boiling water. When the
crystals are melted they lose 12 per cent. of water. When thus
fused the sugar is transparent and colourless. On cooling it
concretes into a white opaque mass. It dissolves but slowly in
water. But the solution may be evaporated much beyond the
crystallizing point without any crystals forming. It is scarcely
soluble in absolute alcohol ; but its solubility is increased when
the alcohol is diluted with water. In ether it is insoluble.
‘When long boiled in dilute sulpburic acid it is converted into
sugar of grapes. Nitric acid converts it into oxalhydric, oxalic,
and mucic acids. When in powder it absorbs muriatic acid gas
in great quantity, and assumes the form of a grey coherent mass.
It absorbs also ammoniacal gas, and when completely saturated
the weight augments from 100 to 112.4 or the compound of su-
gar of milk and ammonia is composed of,

Sugar of milk, 2 100 or 17.137

Ammonia, A 124 or 2125

Caustie potash converts it into a brown, bitter tasted substance,
which is insoluble in alcohol.

When digested with oxide of lead at a temperature not ex-
ceeding 122°, a combination takes place. The liquid is a solu-
tion of oxide of lead holding in suspension an insoluble com-
pound, which may be obtained by filtering in a covered vessel to
exclude the carbonic acid of the atmosphere. It is mucous, and
when dried becomes gray and translucent. - At 212° it loses
water and becomes yellow. It is composed of,

Sugar of milk, . 3647 or 8.018
Oxide of lead, 3 6353 or 14°

100-00
The filtered liquid contains a soluble compound of sugar of

milk, and oxide of lead. Its taste is at once sweet, alkaline, and
styptic. 'When evaporated in vacuo it leaves a yellow transpa-
rent substance resembling gum, which is soluble in water. It is
composed of,

Sugar of milk, p 8188 or 63°117 = 8,018 + 8

Oxide of lead, : 1812 or 14-

100.00
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If we add ammonia to the soluble compound, the insoluble
compound, noticed above, falls down. If we digest it for a long
time with an excess of oxide of lead we obtain a subsalt compos-
ed of,

Sugar of milk, . 12455 or 8-
Oxide of lead, ¥ 8745 or 5574 = 14 x 4

100.00
Sugar of milk was first subjected to an ultimate analysis by
Gay-Lussac and Thenard.* Berzelius analyzed it in 1815,}
Prout in 1827,} Liebig in 1834,§ and Brunner in 1835.| The
following table exhibits the result of these analyses :

g:iy %;;s:::: 4, Berzelius.  Prout. Liebig.  Brunner. Mean.
Carbon, 38-825 39-474 40.00 39-51 40-437 39649
Hydrogen, 7:341 7:167 6-66 6:74 6-711 6-926
Oxygen, 53-834 53-359 53-33 53.75 52-852 53.425

100-000 100-000 100-00 10000 100-000 100-000
These experiments exhibit the constitution of sugar of milk in
erystals. They lead to the formula,
12 atoms carbon = 9 or per cent. 40
12 atoms hydrogen = 1-5 6-66
12 atoms oxygen = 12-0 5333

22:5 -100-00
But, according to Berzelius, 100 parts of crystals of sugar of
milk when dried at 212°, or when combimed with oxide of lead,
lose 12 of water. Hence 22:5 would lose 27 of water or 23
atoms. Let us suppose the loss to be only 2.25 or two atoms
water, then it would follow that anhydrous sugar of milk is com=
posed of,

12 atoms carbon, © = 9 or per cent. 44:44
10 atoms hydrogen, = 125 e TGS
10 atoms oxygen, = 10 ... 49:38

2025 100-00

This is precisely the constitution of anhydrous cane sugar. Yet
the properties of the two differ exceedingly from each other.

% Recherches Physico-Chimiques, ii. 293.
1 Annals of Philosophy, v. 266. t Phil, Trans. 1827, p. 383.
§ Annalen der Pharmacie, ix. 24. || Poggendorf’s Annalc 1, xxxiv. 335.
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It is a generally received opinion that sugar of milk is inca-
pable of fermenting, or of being decomposed into carbonic acid
and alcohol. But the well-known fact, that the Tartars and the
inhabitants of the Shetland Islands make an intoxicating liquor
by fermenting milk, is inconsistent with this opinion, and proves
that sugar of milk when properly treated may be made to fer-
ment as well as common and grape sugar. Doubtless, like com-
mon sugar, it is first converted into sugar of grapes before it
can be capable of fermenting or of being decomposed into alco-
bol and carbonic acid.

CHAPTER III
OF OILY OXIDES, SAPONIFIABLE.

THE terms fat, tallow, suet, lard, &c. are applied to a secre-
tion of an oily nature, usually solid in the hot-blooded, and
fluid in cold-blooded animals. This substance is deposited in
the cellular substance. The quantity formed depends in some
measure upon the food; and when the food becomes deficient,
or the power of digestion imperfect, the fat disappears. It is
deposited in the cellular tissue of all animals, but the fat of only
a small number of species has hitherto been examined by che-
mists.  Of these the following are the most important :—

" 1. HoG's LARD.

This is the fat of the Sus scrofa, or common hog. Itis depo-
sited to a considerable thickness immediately under the skin
of the domestic animal. It is white, and has very little smell;
but when we melt it in contact of boiling-water, the smell becomes
strongand disagreeable. It melts completely at 99°, and then has
the appearance of a transparent and nearly colourless fixed oil.
A thermometer placed in it sinks gradually to 80°. The lard
then begins to congeal, and the thermometer remains at 80° all
the time of congealing, which occupies several minutes. It is
clear from this that 80° is the melting point of hog’s lard.
Tts specific gravity at 102° is 0°9028 ; at 60° it is 0°9302.

When hog’s lard is left exposed to the air, it becomes gra-
dually yellow-coloured and rancid, acquires a strong smell, and
reddens vegetable blues. A volatile fatty acid is developed, th
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nature of which has not yet been examined, but Chevreul consi-
ders it as analogous to caproic acid.

Hog’s lard, like all the other varieties of fat, has been shown
by Chevreul to consist of two distinet oily bodies; the one solid
at the ordinary temperature of the atmosphere, and the other li-
quid at the same temperature. The first on that account has
been called stearin ; the second elain. Braconnot showed that .
if hog’s lard be subjected to pressure between folds of blotting-
paper, the elain is absorbed by the paper while the stearin re-
mains. According to his experiments, hog’s lard is composed of

Elain, } 62
Stearin, . 38

100

The elain has a specific gravity of 0°915. 100 parts of abso-
lute aleohol dissolve 123 parts of it.

The stearin is without smell, translucent, dry, and granular.
It melts when heated to 1094°. On congealing, it assumes an
imperfectly crystallized texture.

Itbasbeenshown that stearin is a compound analogous to a salt,
consisting of stearic acid combined with glycerin. In like man-
ner, elain is a compound of oleic acid and glycerin. If we di-
gest lard with caustic potash ley, the acids gradually combine
with the potash, and constitute with it a soap while the glycerin
is disengaged. In this way it has been ascertained that pure
lard is composed of

Stearic and oleic acids, 9465
Glycerm, 9

When hog’s lard is digested w1th nitric- acid it is converted

into oleic and margaric acids.*

2. OX FAT. ;

The fat of oxen has a yellowish-white colour, and a slight but
peculiar smell. It melts when heated to 100°, Boiling alcohol
of 0-821 specific gravity dissolves about the fortieth part of its
weight of this fat.

Like hog’s lard it is a mixture of stearin and elain. But, as it
is much firmer and harder than lard, we might infer that the
proportion of stearin which it contains is much greater than in

* Bussy and Lecanu, Jour. de Pharm. xii. 605.



136 OILY OXIDES, SAPONIFIABLE.
»

lard. And this is the case. The stearin constitutes about thre e-
fourths of ox tallow. It is now separated on a great scale to be
manufactured into candles. The method employed is to melt
the tallow, and to stir it incessantly while in the act of congeal-
ing. It is then exposed to pressure in woollen cloths at the
temperature of 95°. The elain forced out still retains a consi-
derable quantity of stearin. This elain is cooled down a few de-
grees below 95° and subjected to pressure again, by which an
additional portion of stearin is obtained. ~And this processisre-
peated sinking the temperature every time, till at last it is re-
duced as low as 36°. At last an elain is obtained, which is quite
liquid, and which does not become solid though cooled down se-
veral degrees below 32°.

The stearin thus obtained is white, granular, and crystalline.
It melts at 111° and may be cooled down to 102° before it be-
gins to congeal ; but then the temperature rises to 111°, and con-
tinues so till the whole stearin is congealed. This stearin has
about the same translucency as white wax. Its feel is not greasy,
and it burns with a light similar to that of wax; 100 parts of
absolutealcohol at the boiling temperature dissolve 1548 partsof it.

The elain from ox fat is colourless, and almost without smell.
Its specific gravity is 0:913. 100 parts of absolute alcohol dis-
solve 123+4 of it at the temperature of 167°.

Candles made of the stearin of ox tallow are little inferior to
wax candles. The stearin being brittle and apt to crystallize, it
has been found necessary to mix it with a little white wax, in
order to deprive it of these qualities.

There is an oil obtained from the feet of oxen, and therefore
known in this country by the name of Neat’s Foot Oil, which de-
serves to be noticed. It remains liquid though cooled down te
below 32°, and therefore is used very much to oil machinery, in
order to diminish friction. :

To obtain it the hair and hoofs are removed, and the inferior
part of the bone of the foot being rasped down is boiled in water
together with the surrounding parts. The oil swims on the sur-
face of the water. Itisnearly colourless, and may be kepta con-
siderable time without alteration; but at last it deposites some
solid matter having the aspect of stearin.

; 3. MUTTON SUET.
This is the name by which the fat of the sheep (Ovis aries)
4
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is known in this country. It resembles ox fat, but is whiter.
When fresh it bas hardly any smell. Some varieties of it melt
at 100° ; others not till 104°, or even 106° It dissolves in 44
times its weight of boiling alcohol of 0-821 specific gravity.

Its stearin is white and without lustre. It begins to solidify
at 991°, and the temperature then rises to 111°. On congealing
it crystallizes imperfectly. It is translucent. One hundred parts
of boiling absolute alcohol dissolve 16-09 of it. The elain of mut-
ton suet is colourless, has a slight odour of mutton, and a specific
gravity of 0°913. One hundred parts of absolute alcohol dis-
solve 80 parts of it at the temperature of 167°.

4. GOAT FAT.

This fat resembles that of the ox, but it has a peculiar and dis-
agreeable smell, similar to that of the animal. It is owing to the
presence of a peculiar oily matter to which Chevreul has given
the name of hércin, and which has been very imperfectly examin-
ed. Tt exists also in small quantity in mutton suet. It is liquid,
and is found in the elain when goat fat is separated into elain
and stearin. Though Aircin has not yet been obtained se-
parate from elain, Chevreul succeeded in obtaining hircic acid,
which is presumed to be one of the constituents of hircin.
He obtained it in the following way: Four parts of goat fat
were saponified by digestion in one part of hydrate of potash
dissolved in four parts of water. The soap is decomposed by
phosphoric or tartaric acid. The fatty acids are separated and
washed, and the washings mixed with the acid residue of the
decomposed soap. This liquid is distilled.* The liquor that
passes over contains the hircic acid. Saturate it with carbo-
nate of barytes and evaporate to dryness, and decompose by dis- -
tilling it with equal weights of sulphuric acid and water. The
hircic acid will be found swimming on the water in the receiver
under the form of a colourless volatile oil.

i 5. HUMAN FAT.

This fat is softer than either ox fat or mutton suet. It has a
yellow colour, and its melting point seems to vary. Chevreul
found fat from the kidney, when melted at 104°, begin to con-
geal at 77°. At 753° it was semifluid, and at 62}° it was con-

* If the matter in the recipient leaves any stain on platinum foil when eva-
porated, it must be distilled again.
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gealed into a mass in which might be distinguished a white so-
lid matter and a yellow oil. Another specimen from the thigh
continued quite fluid at 59°. When kept for some days at that
temperature in a close flask it deposited a solid matter ; but af-
ter an interval of a fortnight it was still partly liquid, a yellow
oil floating on the solid portion. These variations in the congeal-
ing point depend upon a variation in the proportion of the stearin
and elain in this fat.

Human fat is soluble in 40 times its weight of hot alcohol of
0-821. On cooling the liquid deposites stearin, which, after be-
ing again dissolved in hot alcohol and deposited, and exposed to
pressure between the folds of blotting-paper, possesses the follow-
ing properties: It is colourless, has little lustre, and melts at
122°, It may be cooled down to 106° before it begins to con-
geal, but the instant congelation begins the heat rises to 120°
The stearin crystallizes in a mass composed of small needles.
One hundred parts of beiling absolute alcohol dissolve 215 of
this stearin. But the greatest part precipitates when the solu-
tion cools. The elain is a colourless oil which remains liquid
though cooled down to 25°, but congeals into needles at a few
degrees below that temperature. Its specific gravity at 59° is
0-913. It has no smell but a sweetish taste. One hundred
parts of boiling alcohol dissolve 123 of this elain, and the solu-
tion becomes muddy when cooled down to 170%°.

One hundred parts of human fat when saponified yield,

Margaric and oleic acids, 9524 to 96-18

Glycerin, ; . 966 to 10
The mixture of margaric and oleic acids melt between 88° and
95°. The stearin gives 86 of glycerin with 949 of fatty acids,
in which there is no stearic acid, and which melt at 124°. The
elain gives 98 of glycerin and 95 of fatty acids fusible at be-
tween 93° and 95°

Fourcroy described under the name of adipocirin, a fat obtain-
ed from dead bodies which had been long piled up together, and
which he considered a combination of a peculiar fatty matter with
ammonia. Chevreul has shown that it is merely human fat sa-
ponified (doubtless by ammonia); and of course a combination
of margaric and oleic acids with ammonia.

6. GOOSE FAT.
It is colourless, and hasa peculiar taste and smell, rather agree-
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able. If melted it congeals at 80%° into a granular mass, hav-
ing the consistence of butter. When exposed to pressure be-
tween folds of blotting-paper at 284° it is resolved, according to
Braconnot, into,
Stearin, . 32 fusible at 111°
Elain, G 68
100
The elainis yellowish white, and has a peculiar taste. One hun-
dred parts of boiling absolute alcohol dissolve 36 parts of the
stearin.  When saponified it yields,
Margaric and oleic acids, . 944
Glycerin, - ; ¢ 82
The specific gravity of the elain is 0:929. One hundred parts
of absolute alcohol at 167° dissolve 1233° of it. It begins to
precipitate when cooled down to 124°.  When saponified it gives
89 per cent. of fatty acids.

7. DUCK FAT.
It melts at 77°. Braconnot resolved it into
Stearin, 2 28 fusible at 1261°
Elain, ¢ 72

100

The elain has the peculiar taste and smell which characterizes
duck fat.

8. TURKEY FAT.
It was resolved by Braconnot into,
Stearin, 5 26 fusible at 113°
1 Dhh Al & 74

100
R 9. WHALE OIL.

This well known oil is obtained by boiling the blubber of the
Balena misticetus or great northern whale. Its colour is brown,
and it has a disagreeable fishy smell. Its specific gravity is 0-927.
It boils at about 620°. When distilled over we obtain a much
more fluid brown oil which boils at 410°.
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When cooled it deposites stearin, which may be separated by
the filter. When boiled in alcohol it becomes deeper coloured,
and the elain is separated. One hundred parts of absolute alco-
hol dissolve at a boiling temperature 554 of stearin. When the
solutionis cooled it deposites first white brilliant crystals, and then
yellowish coloured crystals, and there remains a thick brown li-
quor, which has not been examined. When this stearin is sapo-
nified we obtain glycerin, some phocenic acid, and 389 per cent.
of fatty acids.

The elain is not decomposed by alcohol. One hundred parts
of boiling absolute alcohol dissolve 122 parts ofit. "When treat-
ed with halfits weight of hydrate of potash it is easily saponified ;
glycerin being evolved together with a little phocenic acid and
margaric and oleic acids. The oleic acid has a fishy smell, which
it communicates to its salts.

10.—o0IL OF THE DELPHINUS PHOCENA OR PORPOISE.

This oil is liquid, and has a yellow colour. It has at first a
fishy smell, which goes away when the oil is exposed to the sun
and air. Its specific gravity is 0°937. When exposed to the
air it acquires at first a brown colour, which gradually disappears.
It then acquires the smell of oil of colza, and reddens vegetable
blues. 100 parts of boiling alcohol of 0-821 dissolve 20 parts
of the oil ; but the solution becomes muddy on cooling. But
when we boil together equal parts of the oil and alcohol, no pre-
cipitate appears, and we may add more oil almost in any propor-
tion.

‘When saponified this oil yields,

Margaric and oleic acids, . 82:2
Glycerin, . 4 16
Together with a certain quantity of phocenic acid.

11.—o0IL OF DELPHINUS GLOBICEPS.

This oil is fluid, and has a light lemon-yellow colour, and a
fishy smell. Its specific gravity is 0°918. 100 parts of absolute
alcohol at 68° dissolve 123 parts of it. 'When cooled slowly to
the point of congelation, or a little below it, this oil deposites a
cetin, similar to that from the Physeter macrocephalus, but not
quite identical with it.

‘When melted, this cetin begins to congeal at 114°, and it is
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totally solidified at 110°. 100 parts of boiling alcohol of the spe-
cific gravity 0834 dissolve 29 parts of it. It is not so easily
saponified as the cetin of the macrocephalus, furnishes less ethal,
and a greater quantity of fatty acids. The ethal from this oil
melts at 1164°, while that from the macrocephalus melts at 118%°.

The oil from which this cetin has been deposited is perfectly
liquid at 68°, and at 59° resembles butter. Its specific gravity
is 0°924 ; 100 parts of alcohol of 0-820 dissolve 149.4 parts of
it before beginning to boil. By saponification, 100 parts of this
oil give 66 parts of margaric and oleic acids, along with which
are 14-3 of a fat not saponifiable, and similar to ethal, only more
fusible, and in fact composed of two fats, of which one melts at
801°, and the other at 95°. They may be separated from the
fatty acids by the same means as those employed to isolate the
ethal. The saponification produces also 15 parts of glycerin,
and a considerable quantity of phocenic acid.

12,—FAT OF COCCUS CACTI OR COCHINEAL INSECT.

In the year 1818, MM. Pelletier and Caventou made a set of
experiments on the fat of this insect.* It was extracted by them
by means of ether, which forms with it a yellow solution; the
ether being evaporated away, the fat remains. To obtain from
it a colourless stearin, we must dissolve it repeatedly in water,
and crystallize it. The crystals are white pearly plates. This
stearin melts at 104° and is but little soluble in cold alcohol.
When we distil off the alcohol, a little solid fat separates, and
there remains an elain, which continues liquid at 32°, and which
is coloured yellowish-red by the colouring matter of the cochi-
neal insect. It still retains a small quantity of stearin in solu-
tion. This elain is easily saponified. Tt gives fatty acids, anda
volatileodorous’acid. The Coccus polonicus contains more fat than
the Coccus cacti, Two specimens of it, the one moist and the
other dry, were examined by Berzelius, who found the acids
which they yielded similar to those in butter.f

All these fatty or oily substances from animals, and many
others which have not hitherto been examined, are divisible into
two distinct substances, the one solid and called stearin, the other
liquid at the common temperature of the atmosphere, and called

* Ann. de Chim. et de Phys. viii. 270.
t Traité de Chimie, vii. 551,
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elain. Some fatty bodies yield oils having different propertics
from elain. Those that have been examined by Chevreul are
Phocenin, Butyrin, and Hircin. The mode of obtaining these
bodies and their properties have been already described in the
Chemistry of Inorganic Bodies, (Vol. ii. 35.)

Chevreul analyzed the stearin and elain from different fatty
bodies, as human fat, hog’s lard, mutton suet, &c. He found
them all compounds of carbon, hydrogen, and oxygen. But the
proportions were not the same in all. Whether this difference
was owing to any diversity in the various stearins and elains, or
to the presence of foreign bodies in greater or smaller quantity,
we have no means of determining.

It has been ascertained that stearin is a compound of stearic
or margaric acid and glycerin, which performs the part of a base.
Stearic acid has been shown by the analytical researches of Messrs
Redtenbacher, Varrentrapp, and Bromeis* to be C® H% O°
= 6425.

In its common state it is a hydrate composed of C%® H% O°
+ 2 (HO).

Stearates of silver and lead are composed as follows :
Stearate of silver, . C®H® O 4 2(AgO0)
Stearate of lead, . C® H* O° + 2 (PbO)

The two atoms of the oxides of silver and lead taking the place
of the two atoms of water in the hydrated acid.

Dr Redtenbacher also formed stearic ether, or, as it is now
called, stearate of oxide of ethyle, by dissolving stearic acid in
alcohol and passing a current of muriatic gas through the solu-
tion till it refused to absorb more. Its composition was

1 atom stearic acid, i Co H% O = 64-25.

1 atom ether, A Ct H O = 4625.
1 atom water, 2 H O = 1125
70

Margaric acid was obtained by M. Redtenbacher and M. Var-
rentrapp by distilling stearic acid. Its constitution is C* H3*
03 = 32625,

Hydrated margaric acid is C* H* O® 4 HO = 33-75.

Margarate of silver is C* H* O® 4+ Ag O. The atom of oxide
of silver taking the place of the atom of water in the hydrate.

* Annalen der Pharmacie, xxxv. 46, 65, and 86.
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These two acids have an obvious relation to each other. We
may consider them as consisting of a common radical, C* H¥,
united to oxygen. ;

Margaric acid will be J GG BB O3
Stearic acid, ; .o2(CHHB) 4+ O

The margaric acid is a compound of one integrant particle of
the radical united to 3 atoms oxygen, while the stearic acid con-
tains two integrant particles of the radical united to five atoms
oxygen.

Stearic acid was discovered by Chevreul in 1816, and called
at first margarous acid ; but he afterwards adopted the term stea-
ric acid, * as more proper. To obtain it we must saponify mut-
ton suet, ox’s fat, or hog’s lard. The soap must be dissolved in
a weak solution of caustic potash. The solution is to be mixed
with a quantity of water forty-five times as great as that of
the tallow saponified. The mixture being left at rest in a tem-
perature between 50° and 60° there gradually falls to the
bottom a pearly looking substance, which is a mixture of bistea~
rate, bimargarate, and superoleate of potash. This substance
is allowed to dry. It is then washed three times successively in
eight times its weight of boiling alcohol of 0-820. The first of
these, on cooling, deposites a great quantity of crystals consist-
ing chiefly of bistearate of potash. It is rendered quite pure by
repeated solutions in alcohol, and ecrystallizations. It is then
decomposed by tartaric or muriatic acid.

Thus prepared, stearic acid melts when heated to 158°. Red-
tenbacher found the melting point of the stearic acid which he
prepared 160°% On cooling, it crystallizes in fine brilliant
needles, interlaced with each other. It is tasteless, destitute of
smell, and insoluble in water. While in a liquid state, it com-~
bines with alcohol in all proportions. If at the temperature of
167°, we mix equal weights of stearic acid and alcohol, we ob~
tain a solution which, when cooled down to 1222, crystallizes in
brilliant plates. At 113° the whole congeals into a solid mass.

Ether of 04725 density dissolves its own weight of stearic acid
when assisted by heat. The solution is limpid at 140° At
1344° it concretes into a mass formed of beautiful plates. This
acid readily combines with the alkalies, and forms a soap. One

* From exsag, tallow.
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atom of stearic acid usually combines with two atoms of base.
Thus pure stearate of soda is composed of,
1 atom stearic acid, : = 6425

2 atoms soda, = 8
2 atoms water, L0205
745

If stearin were composed of stearic acid and glycerin alone, its
constitution would be, according to the analysis of Liebig and
Pelouse, * modified by the subsequent investigations of Redten-
bacher and Verrentrapp, {

2 atoms stearic acid, x C136 H¥2 OV = 1285
1 atom glycerin, . ) Ct H O = 10375
2 atoms water, 4 ; H2 O = 2925

C2 H"' O = 141125
But it is probable that margaric acid, and also oleic acid, &c. are
very common ingredients in most varieties of stearin.

Margaric acid was first described by Chevreul in 1813, under
the name of margarin. In 1816 he gave it the name of marga-
ric acid. But it was not till 1820 that he was able to distin-
guish with precision margaric acid from stearic acid. © The mode
of obtaining margaric acid employed by Chevreul has been de-
tailed in the Chemistry of Inorgaric Bodies, (Vol. ii. p. 125.)

Dr Redtenbacher first ascertained that, when pure stearic acid
is distilled over into a receiver, it is converted into margaric acid.
So that the stearic acid from the ox by distillation becomes the
acid of human fat. . Besides margaric acid there was formed mar-
garon,and a light oily substance which Redtenbacher called (from
its composition) polymo-carburetted hydrogen.

Varrentrapp found that when ox’s tallow, mutton suet, hog’s
lard, or olive oil were subjected to distillation, the solid-products
obtained possessed the characters of margaric acid. 'They were
freed from the liquid products of the distillation by pressure, and
afterwards purified by repeated solutions in alcohol and crystal-
lizations, and finally they were saponified by soda, and precipi-
tated by means of muriatic acid. ~The distilled product contain-
ed also margaron and an oily carbohydrogen.

* Ann. de Chim. et de Phys. lxiii. 148.
1 Annalen der Pharm. xxxv. 46.
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M. Bromeis found that when nitric acid is digested on stearic
acid, a violent action takes place, which becomes gradually more
moderate, and at last nearly ceases. The stearic acid after this
action becomes clear and liquid, and forms a tallowy, solid mat-
ter, which melts at 95° or 113°, according to the duration of the
process. This tallowy matter is margaric acid, mixed with a
product proceeding from the oleic acid present, which is easily
saponified by potash. It then assumes a blood-red colour, and
retains that colour after separation by an acid. The tallowy
mass separated from this body was freed from nitric acid by boil-
ingitin water. It was then dissolved in hot alcohol, and allowed
to cool. The margaric acid was deposited in crystals. It was
purified by repeated solutions in alcohol, by saponification and
precipitation by an acid.

Margaric acid resembles stearic acid very closely ; but it
melts at 140° according to Chevreul, or 141°, according to
Bromeis; while stearic acid requires for fusion the temperature
of 158° or 160°.

The constitution of this acid, and its analogy to stearic acid,
have been already pointed out. The common base is C3* H*.

Margaric acid is  C* H® 4. O3 = 32625
Stearic acid, . 2(C* H®)4 O° = 6425

Margaric acid, in its hydrous state, contains only 1 atom
water, while stearic contains 2. Hence the former combines
with only 1 atom of base, while the latter combines with2. We
might also represent the constitution of these acids thus :

Margaric acid, C* H® + O = 32625
Stearic acid, C* H*® 4 0% — 32125

According to that view of their constitution, both, in the hy-
drous state would contain 1 atom of water, and both would
combine with 1 atom of base.

CHAPTER 1IV.

.

-OF OILY OXIDES NOT SAPONIFIABLE.

TrE oily bodies from the animal kingdom not capable of

being converted into soap are not numerous, and have been but
K



146 OILY OXIDES NOT SAPONIFIABLE.

imperfectly examined. The most important of them are Mar-
garon, Ethal, and Cholesterin, of which an account will be given
in the following sections.

SECTION I.—~OF MARGARON.

This substance was discovered by M. Bussy in 1833.* He
obtained it by distilling a mixture of four parts of margaric acid
and one part of quicklime. A detailed account of it has been
given in the Chemistry of Vegetable Substances, (p. 120.) It
has been examined since with great accuracy by Messrs Redten-
bacher and Varrentrapp. M. Redtenbacher found that it con-
stituted one of the substances formed when stearic acid is sub-
jected to distillation.} Varrentrapp repeated the experiments of
Bussy, and purified the margaron first by digestion in potash,
and then by repeated solutions in ether and crystallizations.}

It is a white, pearly, scaly, crystallized substance, melting ac-
cording to Redtenbacher, at 170°.5, according to Varrentrapp
at 169°, according to Bussy at 170°. These slight differences pro-
bably are owing to errors in the thermometers used.

Margaron was analyzed by Bussy, Redtenbacher, and Varren-
trapp. The result obtained was as follows :
Bussy. Redtenbacher. Varrentrapp. Mean.

Carbon, . 8222 82483 8162  82-108

Hydrogen, 13-5) 13-863 1380  13-724

Oxygen, . 427 3-653 4-58 4-168

100-00  100-000 10000  100-000

These results approach each other very closely. As margaron
neither combines with acids nor bases ; and as it cannot be dis-
tilled over without decomposition, we cannot ascertain its atomic
weight. But, if from the formula for hydrous margaric acid we
subtract an atom of carbonic acid and an atom of water, the re-
mainder will agree with the preceding analysis of margaron.

Hydrated margaric acid is ¢ C* H* Ot

Subtract 1 atom carbonic acid, C 0?

And 1 atom water, 5 t H O

Remain, C3H® O

* Ann. de Chim. et de Phys. liii. 398.
4+ Annslen der Pharm. xxxv. 57. t 1bid. p. 80.
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Now 33 atoms carbon, = 2475 giving per cent. 82-84

33 atoms hydrogen, — 4125 aan 13-81
1 atom oxygen, = 1:00 s 335
29875 100-00

This accords sufficiently with the mean of the preceding ana-
lyses to render it probable that margaron is formed by abstract-
ing an atom of carbonic acid and an atom of water from hydrous
margaric acid ; and if this be so, then the constitution of marga-
ron is C¥ H® O = 29-875.

SECTION IL—OF ETHAL.

This oily-looking substance was discovered by Chevreul in
1818. He obtained it-from the solid part of purified spermaceti,
to wlhich he gave the name of cetin., It was saponified and the
soap decomposed by tartaric or phosphoric acid. ~ The fatty mat~
ter which separates is a mixture of ethal with margaric and oleie
acids.. These acids are combined with barytes and the excess of
barytes removed by boiling water. The whole is now digested
in cold but very strong alcohol, which dissolves the ethal toge-
ther with some margarate and oleate of barytes. When the al-
cohol is distilled ofl and the residue treated with absolute alcohol
or ether, the ethal only is dissolved, and may be obtained pure
by distilling off the solvent.

The properties of ethal, as determined by Chevreul, have been
already detailed in the Chemistry of Inorganic Bodies, (Vol. ii.
p. 332.)

In the Chemistry of Vegetable Bodies, (p. 321,) the subse-
quent analysis of ethal by Dumas and Peligot has been given,
They obtained,

Carbon, . 79.2

Hydrogen, . 142

Oxygen, ; 66

k 1000

They consider its constitution to be,

16 atoms carbon, = 12 or per cent. 79:34
17 atoms hydrogen, — 2125 ... 14-05
1 atom oxygen, = 1 661

PG

15125 10000
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which obviously agrees very well with the analysis. These
atomic numbers may be resolved into 4 (C* H') 4+ H O.

Now, when ethal is mixed with dry phosphoric acid in powder
and distilled, the acid retains an atom of water and a volatile
oily body passes over, composed of,

Carbon, . 86 = 16 atoms — 12 or per cent. 85-71
Hydrogen, 14 = 16 atoms = 2 14-29
100 14 100-00

Now the specific gravity of this liquid was found by them to

be 7-846. But the specific gravity of
16 volumes carbon, — 66666
16 volumes hydrogen, = 1:1111

T
agreeing well with the specific gravity found. It appears from
this that the volatile oily body thus obtained from ethal is a com-
‘pound of sixteen volumes carbon and sixteen volumes hydrogen
condensed into one volume. To this oily body Dumas and Peli-
got have given the name of cetene.

SECTION IIL.—OF CETENE.

This substance has been described in the Chemistry of Vege-
table Bodies, (p. 322), to which the reader is referred. Y
There is every reason for believing that the oily liquid which
M. Redtenbacher obtained along with margaron and margaric
acid, when he distilled stearic acid, is identical with the cetene of
Dumas and Peligot. He found it composed of
Carbon, t 8392
Hydrogen, . 141
which approaches the result of Dumas and Peligot. The dif-
ference was doubtless owing to the presence of a little margaron,
from which it was very difficult to free it.

SECTION IV.—OF CASTORIN.

Castor is a well known substance, which is obtained from the
beaver. In each of the inguinal regions of that animal there are
two bags, a large and a small. The large one contains the true
castor ; the small one a substance which has some resemblance
to it, but which is in much less estimation.
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Castor has a yellow colour, and when newly taken from the
animal it is nearly fluid, but, by exposure to the atmosphere, it
gradually hardens, becomes darker coloured, and assumes a resi-
nous appearance. Its taste is bitter and acrid, and its smell strong
and aromatic. In water it softens and tinges the liquid of a pale
yellow colour.  The solution contains an alkali.

Castor was examined by Bouillon La Grange,* by Bizio,t and
by Brandes,} and by various other chemists. Bizio first distin-
guished a substance which he extracted from it by the name of
castorin. It had been already noticed by Fourcroy, Barneveld,
and Bohn ; but considered by them as adipocire. 1t may be ex-
tracted from castor. by the following process :

Boil castor in six times its weight of alcohol of the specific gra-
vity 0-85 ; filter and leave the liquid in an open glass till it is
reduced to one-half by evaporation ; draw off the liquid portion
from the castorin deposited, and wash this last with cold alcohol,
which partly removes the brown-coloured resinous matter. To
remove this matter completely, digest the castorin with an aque-
ous solution of ammonia, potash, or soda ; or treat its alcoholic
solution with animal charcoal. ~Such is the process employed by
Bizio.

Brande’s process is somewhat different. He boiled castor with
alcohol, and filtered it hot. On cooling, it deposited a little fatty
matter. The alcoholic solution was then put into a retort, and
the greatest part of the alcohol distilled off. The liquid portion
in the retort was now separated from the castorin deposited.
This last substance was purified by washing it in cold alcohol.

Castorin is white, and crystallizes from its solutions in fine four-
sided transparent needles collected together in groups. It has
a slight smell of castor, and a peculiar metallic taste. It does
not alter vegetable colours. It is light and easily reduced to
powder. When put into boiling water, it melts into an oil, which
swims on the surface of the liquid, and which, after becoming so-
lid on cooling, remains transparent. When boiled with water
in a retort, it goes over in small quantities with the liquid, which
is at first limpid ; but after a certain time, deposites castorin.
When héated per se in a retort, it melts, boils, and an orange-

* Jour. de Phys. xlii. + Brugn. Giorn. xvii. 174.
{ Br. Arch. xvi, 281.
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yellow oil distils over, which, on cooling, constitutes a soft mat-
ter, having a resinous aspect.

Castorin is inflammable, and burns without smoke or smell,
leaving a quantity of charcoal behind it. It is‘insoluble in cold
water ; boiling water dissolves a small _quantity, which in a few
days is deposited in crystals. It dissolves with difficulty in alco-
hol, but the stronger that liquid is, the more of it does it dissolve.
Alcohol of 0.860 dissolves only 2 ,th of its weight of castorin at
the boiling temperature. It is more soluble in ether. The vo-
latile oils while cold do not dissolve it. But oil of turpentine
dissolves it with the assistance of heat, and becomes muddy on
cooling. It may be melted with the fat oils.

Concentrated sulphuric acid dissolves it readily. The solution
is yellow, and water throws down the castorin of a yellow colour.

Diluted sulphuric acid dissolves it when assisted by heat. The
castorin is precipitated when the solution cools, or when the acid
19 saturated with ammonia. Cold nitric acid does not dissolve it ;
but this acid dissolves it while boiling hot, and the solutien has
a yellow colour. It becomes muddy on cooling, and the casto-
rin is precipitated by the addition of water. 'When nitric acid is
made to act long on castorin, it converts it into castoric acid.

Boiling acetic acid dissolves castorin abundantly; when the
solutien is concentrated by evaporation, the castorin is deposited
in crystals. The dilute alkaline leys dissolve a little of it when
assisted by heat, and on cooling the castorin is deposited unalter-
ed. Concentrated solution ef caustic potash dissolves it at a boil-
ing temperature, and when the ley is diluted with water, the cas-
torin precipitates unaltered.

SECTION V.—OF AMBREIN.

The substance called ambergris is found floating on the sea
near the coasts of India, Africa, and Brazil, usually in small
pieces, but sometimes in masses of 50 or 100 Ibs. weight. Va-
rious opinions have been entertained respecting its origin. Some
affirmed that it was the eoncrete juice of a tree ;* others thought
it a bitumen ; others altered bees-wax.t = But it is now consider-
ed as pretty well established that it is a concretion formed in the
stomach or intestines of the Physeter macrocephalus, or spermacet;
whale. This fact was first ascertained by the fishermen of New

* Phil. Trans. 1678, viii. 6113. "t See Pomet on Drugs, ii. 46.
3
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England about the year 1720. They found about 20 Ibs, of am-
bergris in the intestines of one of these animals,* This account
was confirmed in 1783 by Dr Schwediawer,t and in' 1791 by Mr
Champion.}

Ambergris, when pure, is a light soft substance which floatsin
water. Its specific gravity, as determined by Brisson, varies from
0-78 to 0-92. Its colour is ash-gray, with brownish-yellow and
white streaks. It has an agreeable smell, which improves by
keeping. It is insipid to the taste.

Ambergris was subjected to a chemical examination by Bouillon
Lagrange about the beginning of the present century;§ by Bu-
cholz in 1810. || Pelletier and Caventou subjected it to a new
examination in 1820, ¥ and showed that it consisted chiefly of a
peculiar fatty matter, which they distinguished by the name of
ambrein ; and in 1832 Pelletier subjected ambrein to a chemical
analysis.** :

Ambrein may be obtained by digesting ambergris in hot alco-
hol of the specific grayity 0°827. The alcohol, on cooling, de-
posites the ambrein in very bulky and irregular crystals, which
still retain a considerable portion of alcohol. This may be got
rid of, by subjecting the ambrein to pressure between folds of
blotting-paper.

Ambrein thus purified is a white, brilliant, and insipid solid.
It has an agreeable smell, which may be driven off by keeping
the ambrein a long time in a state of fusion by means of a gentle
heat ; or by repeated solutions in alcohol and erystallizations.

According to Pelletier and Caventou, it melts, when heated,
to 86° and softens at 77°. 'When heated on platinum foil, it
melts, smokes, and is volatilized, without leaving any residue. It
is insoluble in water, but dissolves readily in alcohol and ether.
When distilled per se in a retort, it becomes brown, but passes
over into the receiver without having suffered any notable alte-
ration, leaving in the retort a little charcoal. It dissolves also
in volatile and fixed oils. Nitric acid converts it into a peculiar
acid,.which has been already described in a preceding chapter of
this volume under the name of ambreic acid.

* Phil. Trans. 1724, xxxvii. 193, 256. 1 Ibid. 1783, p. 226.

t Phil. Trans. 1791, p. 43. § Ann. de Chim. xlvii. 68:
| Ann. de Chim. Ixxiii. 95. ¢ Jour. de Pharm. vi. 49.

** Ann, de Chim. et de Phys. li. 187.
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Ambrein, like cholesterin, is incapable of being converted
into soap, showing clearly that it does not possess acid properties.
Pelletier subjected ambrein to an ultimate analysis by means
of oxide of copper, and obtained,
Carbon, , 8337
Hydrogen, . 1332
Oxygen, ; 3:31

100-00
As we do not know any substance with which ambrein com-
bines in definite proportions, we cannot determine its atomic
‘weight. This puts it out of our power to state the number of
atoms which enter into its composition. But the smallest num-
ber of atoms which correspond with the preceding analysis is the
following :

33 atoms carbon, 24+75 or per cent. 83-20

32 atoms hydrogen, = 4. 13-44
1 atom oxygen, = 1- 336
2975 100-00

This would make the atomic weight 29-75. It is obvious, from
the quantity of oxygen, that the number of atoms cannot be
fewer than here stated ; but, for any thing that appears, they
may be double or triple that quantity.

SECTION VIL—OF CHOLESTERIN.

This substance was noticed by Gren in 1789, as constitut-
ing the greatest part of a gall-stone which he subjected to a
chemical analysis.* He gave it the name of a wazy-looking sub-
stance. Chevreul afterwards examined its properties more in
detail, and stated that he had discovered it as one of the consti-
tuents of oils. He made its distinctive characters known in a
paper which was read to the French Institute in the year 1814.
The same subject was again taken up by him in his Recherches
Chimiques sur les Corps Gras, published in 1823.f In that work,
Chevreul assures us, that cholesterin was first obtained by Poul-
letier de la Salle by treating gall-stones with boiling alcohol. T
find this statement verified by Macquer, who, in the second edi-

7 Beytr. z, d. Chem. Annalen, iv. 19, 1 Sur les Corps Gras, p. 155.
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tion of his Dictionary of Chemistry, published in 1778, notices
cholesterin as a singular substance, and gives some of its proper-
ties, and informs us, that it was discovered by the author of the
French translation of the London Pharmacopeeia.* This was
Poulletier de la Salle. In 1834, Couerbe showed that it exists
also as a constituent of the drain ; though between that in the
brain and in human gall-stones there are some differences which
we shall point out at the end of this section.

Cholesterin may be obtained in a state of great purity by di-
gesting human gall-stones in boiling alcohol, drawing off the
clear solution, and leaving it to cool. The cholesterin is depo-
sited in beautiful crystalline plates. It may be obtained from
bile by the following process :

Evaporate the bile to the consistence of a thick extract ; agi-
tate this extract several times in succession with ether, till that
liquid ceases to extract any thing from it. Mix all these ethe-
rial liquids, and draw off the greatest part of the ether by distil-
lation. The residue, on cooling, deposites crystals of cholesterin,
mixed with some oleic acid. This may be got rid of either by
digesting the impure cholesterin with dilute caustic alkali, which
dissolves the oleic acid, and leaves the cholesterin pure; or, by
dissolving the impure crystals in boiling alcohol, as the solution
cools, the cholesterin is deposited in crystals, and in a state of
purity.

Cholesterin crystallizes in beautiful white plates, having a
pearly lustre. It has some resemblance to spermaceti, but is
more beautiful. It has neither taste nor smell. It is lighter than
water, and when heated to 278°, it melts into a liquid as colour-
less as water. On cooling, it concretes into a foliated crystalline
mass, translucent, and capable of being reduced to powder. But
the powder attaches itself strongly to every body with which it
comes in contact. When distilled per se in a retort, (air being
excluded,) it mostly passes over unaltered, and is deposited in
crystalline plates. But if air have free access, the cholesterin
undergoes decomposition, assumes a brown or yellow colour, and
a considerable quantity of empyreumatic oil is formed, which holds
a portion of cholesterin in solution. According to Kiihn,t if we
heat cholesterin in a glass-tube till a portion of it sublimes, and

* Macquer’s Dict. i 501. + Diss. de Cholesterine. Leipsik, 1828,
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then allow it to cool, the portion not sublimed remains in a
liquid state, even though cooled down to zero.

Cholesterin does not act on vegetable blues; does not form a
soap with potash; with sulphuric acid it strikes an orange-red
colour.* :

The crystals of cholesterin deposited from alcohol contain
about 5-15 per cent. of water of crystallization, which may be
driven off by heat. When heated on platinum foil, it catches
fire and burns like wax. It is very little soluble in water. Cold
alcohol dissolves very little ; but the stronger the alcohol, the
more it dissolves. According to Chevreul, boiling alcohol of
0:84 dissolves the ninth part of its weight of cholesterin ; while
boiling alcohol of 0-816 dissolves z.35. Pyroxylic spirit behaves
almost exactly as alcohol. But a considerable portion of the
cholesterin is retained in solution after the spirit cools.  Ether,
at 32°, dissolves 4, at 59° z'7, and at a boiling temperature,
'z of its weight of cholesterin. Itis very slightly soluble in oil
of turpentine, but may be united to the fixed oils by fusion.

It does not dissolve in sulphuric acid, but gives the liquid a
yellow colour. It then becomes viscid, and swims on the sur-
face of the acid in the form of a pitchy mass, while at the same
time sulphurous acid is evolved. The decomposition goes on still
more rapidly when the acid is heated. Nitric acid converts it
into cholesteric acid and artificial tannin.

Cholesterin was subjected to an ultimate analysis by Chevreult
and by Couerbe,{ and by Pelletier,§ who found it composed of,

Chevreul. Couerbe. Pelletier.

Carbon, E 85095 84-595 83.37
Hydrogen, -  11:880 12099  13-32
Oxygen, - 3025 3006 3-31

100-000  100-000  100-00
The smallest number of atoms which corresponds with this
analysis is the following :

38 atoms carbon, 28-5 or per cent. 85:07

32 atoms hydrogen, = 40 11-94
1 atom oxygen, = 30 2:99
335 100.00

* Chevreul ; Jour. de Physiologie, iv. 257. 1 Surles Corps Gras, p. 153
4 Ann. de Chim. et de Phys. lvi. 183, § Ibid. L. 188.
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According to this statement, the atomic weight of cholesterin is
33+5. We have seen that the crystals are composed of,
Cholesterin, 94-85 or 67
‘Water, 515 or 3.636

100-00
Now 3636 is very nearly the weight of 3 atoms of water-
Hence it is not unlikely that the true atomic weight of choles-
terin is 67, and that its constitution is C7® H% O? = 67.

M. Couerbe found cholesterin in the human érain,* and doubt-
less it may be extracted from the brains of most of the Mamma-
lia. The brain was digested four times successively in ether,
till every thing soluble in that liquid was taken up. The resi-
due was treated with boiling alcohol till every thing soluble in
that liquid was abstracted. The alcohol on cooling deposited a
white matter. This white matter being digested in cold ether
a quantity of cholesterin is dissolved, which separatesin erystals
when the ether is evaporated.

The quantity of cholesterin in the brain is considerable. It
possesses the same characters as that from biliary calculi, except-
ing that it does not melt till heated to 293°. It remainsin a
liquid state till cooled down to 239°, provided it be quite still,
but the least agitation, that for instance caused by touching it
with a hair, makes it immediately congeal into a crystalline so-
lid. Couerbe found the ultimate constituents of cholesterin from
biliary calculi, and from the brain the same. The cholesterin
from the brain differs from that of biliary calculiin one remark-
able circumstance. It dissolves better in alcohol, and furnishes
a solution as it were unctuous. When filtered and allowed to
cool it does not deposite crystals immediately. The crystalli-
zation begins after an interval of some time. The ecrystals are

plates, often several inches long and beautiful, provided no cere-
brote be present.

SECTION VIL~—OF SEROLIN.

This substance was detected in the serum of blood by M.
Boudet in 1833.f He obtained it by setting aside a hot alco-
holic decoction of dried serum. As the alcohol cooled, a white mat-
ter, having a slightly pearly lustre, was deposited. It was sero-
tin.

* Ann. de Chim. et de Phys. lvi. 180. t Jour. de Pharm. xix. 299
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It is composed of very minute white filaments, distinguishable
only under the microscope. It melts, when heated, to 97°, hasno
acid reaction, and, like cholesterin, becomes red when placed in
contact with concentrated sulphuric acid. It does not form an
emulsion with cold water, and when the liquid is heated, the se-
rolin floats on the surface under the form of a colourless oil.
Sulphuric ether dissolves it readily even without the assistance of
heat. Alcohol of 0-842 dissolves only a minute trace of it when
boiling-hot, and it is not in the least soluble in cold alcohol. It
was digested for six hours in potash ley, without being dissolved.
Hence, like cholesterin, it seems incapable of forming soap.
Acetic and muriatic acids do not act upon it whether they be
cold or hot. Though long heated in nitric acid, it is not dis-
solved ; but it becomes soluble in potash ley, which it colours
brown.

When distilled, it gives out a very characteristic odour, emits
ammoniacal vapour, and is partly volatilized.

SECTION VIIL.—OF CANTHARIDIN.

This name has been given to the substance in cantharides or
Spanish flies, (Meloe vesicatorius, Lytta vesicatoria, &c.) which
occasions a blister when applied to the skin. Its properties were
examined by Robiquet in 1810,* and more lately by L. Gmelin.
Robiquet obtained it by the following process:

Cantharides were boiled in water till every thing soluble in that
liquid was taken up. The aqueous solution was concentrated to
the consistence of a thick syrup, which was repeatedly boiled in
alcohol, till that liquid ceased to act upon it. The alcoholic so-
lution was evaporated to dryness in a gentle heat. The residue
was put into a'phial with ether, and agitated for a considerable
time. After some hours the ether assumed a yellow colour. . Tt
was then decanted off, and left to spontaneous evaporation in an
open dish. As the ether evaporated, small crystalline plates
were deposited mixed with a yellow matter. Alcohol took up
the yellow matter, but left the plates. Being dried between folds
of blotting-paper, these plates constituted cantharidin in a state
of considerable purity.

Thus obtained, it is in small crystalline plates, resembling mica,
which melt, when heated, into a yellow, oleaginous liquid. On
cooling, it concretes into a crystallinesolid. When heated more

* Anmn. de Chim. Ixxvi. 802.
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strongly it is volatilized in a white smoke, which condenses into
a white crystalline sublimate. The smallest particle of this mat-
ter is sufficient to raise a blister on the skin. Even the eyes, the
nose, and the organs of respiration cannot be exposed to the va-
pour of it without hazard.

Cantharidin is neutral, neither reacting as an acid or base.
It is insoluble in water, almost insoluble in cold alcohol, but so-
luble in that liquid when boiling-hot. It is very soluble in ether
and in the fat oils. It was analyzed by M. Regnault ;* 1060
parts gave 2293 of carbonic acid, and 576 of water. Hence the
constituents are

Carbon, 59.00
Hydrogen,  6-04
Oxygen, 34-96

100-00
He represents the constitution of cantharidin by the formula
CY H® O% If we calculate from this, we get
10 atoms carbon — 7-5 or per cent. of 61-21

6 atoms hydrogen = 0-75 613
4 atoms oxygen — 4- 32:66
1225 100

There is always a deficiency of carbon in the ordinary analyses
by Liebig’s apparatus. This occasions a corresponding increase
in the oxygen.

CLASS 1V.
OF ANIMAL COLOURING MATTERS.

Tuese have hitherto been very imperfectly investigated. On-
ly a very few of the great number of colouring matters which
occur in the animal kingdom can be noticed here; because they
have not hitherto attracted the attention of chemists.

* Ann der Pharm. xxix. 314.
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CHAPTER 1.

OF CARMIN.

Cochineal ( Coccus cacti) is an insect which inhabits different
species of cactus,* as the coccinellifer, opuntia, turia, &c. These
plants are cultivated in Mexico and some other parts of Ameri-
ca for the nourishment of the insect. A

The females are stationary upon the plant. They are collect-
ed, killed by heat, and then dried. They occur in commerce in
the state of small dark-brown grains; and are employed in dye-
ing scarlet, and in making a beautiful red lake used as a colour
by painters.

Cochineal was first examined by Dr John 1813.t He made
a chemical analysis of the insect, extracted the colouring matter,
and described its characters under the name of cochenillin. 1In
1818, an elaborate examination of cochineal and of its colouring
matter under the name of carmin, was published by Pelletier

_and Caventou,} and.in 1832 the subject was farther prosecuted
by Pelletier, who made a chemical analysis of carmin and de-
termined its constitution.§

Carmin may be obtained from the cochineal insect in the fol-
lowing manner: Digest the cochineal insect in alcohol as long
as it communicates a red colour to that liquid. "When these so-
lutions are left to spontaneous evaporation they let fall a crystal-
line matter of a fine red colour. This is carmin, but not in a
state of purity. Dissolve these crystals in strong alcohol, and
mix the solution with its own bulk of ether. The liquid becomes
muddy, and after an interval of some days the carmin is deposit-
ed at the bottom of the vessel, forming a beautiful purplish red
crust.

Carmin thus obtained has a fine purple red colour. It ad-
heres strongly to the sides of ghe vessel in which it is deposited.
It has a granular appearance, as if it were composed of erystals.

* A detailed account of this inseet, of the wild cactus, and of the mode of
rearing these insects, and preparing them for dye stuff, may be found in Ban-
croft’s Researches concerning the Philosopby of Permanent Colours, i. 236.

+ Chemische Untersuchungen, iii. 210.

t Amn. de Chim. et de Phys. viii. 250. § ibid. L. 194.
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1t is not altered by exposure to the air, nor does it absorb any
sensible quantity of moisture. When heated to 122° it melts.
If the heat be increasedit swells up, and is decomposed, yielding
carburetted hydrogen, a great deal of oil and a litfle water, hav-
ing a slightly acid taste. It gives no trace of ammonia; yet,
according to the analysis of Pelletier and Caventou, azote consti-
tutes one of its constituents, though its quantity is small.

Carmin is very soluble in water. The solution may be con-
centrated by evaporation to the consistence of a syrup; but no
crystals are deposited. The aqueous solution has a fine carmine
red colour. A very small quantity of carmin communicates its
colour to a great deal of water. It is soluble also in alcohol ;
but the stronger the alcohol the worse a solvent it becomes. It
is insoluble in ether. The weak acids dissolve it, probably in con-
sequence of the great quantity of water which they contain. No
acid precipitates it when pure ; but they almost all throw it down
when it is in combination with the peculiar animal matter of the
cochineal. All the acids, however, induce a sensible change upon
the aqueous solution of carmin. They causeit, in the first place,
to assume a lively red colour, which gradually acquires a yellow-
ish tinge, and at last becomes quite yellow. When the acids are
not very concentrated, the carmin is not altered in its nature, for
when we saturate the acid, the solution assumes its original co-
lour.

Concentrated sulphuric acid destroys and chars carmin. Mu-
riatic acid decomposes it without charring, and converts it into
a bitter tasted substance, which has no resemblance to the origi-
nal colouring matter. Nitric acid decomposesit with still greater
rapidity. Some needle-form crystals are formed similar in ap-
pearance to oxalie acid ; but they do not precipitate lime-water,
even when mixed with ammonia.

Chlorine acts with energy on carmin, giving it at first a yel-
low colour, and afterwards destroying the colour altogether
Chlorine causes no precipitation in an aqueous solution of carmin,
provided the solution be pure. It is therefore a useful reagent
to enable us to discover the presence of an animal matter in the
solution-of carmin. Iodine acts precisely as chlorine, but with
less rapidity.

The alkalies, when poured into a solution of carmin, give it a
violet colour. If the alkali be saturated immediately, the origi-
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nal colour of the solution reappears, but if the action of the al-
kali be prolonged, or if it be increased by the application of heat,
the violet colour is destroyed, and the liquid becomes first red
and then yellow.

Lime-water occasions a violet-coloured precipitate when dropt
into the aqueous solution of carmin. Barytes and strontian cause
no precipitate, but produce the same change of colour as the alkalies.
Alumina has a very strong affinity for carmin. When newly
precipitated alumina is put into an aqueous solution of carmin,
the liquid is deprived of its colour, and the alumina converted
into a beautiful lake. If a few drops of acid be added to the
aqueous solution before introducing the alumina, the lake ob-
tained has a fine red colour as before, but it becomes violet on
the application of the least heat. The same effect is produced if
we add to the liquid a few grains of an aluminous salt.

Most of the saline solutions alter the colour of the aqueous so-
lution of carmin, but few of them are capable of throwing down
a precipitate from it. ., Solutions of gold merely,alfer the colour ;
nitrate of silver occasions no change whatever ; the soluble salts
of lead render the colour violet; and acetate of lead occasions
an abundant violet precipitate. By decomposing this precipitate
by means of a current of sulphuretted hydrogen, we may obtain
the carmin dissolved in water in a state of purity. Protonitrate
of mercury throws down a violet precipitate. ~Pernitrate of mer-
cury does not act so powerfully, and the colour of the precipitate
is scarlet. Corrosive sublimate produces no effect whatever.

Neither salts of copper nor of iron produce any precipitate ;
but the former change the colour of the liquid to violet, the lat-
ter to brown. Protochloride of tin throws down a copious violet
precipitate ; while the perchloride changes the colour ta scarlet,
but precipitates nothing. When gelatinous alumina is added to
the mixture, we obtain a fine red precipitate, which is not altered
by boiling. None of the aluminous salts occasion a precipitate ;
but they change the colour to carmin. The salts of potash, so-
da, and ammonia, change the colour of the liquid to carmin red.

From the action of the different salts on carmin, Pelletier and
Caventou have drawn as a conclusion, that the metals suscepti-
ble of different degrees of oxydizement act like acids on the co-
louring matter when at a maximum of oxidation, but like alkalies
‘when at a minimum or medium degree; and that this alkaline

) y2

1257,
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influence may be exercised in the midst of an acid when the oxides
in question are capable of forming an insoluble precipitate with
the carmin.

Tannin and astringent principles in general do not precipitate
carmin.

Pelletier and Caventou analyzed carmin in 1818 by means of
black oxide of copper, without obtaining any azotic gas. Butin
a new analysis published by them in 1832, they state the amount
of azote in carmin to be 3-56 per cent. But no particulars re-
specting the mode of the analysis or the substances obtained are
stated. The bare centesimal result is given. So that we have
no means of judging the degree of accuracy which was obtained.
The following table exhibits their analysis :

Carbon, . 4933 or 32 atoms = 24 or per cent. 49-00

Hydrogen, . 666 or 24 atoms = 3 6:63

Azote, . 356 or 1atom = 175 ... 3:57

Oxygen, . 4045 or 20 atoms = 2000 ... 4080
100-00 4875 100-

The carmin subjected to this analysis was previously dried i
vacuo by a heat not specified. Pelletier and Caventou think it
_ not unlikely that it still retained a portion of water.

In the year 1819, M. Lassaigne examined another species of
Coccus, the Coccus ilicis, or kermes, which is common in the south
of Europe, and which had been employed as a red dye before the
introduction of cochineal after the discovery of America. From
his experiments it appears that kermes in its nature bears a close
resemblance to cochineal, and that it also contains a considerable
proportion of carmén, identical in its nature with that from the
Coccus cacti.*

B e
-~

CHAPTER II.
OF SERICIN, OR THE COLOURING MATTER OF SILK.

Iris universally known that raw silk is a very fine thread spun
by the silk-worm (Bombyx mori,) and in which it envelopes itself
while in the chrysalis state. In China there is a silk-worm which

* Jour. de Pharmacie, viii. 435.
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spins a thread of the most dazzling whiteness. But the colour
of raw silk from India, Italy, and France is yellow. Some ex-
periments on this colouring matter were made by Roard in 1807.*
According to him it is a resinous substance, almost solid at the
temperature of 59°, but quite fluid at 86°. Its colour is red-
dish-brown while in lumps, but a fine greenish-yellow when in a
state of division. Silk contains from g th to ;}th part of it. Its
smell is strong, proceeding from a volatile oil which it contains.
Light bleaches it completely in a few days, when concentrated
solutions of it are exposed to its action. Itis insoluble in water,
but very soluble in alcohol. The fixed alkaline leys, especially
ammonia, dissolve a little of it while cold, and the action is not
much increased by heat ; while soap, which has little action while
cold, is rather a powerful solvent of it at the temperature of boil-
ing water. Concentrated sulphuric and muriatic acids char it
immediately. Sulphurous acid partially bleaches it. Chlorine
bleaches it instantly, converting it into a solid matter like wax.

According to Mulder } the colouring matter of yellow silk has
a fine red colour. He obtained it in the following manner :—
The alcoholic tincture of raw yellow silk is concentrated by dis-
tillation to a small quantity ; flocks of cerin are deposited. The
residual liquid being now evaporated, the colouring matter re-
mains mixed with fat and resin. From these substances it is
freed by digestion in a solution of caustic potash. This solution
must not be too strong, otherwise the fine red of the colouring
matter is rendered dark.

This colouring matter is insoluble in water; but very soluble
in alcohol, ether, fat and volatile oils. 'When placed in contact
with chlorine or sulphurous acid, it becomes light yellow ; indeed,
almost white.

The quantity of colouring matter in raw yellow silk is, accord-
ing to Mulder, about ;7;5th part of the silk.

* Ann, de Chimie, Ixv. 61. 1 Poggendorf’s Annalen, xxxvii. 610.
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CHAPTER III.

OF CANCRIN, OR THE COLOURING MATTER OF CRABS.

It is well known that the crusts which cover the different spe-
cies of Cancer, as the gammarus (or lobster), the astacus (or craw-
Jish), &c. are black, or nearly so, but become of a fine red co-
lour when boiled. It is evident from this that they contain a
peculiar colouring matter.

Dr John made a chemical examination of the crust of the Can-
cer astacus in 1811.* He notices some of the characters of the
colouring matter ; but does not seem to have made any attempt
to obtain itin a separate state. Lassaigne, in 1820, succeeded in
isolating it, and made some experiments on it.{ The investiga-
tion was carried somewhat farther in 1821 by M. Macaire, who
found two different colouring matters in these crusts §

The colouring matter of these crusts is analogous to suet. In
the natural state its colour is dark bluish-green. ‘When heated
to 158° it becomes red, and then has some resemblance to the
beak of the duck. It is contained partly in the shell, and partly
in the greenish membrane immediately under the shell. Some
of it is also to be found in another membrane situated immedi-
ately below the green one, and from which it may be separated
by maceration in water. But in this second membrane, the co-
louring matter is already red. Lassaigne obtained the colouring
matter by digesting the clean shell in alcohol till that liquid
ceased to extract any thing more. The alcoholic solution is red.
When it is evaporated to dryness there remains a solid red mat-
ter, similar to suet, which, after having been washed in hot water,
may be kept without undergoing any alteration. It is insoluble
in water ; but very soluble in alcohol and ether. The aleoholic
solution has a scarlet colour, and is not precipitated by water.
It is soluble by the assistance of heat in melted tallow, and in
the volatile oils. Tt is stated by Macaire not to be soluble in the
fixed oils.

It dissolves readily in dilute sulphuric acid, but is decomposed

* Chemische Untersuchungen, ii. 49.
+ Jour. de Pharmacie, vi. 174
{ Bibl. Univer., July 1821, or Schweigger’s Journal, xxxiii. 257.
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by that acid when in a concentrated state. Nitric acid converts
it into a bitter tasted matter. When the alcoholic solution is
mixed with sulphuric or nitric acid, it becomes green, and the
red colour is not restored by saturating the acid with an alkali.
Caustic potash dissolves it, assuming a red colour. From this
solution it is precipitated by the acids, without having been aci-
dified. The alcoholic solution loses its colour when alum is ad-
ded to it. If we add ammonia we obtain the colouring matter
united to alumina. The alcoholic solution is precipitated by
acetate of lead. The compound of the colouring matter and
oxide of lead is violet. The salts of iron, tin, copper, and mer-
cury have no action on it.

The deep green shell of the cancri is reddened by acids, al-
kalies, by some salts, by putrefaction ; by the action of air and
oxygen, but it is not reddened by carbonic acid nor by hydro-
gen. Chlorine gas bleaches it. According to the analysis of
Gebel it is composed of,

Carbon, 6818 or 16 atoms carbon = 12 or per cent. 68.08

Hydrogen, 9-24 or 13 atoms hydrogen 1625 9-22
Oxygen, 22:58 or 4 atoms oxygen — 4 22-70
100-00* 17-625 100°

CHAPTER 1V.

OF PERISTERIN OR THE COLOURING MATTER OF PIGEON’S FEET.

Tarst '@ colouring matter was examined by Geebel, who fou-d
it analogous to that of the craw-fish. It is easily separated by
digesting the pigeon’s foot in water. The external cuticle by
this process is easily separated, so that the red pigment is quite
exposed, and may be easily separated by a fine knife.

It is casily soluble in absolute ether and alcohol, forming a
fine carmine red solution. When the liquid is evaporated the
colouring matter remains as a fine shining red mass, having the
consistence of tallow. It is insoluble in water. On hot water it
swims in red drops; but concretes into a solid mass when the li-
quid cools. It dissolves in caustic potash. ~The solution may be

= Schweigger's Journ. xxxix. 429.
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diluted with water, and the colouring matter is precipitated un-
altered by acids. Acetic acid doe§ not dissolve it. Sulphuric
and nitric acids decompose it. It is soluble in volatile oils;
and all its solutions have a fine red colour.

Its taste and smell are weak and mouldy, somewhat similar to
that of fat. It does not alter the colour of vegetable blues. Ac-
cording to the analysis of Geebel it is composed of,

Carbon, ! 69-02
Hydrogen, 874
Oxygen, o22:24

100-00*

As we are ignorant of the atomic weight of this substance we
cannot deduce its constitution from this analysis. But the smal-
lest number of atoms of each constituent deducible from it are
the following :

4 atoms carbon, =3 or per cent. 68:58
3 atoms hydrogen, = 0-375 : 8:57
1 atom oxygen, =2 ; 22,85
ARG £ i 100-00

CHAPTER V.

OF ANSERIN, OR THE COLOURING MATTER OF GOOSE FOOT.

THE pigment on the feet and bills of the goose has a yellow
colour, and possesses all the chemical characters of the colour-
ing matter of the craw-fish and pmeon s foot. At the ordinary
temperature of the atmosphere it is liquid and resembles oil, but
at 451°, it assumes the consistence of tallow. Its constituents,
as determined by Goebel, are,

Carbon, % 65:53
Hydrogen, . 9.22
Oxygen, . 25.256

[

100-00¢
The atomic weight being unknown we cannot deduce the con-

* Schweigger’s Journ. xxxix. 426. 1 Ibid. xxxix. 450.
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stitution of the pigment from this analysis. But the smallest
number of atoms which corresponds with the preceding analy-
sis is the following :

10 atoms carbon, : = 75 or per cent. 64:52
9 atoms hydrogen, = 1125 - 9-68
3 atoms oxygen, : = 3-000 : 25.80

11625 100-00

CHAPTER VL

COLOURING MATTER OF THE ANCIENT PURPLE DYE.

TaE most celebrated and precious of all the ancient dyes was the
purple. The method of dyeing which was monopolized by the Ty-
rian dyers, who seem to have been acquainted with it at a very
early period. The dye stuff was a white clammy liquor, obtain-
ed from a variety of univalve shells found on the coast of the
Mediterranean. Pliny divides these shellsinto two genera, which
hedistinguishes by the names of Buccinum and Purpura.* About
two drops of the liquid was obtained from each fish, by opening
a reservoir placed in the throat. To avoid the trouble of ex-
tracting it from every individual fish, they were often bruised in
a mortar. The liquor when extracted was mixed with salt to
prevent putrefaction. It was then diluted with five or six times
its weight of water, and kept moderately hot in leaden or tin
vessels for the space of ten days, during which the liquor was of-
ten skimmed to separate impurities. After this the wool, pre-
viously washed, was immersed and kept therein for five hours. It
was then taken out, carded, and immersed again, and keptin the
liquid till all the colouring matter was extracted. Pliny informs
us that the Tyrians first dyed their wool in the liquor of the Pur-
pura and afterwards in that of the Buccinum.

Another mode of preserving the purple dye was by covering
it with honey. Plutarch, in his Life of Alexander the Great, in-
forms us, that there was found in the King of Persia’s palace at
Susa, five thousand talents of the purple of Hermione, which,
though it had been laid up one hundred and ninety years, retain-

* Plinii, lib. ix. c. 36.
4
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ed its first freshness and beauty. The reason assigned for this
is, that the purple wool was combed with honey and the white
with white oil.*

The wool thus dyed was so costly that, in the time of Au-
gustus, each pound of it sold for 1000 Roman denarii, (about
L. 36 Sterling).

The art of dyeing this colour came at last to be practised on-
ly by a few individuals, maintained by the emperors for that pur-
pose. It was interrupted about the beginning of the twelfth
century, and all knowledge of it waslost. But in the year 1683,
Mr Cole of Bristol, being told that a person at a sea-port in Ire-
land gained a living by marking linen with a red coloured dye
stuff, was induced to make inquiry into his mode of proceed-
ing. He found that the individual in question made use of a
white liquor in the head of the Buccinum lapillus of Linnzus;
a shell very common on our coasts.

Mr Cole procured this liquor from the fish, and stained linen
with it. When exposed to the light of the sun the stain be-
came first green, then blue, and finally a purple red.}

These experiments of Cole were afterwards repeated success-
fully by M. Jussieu, M. Reaumur, and M. Duhamel. They ob-
served the same succession of colours. And they mention also
a fetid smell like a mixture of garlic and assafeetida, given out
while it was changing its colours. This smell had been also no-
ticed by Cole. As no experiments on this curious liquid have
been made by modern chemists, we are still ignorant of its nature
and properties. I have mentioned it here merely to draw the
attention of such chemists as, living upon the sea-coast, may have
it in their power to procure the shell fish that yield it.

CLASS V.

OF ANIMAL AMIDES.

Tue substances included under this name constitute a very
important portion of the materials of which animal bodies are
composed. They are still so imperfectly known that we do not

* Langhorne’s Plutarch, ix, 873. t Phil. Trans. xv. 1278.
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know whether they ought to be placed among animal acids or
* bases, or whether they are not rather indifferent substances. The
last supposition accords best with the present state of our know-
ledge. They have a strong analogy to the amides from the ve-
getable kingdom ; the account of which will be found in the
Chemistry of Vegetable Bodies, p. 590. For this reason they
have been placed together under that provisional denomination.
They may be arranged under the following heads :

1. Protein. . Gelatin,
(1.) Albumen. (1.) Collin.
(2.) Albumen from silk. (2.) Chondrin.
(3.) Casein. (8.) Gelatin from silk.
{4.) Fibrin of blood. III. Hematosin
(5.) Fibrin of silk. IV. Spermatin.
(6.) Ricotin. V. Salivin.
V1. Pepsin.

VIIL Pancreatin.
These will be the subject of the seven following chapters.

CHAPTER 1.

OF PROTEIN.

Tars name was given by Mulder to a substance which consti-
tutes the bases of albumen, fibrin, flesh, casein, and probably of
other animal tissues.* To obtain it, albumen from eggs or blood
may be taken and digested in water, alcohol, and ether, till every
thing soluble in these liquids has been removed. It is then
treated with dilute muriatic acid, which removes the insoluble
earthy salts, especially phosphate of lime. It is then to be dis-
solved in a moderately strong alkaline ley, and the solution must
be heated to 122°, by which a little phosphate of potash and sul-
phuret of potassium are formed, originating from sulphur and
phosphorus’ existing in the albumen in an unoxydized state.
The protein thus treated is precipitated from its alkaline solu-

* So named from meaqeve, I am first.
3
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tion by acetic acid, added only to a very small excess, because
too much would again dissolve the protein. The gelatinous pre-
cipitate is collected on a filter, and washed till every trace of
acetate of potash is removed.

Protein thus purified constitutes gelatinous, translucent, grey-
ish flocks which, when dried, assume a yellowish colour, and be-
come hard and brittle, and easily pulverized. The powder is
amber yellow, destitute of smell and taste, absorbs moisture from
the atmosphere ; which it again loses when heated to 212°
When heated, it undergoes decomposition before it melts. It
swells up, gives out empyreumatic oil, ammoniacal water, and
inflammable gas, and leaves a porous charcoal, which burns rea-
dily in the air without leaving any residue.

Protein sinks in water, and when left in that liquid, softens
and swells, and assumes the original appearance which it had be-
fore it was dried. It is insoluble in water, alcohol, ether, and
volatile oils. 'When boiled in water, it is partly dissolved, but
the process is so slow, that after sixty hours boiling, most of the
protein still remains unacted on. When the dissolved portion
is evaporated, the matter remaining is translucent and yellow,
and consists of two substances, one of which dissolves in alcohol,
and the other not.

Protein combines both with acids and bases. It dissolves in
all very dilute acids, and forms with them a kind of neutral com-
pound, which is insoluble or difficultly soluble when there is an
excess of acid present. Hence, if to a solution of protein sulphu-
ric, nitric, phosphoric, or muriatic acid be added, the protein pre-
cipitates in combination with the acid added. And when the ex-
cess of acid is washed away, the precipitate again dissolves.
Acetic acid and phosphoric acid constitute an exception, as they
dissolve protein even when added in excess. When treated with
them in a concentrated state, the protein first gelatinizes, and
then dissolves. From the solution in acetic acid protein is pre-
cipitated by prussiate of potash, by tannin, and by an alkali.

The action of the strong acids produces alterations on pro-
tein.’ Concentrated muriatic acid, when air is excluded, gives a
yellow selution, which becomes brown when oxygen gas is ad-
mitted. When the muriatic acid is allowed to act upon protein
in an open vessel, the colour of the solution gradually deepens

\\;..Jigo blue. When heat is applied, the liquid becomes black,

—
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containing humin and sal-ammoniac, while an altered muriate
of protein is deposited.

In concentrated sulphuric acid, protein swells into a jelly.
When this jelly is cut into pieces, and put into cold water, that
liquid removes the excess of acid, and the mass shrivels up into
a white sulphate of protein, which is insoluble in water. This is
the substance to which Mulder has given the name of sulpho-
proteic acid. Its characters will be given afterwards. When
‘protein is boiled with dilute sulphuric acid, it becomes purple-
coloured.

Protein combines with alkalies and bases. With the alkalies
and alkaline earths, it forms compounds soluble in water, from
which it may be precipitated by the addition of alcohol. Its
compounds, with the earths and metallic oxides, are insoluble.

Mulder analyzed three specimens of protein, the first obtain-
ed from fibrin, the second from albumen of eggs, and the third
from albumen of serum of blood.* Dr Scherer analyzed also
three specimens, the first from the crystalline lens of the eye,
the second from albumen, and the third from fibrin.t The fol-
lowing table exhibits the results of these analyses:

Mulder. Scherer. Mean.
1. 2. 3. 1. 2 3.

Carbon, 54:94 54-93 5540 55:300 55160 54:848 55:096
Hydrogen, 695 707 716 6.940 7:055 6959 7-022

Azote, 1583 15-83 16:00 16216 15966 15847 15:948
Oxygen, 22:29 22-17 20:34 21-544 21-819 22:346 21752

100°01 100-  98-90 100 100- 100
Mulder represents the constitution of protein by the formula,
C® H3 Az° O% = 54:625. If we calculate from this formula,
we get
40 atoms carbon,
31 atoms hydrogen,
5 atoms azote,
12 atoms oxygen,

30 or per cent. 54:93
3875 ... 709
8750 ... 1602

12-000 ... 2196

nonnu

54625 100-00
Numbers which almost coincide with the mean of the six analy-

* Ann. der Pharm. xxviii. 74. 1 Ihid. xl. 43.
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ses. Scherer represents the constitution of protein by the for-
mula C*® H¥ Az® O" = 65. This formula gives,

48 atoms carbon, = 36 or per cent. 55:38
36 atoms hydrogen, = 4°5 6-92
6 atoms azote, = 105 16:16

14 atoms oxygen, = 140 2554

650 100-00
This formula also comes very near the experimental quantity,
showing how difficult it is to determine by calculation the con-
stitution of such complicated compounds.

Protein has the property of combining with sulphuric acid,
and of forming an acid to which Mulder has given the name of
sulpho-proteic acid.

To prepare it, he mixed purified casein with concentrated sul-
phuric acid.* The solution was treated with ammonia, the ex-
cess of which was driven off by evaporation. Nitrate of silver
dropt into the liquid gave a precipitate of sulpho-proteate of sil-
ver, which was washed and dried at 266°. He prepared another
sulpho-proteate of silver by treating albumen of eggs in the same
manner. 487 of the salt from casein gave 739 carbonic acid
and 231 water: 120 parts gave 22 of metallic silver, and 760
gave 140 of sulphate of barytes. Hence the constituents in 100
parts must be,

Carbon, , 41-36

Hydrogen, s 520

Sulphuric acid, 635

Oxide of silver, 1968

72:66
What is wanting to make up the hundred parts must be azote
and oxygen. But protein contains five atoms of azote and twelve
atoms of oxygen. Hence the azote in 100 parts of the salt must
weigh 14-08, and of consequence the oxygen must be 1326 ;
477 of the salt containing the albumen gave 647 of carbonic

acid, and 200 water. Hence 100 parts contain,
. Carbon, Y 3708
. Hydrogen, . 4-66

* Ann. der Pharm. xxxi. 127.
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According to these imperfect analyses, the two salts consist of,

From Casein. From Albumen.
Carbon, ! 41-36 3 37:08
Hydrogen, . 527 : 4-66
Azote, 3 14-08

Oxygen, 2 13:26
Sulphuric acid, 635
Oxide of silver, 19:68

100-00
Mulder considers the salt as composed of,
1 atom protein, 2 C® H3 Az O
1 atom sulphuric acid, . SO?

1 atom oxide of silver, . AgO
He prepared sulpho-proteate of copper, and subjected it to
analysis. Its constituents were,

Carbon, 4 32-17
Hydrogen, E 4-58
Azote, 3 : 9-87
Oxygen, : 16-85

Sulphuric acid, . 11-68
Oxide of copper, . 2585

101-00
He considers it as composed of
1 atom protein, c Co H® Az Q¥
2 atoms sulphuric acid, . 2(80%
5 atoms oxide of copper, . 5 (Cu O)

It is, in his own opinion, (C* H* Az° 0% 4 SO?) 4 (2 Cu
O + SO?%) + (8 CuO + 3 Aq).

I think it unnecessary to enter into any examination of these
results, because the conclusions are obviously conjectural.

Tannate of Protein.— W hen albumen is mixed with water and
the liquid passed through a filter, if we mix it with a solution of
pure tannin, a white flocky precipitate falls, which is difficult to
wash. When dried at 266° it still retains its white colour, and
the tannin is unaltered, if the drying be cautiously conducted.
It was subjected to analysis by Mulder.* It contained two per

% Ann. der Pharm. xxxi. p. 129.
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cent. of a calcareous salt. He endeavoured to get a purer tannate
by precipitating a solution of protein in acetic acid by tannin.
596 parts of this last salt gave 1154 of carbonic acid, and 290 of
water. The volumes of carbonic acid and azotic gases were to
each other as 58 to 5. Hence the constituents were,

Carbon, 5280

Hydrogen, 541

Azote, . 1087

Oxygen, 3092

100:00
He represents the composition of the salt by the formula,
C’ H*® Az O resolvable into
1 atom protein, CY % Az° O
1 atom tannin, C8 /o 0°
2 atoms water, : H2 02

C58 H38 AZ5 023

Protein-oxide of Lead—When a solution of protein in acetic
acid is mixed with a lead salt, a precipitate falls, composed of 10
atoms protein and 1 atom oxide of lead. If there be a great ex-
cess of acetic acid, the precipitate is composed of 5 atoms protein
and 1 atom oxide of lead.*

Sulpho-bi-proteic Acid.—If we dissolve albumen in acetic acid,
and add dilute sulphuric acid, we obtain a flocky precipitate, which
may be washed with alcohol. When dried at 266° it is a com-
pound of protein and sulphuric acid in definite proportions. It
was analyzed by Mulder. 132 parts of it gave 16 of sulphate
of barytes. Hence 100 parts contain 418 of sulphuric acid.
51 parts gave 95°2 of carbonic acid, and 31 of water. Henceit
contained,

Carbon, 5 . 5090

Hydrogen, : 6-74
‘ Azote, J { 15:03
Oxygen, : . 2315

Sulphurie acid, . 418

100-00
The azote was not determined ; but calculated on the supposition

* Apn der Pharm. xxxi. p. i81.
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that it amounted to 20 atoms. He represents its constitution by
the formula C¥ H% Az O% 4 SO3 Calculating from it we

get,

80 carbon, = 60 or per cent. 5151
64 hydrogen, =h8 6-86
10 azote, 5 ="1%b0 %.. 15-03
26 oxygen, = 26 22-31
1 sulphuric’acid, = 5 R PO
1165 100,
Mulder considers the precipitate as composed of
2 atoms protein, C® H% Az" O*
2 atoms water, B2 02
1 atom sulphuric acid, SO?

C® Het Az O SO3

Chloro-bi-proteic Acid.—This acid may be formed in the same
way as the last. It is composed of 2 atoms protein, 2 atoms
water 4 1 atom muriatic acid.

Action of Chlorine on Protein.—Mulder has made some expe-
riments on the action of chlorine on protein.* When a current
of dry chlorine is passed over protein it is absorbed, but the pro-
tein is not decomposed. The compound formed is a compound
of 1 atom protein and 1 atom of chlorous acid. Hence its for-
mula is C* H® Az® O 4 CIO%. This compound is easily
washed and obtained in a state of purity.

To form it albumen was dissolved in water, and the liquid
filtered. This solution being treated with chlorine no gas was
evolved, but white flocks almost immediately appeared. They
increased in number. In a few hours the action was at an end.
The precipitate, whichsmelt of chlorous acid, was collected on a fil-
ter and washed. The washing was continued till the water nearly
ceased to be acted on by nitrate of silver. But, as the precipitate
is not altogether insoluble in water, the process must not be con-
tinued too long. The precipitate thus washed was pressed between
folds of filtering-paper, and dried at 176°. It has a white co-
lour with a tint of straw-yellow. It was finally dried at 212°.
When heated on platinum foil it melted, gave out gas, swelled
and burnt all away, without leaving any residue. During its

* . Ann. der Pharm. xxxvi. 68.
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combustion it gave out a smell analogous to saffron. The com-
bustion was very slow. It was subjected to an ultimate analysis
by Mulder. 527 parts of it gave 927 of carbonic acid, and 293
of water. 2750 parts of it gave 756 of chloride of silver. Hence
100 would have given 2749 of chloride of silver = 687 chlo-
rine = 1162 chlorous acid. The azotic gas was determined
by measurement, and was one-eighth part of the bulk of the car-
bonic acid gas. Henge the constituents are
Carbon, . 4797
Hydrogen, : 618
Azote, X 14:10
Oxygen, . 2013
Chlorous acid, 11-62
100-00
He gives as the formula for its composition C** H® Az O
4 ClO?; that is to say, an atom of protein and an atom of chlo-
rous acid united together. Doubtless the oxygen of the chlorous
acid was obtained by the decomposition of three atoms of water.

When casein or fibrin was used instead of albumen, the com-
pounds formed were identical ; showing that the protein from
albumen is isomeric with that from casein and fibrin.

The liquid from which the chloro-proteic acid had been pre-
cipitated by chlorine was transparent, very acid, and smelled of
chlorous acid, though very little of that acid was present. When
saturated with ammonia only two or three bubbles of azotic gas
were extricated. Being evaporated to drymess, it left a great
quantity of sal-ammoniac. We see from this that the water had
been decomposed by the action of the chlorine ; the chlorous acid
united to the protein, but the muriatic acid remained dissolved
in the water.

Dry chloro-proteic a(nd is a straw-yellow powder with a fatty
feel. It isinsoluble in aleohol and ether, and almost insoluble in
wateér. In concentrated sulphuric acid it dissolves without com-
municating any colour. When water is added to the solution
white flocks precipitate. When nitric acid is made to act upon it
for several days at the common temperature of the atmosphere
it gradually dissolves it, and converts it to zanthoproteic acid..
When acted on by muriatic acid cold, it is not converted into hu-
min as 1s the case with protein. It forms in it a colourless solu-
tion.
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Chloroproteic acid is soluble in barytes water. If no heat be
applied to the solution, carbonic acid may be passed through it.
If we then heat and filter it we have a colourless solution, which,
when evaporated, leaves a residue containing organic matter,
barytes, and chlorine. Chloroproteic acid is soluble in ammo-
nia with the evolution of much azotic gas. When the solution is
evaporated we obtain a residue soluble in hot water. Alcohol
throws down from this solution a new organic matter, while sal-
ammoniac remains in solution. Mulder distinguishes this new
organic matter by the name of Ozyprotein.

It is a yellow powder which must be treated with boiling alco-
hol to free it from the ammoniacal salt: and it always retains a
small quantity of chlorine. Mulder dried it at 212°, and subject-
ed it to an ultimate analysis. 603 parts of it gave 1108 of car-
bonic acid, and 358 water. 100 parts gave 15:12 of azote.
Hence the constituents are,

Carbon, { 50-16
Hydrogen, . 6.50
Azote, A 15.12
Oxygen, 1 ME28:32

10000
He represents the constitution by the formula C® H3 Az’
0% 4 HO. 1t is therefore a hydrated oxide of protein; or
protein combined with three atoms water. The chloroproteates
when they lose their chlorine by the action of ammonia do not
lose the oxygen of the chlorous acid, which forms with the pro-
.tein a new body.

Oxy-protein constitutes a brittle and easily pulverized mass,
having an amber colour. It is heavier than water and soluble
in that liquid. It is scarcely soluble in alcohol and quite in-
soluble in ether. It dissolves in dilute sulphuric acid at a boil-
ing temperature. Strong boiling muriatic acid dissolves it also
without becoming coloured. By nitric acid it is converted into
xanthoproteic acid. It issoluble in potash, soda, ammonia, and ba-
rytes water. The aqueous solution is not precipitated by prus-
sic acid.  Sulphuric acid throws down a white precipitate, which
dissolves when the liqour is heated, and again falls when it cools.
With infusion of nutgalls it gives an abundant precipitate. Ni-



PROTEIN. ST

trate of silver, chloride of iron, acetate of copper, are precipitat-
ed by it.

Mulder subjected this last precipitate to an analysis. 110
parts dried at 248° gave 4 of oxide of copper. 418 parts gave
752 carbonic acid, and 243 water. The azote amounted to
1487 per cent. Hence the constituents are,

Carbon, 3 49:06
Hydrogen, . 646
Azote, : 14-87
Oxygen, ! 25-97
Oxide of copper, 364

100-

He represents the constitution by the formula C* H® Az!°
0% + CuO. He considers it as a compound of 1 atom oxy-
protein, and 1 atom oxide of copper, together with a compound
of one atom oxy-protein, and 1 atom water.

1 atom oxy-proteate of copper, C* H* Nz* O¥ 4+ CuO

1 atom oxy-protein 4 Agq, CY H® Az° O¥ 4+ HO

C® H® Az" O* + HO

Chloroxy-proteates—Chloro-proteic acid, when dissolved in
barytes water, and a current of carbonic acid passed through the
solution to throw down the excess of barytes, and finally, when
filtered, gives a barytes salt, the constituents of which are con-
stant. Aleohol being added to the aqueous solution, the new
salt is precipitated while the chloride of barium remains in solu-
tion. The new salt was washed with boiling alcohol and dried
at 266°. :

When acetate of copper is dropt into the aqueous solution of
the barytes salt, as we have it before precipitation by alcohol,
bluish flocks precipitate. This precipitate was thoroughly wash-
ed and dried at 266°.

With chloride of iron a third salt was obtained. But the an-
alysis of it was found difficult.

The barytes salt being subjected to analysis was found com-

posed of,
M
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Carbon, ? 4491
Hydrogen, 565
Barytes, 4 11-88
Chlorine, p 1:70

6414

What is wanting to make up the hundred consists, doubtless,
of azote and oxygen.

The copper salt contained,

Carbon, . 48:94
Hydrogen, L1683
Chlorine, 3 173
Oxide of copper,  3+48

f. 60-48

The ferruginous salt contained,

Carbon, 4 4807
“Hydrogen, . 621
Chlorine, : 1:76
Peroxide of iron,  2:37
5841
These analyses would require repetition, and the quantity of
azote should be determined.

Xantho-proteic Acid.—This name has been given by Mulder
to a yellow coloured acid, obtained first by Fourcroy, by treat-
ing fibrin or albumen with nitric acid. During the action
azotic gas is evolved, while oxalicacid and ammonia are formed.
This acid was analyzed by Mulder, who found it composed of,

Carbon, . 51:32 or 34 atoms = 255

Hydrogen, . 6-575 or 26 atoms = 325

Azote, . . 14 or 4 atoms = 7-00

* Oxygen, . 28105 or 14 atoms — 14-00

100°000 4975

He considers it as a compound of, ,
1 atom xantho-proteic acid, 2 C H% Az O
2 atoms of water, x . H? 02

C* H** Azt O4
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Mulder confirmed these views by analyzing several of the salts
of xantho-proteic acid.*

He dissolved pure xantho-proteic acid in ammonia, and the
beautiful red liquid formed was evaporated on the water bath
till all the uncombined ammonia was driven off. The residue
was divided into two portions, the first of which was dried, and
the other again dissolved in water, and a current of chlorine gas
passed through it. The dried portion when heated to 212° gave
out ammonia. It lost its red colour and became orange yellow.
It was analyzed after being dried at 284°. 326 parts gave 618
of carbonic acid and 198 of water. The azote per cent. was es-
timated at 14:37. Hence its constituents are,

Carbon, ; 5170 or 34 atoms = 255

Hydrogen, 675 or 25 atoms = 8-125
Azote, . 14:37 or 4 atoms = 7-000
Oxygen, . 27-18 or 13 atoms — 13-000

100- 53625

1t is obviously composed of one atom xantho-proteic acid, and
one atom water. The ammonia had escaped and the hydrat-
ed acid remained.

When a current of chlorine was passed through the ammoni-
acal solution of xantho-proteic acid it lost its red colour and
white flocks with a shade of yellow precipitated. =~ When
washed and dried at 212°, these flocks became lemon yellow.
This substance being analyzed was found to be a compound of two
atoms of hydrated xantho-proteic acid, and one atom of chlorous
acid. The analysis gave,

Carbon, . 4961 or 68 atoms = 51*

Hydrogen, 6-22 or 50 atoms = 625
Azote, ¢ 12-89 or 8 atoms = 14°
Oxygen, 23-29 or 26 atoms = 26-
Chlorous acid, 736 or 1atom = 745
99-37 5 104-75

When the lemon yellow powder is dissolved in ammonia, azo-
tic gas is evolved. If we evaporate to dryness and dissolve off
the salamoniac by alcohol, we have the xantho-proteic acid i m a
state of purity.}

* Ann. der Pharm. xxviii 78. 1 Ibid. xxxvi. 81.
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SECTION I.—OF ALBUMEN.

The term albumern employed by Pliny to denote the white
of an egg,* began, about the end of the last century, to be
applied to certain organic substances, which have the property
of coagulating, when heated to the temperatnre of 159.° In
their natural state they are soluble in water, but lose this solubi-
lity by coagulation. The word albumen does not occur in thertable
of the new chemical nomenclature, published by the French che-
mists in 1787. But we find it employed by Fourcroy about the
year 1789.t He and Vauquelin seem to have been the first che-
mists that attempted to fix its meaning with something like preci-
sion. Albumen may be obtained sufficiently pure from the white
of an egg and from the serum of blood.

When healthy blood is drawn from an animal, and left at rest,
it gradually separates into two portions; namely, a gelatinous-
looking substance, containing all the red globules, and called the
crassamentum or clot, and a liquid portion of a greenish-yellow
colour, which floats over the clot. This liquid is called the se-
rum of the blood. 1.&

It was first observed by Dr Harvey, that when serum is heat-
ed, it coagulates, and becomes as firm as the coagulated white of
an egg, though not so white.t The coagulating point, as deter-
mined by my thermometer, is 159°. It has been long known that
the white of an egg coagulates when heated to the same point.
Rouelle and Bouquet, about the year 1776, first compared serum
of blood and white of egg together, and concluded that both con-
tained a similar substance. To this substance, as has been al-
ready stated, the name albumen was applied, from a notion (now
known to be erroneous), that it existed in the state of greatest pu-
rity in the white of an egg.

The white of egg was examined with some care by Neumann,
who ascertained its property of being coagulated by heat, alco-
hol, and acids ; found that, in a gentle heat, it might be evapo-
rated to dryness, leaving a yellowish translucent substance, re-
sembling amber in appéarance, and still capable of dissolving in
cold water. When thusdried, he found that 100 parts of albu-

* Plinii Hist. lib. xxviii. ¢. 6. 1t Annde Chem. jii. 252.
 De Generatione Anim. p. 161.
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men were reduced in one case to 10°15, and in another to 14-28
parts.* .
It has not hitherto been possible to free albumen from all fo-
reign matters; but it is brought to a state approaching purity by
the following process:

Mix the white of eggs with a considerable quantity of distilled
water, and rub the mixture intimately in a glass or porcelain
mortar, to break down all the membranous cells in which the
albumen is lodged, and allow it to dissolve in the water. Throw
the whole on a filter of very bibulous paper, and raise the tem-
perature of the filtered liquor to 160°. The albumen will coa-
gulate in white flocks. Let it subside to the bottom of a-cylin-
drical glass in which the whole liquid has been put. Draw off
the clear liquid, and add a new por tion of distilled water. Agi-
tate well, allow the albumen again to subside, and draw off the
water a second time. This process may be repeated a third time,
after which the albumen is to be dried in a gentle heat. Reduce
it to a fine powder, digest it in alcohol till that liquid ceases to
dissolve any thing. Finally, dry it over the steam-bath. It is
now as pure as it is in our power, with our present knowledge, to
make it.t

Albumen purified in this manner, when burnt, leaves about
2 per cent. of a gray-coloured ash ; doubtless, the earthy salts
(chiefly phosphates) which the white of egg contained. Scheele
observed, that when the white of an ‘egg was dissolved by boiling
it in very dilute acids, it was again precipitated by adding some
concentrated acid. During this precipitation a smell of sulphu~
retted hydrogen was perceptible, showing clearly that it contains
sulphur.}

Albumen prepared in this way is transparent, and has an
amber colour. When put into water it swells up, becomes opaque
and white, and assumes the appearance of coagulated white of
egg. According to Chevreul, 1000 parts of water dissolve 7
parss of coagulated albumen.

It dissolves in concentrated muriatic acid, and the solution, as

® Neumann’s Chemistry, p. 554.

+ It will not be freed from soda nor from the earthy phosphates which may
have existed in white of egg. To get rid of these it must be treated with an
acid.

+ Scheele’s Chemical Essays, p. 268.
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was first noticed by Caventou and Bourdois, has a fine blue
colour. The addition of water precipitates the albumen white 3
but the acid still retains its blue colour. Caustic potash or soda
dissolves it, and the solution has the property of blackening sil-
ver. Coagulated albumen and fibrin possess exactly the same
properties.

¢ Uncoagulated albumen seems to possess acid characters,
though it does not alter the colour of vegetable blues. In the
serum of blood, it is combined with soda. When we add a so-
lution of a metallic salt to the serum of blood, and then drop in
as much caustic potash as will decompose the salt, the metallic
oxide does not precipitate, but remains in solution united to the
albumen.

‘When to a solution of albumen we add acetic acid, and then
drop into it prussiate of potash, a copious white precipitate falls.
This is one of the most delicate tests of the presence of albumen
in liquid.

Protosulphate of iron and sulphate of copper, according to
Schiibler, precipitate a very dilute solution of albumen; but if
we increase the quantity of the metallic salt, the precipitate
again dissolves.

The salts of tin, lead, bismuth, silver, and mercury, precipitate
albumen white. The subacetate of lead gives a precipitate with
a very minute quantity of albumen. Corrosive sublimate precipi-
tates albumen from a liquid containing only ;o55th of its weight
of that principle. The precipitate is a compound of corrosive
sublimate and albumen. By this combination, the poisonous quali-
ties of corrosive sublimale are destroyed. Hence, the white of
egg constitutes the best antidote to this poison. According to
Orfila the albuminate of corrosive sublimate (if the term may be
permitted) is composed of,

Albumen, : 6222 or28
Corrosive sublimate, 3778 or 17
100:00

According to Bostock, of
Albumen, ; 88:89 or 136 = 28 x 5 nearly.
Corrosive sublimate, 1111 or 17

10000
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Albumen was analyzed by Gay-Lussac and Thenard, by Mi-
chaelis and by Prout. Gay-Lussac and Thenard merely dried
the white of an egg in the temperature of 212°, and analyzed it
without any attempt to purify it.* Dr Prout employed albumen
from the serum of the blood of a patient labouring under a slight
inflammation. Mulder has made a more recent analysis, and
took the precaution to purify his albumen by the process de-
scribed at the beginning of this section. Hence it would be free
from a small portion of mucus, which is known to exist in the
white of egg. The result ofall these analyses will be seen in the
following table:

Michaelis. Mulder.
Gay-Lussac From arte- From venous White of Serum of
& Thenard. rial blood. blood. Prout. egg. blood.
Carbon, . = 52-883 53009 52660 49750 53960  54-398
Hydrogen, 7-540 6-993 7350 7775 7052 7:024
Azote, 15705 15562 15505 15550 15696 15843

Oxygen, 23-872 24436 24484 26925 23292 22744

100- 100- 100° 100 100- 100-
But Mulder has more recently subjected albumen to a new
analysis, and determined the phosphorus and sulphur which it

contains. The following are his results :}
From Eggs. From Serum.

Carbon, 3 5448 ; 5484
Hydrogen, . 7.01 . 7:09
Azote, . 15-70 : 1583
Oxygen, . 22000 . 2123
Phosphorus, . 043 ¢ 033
Sulphur, . 0-38 i 0-68
100- 100
He represents its constitution by the formula, 10 (C* H3 Az°
02) 4+ Ph + S?% or ten atoms protein united to one atom phos-
phorus and two atoms sulphur. If we calculate from this formula
we get,
400 atoms carbon,
310 atoms hydrogen,
50 atoms azote,
120 atoms oxygen,

300 or per cent. 54:33
3875 e 702
87-50 . 1584

120-00 e 2173

* Recherches Physico- Chemiques, ii. 331. + Ann. der Pharm. xxviii. 74.



184« ANIMAL AMIDES.

1 atom phosphorus, — 200 e 0550
2 atoms sulphur, = 400 s 02
55225 100°

Still more lately albumen has been subjected to a careful
analysis by Dr Scherer in Liebig’s laboratory.* He analyzed
albumen from blood, from eggs, from the liquor of a hydrocele,
and from pus. The result came so near those of Mulder, that
it seems unnecessary to state them. It has been already stated,
that his formula for protein is C* H% Azf O%. Tt differs from
that of Mulder only by an atom of hydrogen. In the present
state of our knowledge, it is difficult, if not impossible, to decide
which of the two formulasis nearest the truth. .

It is evident from the analyses that the chemical constitution
of albumen from the egg and from serum is identical. Yet re-
agents do not in all cases produce the same effect upon each.
Chevreul informs us, that ether and oil of turpentine coagulate
white of egg, while, according to Tiedemann and Gmelin, they
do not produce the same effect on the serum of blood.

SECTION IL—OF ALBUMEN FROM SILK.

This substance was first particularly examined by M. Mulder
in 1836. He obtained it by the following process.

Silk was treated with boiling water till every thing soluble in
that liquid was taken up. The aqueous solution was evaporated
to dryness and the residue digested in alcohol and ether. The
matter not acted upon by these liquids was a mixture of coagu-
lated albumen and gelatin. Boiling water dissolved the latter
substance and left the albumen in a state of purity.

It is brittle, easily reduced to powder, and heavier than water.
When placed on a hot iron it is charred and emits the smell of
burning horn. It burns with flame, leaving a large quantity of
white ashes. When distilled per se it gives out much carbonate
of ammonia and empyreumatic oil. A dry portion of it being
left for 24 hours in concentrated sulphuric acid remained unal-
tered. But when heat was applied it was charred with the evo-
lution of sulphurous acid gas. Moist albumen dissolves in sul-
phuric acid at the common temperature of the atmosphere. In
dilute sulphuric acid it is not soluble even when heat is applied

* Ann. de Pharm. xl. 86.
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Nor does it dissolve in cold nitric acid ; but.it is easily soluble
in that acid when assisted by heat. Moist albumen dissolves in
nitric acid at the common temperature, and oxalic acid is formed.
1t is not acted on by muriatic acid unless heat be applied when
it is dissolved. Moist albumen dissolves in it at the ordinary
temperature of the atmosphere. By phosphoric acid and heat it
is charred and decomposed.

‘When dissolved in concentrated acetic acid, the solution hasa
fatty feel, which Mulder considers as a remarkable distinguish-
ing character. 'When prussiate of potash is dropt into this so-
lution a beautiful green precipitate falls, which is insoluble in wa~
ter. By this property a minute quantity of this albumen may
be discovered.

It dissolves in potash, soda, and ammonia, and is precipitated
again by acids. If we add acetic acid to the potash solution it
will not blacken silver. It isinsoluble in carbonated potash, so-
da, or ammonia.*

According to Mulder’s analysis it is composed of,

Carbon, i 54-005 -
Hydrogen, . 7270
Azote, i 15:456
Oxygen, ; 23269

100°000t
These numbers come sufficiently near the various analyses of
albumen from blood and eggs to show that all these substances
are isomeric.

SECTION IIL.—OF CASEIN.

Milk is the well known liquid secreted by the females of the
whole class of mammalia to nourish their new-born offspring.
The milk of the cow has been used as a common article of food
from the earliest ages. Hence its appearance, its-taste, and its
nourishing properties are known to every person.

Milk underwent a chemical examination from Neumann. He
ascertained the guantity of water which it contained, and Dr
Lewis showed that its boiling point was the same as that of wa-
ter ; that itis coagulated by acids and also by alkalies. The co-

* Poggendorf’s Annalen, xxxvii. 608. ¥ Ibid. x1. 270.



186 ANIMAL AMIDES.

agulum by acids falls to the bottom of the serum, but that by al-
kalies swims on the surface.* -

Neumann also made some experiments on cheese, a well-known
preparation of curd. He tried the action of water, nitric acid,
sulphuric acid, muriatic acid, and caustic alkalies, both fixed and
volatile ; and found that they dissolved cheese either partially or
completely.

Scheele examined milk and curds in 1780, and was the first
person who compared curds with coagulated white of egg. He
showed that the properties of both were the same. Milk is coa-
gulated by acids, and the coagulum formed is a compound of the
acid employed and curd. The mineral acids when used in ex-
cess dissolve a portion of the precipitate, but the vegetable acids
dissolve little or nothing. Hence the reason why more curd is
obtained when milk is coagulated by vegetable than by mineral
acids.t

The first attempt to make a regular analysis of milk was by
Parmentier and Deyeux, in a memoir which gained the prize of-
fered by the Society of Medicine of Paris, for the year 1790.1
These chemists examined the curd of milk in considerable detail,
and determined many of its properties, though they did not ob-
tain it in a state of purity. They distinguished it by the name
of matieré caséeuse.

Fourcroy in his Systeme des Connoissances Chimigues, pub-
lished about the beginning of the present century, gives a pretty
detailed account of the curdy part of milk, chiefly taken from the
Memoir of Parmentier and Deyeux. He distinguishes it, as these
chemists did, by the name of caseous matter.§

In 1808, the second volume of the Animal Chemlstry of Ber-
zelius was published in Stockholm. It contains an excellent
analysis of milk,|| and a detailed examination of the characters
of the curdy portion, which he distinguishes by the name of ost,
(cheese). He pointed out some difference in the characters of

* Lewis’s Neumann’s Chemistry, p. 573.

1 Scheele’s Cbemical Essays, p. 265.

} See an abstract in Ann de Chim. vi. 183. The memoir itself was publish-
ed in Paris in 1800.

§ Vol ix. p. 515 of the English translation.

I Forelassningor i Djuskemier, ii. 409.
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ost and albumen, which Scheele had from his observations pro-
"nounced identical. 3

I do not know who first applied to the curdy part of milk the -
name casein. But it occurs in the 27th volume of the Diction-
naire des Sciences Medicales, published in 1818. The word case-
us, applied to the same substance, is found in the Dictionnaire de
Climie of Klaproth and Wolff, the French translation of which
appeared in 1810.

Casein may be obtained from cow’s milk by the followmg pro-
cess:

Mix skimmed milk with dilute sulphuric acid. The casein
and acid unite and precipitate in the state of a white curd. Let
the curd be collected on a filter, and well washed with water to
remove the whey which it contains. Thus cleaned, it is to be
mixed with water and digested over carbonate of barytes. The
sulphuric acid unites with the barytes, while the casein set at li-
berty dissolves in the water. When this liquid is filtered to free
it from the sulphate of barytes and the excess of carbonate em-
ployed, it has a pale yellow colour, and resembles in consistence
a solution of gum. "When heated in an open vessel it emits the
smell of boiling milk, and a white pellicle forms on the surface,
similar to that which is formed on the surface of boiling milk.’
‘When the liquid is evaporated to dryness in a gentle heat we
obtain the casein in the state of an amber-coloured mass, which
is still soluble in water. The aqueous solution is coagulated by
all acids, even by the acetic, especially when assisted by heat.,
This property distinguishes casein from albumen ; which last is
not precipitated by acetic acid.

Braconnot assures us that casein obtained by the above process
is not quite free from impurity. He recommends:the following
process as better. Take 400 parts of curd formed by renmet,
and well washed in boiling water to get red of the whey. Mix
them with one part of bicarbonate of potash in erystals, and a
sufficient quantity of water. Heat the mixture, an effervescencé
takes place, and the curd and alkali combine and dissolve in the
water. When this solution is cautiously evaporated to dryness
it constitutes the soluble casein of Braconnot; a substance which
he recommends for a variety of useful purposes.

To obtain pure casein, dissolve a quantity of soluble casein
in boiling water. Pour the solution into a funmel, having its



188 ANIMAL AMIDES.

beak shut up, and let it remain at rest for 24 hours. A quan-
tity of cream collects on the surface, which is separated by allow-
ing the clear solution to pass through the funnel, retaining the
cream. Pour into this clear liquid a little sulphurie aeid. A
curdy precipitate falls, consisting of casein combined with sul-
phuric acid. Wash this precipitate, heat it in water mixed with
a very small quantity of carbonate of potash, scarcely sufficient
to dissolve all the matter. We obtain a mucilaginous liquid,
which, while still hot, must be mixed with its own bulk of alco-
hol. No precipitate should fall till 24 hours after the mixture.
The precipitate consists of butter, sulphate of potash, and a por-
tion of casein. Let the liquid be passed through a cloth. We
obtain a transparent liquid, which, when evaporated to dryness,
leaves pure casein.*

‘When the aqueous solution of casein is left to itself it gradu-
ally alters, gives out the smell of old cheese, and becomes ammo-
niacal.

When aleohol is poured upon casein, dried in a low heat, it
becomes opaque, and assumes the aspect of coagulated albumen.
The alcohel abstracts the water with which it was united, and
thus occasions the alterations. At the same time the alcohol
dissolves a portion of the casein, which remains when the alco-
holic liquid is evaporated to dryness. Casein is still more solu-
ble in boiling alcohol. The excess precipitates as the liquid cools.
By this solution the characters of the casein are not in the least
altered.

Anhydrous casein, or casein digested or dissolved by alcohel,
swells in water, and gradually dissolves into a mucilaginous fro-
thy mass, which becomes transparent and liquid when heated,
and then assumes the original characters of casein dissolved in
water. }

Acids act upon casein very nearly as upon albumen. With
a little acid it forms a compound soluble in water ; but when
the quantity of that acid is increased, the compound becomes
little soluble. By washing with water we may remove this excess,
and thus render it again soluble in water. The precipitate by
acetic acid may be again dissolved. But much more acid is ne-
cessary for that purpose than is required for albumen or fibrin.
Solutions of casein in acids are precipitated by prussiate of po-

* Ann, de Chim, et de Phys. liii. 343.
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tash, But phosphoric and arsenious acid, according to Bracon-
not, do not precipitate casein, though, when we add prussiate
of potash to a solution of casein containing phosphoric acid, a
copious precipitate falls.*  Alcoholic solutions of casein are not
precipitated by acids. And alcohol dissolves readily the preci-
pitates thrown down from water by acids.

Casein combines with the alkalies without undergoing any al-
teration, unless the alkaline solutions be concentrated and heat
be applied. In that case the solution becomes brown, ammonia
is given out, and an alkaline sulphuret is formed.

Casein combines with the alkaline earths. If the quantity of
earth be small, the compound is soluble, and the earth is not pre-
cipitated by exposure to the air, or by passing through the liquid
a current of carbonic acid gas. Indeed casein, as extracted from
milk, appears to contain caseate of lime. "When casein is placed
in contact with an excess of hydrate of lime, a bulky compound
is formed very little soluble in water. When this compound is
boiled in water, the casein is gradually decomposed. A kind of
extractive, soluble in water, is formed, from which oxalie acid pre-
cipitates lime.

If we heat sugar with a concentrated solution of casein, it loses
its consistence and becomes very fluid. But if we increase the
quantity of sugar considerably, the casein separates in curdy
masses or clots. But when washed these clots again dissolve in
water. When casein is mixed with gum-arabic, it loses its solu-
bility entirely ; owing, in the opinion of Braconnot, to a free acid
and earthy salts contained in the gum.

Solution of casein in water is precipitated by all the earthy
and metallie salts capable of precipitating uncoagulated albumen.
Tannin throws it down both from its aqueous and alcoholic so-
lution.

Like albumen it is capable of existing in two states, uncoagu-
lated and coagulated. The characters of uncoagulated casein
have been given. We must now state the properties of coagu-
lated casein.

For coagulation it requires the boiling temperature or rennet.
When an aqueous solution of casein or skimmed milk is mixed
with rennet and gently heated, coagulation takes place. Rennet
is formed by digesting the innermost membrane of a calf’s sto-

_® Ann, de Chim. et de Phys. liii 344,
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mach in cold water. A small quantity of a peculiar substance
is dissolved, to which the name pepsiz has been given, because it
has the extraordinary property of dissolving food and converting
it into chyme in the stomach of living animals. A very minute
quantity of pepsin is sufficient to coagulate a great quantity of
milk. Berzelius evaporated a quantity of rennet to dryness in
a gentle heat. He mixed one part of the dry residue with 1800
parts of milk, and heated the whole to 122°. The whole casein
was so -completely coagulated, that scarcely a trace of it could
be detected in the whey. The dry rennet being separated was
found to weigh 0-96. So that one part of pepsin coagulated
45000 parts of milk.*

Coagulated casein, when pure and dried, is hard, translucent,
and yellowish. Unless it be well freed from all traces of butter,
it has a resinous lustre. This may be removed by digesting the
coagulated casein in ether, which dissolves the butter without al-
tering the casein. When put into water it softens and swells ;
but does not dissolve. When strongly heated before it has been
quite dried, it is rendered soft without melting, and becomes
elastic like caoutchouc. If the temperature be increased, it
swells, melts and burns with flame.  The products obtained when
it is distilled are the same as those given by albumen. The com-
pounds of coagulated casein with acids and alkalies are similar
to those of uncoagulated albumen with the same bodies. But
when the acid is withdrawn by means of carbonate of barytes or
carbonate of lime, the casein does not dissolve in water, as hap-
pens with uncoagulated casein.

Coagulated casein (or cheese, as it is called in common lan-
guage,) is soluble in concentrated sulphuric acid, from which it
is precipitated by water. It dissolves in nitric acid of 129, to
which it communicates a yellow colour. Muriatic acid dissolves
it very slowly, requiring to be continued for several days. The
solution, like that of albumen and fibrin, becomes blue, if the
temperature has exceeded 60°. By degrees the colour changes
to a dirty violet. When the acid is saturated with potash, the
colour disappears, and the cheese is precipitated greyish-white.
With concentrated acetic acid it forms a jelly, and dissolves when
we add water and apply heat. But a great deal of acid is neces-
sary. It is very soluble in the hydrates and in the carbonates of

* Traité de Chimie, vii. 601.
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potash and soda, when diluted with water and cold. Caustic
ammonia dissolves it very slowly and imperfectly.

When cheese coagulated by rennet is burnt, it leaves 6 per
cent. of subsesqui-phosphate of lime, and half a per cent. of caus-
tic lime, which had been in combination with the casein in the
milk.

When cheese is long kept, it undergoes peculiar alterations,
which have been investigated by Braconnot.* He mixed 270
grammes of skim-milk cheese with a litre of water, and left the
mixture a month to putrefy, at a temperature between 68°and 77°.
The greatest part of the cheese dissolved, and the solution was
separated from the undissolved portion by filtration. It had a
putrid smell, without anything sulphureous. Being evaporated
to the consistence of honey, it gradually congealed into a gra-
nular mass. Alcohol dissolved a portion of this matter, and left
a portion untouched.

The undissolved portion was dissolved in water and treated
with animal charcoal, which deprived it of its colour. Being now
left to spontaneous evaporation, it gave small brilliant crystalline
vegetations, and fine needle-form crystals, constituting cauliflower
rings round the borders of the liquid. To obtain this substance
white, it was necessary to dissolve and crystallize it several times.
Braconnot distinguished this substance by the name of apose-
pedin.t  Proust had previously called it caseic oxide. Its
properties have been already detailed in a former part of this
volume. The first attempt to analyze casein was made by The-
nard and Gay-Lussac. The casein which they employed was
obtained by spontaneous coagulation. It was washed thoroughly
with water, and then dried and pulverized. It was then burnt
with chlorate of potash, and the quantity of carbonic acid, &e. ob-
tained, determined from which the constituents were inferred.}
Mulder has shown that its base is protein, and that it consists of
ten atoms of protein united to one atom of sulphur, or 10
(CHH* Az° O%) 4+ S. Dr Scherer also subjected it to analy-
sis.§ Milk was mixed with twice its bulk of alcohol ; and the
coagulum was boiled repeatedly in alcohol and ether. When all
the butter was removed, the coagulum was boiled in water to se-

* Ann. de Chim. et de Phys. xxxvi. 159.
+ From axo and sawsdar, putrefaction.
t Recherches Physico-Chimiques, ii. 332. § Ann, der Pharm. xl. 40.
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parate the sugar of milk. It was then dried at 212°. Its con-
stituents were,

Carbon, ¥ 54-825

Hydrogen, . 7:153

Azote, X 15628

Ozxygen, } 3

Subghm § 22394
100-000

Several other analyses gave nearly the same result.

SECTION IV.—OF FIBRIN FROM BLOOD.

When the crassamentum of blood is put into a linen cloth,
and carefully washed till all the red colouring matter is remov-
ed, the substance which remains has a fibrous texture, and is, on
that account, distinguished by the name of fibrin. This name
seems to have been imposed by Fourcroy and Vauquelin; at
least I have not observed it in the writings of any earlier chemist.

It was long the opinion of physiologists, that the globules of
the blood consisted of a nucleus of fibrin enclosed in a vesicle of
colouring matter. Hence it was supposed was the reason why
it exists in the crassamentum. But later observations have con-
siderably modified this opinion. Piorry and Scelles de Monde-
zert have remarked, that, if we cautiously and rapidly remove the
serum which floats on the crassamentum, we will frequently find
it become opaline and muddy, and finally covered with a skin
analogous, if not identical with fibrin.* According to Muller,
if we amputate the thigh of a frog, and after mixing the blood
that flows out with an equal quantity of water, holding sugar in
solution, throw the whole upon a moistened filter, the red glo-
bules, which are very large in that animal, are retained upon the
filter, while a colourless and clear liquid passes through. In this
liquid, a coagulum of fibrin speedily appears.

From these facts, there seems no reason to doubt, that the
" fibrin exists in the serum of blood as well as the albumen, and
that the globules consist of the red-colouring matter, and a white
insoluble substance analogous to coagulated albumen or fibrin.
Indeed, Lecanu has shown, by numerous experiments, that the

* Lecanu, Etudes Chimiques sur le Seng Humain, p. 43.
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globules consist of three distinct substances, namely, hematosin,
albumen, and fibrin.*

Fibrin may be procured likewise from the muscles of animals.
Mr Hatchett cut a quantity of lean beef into small pieces, and
macerated it in water for fifteen days, changing the water every
day, and subjecting the beef to pressure at the same time, in or-
der to squeeze out the water. The shreds of muscle, which
amounted to about three pounds, were now boiled for five hours every
day for three weeks in six quarts of fresh water, which was re-
gularly changed every day. The fibrous part was now subject-
.ed to pressure, and then dried on the water-bath. In this state,
it possessed the characters of fibrin.}

It is very difficult to free the fibrin of blood completely from
hematosin. The easiest way is to stir new-drawn ox-blood
rapidly with astick. The fibrin adheres to the stick. Let it be
taken off, and washedin cold water till that liquid ceases to be
coloured by it. Then steep it in water for twenty-four hours,
washing it frequently and carefully during that time. Finally,
let it be digested in alcohol, or still better in ether, to separate
a fatty matter which it still contains.

Fibrin, when dried, assumes a dirty-yellow colour, and be-
comes hard and brittle, but continues opaque. When put into
water, it imbibes that liquid, and recovers its original appear-
ance, and nearly its original weight. It has neither taste nor
smell. When heated, it does not alter till it reaches the point
of decomposition. It then melts, swells greatly, catches fire,
and burns with a yellow flame, giving out much smoke. It is
" insoluble in water, whether cold or hot. When boiled in that
liquid, it contracts and becomes at last extremely friable. The
water becomes muddy, and if we evaporate it to dryness, we ob-
tain a solid, brittle, yellow substance, having the smell of boiled
meat, and solublein water. This substance does not assume the
form of a jelly, and is precipitated by tannin in insulated flocks,
which db not unite into an elastic mass like tannate of gelatin,

Fibrin, like albumen and casein, possesses both the characters
of an acid and a base. The concentrated acids cause it to swell,
and to become gelatinous and transparent. With sulphuric acid,
it swells into a yellow jelly, but.does not dissolve. Heat is evolv-

* Lecanu, Etudes Chimiques sur le Sang Humain, p. 5.
1 Phil. Trans. 1800, p. 327.
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ed, and, unless the temperature is kept down, sulphurous acid is
disengaged, and the fibrin becomes black. When the acid is di-
lute, or when water is poured on the jelly, the fibrin suddenly
contracts to less than its original bulk. This contracted massis
a compound of sulphuric acid and fibrin. When it is collected
on a filter, and washed with water, it becomes transparent and
gelatinous, and at last dissolves completely in water. This so-
lIuble matter is a neutral compound of sulphuric acid and fibrin.
The addition of sulphuric acid renders it insoluble as at first.

Nitric acid gives fibrin a yellow colour. When cold and di-
lute, it forms two compounds with fibrin, as sulphuric acid does,
and having the same characters. But when heat is applied, and
the acid is strong, azotic gas is given out, the acid becomes yel-
low, and the fibrin is converted into a yellow or orange mass,
which does not dissolve in water. This substance was first de-
seribed by Fourcroy under the name of yellow acid.

Pyrophosphoric acid produces with fibrin the same phenomena
as sulphuric acid. With common phosphoric acid, fibrin does
not swell into a jelly, but forms a compound soluble in water, and
not precipitated by an excess of acid.

In concentrated acetic acid fibrin becomes immediately soft
and transparent, and, with the assistance of heat, is converted
into a tremulous jelly. By adding hot water, this jelly is
completely dissolved with the evolution of a small quantity of
azotic gas. The solution is colourless, and has a mawkish and
slightly acid taste. During its evaporation a transparent mem-
brane appears on the surface, and after a certain degree of con-
centration the gelatinous substance is again reproduced. When
completely dried it is a transparent mass which reddens litmus-
paper, but is insoluble in water without a fresh addition of acetic
acid. When ferrocyanate of potash, an alkali, or sulphuric, ni-
tric, or muriatic acid is dropped into this solution a white preci-
pitate 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 remainder is soluble in water.
This solution contains a neutral compound of the acid and fibrin.
The addition of a little more of the acid causes it to precipitate
again. * '

* Berzelius, Annals of Philosophy, ii. 20.
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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 or 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 gives
a neutral compound soluble in water, the other with an excess of
acid is insoluble, but becomes soluble by the action of pure wa-
ter.*

In caustic alkali fibrin increases in bulk, becomes transparent
and gelatinous, and at length is completely dissolved. The solu-
tion is yellow with a shade of green. Acids occasion in it a pre-
cipitate which gradually becomes confluent. Alcohol occasions
a precipitate in it. Some alteration is produced upon the fibrin
by the alkali, but nothing in the least similar to a soap is formed.t

Ammonia behaves with fibrin as potash does, only the action
is slower.

When sulphate of soda or nitrate of potash is put into blood,
it is prevented from coagulating, and of course the fibrin does
not separate.

Fibrin possesses exactly the characters of coagulated albumen.

Fibrin from blood was analyzed by Gay Lussac and The-
nard,} by Michaelis,§ and more recently by Mulder| and Vogel.§
The following table exhibits the result of these analyses:

Gay Lussac Michaelis.

and Thenard. Arterial. Venous. Mulder. Vogel.
Carbon, 53360 51874  50-440  53-328 51-76

Hydrogen, 7-021 7-254 8:228 6-830 7-09
Azote, . 19:034 17:587 17-267 15-465 18-05*
Oxygen, 19-685 23785 24065  24-377 23:10

100-000 100 000 100000 100-000 100-00

* Berzelius, Annals of Philosophy, ii. 20. + Ibid.

t Recherches Physico-chimiques, ii. 328.

§ Diss. de partib. constitut. sunguin. arteriosi et venosi.

I Poggendorf’s Annalen, xI. 255. ¢ Jour. de Pharmacie, xxv. 587.

*¢ Varrentrapp and Will obtained 16-02 per cent. of azote.— Ann. der Pharm
xxxix. 292,
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The differences between these results are considerable, proba-
bly depending upon the presence of some foreign matter. The
mean of the five is as follows :

Carbon, : 5205
Hydrogen, e 7-28
Aczote, . 17:66

Oxygen, ; ; 2351
100-00

Before we can draw any conclusion from these analyses we
must know the atomic weight of fibrin. Berzelius made some
experiments to show that its atomic weight may be determined,
but has stated no numerical results. Mulder made several salts
of fibrin and subjected them to analysis. It will be worth while
to state the results which he obtained.

1. Fibrate of copper.—When sulphate of copper is added to a
solution of fibrin in caustic potash, green flocks of fibrate of cop-
per precipitate. This salt being analyzed gave,

Fibrin, 3 798 or 64:35 = 1 atom.
Oxide of copper, 62or 5 —1 atom.

3. Subsesqui-fibrate of lead.—It was obtained by mixing sub-

acetate of lead with fibrate of potash. It was composed of,
Fibrin, 3 38331 or 63.896 = 1 atom.
Oxide of lead, 5599 or 21° = 14 atom.

3. Fibrate of silver.—It was prepared by dissulving fibrin in
acetic acid and mixing the solution with nitrate of silver. It
was composed of,

Fibrin, 2 6984 or 62:52 =: 1 atom.

Oxide of silver, 403 or 3625 = % atom.
The mean atomic weight of fibrin deduced from these three
analyses is 63-588.

4, Mulder passed a current of dry muriatic acid over dry
fibrin, till no more absorption took place, and then passed through
the apparatus a current of dry air till muriatic acid fumes no
longer made their appearance. 1112 of fibrin by this treat-
ment increased in weight 80. Hence the muriate of fibrin was
composed of,

Muriatic acid, 80 or 4'625 = 1 atom._
Fibrin, . 1112 or 64287 = 1 atom.
The mean of all these analyses gives us 63.76 for the atomic
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weight of fibrin, or rather protein. Now the numbers which
agree best with the mean of the analyses, and with the atomic
weight deduced from the experiments of Mulder, are the follow-
ing:

45 atoms carbon, 33+75 or per cent. 5203

38 atoms hydrogen, = 475 7:32
6% atoms azote, = V:3%60E 120, 1753
15 atoms oxygen, . = 1500 23-12

64-875 100-00

More lately Mulder has endeavoured to determine the quan-
tity of sulphur and phosphorus which oceurs in fibrin. These
two substances he considers as combined and forming a sulphu-
ret of phosphorus. By an ultimate analysis of fibrin he got,

Carbon, iy 54456
Hydrogen, . 6-90

Azote, ¢ 1772
Oxygen, y 22°13
Phosphorus, 0-33
Sulphur, . 0:36
102-00*

He represents the constitution by 10 (C* H?! Az® O'?) PhS.
Calculating from this, we get,

400 carbon, = 300 or per cent. 54:52
310 hydrogen, —= 3875 ... 7:04
50 gzote, = 87% . 16-90
120 oxygen, = 1200 ... 21-35
1 phosphorus, = 0-36

1 sulphur, 2- s 0-36

55025
Fibrin from venous human blood was purified by Dr Scherer,t
and subjected to variousultimate analyses; being burntsometimes
with oxide of copper, but in four out of six analyses by chromate
of lead. ~The following is the mean result of these six analyses :

Ann. der Phar m. xxviii. 74 + Ibid. xl. 33.
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Carbon, 3 54393
Hydrogen, ’ 6963
Azote, g 15783
Oxygen,

Sulphur, } 22:861
Phosphorus,

100-
Numbers which agree exceedingly well with the result of
Mulder’s analyses. We may therefore conclude that fibrin is a
compound of ten atoms protein, with one atom sulphur, and one
atom phosphorus, or 10 (C* H* Az® 0) + S 4 Ph.

SECTION V.—OF FIBRIN FROM SILK.

This species of fibrin has been examined with much ingenuity
and skill by M. Mulder.* Raw silk was boiled successively in
water, alcohol, ether, and acetic acid, till every thing soluble in
these liquids was removed ; what remained was considered as
JSibrin. In yellow raw silk it amounted to 53-37, and in white raw
silk to 54:04 per cent.

Its colour is white, but it is much softer and more brittle than
natural raw silk, and has much less coherence. So that a tuft of
it breaks with the greatest facility into an infinite number of very
minute threads, spreading out in every direction. Hence neither
s0 beautiful nor so strong a fabric could be woven of it, as of raw
silk in its natural state.

It is heavier than water. When burnt it emits the smell of horn,
When distilled it gives much carbonate of ammonia, empyreu-
matic oil, and water, and leaves a bulky charcoal. "When thrown
upon a red hot plate of iron it melts, or at least becomes soft,
swells out, and burns with a light blue flame, and leaves a bulky
charcoal.

It is insoluble in water, alcohol, ether, and acetic acid. It is
equally insoluble in fat and volatile oils. It dissolves immedi-
ately in concentrated sulphuric acid at the common temperature
of the atmosphere, forming a light brown thick solution. When
heated it becomes first of a beautiful red, then of a brown, and
finally of a black colour, while sulphurous acid is given off.
From this solution it is not thrown down by water. But when

* Poggendorf’s Annalen, xxxvii. 603, and xl. 266.
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infusion of nutgalls is added an abundant white precipitate sepa-
rates. 'When the solution is diluted with water this matter falls
like a jelly to the bottom, but is again dissolved by agitation.
When potash is added white flocks fall down, but they are again
dissolved, when a great excess of potash is added.

Fibrin of silk is soluble in muriatic acid at the common fem-
perature. 'When heat is applied the colour becomes brown. It
is soluble in nitric acid at the common temperature of the at-
mosphere, with the exception of a few flocks, which remain un-
dissolved. 'When heat is applied to the solution oxalic acid is
formed. In phosphoric and pyrophosphoric acids it is insoluble
at the common temperature of the atmosphere, but dissolves rea-
dily when the action of the acid is assisted by heat.

In weak potash ley it remains unaltered, but when the ley is
strong the fibrin dissolves in it by the assistance of heat. On
adding water to the solution the fibrin separates in flocks. Sul-
phuric acid also throws it_down in minute threads. It is very
remarkable that when this fibrin is precipitated from its solutions
it always assumes the form of minute threads. When mixed
with dry caustic potash and heated while the mixture is kneaded
together (unter kneten), it is converted into oxalic acid, as Gay
Lussac had already observed to have been the case with silk.

It is insoluble in carbonate of potash and in liquid ammonia.

When fibrin of silk is burnt in a platinum crucible a consi-
derable quantity of salt remains behind, which cannot be sepa-
rated from the fibrin till its texture is destroyed. This ash is
partly soluble in water, and the solution reacts weakly as an al-
kali. When muriatic acid was poured upon it, an effervescence
took place, and the whole was dissolved except a little silica.
The solution contained lime, iron, magnesia and soda; manga-
nese, common salt, phosphoric acid, and sulphuric acid.

Mulder subjected this fibrin to analysis, and obtained,*

Carbon, ¥ 47-99
Hydrogen, . 657
Azote, ; 17:35
Oxygen, . 2809

100.

* Poggendorf’s Annalen, xl. 266.
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Mulder found that muriatic acid, combined with the fibrin of
silk, so as to form a compound of,
Muriatic acid, . 6962 0or 4625
Fibrin, . 5 93:038 or 61671
If the two are combined atom to atom, the atomic weight will be
61671, and the fibrin will consist of,
38 atoms carbon, = 285 or per cent. 4760
31 atoms hydrogen, = 3.875 6-47
6 atoms azote, . = 10500 e 1754
17 atoms oxygen, = 17-000 .. 2839
59875 100
Supposing fibrin of silk to be pure, and Mulder’s analysis ac-
curate, it obviously differs in its composition from the fibrin
of blood. But the subject is too obscure to warrant any infe-
rences.

SECTION VI—OF RICOTTIN.

This is a name given (ricotta) by the Ttalians to a substance
which exists in milk, but is not separated from the whey by ren-
net. In Switzerland it goes by the name of zieger, and in the
Vosges by that of bracotte. It has been examined by Schubler,
and is considered by him as intermediate between casein and al-
bumen. * .

It may be obtained in the following manner :—Coagulate milk
by rennet and separate the whey. Raise the temperature of this
whey (after it has been filtered) to 167°, and mix it with acetic
acid.. A new coagulation takes place, and the ricottin is preci-
pitated. In Switzerland it is manufactured into a poor cheese,
which is said to be used in that country as food for cattle.

The characters of this substance, as given by Schubler, re-
semble so closely those of casein, that we can scarcely hesitate i
adopting the opinion of L. Gmelin, that ricottin is nothing else
than uncoagulated casein united to acetic acid.

Ricottin, in its fresh state, contains 84-4 per cent. of water. It
is a white, slimy, mucilaginous substance, very similar to albu-
men, not thready, and it has a specific gravity of 1-055. Its taste
is that of albumen mixed with tallow. When dried it becomes

* Schubler, as quoted by L. Gmelin, Handbuch der Theoretischen Chemie,
ii. 1078.
4
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greyish-white, opaque, without lustre, hard, friable, and has a
specific gravity of 1°355. And when again moistened with wa-
ter, acquires the taste and smell of soap. The action of reagents
on it is the same as on casein.

CHAPTER IIL
OF GELATIN.

THE term gelatin was introduced into chemistry to denote glue,
when deprived by a chemical process of all its impurities. The
name was contrived to point out the characteristic property of
pure glue. When put into water it swells up into a bulky gela-
tinous substance, but does not dissolve. W hen this jelly is heat-
ed up to 93° it dissolves in the water; but the whole solution
assumes the form of a jelly when it is allowed to cool. It has
been shown by M. J. Miiller that there are two species of gela-
tin,—one which is not precipitated from its aqueous solution by
the addition of acetic acid, while acetic acid precipitates the whole
of the second species. As it is necessary to distinguish these two
species from each other, the first, which is obtained by boiling
skins and bones in water, is called common gelatin, or we may
give it the shorter appellation of collin.* The second species,
which is obtained by boiling the permanent cartilages, has been
called chondrin by Miiller. We shall describe these two species
in succession.

SECTION L—COMMON GELATIN OR COLLIN.

Glue was well known to the ancients, and is said by Pliny to
have been first made by Dzadalus, who lived in the time of Solo-
mon, or about 1000 years before the commencement of the
Christian era. 1t was applied by the ancients to the same pur-
poses for which it is used by the moderns. In this country it is
made from the clippings or parings of the skins of oxen, or other
large and full-grown animals. They are boiled in fresh water
till they are dissolved, and the liquid begins to get thick. It is

* From xoAe, glue.
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then strained through baskets to separate the undissolved portions,
suffered to settle, and then farther evaporated till, on being pour-
ed into flat moulds, it concretes on cooling into solid gelatinous
cakes, which are cut in pieces, and dried on a kind of mat. In
France and Germany glue is made by boiling bones. Some
years ago Mr Yardley of Camberwell took out a patent for ex-
tracting glue from triturated bones, and contrived an ingenious
apparatus for the purpose. It is commonly believed that glue,
from ox hides, is stronger than that from bones. I have never
had an opportunity of comparing them together, so as to enable
me to judge of the validity of this opinion.

Glue consists chiefly of gelatin ; mixed, however, with various
impurities, which may be removed in the following manner :—
Put the glue into cold water. It gradually absorbs moisture,
and swells into a tremulous jelly, but does not dissolve. Pour
off this cold water once in twenty-four hours, and substitute a
new portion in its place till the liquid ceases to dissolve any thing
from the glue. Let it be now broken in pieces, and suspended
in a cloth in a great quantity of water of the temperature of about
60° Any thing still soluble will be taken up by the water, and
the glue left nearly pure. If we now take this jelly and heat it
to 122°, it will become liquid, and may be passed through a cloth
or a filter, leaving behind it any coagulated albumen and mucus
which it may have contained. On cooling it again assumes the
form of a jelly, which may be dried in a low heat. It is now
pure gelatin or collin.

Collin thus obtained is colourless, transparent, hard, and ex-
ceedingly cohesive. It is insipid, and has no smell. When
thrown into water it swells very much, and is converted into a
tremulous jelly ; but none of it dissolves. This tremulous jelly
becomes liquid when heated up to 93° and again assumes the
gelatinous form on cooling.

From the experiments of Dr Bostock, we learn, that when one
part of isinglass (which is nearly pure gelatin) is dissolved in
100 parts of hot water, the solution on cooling is wholly convert-
ed into a jelly. But one part of isinglass, in 150 parts of water,
does not become concrete ; though the solution is to a certain de-
gree gelatinous.*

* Nicholson’s Jour. xi. 250.
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Dry gelatin undergoes no change when kept; but in the ge-
latinous state, or when dissolved in water, it very soon putrefies ;
an acid makes its appearance in the first place (probably the
acetic,) a fetid odour is exhaled, and afterwards ammonia is
formed.

When dry gelatin is exposed to heat, it whitens, curls up like
horn, then blackens, and gradually consumes to a cpal; but tre-
mulous gelatin first melts, assuming a black colour. When dis-
tilled, it yields, like most animal substances, a watery liquid im-
pregnated with ammonia, and a fetid empyreumatic oil ; leaving
a bulky charcoal of difficult mcmeratmn It is by no means a
very combustible substance.

Collin is not sensibly soluble in alcoho] * and when alcohol is
poured into a warm concentrated solution, the whole gelatin coa-
gulates into a white, coherent, elastic, and fibrous mass, which
adheres strongly to glass, and gelatinizes in cold water, without
dissolving.  Collin is likewise insoluble in ether and in oils both
fixed and volatile.

When a current of chlorine gas is passed through a solution
of gelatin in water, a white solid matter collects on the surface,
and whitish filaments swim through the liquid. This solid mat-
ter, when separated by the filter and purified, possesses the fol-
lowing 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 soluble in boiling water ; it dissolves
in hot nitric and acetic acids, but precipitates again as the solu-
tion cools; when triturated with potash it emits the smell of am-
monia ; it does not affect vegetable blues.t Bouillon La Grange,
to whom we are indebted for these facts, has given the gelatin
thus altered the name of oxygenized gelatin. It has been recently
examined by M. Mulder.}

‘When a current of chlorine gas is passed through a solution
of isinglass in lukewarm water, no change is apparent at first.
But in two or three minutes each bubble becomes surrounded
with a white substance, which adheres gradually to the sides of
the vessel as a white, elastic, and very cohesive substance. This

* Isinglass dissolves very well in rectified spirits. This property, together
with want of colour, distinguishes it from common collin.
+ Bouillon La Grange, Nicholson’s Jour. xiii. 209.
{ AnD, der Pharm. xxxi. 332.
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frothy-like substance increases more and more. The solution
becomes muddy from a small quantity of white flocks interposed
through it, while a gelatinous translucent substance collects on
the bottom of the vessel. The frothy substance, according to
Mulder, is a compound of four atoms of collin, and one atom _
of chlorous acid, or 4 (C'* H® A2 O°) 4 Cr 0% The white
flocks are composed of C®* H Az O° + Cr O The gela-
tinous substance at the bottom is 14 (C'2 H Az? 0%) 4+ Cr O3,

This chloride of collin is insoluble in water and alcohol. It
reacts as an acid, and this property cannot be destroyed by wash-
ing it in warm water. It has also the smell of chlorine or rather
of chlorous acid. If we dissolve this chloride of collin by means
of ammonia, and put the solution into a glass tube standing over
mercury, azotic gas is slowly disengaged from it, and the whole
becomes a frothy mucus. If we evaporate the ammoniacal solu-
tion to dryness over the water bath, and mix the dry residue with
alcohol to extract a little sal-ammoniac which it contains, and
then dry the precipitate, we get a transparent matter of a pale-
yellow colour, which softens in water, melts when gently heated,
and gelatinizes imperfectly on cooling. It dissolves in a great
deal of water, and in its properties rather resembles gum than
gelatin, but reactives exhibit the same phenomena as with unal-
tered collin.

Chloride of collin becomes gelatinous in acetic acid, and dis-
solves in it. Water renders the solution muddy, but prussiate
of potash causes no precipitate, showing that no albumen has
been formed.

If we saturate the solution of chloride of collin with carbonate
of potash, and evaporate, we get a mixture of chloride of potas-
situm, and a small quantity of yellow matter.*

So far as is known, neither bromine nor iodine have the pro-
perty of combining with collin.

When collin is digested with concentrated sulphuric acid,
Braconnot has shown that it is converted into leucin, sugar of
collin, and a substance containing less azote than collin does.
Nitric acid, when digested with collin, causes the disengagement
of a little azotic acid gas, the collin is dissolved except an oily
matter, which swims on the surface, and converted partly into

* Berzelius, Traité de Chimie, vii. 706.
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oxalic and malic acids.* A quantity of artificial tannin is also
formed, and when the solution is evaporated to dryness it de-
tonates.

Muriatic acid dissolves glue with great ease. The solution is
of a brown colour, and still continues strongly acid. It gra-
dually lets fall a white powder. This solution precipitates tan-
nin in great abundance from water; and may be employed with
advantage to detect tannin when an alkali conceals it.

Concentrated acetic acid softens and gradually dissolves col-
lin. The solution does not gelatinize, but the residue when
dried still retains the properties of collin. Dilute acids do not
prevent collin from gelatinizing on cooling, acetic acid does not
precipitate collin from its solutions.

The fixed alkalies dissolve collin with facility, especially when
assisted by heat. Dilute alkaline solutions added to liquid col-
lin do not prevent it from gelatinizing. The earths, barytes,
strontian, lime, and magnesia have no sensible action on collin,
at least they occasion no precipitate.

Collin combines with many salts. It dissolves a considerable
quantity of newly precipitated phosphate of lime. Alum does
not occasion a precipitate in solution of collin; but if we add
an alkaline ley to the mixture, a copious precipitate falls, consist-
ing of collin combined with disulphate of alumina. The preci-
pitate resembles pure alumina: but if we heat it, we easily re-
cognize the presence of animal matter. Persulphate of iron does
not precipitate collin. But if we add to the persulphate enough
of ammonia to give it a deep red colour, and then mix it with
solution of collin, we obtain an abundant precipitate under the
form of a thick viscid, light-red clot.

Neither acetate nor diacetate of lead nor sulphate of alumina
occasion any precipitate in solution of collin.

If we mix by degrees solution of collin with that of corrosive
sublimate, a muddiness is produced which soon disappears.
This‘continues till we have added a certain quantity of the cor-
rosive sublimate. If we now add an additional quantity of this
reactive, the collin is thrown down under the form of a white clot,
which is coherent and very elastic. Similar precipitations are
obtained with nitrate of mercury and protochloride of tin. So-
lutions of silver and gold do not precipitate collin; but when

* Scheele*; Crell's Annals, ii. 17. English Trans.



206 ANIMAL AMIDES.

the mixtures are exposed to the solar rays, a certain portion of
the metals is reduced. Sulphate of platinum precipitates collin
in brown viscid flocks, which become black in drying, and may
then be easily reduced to powder. Mr Edmond Davy, to whom
we owe the knowledge of this precipitate, informs us that it is
composed of

Peroxide of platinum, 5611 or 14 = 1 atom.

Sulphuric acid, . 20020r 51 atom.

Collin and water, . 2387

100-00

When the solution of tannin is dropped into collin, 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 substance, insoluble in water, capable of re-
sisting the greater number of chemical agents, and not suscepti-
ble of putrefaction. It resembles exactly overtanned leather. The
precipitate is soluble in the solution of gelatin, as Davy first ob-
served. Neither is the whole tan thrown down, unless the solu-
tions both of tannin and gelatin be somewhat concentrated.
Tremulous gelatin, as was first observed by the same chemist,
does not precipitate tannin ; but if we employ a solution of gela-
tin so strong that it gelatinizes when cold, and heat it till it be-
comes quite liquid, it answers best of all for throwing down tan-
nin. It is by this property of forming a white precipitate with
tannin that gelatin is usually detected in animal fluids. It isnot,
however, a perfectly decisive test, as albumen is also thrown down
by tannin. But collin is precipitated by tannin when in a much
more dilute state than albumen. A solution of one part of col-
lin in 5000 parts of water is sensibly precipitated by tannin.
When we mix a hot concentrated liquid solution of collin with
infusion of nutgalls, a white, curdy precipitate falls, which, if
there be an excess of tannin, forms a coherent elastic mass, which
constitutes a horizontal layer on the bottom of the vessel. It is
insoluble in water and alcohol ; though both of these liquids de-
prive it of a little tannin. When dry, it is black, hard, brilliant,
and breaks with a vitreous or rather resinous fracture. In water,
it softens and assumes its original appearance. According to
Davy, it is composed of
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Tannin, , 46 or 265
Collin, y 54 or 31°1
100-

According to Schiebel, 26-8 of tannin combine with 2236 of
collin, when 100 parts of collin are precipitated by a great ex-
cess of infusion of 1 part of oak-bark in 9 parts of water. When,
on the contrary, we mix a very dilute solution of oak-bark with
a solution of collin, taking care not to throw down the whole of
the collin, we obtain a precipitate, which is deposited slowly, and
can scarcely be separated by the filter. This precipitate is com-
posed of,

Tannin, 4 5925 or 265
Collin, § 100°  or 4472

It would seem from this that the first compound consists of
an atom of collin united to an atom of tannin, and the second of
two atoms of collin united to one atom of tannin. This would
make the atomic weight of collin, 22-36.

According to Mulder, neutral tannate of collin is composed of,

Tannin, : 10
Collin, , 13
23*

The first attempt to analyze collin was made by Gay-Lussac
and Thenard. They mixed it with chlorate of potash, and burnt
the mixture, and determined the products.} The result was as
follows :

Carbon, . 47-881
Hydrogen, . 7914
Azote, . 16:998
Oxygen, : 27-207

100-000

‘What prevents us from drawing a satisfactory conclusion from
this analysis is our uncertainty about the purity of the collin,
examined. M. Mulder} has analyzed two specimens of collin,
which he purified in the following manner: The first specimen

* Ann. der Pharm. xxxi. 124.  } Recherches Physico-Chemiques, ii. 336.
{ Poggendorf’s Annalen, x1 279.

-
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was obtained by boiling pure hartshorn in water for two hours,
washing the jelly with alcohol, and then with water. In this
state, it left 5406 per cent. of ashes; doubtless consisting of
phosphate of lime, which it is well known collin has the property
of dissolving. This specimen being subjected to analysis, was
found (abstracting the ashes) to be composed of,

Carbon, : 50:048

Hydrogen, 6-560

Azote, : 18:369

Oxygen, & 25 023

100-000
The second specimen of collin analyzed by Mulder was ob-
tained by boiling very pure isinglass for half an hour in water,
evaporating the solution by the water-bath, washing it with alco-
" hol, and then drying it by a steam-heat. It contained 0-64 per
cent. of ashes ; doubtless phosphate of lime. Its constituents
were,
Carbon, 2 50757
Hydrogen, . 6644
Azote, 2 18-313
Oxygen, ; 24-286

100-000
A specimen carefully prepared from isinglass was analyzed in
Liebig’s laboratory by Dr Scherer.* He obtained,
Carbon, ' 50557

Hydrogen, . 6-903
Azote, s 18:790
Oxygen, . 23750

100:000

Four other analyses gave as a mean,

Carbon, ! 50573
Hydrogen, . 7141
Azote, g 18458

Oxygen, 5 23528

1007

* Ann. der Pharm. xl. 46.
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He gives as the formula for its constitution, C** H% Az7} O,
If we calculate from this formula, we get,
48 carbon, = 36° or per cent. 49-83
41 hydrogen, = 5125 ... 7°12
4 azote, = 13125 ... 1814
18 oxygen, = 18-000 ... 2491

7225 100-00

These numbers agree tolerably well with the analyses; but
they do not quite agree with the formula of Mulder, which will
be given immediately. Scherer’s formula, reduced to Mulder’s
numbers, would be, C¥ HY Az* O°; while Mulder’s is, C¥
H* Az? O°; thus differing from Scherer’s by an atom of hydro-

en.
- If we double the formula for collin we get, C% H® Az O*

If from these we subtract 2 protein, . C% H” Az O®

There remains . HY Az O8

This is equal to 3 (Az H?) 4+ HO + O7 or three atoms of
ammonia, one atom of water, and eight of oxygen.

Collin when dissolved in water and exposed to heat gradually
alters in its properties. Berzelius put a quantity of gluein a ge-
latinous stateinto a bottle, which was hermetically sealed. For six
successive days it was kept ten hours at the temperature of 176°.
During the remaining fourteen hours it was left to cool. It assum-
ed the form of a jelly less and less firm every day. After the
sixth day, it did not gelatinize at all. It was limpid and slight-
ly brownish. On opening the bottle, a little air entered. When
the liquid was evaporated, it left a transparent brownish mass so-
luble in cold water.* A similar set of experiments made by M.
L. Gmelin had the same result. '

Gelatin, like all other constituents of animal bodies, is suscep-
tible of numerous shades of variations in its properties, and of
course is divisible into an indefinite number of species. Several
of these have been long known and manufactured for different
purposes: and many curious varieties have been pointed out by
Hatchett in his admirable Dissertations on Shell, Bone, and
Zoophytes, published in the Philosophical Transactions for 1797
and 1800. The most important species are the following:

* Traité de Chimie.
o
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Glue.—This well known substance has been long manufac-
tured 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, ligaments, 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,
&ec. arc the substances from which it is extracted in Britain, and
quantities of these substances are imported for the purpose.
They are first digested in lime-water to clean them, then steeped
in clean water, laid in a heap till the water runs off, and then
boiled in brass caldrons with pure water. The impurities are
skimned off as they rise ; and when the whole is dissolved, a lit-
tle alum or finely powdered lime is thrown in. The skim-
ming having been continued for some time, the whole is strained
through baskets, and allowed to settle. The clear liquid is gently
poured back into the kettle, boiled a second time, and skimmed
till it is reduced to the proper consistency. It is then poured
into large frames, where it concretes on cooling into a jelly. It
is cut by a spade into square cakes, which are again cut 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 best glue is
extremely hard and brittle ; it has a dark brown colour, and an
equal degree of transparency without 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 Bos-
tock, contains 10% per cent. of water.t

Size.—This substance differs from glue in being colourless
and more transparent. It is manufactured in the same way, but
with more care; eel skins, vellum, parchmeunt, some kinds of
white leather, and the skins of horses, cats, rabbits, are the sub-
stances from which it is procured. It is commonly inferior to
glue in strength. It is employed by paper-makers to give

¢ Clennell, See Johnson’s History of Animal Chemistry, i. 315,
t Nicholson’s Jour, xxiv. 7,
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strength to that article, and likewise by linen-manufacturers,
gilders, polishers, painters, &c.*

Isinglass.—This substance agrees with size in being transpa-
rent, but it is much finer, and is therefore sometimes employed
as an article of food. It is prepared in Russia from the air-blad-
ders 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, semitransparent, and dry. It dissolves in water with
more difficulty than glue, probably because it is not formed ori-
ginally by solution. From the analysis of isinglass by Hatchett,
we learn that it is almost completely convertible into gelatin by
solution and boiling. TFive hundred grains of it left by incine-
ration 15 grain of phosphate of soda, mixed with a little phos-
phate of lime.

A coarse kind of isinglass is prepared from sea-wolves, por-
poises, sharks, cuttle-fish, whales, and all fish without scales. The
head, tail, fins, &c. of these are boiled in water, the liquid skim-
med and filtered, and then concentrated by evaporation till it ge-
latinizes on cooling. At that degree of concentration, it is cast
on flat slabs and cut into tablets. This species is used for clari-
fying, stiffening silk, making sticking-plaster, and other pur-
poses.}

SECTION IL—OF CHONDRIN.

When any of the permanent cartilages of the body,} as those
of the larynx, ribs, or joints, are boiled from twelve to eighteen
hours in water, they dissolve more or less completely, and when
the solution is sufficiently concentrated, it gelatinizes precisely
like collin, and when dried constitutes a glue, which may be used
for all’ the purposes to which common glue is applied. It is,
therefore, a gelatin ; but it differs from collin by several proper-
ties first determined by M. J. Miiller, who gave it the name of

* Clennell. See Johnson’s History of Animal Chemistry, i. 315.

t Fabricius de Ichthyocolla, Jackson on British Isinglass, Phil. Trans. lxiii.
and Johnson’s Animal Chemistry, i. 231.

 The cartilages of the ear and the eyelids excepted, which yield no glue in
forty-eight hours boiling.
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chondrin ;* and in 1841 a set of experiments, serving still farther
to characterize it, was published by M. Vogel, Jun.t It may be
distinguished by the following properties.

1. It is less brown than collin.

2. It is precipitated completely from its aqueous solution by
acetic acid. The precipitate is in very fine flocks, and gives the
liquid a white colour. It is not redissolved by an excess of acid ;
but if we neutralize the acid with carbonate of potash, the preci-
pitate is again dissolved. Acetic acid is incapable of throwing
down collin from its aqueous solution, or of rendering that solu-
tion muddy. 1

Vogel found that a similar precipitate was occasioned by most
of the mineral acids and organic acids tried. To precipitate by
sulphuric acid, we must employ a very small quantity of the acid.
If into half-an-ounce of the solution of chondrin we dip a rod
moistened with sulphuric acid diluted with six times its weight
of water, a precipitate falls. But the addition of a drop of the
acid redissolves the precipitate. Sulphurous acid precipitates
chondrin, and the precipitate is not redissolved by adding an ex-
cess of the acid. Nitric acid precipitates and readily dissolves
chondrin.  This is the case also with phosphoric acid, but pyro-
phosphoric acid throws it down and an excess of the acid does
not redissolve the precipitate.

Phosphorous acid and fluoric acid precipitate chondrin, and the
precipitate is redissolved by an excess of the acids. A current’
of carbonic acid long enough continued throws down the whole
of the chondrin, and does not again redissolve it. The precipi-
tate is a carbonate of chondrin,

The precipitates by arsenic, tartaric, oxalic, and citric acids
are not redissolved by an excess of these acids.

3. The aqueous solution of chondrin is precipitated by alum,
sulphate of alumina, acetate of lead, and persulphate of iron.
These reagents have no action on the aqueous solution of collin.
Alum or sulphate of alumina occasions the greatest precipitate.
It consists of white: compact flocks, which speedily coalesce into
balls. The precipitate by acetate of lead or persulphate of iron
is in larger or smaller flocks, according as the liquid is more or
less concentrated. The addition of a small quantity of alum or
sulphate of alumina is sufficient to precipitate the whole chondrin

* Poggendorf’s Annalen, xxxviii. 304. + Jour. de Pharm. xxxvii. 494.
3
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from its solution. The precipitate is insoluble in water, whether
cold or hot ; but an excess of alum or sulphate of alumina im-
mediately dissolvesit. Hence, to precipitate chondrin completely
by these reagents, we must add them cautiously, and drop by
drop, to avoid any excess. The filtered liquor will not gelatinize,
and contains very little animal matter.

The precipitate by alum or sulphate of alumina is not redis-
solved by the addition of a little acetate of potash or of soda, or
of common salt; but if a great quantity of these salts be added,
the precipitate is redissolved.

The precipitate by acetate of lead is not redissolved by an ex-
cess of the reagent. The precipitate by persulphate of iron is
abundant and bulky. Tt is not redissolved by an excess of the
reagent unless we apply heat, in which case solution takes place.

4. If to a solution of chondrin we add muriatic acid in very
minute quantity, not mere than a fraction of a drop, the chondrin
is precipitated. A greater quantity of the acid not only does
not precipitate but redissolves what may have at first fallen,
Muriate of chondrin, (if we can give that name to a mixture of
solution of chondrin and muriatic acid,) is not precipitated by
prussiate of potash.

5. A very concentrated solution of chondrin is not prempx-
tated by caustic alkaline ley. But this ley precipitates collin ;
and the precipitate contains a great deal of phosphate of lime.

6. Chondrin is precipitated by chloride of platinum, but not
by nitrate of silver.

7. Alcohol throws down chondrin from a concentrated solu-
tion in white, consistent, thready flocks. If we filter off the al-
cohol the chondrin remains translucent and does not seem alter-
ed in its properties. Forit dissolves in hot water and gelatinizes
as before. In this respect chondrin agrees with collin.

The aleohol will be found to have dissolved a small quantity
of a substance which is not chondrin. For it dissolves in cold
water, does not gelatinize, and is precipitated by tannin. These
are the .characters assigned to the principle distinguished by
Thenard by the name of osmazome, about which we at present
know very little.

8. The only known animal substance precipitated by acetic
acid besides chondrin is casein. But the two cannot easily be
confounded together. Casein does not gelatinize. Its acid so-
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lution is precipitated by prussiate of potash, but the muriate of
chondrin is not. Muriatic acid precipitates casein, but dissolves
chondrin, and only occasions a precipitate when added in very
minute quantity.
9. Chondrin like collin is precipitated by tannin, chlorine, al-
cohol and corrosive sublimate.
Chondrin was subjected to an ultimate analysis by Vogel.
He states the constituents to be,
Carbon, . 4897
Hydrogen, . 653
Azote, A 14-55
Sulphur, . . 032
Oxygen, . 2963

100-00
As we have no data to determine the atomic weight of chondrin,
we cannot state from this analysis the number of atoms which it
contains. Supposing the sulphur accidental, and the azote to be
three atoms, the composition would be C* H® Az* O'. Hence
we see how much less azote it contains than collin.
The analysis of Mulder approaches pretty near to that of

Vogel.* He obtained,

Carbon, N 4996

Hydrogen, : 663

Azote, J 1444

Sulphur, : 0-38

Oxygen, 3 28+59

100-00
He represents the constitution by the formula, C* H*® Az S
O"or 10 (C2H* Az* OM) + S.
Dr Scherer} analyzed chondrin from the cartilages of the

ribs. He obtained,

Carbon, . 50195

Hydrogen, . 7047

Azote, . 14.908

Oxygen, . 27:850

100-000

¢ Ann. der Pharm. xxviii. 828. t+ Ann. der Pharm. xl. 48.
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Chondrin from the cornea of the eye was found composed of,
Carbon, . 49522
Hydrogen, .  7:097
Azote, . 14-399
Oxygen, . 28:982

) 100000
He represents it by the formula C* H* Az® O%, Calculating
from this we get,
48 carbon, = 36 or per cent. 5035
40 hydrogen, = 5 7:00
6 azote, =105 ... 24+68
20 oxygen, = 20 2797
715 100-

These numbers agree pretty well with the analyses. In compar-
ing the formula of Scherer with that of Mulder we must leave
out the sulphur which Scherer did not attempt to estimate. If
we reduce Scherer’s formula to that of Mulder it will be C® H¥
Az* OB, differing by an atom of hydrogen in excess and an atom
of oxygen deficient. If we adopt Scherer’s formula, and compare
chondrin with protein we have,

Chondrin, . C® H® Az6 C*
Protein, . CBH3* Az O

H* Of which may be
represented by 4 (H O) + O?; or two atoms of water and two
of oxygen.

We cannot at present explain the cause of the different proper-
ties which collinand chondrin possess, though it must be connected
withthe mode in which the elementary atoms are arranged in each,
There can be little doubt that chondrin as well as collin is an
amide ; but nothing is known respecting the acid, which may be
extraeted fromit, thoughitis probably the same as that from collin.

It will now be proper to point out the different textures of the
animal body which yield collin and chondrin respectively. The
subject has been examined with care by J. Maller and Schwann.

1. Skins give collin.

2. Tendons give. collin.

3. The cornea of the eye gives chondrin.
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4, Elastic membranes; for example the ligamenta flava of the
falx, the lgamentum hyothyroideum and cricothyroideum me-
dium of the larynx, the ligaments of the larynx connected with
the voice, the middle coat of the arteries, &c. when boiled suffi-
ciently long in water, give a glue possessed of peculiar charac-
ters; but approaching nearer chondrin than collin. These mem-
branes have a yellow colour. They consist of fibres full of knots
and running into each other. They may be kept for years in
alcohol without losing their elasticity.

The glue from them is precipitated by acetic acid and acetate
of lead, though not to the same degree as chondrin. Tt is pre-
cipitated also by alum and sulphate of alumina. But persulphate
of iron does not occasion a precipitate, it only renders the liquid
opal coloured.

5. Fibrous cartilages, suchas the cartilaginost inarticulares, those
of the intervertebral cartilages, those of the eyelids, likewise the
semilunar cartilages of the knee-joint of the sheep, give collin.

6. The spongy cartilages, viz. the cartilages of the ear, the
epiglottis, the appendages to the cartilagines arytensidee in cat-
tle and swine, give various kinds of gelatin.

That from the cartilages of the ear differs from collin and
chondrin in this important respect, it does not gelatinize. The
glue obtained by boiling the sound of the cod also refuses to ge-
latinize, but dries into a hard brown substance, which may be em-
ployed to glue pieces of wood together. 1In chemical properties
the glue from spongy cartilages agrees with chondrm, excepting
that it is scarcely precipitated by acetic acid.

7. Permanent cartilages, such as those that attach the ribs to
the sternum or to each other, the cartilages of the joints, &c. -
yield chrondrin.

8. The cartilages of bones, obtained by removing the bone-
earth by an acid, yield collin. A great many were examined
by Miiller, and all yielded collin. Yet the same cartilages be-
fore ossification has taken place yield chondrin. It appears from
this that during ossification a change in the cartilaginous struc-
ture takes place. What this change is we have at present no
notion.

9. Permanent cartilages ossified by disease, yield collin.

10. The cartilages of the teeth yield collin.
1L. Fungous bones yield chondrin.
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12. Bones softened by osteomalacea yield neither collin nor
chondrin.  When such bones are long boiled in water we obtain
an extract which is quite liquid, and does not gelatinize. When
filtered it has a brownish yellow colour. It is precipitated by
tannin and alcohol, but not by acetic acid, acetate of lead, or per-
sulphate of iron. Sulphate of alumina produces very little al-
teration on it, only a scarcely perceptible precipitate of flocks
redissolved by adding an excess of the reagent. Caustic potash
ley occasions no precipitate. These remarks apply to the very
highest stage of osteomalacea when the bones are quite flexible
and feeble.*

SECTION IIL.—GELATIN FROM SILE.

This is probably the substance described by Roard under the
name of gum.t Mulder first obtained it in a state of purity in
1836, described its properties, { and subjected it to a chemical
analysis. § He obtained it from raw silk in the following man-
ner:

The silk was boiled successively in water till every thing solu-
ble in that liquid was taken up. The aqueous solutions were
evaporated to dryness, and the residue was treated with alcohol
and ether. 'What remained after the action of these liquids was
digested in hot water. The aqueous solution being evaporated
to dryness, the residue was considered as pure gelatin from silk.

It has a yellowish colour, is translucent, brittle, and destitute
of taste and smell. It is heavier than water, and is not altered
by exposure to the air. When heated in the open air it swells,
burns with flame, and leaves a bulky charcoal. ‘When this char-
coal is consumed a white ash remains, conmstmg chiefly of car-
bonate of soda.

It is soluble in water ; but insoluble in alcohol, ether, fat and
volatile oils. The aqueous solution is very viscid ; it speedily
undergoes decomposition, giving out an ammoniacal odour. In
eoncentrated sulphuric acid it dissolves at the common tempera-
ture of the atmosphere without any change of colour. When
heat is applied the solution becomes black, and gives out a mixed
smell of caromel and sulphurous acid. In dilute sulphuric acid

¢ Muller; Poggendorf’s Annalen, xxxviii. 322. 1 Ann. de Chim. Ixv. 60.
t Poggendorfs Annalen, xxxvii. 606. § Ibid. xl. 284.



218 ANIMAL AMIDES.

it dissolves when assisted by heat. When this solution is boiled
for some time the gelatin is converted into starch sugar. Nitric
acid dissolves the gelatin at the ordinary temperature of the at-
mosphere. When heat is applied deutoxide of azote is given
out and oxalic acid formed. In concentrated muriatic acid it
dissolves without any change of colour. In phosphoric acid it
dissolves, and if the solution be heated it blackens.

The solution in concentrated acetic acid forms when evaporated
a thick mass. When we mix it with water, no precipitate falls.
But prussiate of potash throws down a fine green precipitate,
which is soluble in water.

It dissolves in potash, soda, and ammonia, but is thrown down
by acids. The solution in acid is also precipitated by alkalies,
but the precipitate is again dissolved by adding an excess of po-
tash. We see from this that the gelatin is insoluble in solutions
of neutral salts with alkaline bases. It is soluble by boiling in
carbonate of potash. When acetic acid is added to this solution,
no disagreeable smell is evolved ; nor does the liquid become
black when silver is added to it.

When the aqueous solution is concentrated and set aside to
cool, it gelatinizes—a white precipitate falls, when the following
liquids are added to the aqueous solutions of this gelatin ; .alcohol,
infusion of nut-galls, protonitrate of mercury, diacetate of lead,
chloride of tin, chlorine water, bromine. The chloride of gold
throws down a yellow precipitate.

The following liquids occasion no precipitate when added to
an aqueous solution of gelatin: oxalic acid, acetate of lead, cor-
rosive sublimate, nitrate of silver, nitrate of cobalt, cyanodide of
mercury, perchloride of iron, chloride of barium, sulphate of
potash, iodide of sodium, sulphohydrate of ammonia, acetate
of copper, tartar emetic, borax, persulphate of iron. When iodine
is triturated with the aqueous solution of gelatin, no action is
perceptible. L

It was analyzed by Mulder, who found its constituents (ab-
stracting 5:2 per cent. of ashes),

Carbon, ! 4949
Hydrogen, : 5-98
Azote, : 1919
Oxygen, . 2534

100-00
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These numbers approach so near those obtained by analyzing
isinglass and common collin, that we cannot hesitate to consider
it as isomeric with these bodies.

CHAPTER III.

OF HEMATOSIN.

Tais name was given by Chevreul to the colouring matter of
blood, which Dr Wells,* as early as 1797, showed to be"an animal
substance of a peculiar nature. Vauquelin and Brande pro-
posed processes for obtaining it in an isolated state, but they did
not succeed in freeing it from the albumen with which, in the
crassamentum of blood, it is always united. Berzelius and En-
gelhart proposed other processes; but what these chemists con-
sidered as hematosin was in reality a compound of hematosin and
albumen. And as the albumen greatly "preponderated in point
of quantity, the characters which they assigned to the colouring
matter were very nearly those which belonged in reality to al-
bumen. .

M. Lecanu, in his thesis published in 1837, has given the fol-
lowing process for obtaining pure hematosin.t Into human
blood deprived of its fibrin by agitation with a rod, pour sulphu-
ric acid, drop by drop, till the liquor, which assumes a brown
colour, coagulates into a thick magma. Dilute this magma with
alcohol, which causes it to contract in bulk. Put the whole into
a cloth, and subject it to sufficient pressure to squeeze out the al-
cohol together with the water formerly contained in the blood.
‘What remains in the cloth has a brown colour. It is to be re-
duced to small particles, and treated repeatedly with boiling al-
cohol, (the last portions of which must be acidulated,) till the li-
quid-ceases to assume a red colour.

The alcoholic solutions are left at rest till they are quite cold,
and then filtered to separate a quantity of albumen which will
have precipitated. The filtered liquid must be saturated with
ammonia, and then filtered again to get rid of some sulphate of

* See Phil. Mag. xvi. 154,
+ Etudes Chimiques sur le sang humain, p. 28.
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ammonia, which has precipitated together with a new portion of
albumen, The alcohol is now to be distilled off. "What re-
mains is hematosin mixed with saline matter, some organic mat-
ter and some fat. Let it be successively treated with water, al-
cohol, and ether till it has been freed from everything solu-
ble in these three liquids. It is now to be digested in alcohol
containing about 5 per cent. of liquid ammonia. Filter again,
distil off the alcohol, and evaporate the residuum to dryness.
Wash what remains with distilled water, and dry it in a gentle
heat. It is pure hematosin*

Hematosin thus obtained possesses the following properties:
It is solid, without taste and smell, and of a dirty brown colour,
provided it be obtained by the process above detailed ; but it has
the metallic lustre, and a reddish black colour when obtained
by evaporating an ammonico-alcoholic solution over the vapour
bath.

It is insoluble in water, alcohol of all strengths, sulphuric
ether, acetic ether, whether cold or hot.

W ater, alcohol, and acetic ether, containing a very small quan-
tity of caustic ammonia, potash, or soda, dissolve it easily and
assumne a blood red colour. But these alkalies never loose their
alkaline reaction, how great soever the quantity of hematosin may
be, which they may have dissolved.

Oil of turpentine and olive oil dissolve it when assisted by heat.
The solution has a fine red colour.

Alcohol slightly acidulated with sulphuric or muriatic acid
dissolves it readily. The solution is brown, but becomes blood-
red when the acids are saturated.

Alcohol of 0:8428, or still better, alcohol of 0-9212, dissolves
it when assisted by sulphate of soda. But this salt does not ren-
der hematosin soluble in water.

‘Water throws it down completely from its acidulated alcoholic
solution. The precipitate is pure hematosin, and contains no
acid. Water does not precipitate it from its ammoniaco-alco-
holic solution. 'When the solution is much diluted and boiled
for a long time, the hematosin is altered. It assumes a green-
ish tint, and becomes insoluble in ammoniated alcohol.

* Lecanu at first gave to the colouring matter of blood freed from albumen,
the name of globulin. But the observations of Gay Lussac and Serullas induced
him to abandon that term and adopt hematosin.
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When the acidulous alcoholic solution is mixed with a solu-
tion of albumen in weak alcohol, and the acid is supersatu-
rated, the whole colouring matter precipitates with the albumen
in red flocks, which may be washed repeatedly in ammomated
alcohol, without completely losing its red colour.* ~

When chlorine is passed through water holding hematosin in
suspension, this colouring matter is altered in its nature. White
flocks precipitate, which are insoluble in water, but soluble in al-
cohol ; while the liquid contains iron easily discoverable by the
usual reagents.

Concentrated sulphuric acid does not dissolve hematosin ; but
it deprives it of iron, and converts it into a black mass insoluble
in ammoniated alcohol and sulphuric acid. Very dilute suphu-
ric acid does not dissolve hematosin ; but it deprives it of iron,
and partly converts it into a new matter soluble in alcohol and
ether. The solutions have a red colour, and contain a good deal
of oxide of iron. Concentrated muriatic acid behaves almost
exactly like dilute sulphuric acid.

Concentrated nitric acid dissolves it, assuming a brown celour,
and quite altering the nature of the hematosin.

Mulder has lately examined the action of chlorine on pure he—
matosin.t If we pass a current of chlorine gas through a mix-
ture of hematosin and water, the colour immediately disappears,
and the hematosin becomes white. The white flocks were collect-
ed on a filter and washed with water. On analysis they were
found to be a compound of the organic matter of hematosin and
chlorous acid. It had lost all its iron, which was found dissolv-
ed by muriatic acid in the aqueous solution. The liquid pertion
contained, besides iron and muriatic acid, a little of the organic
matter which is not quite insoluble in that acid.

The flocks being dried at 284°, we found composed of

Carbon, ; 3734 or 44 atoms = 33

Hydrogen, . 30l or 22 atoms = 275
Azote, 3 589 or 3 atoms = 525
Oxygen, . 24:34 or 24 atoms = 24-

‘Chlorine, . 2942 or 6 atoms = 27-

100-00 92:00

* It was to this compound of hematosin and albumen that Lecanu gave the
name of globulin.
1 Ann. der Pharm. xxxvi. 79.



222 ANIMAL AMIDES,

This is 1 atom hematosin, 1 C% H2 Az O°
6 atoms chlorous acid, . 6(Ch O?%)

When triturated with twice its weight of saltpetre, and thrown
into a red-hot platinum crucible, it is decomposed. The pro-
duct of the deflagration dissolves in water with the exception of
a little oxide of iron. The solution, when neutralized by nitric
acid, contains no sensible quantity of sulphuric or phosphoric
acid. Hence it follows that hematosin contains neither sulphur
nor phosphorus as constituents,

‘When hematosin is heated in a retort, it does not melt, but
gives out ammonia and an empyreumatic oil, and leaves a bril-
liant charcoal of small bulk, which, when charred, yields a quan-
tity of peroxide of iron. From 100 parts of hematosin Lecanu,
in four successive experiments, extracted ten parts of peroxide of
iron. Three of these portions of hematosin were obtained from
individuals aged about twenty-nine years, and that of the fourth
from an individual of eighty-three years of age. Now ten peroxide
is equivalent to seven metallic iron.

It is remarkable that iron is not separated from hematosin by
ammonia, potash, or soda; nor is its presence indicated by tan-
nin or prussiafe of potash. It is difficult to conceive it to exist
in the state of oxide ; for if it did no reason can be assigned why
it is not acted on by these powerful reagents, which are so capa-
ble of detecting the presence of oxide of iron in ordinary cases.
Berzelius has suggested that it must exist in hematosin in the
metallic state. If we were to adopt this opinion, it would follow
as a consequence that the red colour of blood cannot be owing
to the iron which it contains,

Hitherto hematosin and albumen have been considered as sub-
stances possessing very nearly the same properties ; doubtless, be-
cause the hematosin hitherto examined contained a notable quan-
tity of albumen. The following table, drawn up by M. Lecanu,
exhibits the differences between the two in a very striking point
of view :

Albumen. Hematosin.
Colourless, dull. ‘Black, lustre metallic.
Soluble in water, unless coagulated. Insoluble in water.
Scarcely soluble in ammonia, slight- Very soluble in ammonia and po-
ly in weak potash ley. tash, to which it gives a blood-red co-
lour.
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Albumen. Hematosin.
Insoluble in alcohol and acetic ether, ~ Very soluble in alcohol and acetic
ammoniated or mixed with sulphuric, ether ammoniated or mixed with sul-

muriatic, or acetic acids. phurie, muriatic, or acetic acid.

Soluble in acetic acid, and in weak Insoluble in acetic, muriatic, and
muriatic and sulphuric acids, when as- sulphuric acids, whether weak or con-
sisted by heat. centrated. X

Lecanu examined hematosin from human blood, and from
that of the ox, domestic fowl, duck, frog, carp, and mackerel,
and found it in all cases possessed of the very same properties.
The only difference observed was in the proportion of peroxide
of iron left when the hematosin was incinerated. Human hema-
tosin left 10 per cent., that of the ox left 12:76 per cent., while
that of the domestic fowl left 8-34 per cent.

It seems not unlikely that the yellow, blue, and brown colour-
ing matters obtained by M. Sansen from blood, were hematosin
altered by the processes to which he bad subjected it. His red
colouring matter evidently contained albumen.*

Hematosin was subjected to an ultimate analysis by Mulder,
by means of oxide of copper.t -He obtained from the hematosin
taken from the arterial blood of oxen and sheep,

Carbon, 4 64:57
Hydrogen, i 525
Azote, 3 10-54
Iron, ! 6:67

Oxygen, A 1297

100-00
If we suppose the iron to amount to one atom, the constituents
of hematosin will be,
43 atoms carbon, = 32:25 or per cent. 64:89
21 atoms hydrogen, 2626 ... 529
3 atoms azote, 525 10-70
1 atom iron, 3:50 7:03
6 atoms oxygen, 6 00 12-09

i

49625 100°00 :

Mulder, to ascertain the atomic weight of hematosin, dried it
at the temperature of 266°, and passed a current of chlorine gas
over it till it refused to absorb any more. Nothing whatever

* Jour de Pharmacie, xxi. 420. + Annalen de Pharm. xxxi. 184.
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separated. The hematosin acquired a dark-green colour. He
obtained a compound of '

Hematosin, : 66°19 or 878
Chlorine, ; 3387 or 45
100:00

Now, if we suppose with Mulder that six atoms of chlorine
have combined with one atom of hematosin, the atomic weight
of this last substance must be 52:68, which approaches, though
not very nearly, to 49:625, the weight deduced from Mulder’s
analysis.

Mulder has again repeated this analysis, and now considers
hematosin to be composed of C* H? Az® O%Fe = 50°5.*

- The compound of chlorine and hematosin is deep-green. It
dissolves in alcohol, communicating to that liquid the colour of
bile. Neither acids nor alkalies alter the colour of this solution,
But when boiled with potash, it becomes straw-yellow. When
heated with sulphohydrate of ammonia, the alcoholic solution be-
comes red.

Mulder did not succeed in combining iodine in definite quan-
tity with hematosin. "When the compound was heated to 302°,
a temperature necessary to drive off the excess of iodine, the
whole of that substance escaped ; however, the hematosin was
altered, for it was insoluble in alcohol, mixed with ammonia or
with sulphuric acid.

When phosphorus or sulphate of iron is boiled with a solution
of hematosin, the colour is not altered. Boiling hot sulphuric
acid becomes coloured when mixed with hematosin; but the
greatest part of this last substance remains undissolved ; yet its
nature is altered, for it is no longer dissolved when alcohol is
added. When sulphurous acid gas is passed through a solution
of hematosin in alcohol, acidulated with sulphuric acid, the co-
lour is not altered ; but when the solvent is ammoniated alcohol,
the colour becomes light-red.

‘When hematosin, dried at 266°, is put into dry muriatic acid
gas it assumes a violet red colour. The muriate formed dis-
solves in aleohol, and the liquid assumes a fine red colour. It
reacts as an acid. Mulder found that 100 parts of hematosin
absorbed 12:97 of muriatic acid. But when the compound was

¢ Ann, der Pharm, xxxi. 134, and xxxvi. 79.
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heated to 212°, 100 hematosin only retained 6.63 of muriatic
acid. Hence the first was composed of,
Hematosin, 5 49.625 or 52.68
Muriatic acid, 6436 or 6863
and the second of,
Hematosin, ki 49625 or 5268
Muriatic acid, 329 or 3493
The quantity of acid in the first compound was twice as great as
in the second. The first compound (if we reckon the atom of
hematosin 5268) is composed of,
1 atom hematosin, t 5268
11 atom muriatic acid, 6-9375
The second compound retains only three-fourths of an atom of
muriatic acid united to an atom of hematosin.

Hematosin combines with the metallic oxides as well as with
acids in definite proportions. Nitrate of silver being mixed with
an ammoniacal alecoholic solution of hematosin, and a little ni-
tric acid added, a dark brown precipitate falls. The filtered so-
lution is colourless, and neither contains iron nor colouring mat-
ter, the precipitate is a compound of hematosin and oxide of sil-
ver. 135 hematosin gave 22:55 of a mixture of 5:15 oxide of
silver, and 4+684 peroxide of iron. This compound is black,
has a glistening lustre, and burns like hematosin.

It combines in various proportions with oxides of copper and
lead. These compounds may be formed in the same way as that
of hematosin and oxide of iron.

From the preceding statement it appears that hematosin is
capable of combining in definite proportions, both with acids and
bases, though it does not neutralize either the one set of bodies
or the other.

Lecanu, as has been already stated, extracted 1267 per cent.
of oxide of iron from ox blood. Mulder from the blood of
oxen and sheep, only obtained 96 per cent.

Mulder has some speculations respecting the differencé of he-
matosin in arterial and venous blood. He thinks it possible that
arterial hematosin may be, C*3 H® Az O° + Fe
and venous, . - CBH2AZ O 4 FeC
and that this carburet of iron is decomposed into iron and car-

bonic acid by the oxygen absorbed in the lungs.
P
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CHAPTER 1V.
OF SPERMATIN.

Ta1s name has been given to what is considered as the essential
part of human semen. When emitted it is a translucent sub-
stance, swelled up, and having much the appearance of mucus,
only thicker, and frequently in cylindrical concretions. At first
it is insoluble in water : but after a certain time it becomes spon-
taneously liquid, and then dissolves or mixes readily with water.
This remarkable property distinguishes it from all other animal
substances.

‘When semen, at the instant of its emission, is let fall into alco-
hol of the specific gravity 0-833, it becomes opal coloured, it eo-
agulates into a clot resembling a clue of pack-thread; as if the
spermatin consisted of a long thread which had rolled upon it~
self in passing through the canal of the urethra. Thus coagu-
lated by alcohol it loses the property of liquefying by standing.
When dried it remains thready as before, has a snow white co-
lour, and is opaque. In water it gradually softens and assumes
the appearance of mucus, especially when boiled in that liquid ;
but very little of it dissolves. When the water in which it has
been boiled is evaporated to dryness, a white opaque matter re-
mains; one portion of which is soluble in cold, and the remain-
der only in boiling water. Both solutions are abundantly pre-
cipitated by infusion of nut-galls. The portion of spermatin not

. dissolved by the boiling water is equally insoluble in a weak so-
lution of caustic potash.

Spermatin coagulated by alcohol is soluble in cold sulphurie
acid, to which it gives a yellow colour. Water throws down the
portion dissolved white ; and the portion not dissolved contracts
when water is added and abandons the acid. The precipitate is
insoluble in water, even when assisted by heat.

Nitric acid while cold gives a yellow colour to spermatin, but
does not dissolve it; when assisted by heat a solution takes place,
but the spermatin is again precipitated by the addition of water.
In concentrated acetic acid spermatin becomes gelatinous and
translucent. When the acid is raised to the boiling tempera-
ture solution takes place; but the liquid still continues muddy,
from small undissolved threads remaining interspersed through
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it. The solution is precipitated by prussiate of potash; but not
by carbonate of ammonia nor corrosive sublimate. Itis precipi-
tated also by infusion of nut-galls.

Spermatin coagulated by alcohol is softened in a concentrated
solution of caustic potash, but not dissolved, unless the action be
assisted by heat. The solution is not precipitated by acetic acid.
But if we supersaturate the liquid with this acid, evaporate to
dryness, and wash out the acetate of potash with alcohol, the ani-
mal matter remains undissolved. Water only dissolves it par-
tially, and the solution is precipitated by corrosive sublimate and
infusion of nut—galls

The alcohol in which semen has been coagulated has an opal
tinge, and does not filter clear. 'When evaporated to dryness, it
leaves a residue which has the same properties as that left by
water in which the semen has coagulated.

‘When the semen falls into water at the instant of its emission,
it coagulates pretty much as in alcohol, constituting a white fi-
brous mass, which, on the least touch, separates into threads, and
when taken out of the water, dissolves in acetic acid. The solu-
tion is copiously precipitated by prussiate of potash. If these fi-
laments are left in water, they gradually dissolve and disappear
except a few threads, which subside very slowly. When these
are separated by the filter and the watery solution evaporated,
it exhales for a long time the peculiar smell of semen, becomes
opal-coloured, and when evaporated to dryness, leaves a trans-
parent varnish, scarcely visible, at the bottom of the vessel.
Water softens this varnish, and dissolves a little of it, which gives
it a yellow colour. When we evaporate this solution and treat
the residue with absolute alcohol, a portion is dissolved, which,
when freed from alcohol, has the form of a yellow extract, which
reddens litmus-paper.

Cold water dissolves very little of the matter on which the al-
cohol does not act. But boiling water takes up more, and leaves
a yellowish-brown and very mucous matter. The aqueous solu-
tions, whether hot or cold, have the same properties. When
evaporated to dryness, they leave a yellowish transparent matter,
having the smell of toasted bread and a peculiar taste. Water
makes it white and mucous, and dissolves it rapidly. The solu-
tion is precipitated by acetate of lead, protochloride of tin, cor-
rosive sublimate, nitrate of silver, and infusion of nut-galls.

.
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The portion insoluble in boiling water is not dissolved by ace-
tic acid. It is partially dissolved in cold potash ley.*

CHAPTER V.
OF SALIVIN.

SALIVIN or ptyalin, as it is also called, is a peculiar substance
which exists in human saliva. It seems to have been first no-
ticed by Dr Bostock in 1805, who describes it under the name
of pure mucus.t It is not described by Berzelius in the second
volume of his Djurkemien, published in 1808. But in his paper
on the Chemical Properties of Animal Fluids, published in 1813,
it is particularly noticed under the name Salivary, or peculiar Ani-
mal Matter.t More lately its properties have been examined by
Tiedemann and L. Gmelin.§{ Salivin may be obtained in the
following manner :

Evaporate saliva to dryness in a gentle heat. Digest the re-
sidual mass in rectified spirits, which dissolve most of the salts
of saliva. An additional portion of alcohol acidulated with ace-
tic acid will remove any soda that might still remain, Nothing
now remains but a mixture of salivin and mucus. Water dis-
solves the former of these substances, and leaves the mucus. The
aqueous solutions being evaporated in a gentle heat, leaves pure
salivin.

Thus obtained it is a transparent white substance, which does

. not crystallize, and is destitute of taste and smell. It is not al-
tered by exposure to the air. It dissolves readily in water, but
is insoluble in alcohol. The aqueous solution is not precipitat-
ed by alkalies or acids, nor by solutions of diacetate of lead, |
corrosive sublimate, or of tannin. It does not become turbid on -
boiling, and does not-gelatinize when the concentrated solution
is allowed to cool. The only substances which precipitate it from
its aqueous solution are alcohol and nitrate of silver. And this

* Berzelius, Traité de Chimie, vii. 558.

t Nicholson’s Jour. ii. 251. t Annals of Philosophy, (1st series,) ii. 380.

§ Recherches Experimentales, i. 12.

I Bostock obtained a precipitate with this salt because his salivin contained
uncombined soda,
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last precipitate is soluble in ammonia. Salivin is not precipitat-
ed by chlorine.

When salivin is charred, ammonia is given off, and the coal
contains potash and soda.

Salivin from neutral saliva does not act as an alkali, but
slightly as an acid. If the saliva be not previously neutralized,
reddened litmus-paper, when dipt into it, becomes-blue. The
colour of the salivin is yellowish-brown when the alkali of the
saliva is not neutralized, and it absorbs moisture from the air.

CHAPTER VI
OF PEPSIN.

Tais name, (from memcr, digestion,) was given by Dr
Schwann of Berlin* to a substance which constitutes an essential
portion of the gastric juice, as without its action many articles of
food could not be converted into chyme in the stomach. All
articles of food containing coagulated albumen, fibrin, and (to
a certain extent also) casein.f To make an artificial gastric
juice capable of dissolving these substances, the inner coats of
the third and fourth stomachs of an ox were digested for twenty-
four hours in water containing a mixture of 24 per cent. of mu-
riatic acid of commerce. After this digestion (without heat) the
liquor was filtered. It contained in solution 275 per cent. of
solid matter, and required rather more than 2 per cent. of carbo-
nate of potash to neutralize it. When this liquor was digested
for several hours on coagulated albumen, (at the temperature of
98%,) in powder, it dissolved it completely.

Muller’s experiments showed that the mere acid solution will
not dissolve coagulated albumen ; and Eberle and Schwann found
that the same acid solution, after the ox’s stomach was digested
in it, has acquired the property of dissolving albumen. Hence
something is taken up from these stomachs which gives the acid
liquid the property of dissolving albumen and fibrin. It isto this
something that the name of pepsin has been given.

The following are the facts respecting this principle which

* Poggendorf’s Annalen, xxxviii. 358.
t The chymosin of Deschamps is obviously the same with pepsin. See Jour,
1~ Pharm. xxvi. 412.
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have been determined, and for which we are chiefly indebted to
Dr Schwann : i

1. When the pepsin solution is neutralized by potash, nothing
is precipitated ; but its digesting properties are destroyed.

2. Though the pepsin solution be much diluted with acidulat-
ed water, its digesting powers are not injured, but it cannot be
diluted with pure water without the destruction of these powers.
- 3. The quantity of acid necessary for the digestive properties
of the liquid continuing, is regulated not by the pepsin present,
but by the water. The muriatic acid of commerce present must
amount to 2% per cent.

4. When food is dissolved in this acidulated liquor, none of
the acid is saturated. The quantity still uncombined is the same
as at first.

5. If we neutralize the solution, evaporate it to dryness in a
low temperature, and digest the residue in alcohol, the digestive
properties are destroyed.

6. If the pepsin liquor be heated to the boiling point, its di-
gestive properties are destroyed.

7. When acetate of lead is dropt into the pepsin solution, the
pepsin is precipitated in combination with the oxide of lead, and
the precipitation is more complete if the liquor has been previous-
ly neutralized. Pepsin is precipitated also from its neutral so-
lution by corrosive sublimate, but not by prussiate of potash.

8. But the most characteristic action of pepsin is its coagulat-
ing milk, and throwing down the casein. When one part of pep-
sin solution is mixed with 238 parts of milk, the whole is coagu-
lated. The quantity of muriatic acid of commerce necessary to
produce the same effect is 33 per cent.

The neutralized pepsin solution still coagulates milk, but if its
temperature be raised to the boiling point, this property is de-
stroyed. :

9. Pepsin and casein may be reciprocally used as reagents for
each other. A liquid containing only 0:0625 per cent. of casein
is precipitated by the neutral pepsin solutions. This delicate ac-
tion on casein is the most characteristic property of pepsin
hitherto observed, and puts it in our power to distinguish it from
other substances, especially from mucus, with which, from some
of its properties, it might otherwise be confounded.

10. The small quantity of pep:in which causes the solution of
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albumen is remarkable. Acidulated water, holding in solution
only 0-25 per cent. of pepsin, shows a decided action on albu-
men. 98 grains of water acidulated with muriatic acid, and con-
taining only 48 grains of the solution of pepsin, dissolves 49
grains of albumen in twenty-four hours at the temperature of
99°.5. Now as 4'8 grains of the digesting liquor contain only
011 grain of solid matter, it follows that one grain of pepsin is
capable of causing the solution of at least 100 grains of dry al-
bumen.

11. When pepsin liquor is employed to dissolve albumen, it
partly loses its digestive power. Hence it must suffer an alte-
ration during the process.

12. Tt acts best at the temperature of 100°, but it will act also
at 54° or 55°, though not so well.

M. Wasmann has succeeded in obtaining pepsin in an isolated
state by the following process:* He separates the glandular
membrane of the stomach without cutting it, washes it, and
digests it in distilled water at a temperature between 86°
and 95° After several hours, he decants off the liquid, and
washes the membrane again in cold water till it gives out a pu-
trid smell. The waters are mixed and filtered. The liquid thus
obtained is transparent, a little viscid, and possessed of a strong
digestive power, when a little muriatic acid is added to it. To
separate pure pepsin from it, acetate of lead is added, the pre-
cipitate washed, mixed with water, and decomposed by sulphu-
retted hydrogen. The liquid separated anew is fluid, colourless,
and acid. When, after having evaporated that liquid to the con-
sistence of a syrup, in a temperature which must not exceed 95°,
we pour absolute alcohol into it, a copious flocky precipitate falls,
which, being carefully dried, is a yellow gum-like substance, which
does not attract moisture from the atmosphere.

Pepsin is soluble in water, which it makes acid, because it re-
tains obstinately a little acetic acid. The solution, though it
contained no more than ;Z-th of pepsin, dissolves in six or eight
hours white of egg slightly acidulated : but it loses its digestive
properties when boiled or saturated with potash. In the last case,
it deposites flocks which are insoluble in water, but dissolve slow-
ly in dilute acids, constituting feebly digestive liquids.

We recognize pepsin by the precipitates thrown down by di-

* Jour. de Pharm. xxvi. 481.
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lute acids from its solution, and which are again redissolved by
an excess of the acids. It is distinguished from albumen by the
precipitates produced by acetic acid and muriatic acid in its
aqueous solutions, and from casein, because prussiate of potash
does not precipitate its acid solutions.

A concentrated solution of pepsin is thrown down by corrosive
sublimate and acetate of lead, but the precipitates are redissolved
by adding an excess of the reagent, and also by acetic and mu-
riatic acids. The sulphates of iron and the protochloride of tin
also precipitate pepsin ; and all the precipitates by metallic solu-
tions possess digestive properties.

When burning, pepsin gives out the odour of burning horn,
and leaves a charcoal difficult to incinerate, in which is found
lime, soda, phosphoric acid, and a little iron.

CHAPTER VIIL
OF PANCREATIN.

Tais substance was detected in the pancreatic juice of the
dog by Tiedemann and L. Gmelin, but they did not obtain it in
a separate state. The only characteristic property of it which
they ascertained is this: it is coloured red by a small quantity
of chlorine, and discoloured by a small quantity.

DIVISION II.

OF THE PARTS OF ANIMALS.

Tae different substances which compose the bodies of animals
may be divided into two classes, namely, 1s¢, the solid parts, such
as bones, muscles, skin, &c. of which their bodies are made up ;
2d, the fluid parts. Some of these, as the chyle and blood, are
intended for the nourishment of the living being ; others, as sa-
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«va and bile, are secreted to answer important purposes in the
animal economy ; others, as the wrine, are separated from the
blood to be thrown out of the body as useless to the system ; and
others, as milk, for the nourishment of the young animals. To
these may be added certain foreign substances which make their
appearance in various parts of the body in consequence of dis-
ease. These being usually solid bodies have received the name
of morbid concretions. This important division will therefore be
divided into three parts, namely, 1. The Solid Parts of Animals ;
2.The Liq uid Parts ; and 3. Morbid Concretions.

PART 1.

OF THE SOLID PARTS OF ANIMALS.

THE solid parts of animals are very numerous, and many of
them hitherto have scarcely been examined. The following chap-
ters contain a general view of such of them as have hitherto
come under chemical investigation.

CHAPTER L
OF BONES.

By bones' are meant those hard, solid, well-known parts to
which the firmness, strength, and shape of living animals are in
some measure owing. In man, quadrupeds, and most other ani-
mals, the bones are situated below the other parts, and scarcely
any of them are exposed to view ; but in some of the tribes of
the lower animals, as the Conchifera and Mollusca, the bony por-
tion is placed on the outside of their bodies, evidently for de-
fence: In this case, they are distinguished by the name of shells.
In other animals, as lobsters and crabs, the external bony cover-
ing is called a crust. 'We shall treat of bones in the present
chapter, and of shells, crusts, and zoophytes afterwards.

The bonesin a human skeleton of mature age amount to about
200, not reckoning the teeth; but in extreme youth they are
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more numerous; because various bones, at first separate, gra-
dually unite into one as the age of the individuals advances.
They are very various in their shape. Some, as the shoulder-
bone, the thigh-bone, &c. are long and hollow ; others, as those
of the cranium, are flat and thin ; while others, as those of the
wrist and heel, are short and solid, or nearly so. They are cover-
ed by an external membrane, which adheres to them closely, and
called the periosteum. The external cavity of the long bones is
also lined with a periosteum, from which many of the vessels des-
tined to nourish the bones originate. The flat bones are hard
and dense at the surface, but interiorly they have a kind of ca-
vity divided into innumerable cells by means of thin bony parti-
tions. .
When bones are stripped of their periosteum by long boiling,
they are white, if from a healthy animal. When the animal has
been diseased, the bones frequently have a shade of yellow. The
specific gravity varies a little : that of the blade-bone or scapula
of an ox is 1656, as determined by Mr John Caswell.*

The following little table exhibits the specific gravity of various
bones as determined by me:

Os femoris of a sheep, & : 20345
Tibia of sheep, 3 . : 20329
Tleum of an ox, g 1 A 1:8353
Human os humeri, . R ! 17479
Vertebrz of haddock, . ? 1:6350
First phalanx of human great toe, . 09775

As the age of these bones was unknown, it is impossible to draw
any general inference from these experiments. The lightness of
the bone of the great toe was obviously owing to the cavity with-
in. When boiled in water, they do not lose their shape, but a
quantity of collin is separated, and likewise a portion of fatty
matter. Alcohol and ether, when digested on bones, also dis-
solve a quantity of fatty matter. When left in contact with mu-
riatic acid the earthy matter of bones dissolves, and a cartilage re-
mains, soft and flexible, but retaining nearly the shape and bulk
of the original bone. When this cartilage is boiled for a long
time in water, it is dissolved and converted into collin, with the
exception of a small portion of fibrous-looking matter, which still

* Phil. Trans. 1693, xvii. 694.
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remains, and which Berzelius assures us consists of the small
blood-vessels which traversed the bone in order to supply it with
nourishment.

The fact that muriatic acid deprives bones of their earthy
matter, leaving only cartilage, was not unknown to chemists at
an early period. It is mentioned by Boerhaave as well-known
in his time.* It had also been long observed that when bones
are heated in an open fire they burn with flame, and leave a
white, brittle, friable substance, having the shape of the original
bone, but much lighter, and distinguished by the name of earth
of bones. In some of the earlier systems of chemistry, the earth
of bones is considered as a substance sui genmeris, and ranked
among the earths. About the year 1768, Assessor Gahn of
Fahlun discovered that this supposed earth consisted chiefly of
phosphate of lime. Scheele, in his experiments on fluor spar,
published in 1771, mentions, when giving an account of the ac-
tion of phosphoric acid on fluor spar, that it had been lately dis-
covered that the earth of bones was phosphate of lime.f In con-
sequence of this notice, it was for some time believed that Scheele
was the discoverer of the constitution of bone-earth ; and Asses-
sor Gahn was so indifferent about his reputation as a discoverer,
that he never tried to correct a mistake, which had been so long
prevalent.

The first person that attempted an analysis of bone was Me-
rat-Guillot, an apothecary at Auxerre, who, about the year
1798, published a comparative analysis of the bones of man, and
of a variety of other animals ;i but his results were far from
near approximations to the truth. ~About the year 1801, Four-
croy and Vauquelin announced the discovery of phosphate’ of
magnesia in bones, and published an analysis of the bones of an
ox.§ In 1808, Berzelius published the second volume of his
Animal Chemistry, in which he gave an analysis both of hu-
man bone and that of the ox.| Morichini had announced a year
or two before that fossil bones contained fluoric acid in combina-
tion with lime, and this discovery was confirmed by the experi-
ments of 'Gray-Lussac.ﬁ[ Berzelius, in his elaborate analysis of

* Boerhaave’s Chemistry, i. 518 ; English translation.

1 Scheele’s Essays, p. 13; English translation.

t Ann. de Chim. xxxiv. 68. § Ibid. xlvii. 244.

| Djurkemie, ii. 120.  § Phil. Mag. xxiii. 264, or Ann. de Chim. lv. 258,
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bones, published in 1806,* announced the existence of fluate of
lime in fresh bones; but this discovery has not been verified by
other experimenters. Dr Wollaston tried in vain to extract
fluoric acid from recent bones ; and unless I have been misinform-
ed the same want of success attended the researches of Mr Brande
upon the same subject. In 1829, M. Denis published a compa-
rative analysis of human bones from subjects of very different
ages.t About the same time M. I’Arcet pointed out the quan-
tity of nourishment which bones contain, and the best method of
extracting it.f The investigations of Muller in 1836, on the
structure and chemical properties of the animal matter in bones
and cartilages,§ have added considerably to our knowledge of a
set of bodies highly worthy of a more accurate and complete in-
vestigation than they have hitherto met with.

1. If we leave a bone in dilute muriatic acid at the common
temperature of the atmosphere, the earthy salts are gradually
dissolved, and the acid may be removed by keeping the bone
for some time in water, which must be renewed till it comes off
from the solid residue of the bone quite tasteless. 'What remains
is now the cartilage. It has the size and shape of the original
bone ; but is soft, elastic, and translucent, and has a yellowish
white colour. When dried the cartilage diminishes somewhat in
bulk, though it retains its translucency. It is hard and brittle,
and assumes very much the appearance of horn.

From the microscopic observations of Purkinje and Deutsch, |}
it appears that when the cartilage from a long bone is examined
it consists of a congeries of long minute tubes filled with marrow.
These tubes, according to Muller, consist of very fine circular
plates, and the intervals between them are filled up by numerous
circular plates which encircle the tubes. These plates may be
separated from each other by macerating the cartilage for a long
time in water. Besides these marrow tubes the cartilage con-
tains numerous scattered oval-shaped particles, the length of
which varies from 0-0004 to 00006 inch, and their breadth from
0:00014 to 000025 .inch, according to the measurement of
Miescher. These particles usually lie so that their length is

* Afhandlingar, i. 195. t Jour. de Physiologie, ix. 183.
t Jour. de Pharmacie, xv. 236. § Poggendorfs Annalen, xxxviii. 295.
I Miiller, Poggendorf’s Annalen, xxxviii. 296.
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parallel to that of the marrow tubes. They are rather more
opaque than the concentric plates which surround the marrow
tubes. 'Whether they be solid or perforated has not been de-
termined. In the cartilages of the ribs these particles are very
irregular in their position.

The weight of cartilage in the long bones varies from 28 to
33} per cent. Itis very difficult to prevent a portion of it from
being dissolved by the muriatic acid employed to remove the
earthy salts of the bone. The best way is to take care that the
acid be very dilute. When the cartilages of bones are boiled a
sufficient time in water they are converted into collin, while the
permanent cartilages of the body by the same treatment become
chondrin. It is obvious from this that there is a difference be-
tween the cartilages of bones and the permanent cartilages,
though in what that difference consists we cannot at present spe-
cify. It has been already stated, on the authority of Berzelius,
that when the cartilage is thus converted into collin or chondrin
the blood-vessels of the bones remain undissolved, and fall to the
bottom of the liquid under the form of delicate fibres.

2. The other constituent of bone is the earthy salts, which are
gradually deposited in the cartilage as the age of the animal ad-
vances. The bones of the feetus, at a certain interval before
birth, are all cartilage. At birth they are partly bone and part-
ly cartilage. 'The ossification goes on progressively, and in old
age only those permanent cartilages retain their nature which
are necessary for the maintenance of life and motion; as the
cartilages of the ribs and those that tip the articulating bones.

The earthy salts are held in solution by the muriatic acid.
From the effervescence which attends the action of muriatic acid
on bones, it is obvious that one of these salts is a carbonate.
And as calcined bones contain carbonate of lime, there is no
reason to doubt that carbonate of lime constitutes one of the
earthy salts which exists in bones.

If we saturate the muriatic acid solution with caustic ammo-
nia, adding an excess of that alkali, the phosphate of lime
precipitates and may be collected on the filter. It constitutes
more than one-half of the weight of the bone subjected to ana-
lysis.

If we now add carbonate of ammonia to the liquid which has
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passed through the filter, the carbonate of lime will be thrown
down, and may be collected on a filter. The liquid still contains
magnesia, which was prevented from falling by the excess of am-
monia used, or rather of sal-ammoniac formed, which, constitut-
ing with the magnesia-a double salt, prevented it from falling
down when the carbonate of ammonia was added.

Let the residual liquid be evaporated to dryness and the resi-
due exposed to a strong heat. The'magnesia will remain near-
ly pure. But it is mixed with a liftle common salt. Water
dissolves the common salt and leaves the magnesia. In this
way may all the constituents of the earth of bones be separated
from each other. They consist of

Subsesquiphosphate of lime,

Carbonate of lime,

Magnesia,*

Common salt,
Probably the common salt in the bone may have been partly in
the state of soda.

Berzelius analyzed human and ox bones, having first deprived
them of all the fatty matter or marrow which they contained,
and also having freed them from their periosteum. The follow-
ing are the results which he obtained :

Human. Ox.

Cartilage soluble in water, 32:17 :

Vessels, . 1-13 } 22
Subsesquiphosphate of lime, 53:04 5735
Carbonate of lime, i 11-30 3-85
Phosphate of lime, : 1-16 2-05

Soda with a very little common salt, 1-20 345

100-00 100-00
From the experiments of Dr Rees,t it appears that the pro-
portion of cartilage and earthy matter differs somewhat in dif-
ferent bones. The following are the proportions in different
human bones of an adult :

* The magnesia is not in the state of phosphate, as Fourcroy and Vauquelin
supposed ; otherwise it would have been precipitated by the caustic ammonia.
It may have been in the state of carbonate.

+ Medico-Chirurgical Transactions, Vol. xxi.
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Earthy matter. Cartilage.
Femur, 2 : 6249 & 3751
Tibia, : 2 60-01 5 39-99
Fibula, i . 60-02 . 3998
Humerus, J 5 .63:02 " 36°98
Ulna, % g . 6050 d 39:50
Radius, 5 : 6051 " 3949
Squamous portion of temporal bone, 63-50 : 3650
Vertebra, (arch of dorsal), - 5742 - 42-58
Rib, (external crust), ; 57+49 ¢ 4251
Clavicle, ’ : 5752 , 4248
Tleum, (near the crest), . 5879 p 4121
Scapula, (coracoid process), B s o ) y 4549
Sternum, ; Z 5600 ; 44-00
Metatarsal bone of great toe, 5653 4347

The cancellated structure of various bones gave the following
results :

Earthy matter. Cartilage.
Head of femur, X 60-81 g 39-19
Rib, A . 8312 . 46-88

Solid portion of ditto, 5717 ? 4223
Dr Rees examined also the bones of a feetus, and obtained the
following result :

Earthy matter. Cartilage.
Femur, : 5751 3 4249
Tibia, : 5652 X 4348
Fibula, J 56-00 . 4400
Humerus, 2 58-08 p 41-92
Radius, ¢ 5650 p 4350
Ulna, = 5749 5 42:51
Clavicle, & 5675 3 43-25
Tleum, . 5850 . 4151
Scapula, : 5660 . 4340
Rib, 5 57:35 . 4265
Parietal bone, . 5590 44-10

The followmg analyses were made by M. Dems. He does not
notice magnesia, but perhaps it may be included in the carbo-
nate of lime :
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Radius of a girl Do. of Do. Do. of Do.

aged 8 years. aged 20. aged 78.°
Water with a little grease, 383:34 18 154
Cartilage, 3334 278 279
Phosphate of lime, 2332 580 439
Carbonate of lime, b 10 62 12:8
100-:00 100:0 1000

Ox bones were analyzed by Fourcroy and Vauquelin, who stated

their constituents to be,
Cartilage,
Phosphate of lime,
Carbonate of lime,

510
377
100

Phosphate of magnesia, 13

100-0

Lassaigne analyzed the callus of a broken bone with the dif-
ferent sound parts of the bone in its neighbourhood, and obtained

the following results:

Callus;  Ditto. Sound  Ditto. Sound part Exos-

outer side. innerside. bone. thickened. in do. tosis.
Animal matter, 500 48.5 40 43¢ 416 46°
Soluble salt, 11-8 128 124 142 86 10-
Carbonate of lime, 57 62 76 6:5 82 14-
Phosphate of lime, 830 325 400 36-3 41-6 30.
100-0 100-0 1000  100-0 1000 100-

According to Berzelius’s analysis, the proportxon of carbonate of
lime is much greater in the human bone than in thatof the ox. But
the analysis of Fourcroy and Vauquelin gives a different result.
The following table by Fernandez de Barros shows the relative
quantities of phosphate and carbonate of lime found in the ashes

of the bones of various animals :*
Phosphate of lime.

Lion, 95¢

Sheep, 80-

Fowl, 889

Frog, 952

Fish, 919 )

Carbonate of lime.
25
19-3
104
24

53

Berzelius analyzed the ashes of human bones, (we do not know
of what age,) and found them composed of,

* Berzelius, Traité de Chimie, vii. 475.
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Magnesia, 3
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Human.

819

3-0

10-0

Phosphate of magnesia, 11

Soda,
Carbonic acid,

2:0
2:0

190-0*

Ox.
864 907
9-3 145
03 1-10
20 375
20 50
100-0 100-0
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The loss in the analyses varied from 1 to 11 per cent. The

proportions varied somewhat in different specimens of bone.

It

is obvious that the bone ashes had been exposed to so strong a
heat as to drive off the carbonic acid from the carbonate of lime.
Now 10 lime requires 7-85. carbonic acid to convert it into car-
bonate. Hence the carbonate of lime must have amounted to
17-85 per cent. From this it appears that the proportion of
phosphate of lime to carbonate of lime in human bones approaches
pretty nearly to that in sheep bones.

The following table exhibits the results of several analyses of

bones made by me:

1. Human thigh bone.
Cartilage,
Phosphate of lime,
Carbonate of lime,
Magnesia,

Soda,
Potash,

2. Ileum of a sheep.

Cartilage,
Phosphate of lime,
Carbonate of lime,
Magnesia,

" Soda,
Potash, y

39-12
43-67
14-00
049
2:00
006

99-34

4330
50°58
4-49
0-86
0-31
0-19

99-73

»

3593
5112
977
063
0-59
trace

98-04

4720
4635
4-88
064
209
025

101-41

* Gehlen’s Jour. (2d series,) iii- 1; or Afhandlingar, i. 216.
Q
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3. Ileum of ox.

Cartilage, c 485
Phosphate of lime, 452
Carbonate, of lime, 6°1
Magnesia, - 0-24
Soda, A . 020

Potash, 4 P ad) ]l

100-35
4. Tibia of a sheep. ;
Cartilage, : 5197

Phosphate of lime, 4042

Carbonate of lime, 703

Magnesia, S 022
Soda, 4 $ 0-19
Potash, 2 trace

99-83

5. Vertebre of haddock.
Cartilage, : 3949
Phosphate of lime, 56-08
Carbonate of lime, 3:57

Magnesia, . 0.79
Soda, £ 079
100:72
6. Snout of saw-fish deprived of teeth.
Cartilage, &c. 46-31

Phosphate of lime, 4255
Carbonate of lime, 2:638

Magnesia, : 0°101
Soda, 5 0141
‘Water, : 6920

98-66

The middle or compact part of the long bones contains but
little fatty matter ; but the extremities of these bones are cellu-
lar or spongy, and contain a great deal. The same remark ap-
plies to the extremities of the flat bones. M. D’Arcet, who has
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paid great attention to the subject, informs us that these spongy.
portions of bones are composed of,

Earthy salts, : 60

Cartilage, - 30

Fatty matter, - 10

L 100.*

The blood-vessels and several membranes of the body some-
times ossify. In such cases it would appear from the analysis of
an ossified pericardium by Petroz and Robinet, that, instead of
cartilage, such ossifications have an albuminous membrane much
smaller in quantity than the cartilage of real bones. The result
of their analysis was as follows :

Animal membrane, gelatin, and albumen, 242

Common salt and sulphate of soda, : 40

Carbonate of lime, ; s 65

Phosphate of lime, i : 1 653
100-0+

CHAPTER IL

OF TEETH.

TrHoucH the teeth-are in fact bones, yet, as they contain some
substances which do not occur in any other part of the bony
structure, they deserve to be described in a separate chapter.

The human teeth in an adult individual amount to 32;
16 being set in each jaw. There are 4 incisors or cutting teeth
in each jaw, placed in the fore-part of the mouth, forming the
convex prominent part of the dental arch. They are wedge-
shaped ; being intended, as the name implies, for cutting the food,
that only the quantity capable of being masticated may be taken
into the mouth at once.

There are two canine teeth in each jaw, one on each side of the
incisors. They have a single root like the cutting teeth, but -
longer, and their crown terminates in a blunt point.

The bicuspid teeth or smaller molars are four in number in

* Journ. de Pharmacie, xv. 236. 1 Ihid. ix. 507, -
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each jaw ; two next each incisor. Their roots, as the name im-
plies, terminate near their extremities in two points, and there
is a groove from the neck of the tooth to its bicuspid termina-
tion. The cutting extremities of the crown present two tuber-
cles, one external, the other internal.

The grinding teeth or larger molars are six in number in each
jaw, and are farthest back of'all the teeth. These teeth in the
upper jaw have usually three roots, and in the under jaw two.
The upper surface of the crown is flat, but has four tubercles ar-
ranged crosswise, in order to triturate the food.

Every tooth is divided by anatomists into the root, the neck, and
the erown. The root, or the part of the tooth contained within
the alveolus, is similar in its nature to common bone ; the neck is
the part of the tooth intermediate between the root and crown, or
the portion just in contact with the gums. The crown is the
part of the tooth projecting into the mouth, and fully in view.
The central portion of it is bone, but exteriorly it is encased by
a layer of white and very hard laminated substance, called eramel.
This layer is thick on the upper and lateral parts of the crown,
but becomes thinner as it approaches the neck, and disappears
altogether in the root. ‘

The teeth of the inferior animals differ in their form and struc-
ture from those of man.  But a description of them belongs to the
comparative anatomist. They are composed of bone and enamel.

The tusks of the elephant have received the name of iwory.
In consequence of its hardness and compact texture, it is suscep-
tible of a fine polish, and is on that account applied to a great va-
riety of purposes. It is liable, especially East Indian ivory, to
become yellow. The tusks of some other animals, as the hip-
popotamus and walrus, consist also of ivory. Even human teeth
contained a portion of ivory. The enamel differs from ivory in
containing very little cartilage, while about a third part of the
weight of ivory consists of cartilaginous matter.

A tooth consists essentially of four parts.

1. The pulp within the cavity of the tooth. It is from it that
the whole tooth originates. In process of time this pulp is fre-
quently converted into bone by the deposition of calcareoussalts.

2. The fwory. This constitutes almost the whole of the tooth.
It resembles bone in its composition ; but differs from common
bone in being harder and denser.
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3. The enamel. It covers the crown of the tooth as far as
the neck. It is very hard, and is obviously intended to prevent
the tooth from wearing so fast as it otherwise would do while
performing the office of mastication. The enamel has no carti-
lage, and, consequently, has a higher specific gravity than the
ivory of the tooth.

4. The capsule. This is a thin double membrane which, be-
fore extrusion, covered the whole tooth. It is gradually worn
away on the crown ; though Mr Nasmyth has frequently found
it either entire, or fragments of it on the crown even of an
adult tooth.* It remains during life on the roots of the teeth.
But it is frequently ossified, and then gets the name of crusta
petrosa.

Leuwenhoek first observed in 1678 that the body of the tooth
is composed of a congeries of transparent tubes, so small, that six
or seven hundred of them together do not exceed the size of a hu-
man hair.} Purkinje, in his work on the teeth, published in 1835,
confirmed this observation of Leuwenhoek. If the calcareous
salts be removed by steeping a toothin dilute muriatic acid, and
the cartilage be examined under a sufficiently powerful micro-
scope, it is found, he says, to consist of transparent tubes, running
from the centre to the circumference. They are not straight,
but curved, and their diameter does not exceed g{sth of an Eng-
lish line. They become smaller as they reach the outer surface
of the tooth, and seem to terminate in cells. They send out nu-~
merous branches, especially towards their external extremity.
These tubes, according to Miiller, in the tooth, not acted on by
muriatic acid, are white and opaque, being filled with the calca-
reous salts of bone; not in crystals, but in very fine powder
usually cohering together. The ivory, it would appear from
Retzius’s observations, is deposited layer by layer round the sur-
face of the pulp; the most external layer having been first de-
posited.

The enamel adheres internally to a thin membrane, which
long resists water. It consists of hexagonal tubes which proceed
from the membrane. }

* On the structure, physiology, and pathology of the tooth. Medico-Chirurgi.
cal Transactions, Vol. xxii.

1 Phil. Trans. xii. 1002.

$ On the structure of the teeth, the reader is referred to an eluborate paper
by Retzius, published in the Memoirs of the Stockholm Academy for 1836, and
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The following table exhibits the specific gravity of the enamel
of various teeth as determined by my trials:
Human temporary tooth, 2:711

Human adult tooth, 2:688
Hippopotamus, . 2:750
Elephant, ; 2:843

Mean, 3 4 2748
The specific gravity of the ivory of various teeth is as follows:
Human temporary tooth, 2:090
Human adult tooth, . 2:105

Cryptenopus Capensis, 2020
Hippopotamus, . a 1:866
Walrus, . 3 1-888
Mean, R 1-994

The specific gravity of the decayed part of a human tooth was
1'533. That of the crusta petrosa of an elephant’s tooth was
1:892.

The following table exhibits the constituents which I extracted
from the enamel of various teeth :

Elephant  Human Human

Hippopotamus. molar adult  temporary

tooth. tooth. tooth.

Animal membrane, 1-307 680 1907 7:84

Subsesquiphosphate oflime, 7830 8155 6484 7673

Carbonate of lime, 12-09 765 263 767

Magnesia, 5 392 165 1:09 409

Chloride of potassium, 2:57 1-05 { 1-49 113

Chloride of sodium, 4-13 1-74
Water, q a 0-98 1:005

Sand, : 065 0-14 063

99-817 99705 99:39*  99-83

entitled Mikroskopiska undersokningar Ofver Tindernes, sirdeles Tanbenets
struktur. It contains a very complete history of all that has been done on the
subject, together with numerous interesting observations of his own.

When Mr Nasmyth's Researches on the development, structure, and diseases
of the teeth, at present in the press, make their appearance, we may expect a
great deal of new information; as he has been long and assiduously occupied
with the anatomy of these organs. His historical introduction already published
is very complete, and very interesting and instructive.

* It is obvious from the result of the analysis, that this enamel was not pure,

4
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been dissolved in the muriatic acid.
It was impossible to determine whether it was pure enamel by the eye.
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What is marked sand was in the hippopotamus enamel grains of
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sand lodged mechanically. In human teeth it was silica, tinged

slightly with iron.

The following table exhibits the constituents which I ex-
tracted from the ivory of various specimens of teeth subjected to

analysis :
Human
Hippotamus. Walrus. adult tooth.

Cartilage, . : 28-87  ,32°11 2538
Subsesquiphosphate of lime, 48330 5193 54-14
Carbonate of lime, i 7-90 258 576
Magnesia, : z 1-03 0-94 1-37
Chloride of potassium, : 0-30 } 3-02
Chloride of sodium, . i 3:80
Silica, : ’ 021 0-33
Moisture, oe 13:09 10:33 10:37

9949

10140  100-37

A carious human tooth, having a specific gravity of 1533,

being subjected to analysis, yielded,
Cartilage,

5718

Subsesquiphosphate of lime, 30-00

Carbonate of lime,

2:09

Magnesia with trace of silica

and peroxide of iron,
Chloride of potassium,
Moisture,

205
125
945

102-62

The crusta petrosa from an elephant’stooth, having a specific
gravity of 1-892, being analyzed, yielded the following constitu-

ents :

»

but cantained a good deal of ivory. The animal membrane was at least partly
The deficiency was occasioned by a portion of the cartilage having
The specimen examined was in powder.
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Cartilage, : 3105
Subsesquiphosphate of lime, 46:34
Carbonate of lime, ; 632

Magnesia, : 2:81
Common salt, g 4-21
‘Water, 3 1086

101-59

It therefore resembles ivory in its composition as it does in its

specific gravity.

The excess observable in some of the preced-

ing analyses may have been partly owing to the chlorides of po-
tassium and sodium not existing as such in the teeth but only

* their bases.

The analysis threw no light upon this,

And I was

unable to extract either an alkali or a chloride from the teeth by
simply boiling them in water.

Berzelius analyzed the enamel and ivory of different teeth.*
The result was as follows :

Human. Ox.
Subsesquiphosphate of lime, 885 850
Carbonate of lime, 1 ) 80 71
Phosphate of magnesia, 15 30
Soda, ; ¢ 14
Brown membranes, alkali water, 20 35

1000 100-0

His analysis of the ivory of teeth gave the following result :

Human. Ox.

Cartilage and vessels, . 280 21-000
Subsesquiphosphate of lime, 643 6315
Carbonate of lime, { 5:3 - 1:38
Phosphate of magnesia, p 10 2:07
Soda with some common salt, 14 2-40

various animals a good many years ago.

100-0 100-00
Lassaignet published the result of his analysis of the teeth of

He did not separate

the enamel from the ivory; but appears to have subjected the

* Traité de Chimie, vii. 479 ; or Afhandlingar, i. 222.
+ Jour. de Pharmacie, vii. 1.

3
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whole tooth to analysis at once. The following table shows his
results.

Animal Phosphate Carbonate

matter. of lime. of lime.
Tooth of a child aged 1 day, 35 ) 51 : 14
Of a child aged 6 years, 2857 . 60:01 . 11-42
Of an adult man, 8 29 i 61 . 10
Of a man aged 80 years, 33 i 66 4 1
Of an Egyptian mummy, 29 . 556 . 155
Front teeth of a rabbit, 3127 695 ¥1°] 93
Molar of a rabbit, 2844 1% B3-717 78
Molar of a rat, g 306 . 651 . 53
Molar of a boar, : 294 63 : 68
Tusk of a boar, ? 268 . 69 : 4-2
Tusk of hippopotamus, 251 . 72 ) 29
Front tooth of a horse, 3 I 583 . 10
Molar of a horse, 291 . 62 < 89
Front tooth of an ox, 28 : 64 : 8
Teeth of an orycteropus, 273 . 659 . 68
Teeth of a gavial, 303 . 616 81
Teeth of a viper, L 30 1 763 g 32
Poisonous tusks of viper, 21 ¥ 738 . 5
Teeth of a carp, c 28 A AT 16

Mr Pepys* made some analyses of teeth many years ago, which
it will be worth while to state.

From the enamel of the human tooth he obtained,
Phosphate of lime 78
Carbonate of lime, 6

Loss and water, 16
100
From the ivory of the teeth he got,
Roots of Teeth of Milk
the teeth. adults. teeth.
. Phosphate of lime, 58 64 62
Carbonate of lime, 4 6 6
Cartilage, 28 20 20
Loss, . 10 10 12
100 100 . 100

* Fox on the Teeth, p. 96.
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Mr Hatchett examined fossil bones from the rock of Gibraltar.
He found them to consist of phosphate of lime without any car-
tilage or soft animal part. Their interstices were filled with car-
bonate of lime. Hence they resemble exactly bones that have
been burnt. They must, then, have been acted upon by some
foreign agent ; for putrefaction, or lying in the earth, does not
soon destroy the cartilaginous part of bones. On putting a hu-
man os humeri, 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.
From the experiments of Morichini,* Klaproth,t and Fourcroy,
and Vauquelin,} we learn that fossil ivory and teeth of animals
frequently contain a portion of fluate of lime. Morichini and
Gay-Liussac endeavoured to prove that this salt existed even in
recent ivory, and that the enamel of the teeth was almost entirely
composed of it.§ But the experiments of Wollaston, Brande, ||
Fourcroy, and Vauquelin{ have shown that there does not exist
any sensible portion of fluoric acid in these substances while re-
cent. Berzelius, however, has announced that he separated 3 per
cent. of fluate of lime from fresh teeth, and that he has detect-
ed it also in bones nearly in the same proportion. He even
affirms that it exists in urine.**

When the cartilage of teeth is boiled in water it dissolves
with the exception of a minute quantity of fibrous matter, which
may be the blood-vessels. The solution possesses the characters
of collin, not of chondrin.

CHAPTER III.

OF CARTILAGE.

THE name cartilage is applied to a hard, highly elastic, white
substance, often with a pearly lustre, which is attached to or
constitutes a part of the texture of bones. The cartilages in the

* Phil. Mag. xxiii. 265. t Gehlen’s Jour. iii. 625.
1 Phil. Mag. xxv. 265. § Ibid. xxiii. 265.

it Nicholson’s Journ. xiii. 216. ¢ Phil. Mag. xxv. 266.
** Gehlen’s Journ. vi. 591

N
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human body may be subdivided into three different sets. 1.
Those which at one period of life existed instead of the bones,
and which, after the bones are formed, constitute an essential
part of the bony texture. These have been already treated of
in the last two chapters. 2. Those cartilages which cover the
extremities of those bones which constitute moveable articula-
tions, and which are called cartilages of incrustation. These
cartilages are covered with a synovial membrane which adds to
the polish of their faces. The greater and the more moveable
the articulations are to which these cartilages belong, the thicker
they are. In old age, these cartilages are occasionally converted
into bones. A portion of cartilage tipping the ileum bone of
an ox had a specific gravity of 1-1521. 3. The cartilages which
unite the ribs to the sternum or to one another, those of the la-
rynx and of the nose, constitute the third set. They are cover-
ed by a fibrous membrane called perichondrium. They also (if
we except those of the nose) frequently ossify in old age:

The facts respecting the structure of cartilages, so far as in-
vestigated, have been stated in the preceding chapters. They
seem, if we can confide in the microscopic observations of Pur-
kinje, Retzius, and Miiller, to consist of acongeries of very minute
tubes. When these tubes are filled with calcareous salts the
cartilages are converted into bone. It is evident from the dis-
cases to which cartilages are liable that they are supplied with
vessels. But in ordinary cases these vessels do not seem to con-
vey red blood ; though when inflammation intervenes they may
be occasionally seen filled with red blood. And such inflam-
mations may run the same career as in other organs.

In the year 1827, Fromherz and Gugert* analyzed the carti-
lage of the ribs of a young man, aged 20 years, and found it, after
having been dried as completely as possible in the temperature
of 212°, composed of,

Animal matter, . 96:598
Salts, . 3:402

100:000
The salts being subjected to an analysis were found composed
of, g

* Schweiger’s Jour. 1. 188.
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Carbonate of soda, . 35068
Sulphate of soda, . 24241

Common salt, = 8231
Phosphate of soda, . 0925
Sulphate of potash, 1-200
Carbonate of lime, 18-372
Phosphate of lime, 4-056

Phosphate of magnesia, 6:908
Peroxide of iron and loss, 0°999

100-000

The animal portion was soluble by long boiling in water, and
was converted into gelatin. It has been already stated in a for-
mer chapter of this volume, that Miiller has shown that gelatin,
from the permanent cartilages, differs in its properties from collin,
or the gelatin from the skin and serous membranes ; being pre-
cipitated from its solution in water by alum, sulphate of alumina,
acetate of lead, and persulphate of iron, which have no action on
the aqueous solution of collin. On that account he has distin-
guished it by the name of chondrin. The properties of chondrin,
so far as they have been investigated, have been given in a pre-
ceding chapter of this volume.

The cartilages of the ribs, those that unite them to the ster-
num and to each other, give chondrin. Miiller- found that the
cartilages obtained from bones by removing the bone earth, by
means of an acid, yielded collin ; yet the same cartilages before
ossification has taken place yield chondrin. From this it seems
to follow that a change takes place in the nature of the cartilage
during the process of ossification.

It is probable that the cartilages of cartilaginous fish would
yield chondrin, though I do not know that the experiment has
been tried.

The cartilages which cover the extremities of bones destined
to move on each other, cannot be converted into collin or chon-
drin by boiling in water. "When deprived of the membrane that
covers them, they are much brittler than the cartilages of the
ribs. So far as I know, no chemical analysis of such cartilages
has been hitherto attempted. Mr Hatchett conceives them to
have the properties of coagulated albumen. But this conjecture
would require to be verified by actual experiment before it could
be admitted as true.
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It is well known that many fish instead of bones have carti-
lages. The cartilaginous dorsal vertebra of the Squalus cornubi-
+  ensis was analyzed by Marchand,* who obtained from it
Animal combustible matter, . 5707

Phosphate of lime, : 3246
Sulphate of lime, AR T
Carbonate of lime, ¥ 257
Fluoride of calcium, trace . -
Sulphate of soda, ; 0-80
Chloride of sodium, L $400
Phosphate of magnesia, : 1-03
Silica, alumina, and loss, . 120

100:00

The flat cartilages of the skate gave him,
Animal combustible matter, . 7846

Carbonate of lime, ¥ 2:61
Phosphate of lime, . 1420
Sulphate of lime, : 083
Fluoride of calcium, trace . —_
Chloride of sodium, . 246
Sulphate of soda, . 070

Phosphate of magnesia and loss, 074

100-00
The translucent cartilages consisted almost entirely of animal
matter, as had been previously shown by Chevreul.

CHAPTER 1IV.

. OF MARROW.

Tut 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,

* Poggendorf’s Annalen, xxxviii. 854,
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it is purer, and has a yellow colour. 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 peculia-
rities. Berzelius has examined it in detail, and published the re-
sults of his experiments.t The marrow on which his trials were
made was obtained from the thigh-bone of an ox.

1. When marrow is digested in cold water it becomes lighter
coloured, while the water acquires the colour which 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 coagulated 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 wa-
ter. 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 ;3;th part of the
whole. The portion of it dissolved by water and alcohol con-
sisted partly of gelatin and common salt, and partly of the pe-
culiar brown extractive matter obtained by Thouvenel from the
muscles of animals, which will be described in a subsequent chap-
ter, when treating of the muscles. The proportion of these sub-
stances obtained by Berzelius from marrow amounted to about
51 ,th part of the whole.

2. When marrow is boiled in water, the greatest part of it
melts and swims upon the surface of the liquid. The 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 semitransparent 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 pecu-
liar substance, which approaches the nature of albumen in its
properties.

3. When marrow, thus purified, is melted in water and passed
through a cloth, a quantity of blood-vessels and skins remain up-
on the cloth, amounting to about ; }5th part of the whole.

4. Marrow, thus freed from its impurities, has a white colour
with a shade of blue ; its taste is insipid and rather sweetish. It

* Neumann’s Chemistry, p. 560. 1 Gehlen’s Jour. 2d series, ii. 287.
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softens by the heat of the hand, and melts when heated to 113°.
‘When cooled slowly, it crystallizes in sphericles like olive oil.
It burns with a flame like tallow. When distilled, it gives first
a transparent fluid yellowish 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 observ-
ed 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 portion of sebacic acid, which Berze-
lius considered as benzoic acid.

The empyreumatic oil combines readily with alkalies and their
carbonates. With the latter it forms a snow-white soap, insolu-
ble 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 empyreumatic
taste. It contains a little acetic acid, empyreumatic oil, and pro-
bably sebacic acid ; but exhibits no traces of ammonia.

The gaseous products amount to ,%5th of the marrow distilled.
They contain no sulphur nor phosphorus, and consist of carbo-
nic acid and heavy inflammable air, which burns with a white
flame, and seems to contain oil in solution. :

The charry matter in the retort amounts to 0°05 of the mar-
row distilled. It is dark-brown, heavy, and brilliant. It isinci-
nerated with difficulty, and leaves an ash consisting of phosphate
of lime, carbonate of lime, and some soda.

5. Concentrated sulphuric acid dissolves marrow without the
assistance of heat. The solution has the appearance of a brown
syrup ; and when the acid is diluted with water, the marrow se-
parates 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. Boiling
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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 Berzelius
to be composed of the following substances :

Pure marrow, Y 0-96
Skins and blood-vessels, . 001
Albumen, 5
Gelatin,
Extractive, ) 0°03
Peculiar matter,
Water,

100

From the preceding detail it appears, that pure marrow is a
species of fixed oil, possessing peculiar properties, and approach-
ing somewhat to butter inits nature. But it differs considerably
in its appearance in different parts of the body, owing chiefly, in
all probability, to a greater or smaller mixture of blood.

CHAPTER V.
OF SHELLS.

UnDpER the name of skells 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 indebted to the im-
portant dissertations of Mr Hatchett. A few detached facts, in-
deed, 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 carbo-
nic acid, whereas in bones it is united to phosphoric acid. In
shells the predominating ingredient is carbonate of lime, where-
as in bones it is phosphate of lime. This constitutes the charac-
teristic difference in their composition. :

Mr Hatchett has divided shells into two classes. The first are
usually of a compact texture, resemble porcelain, and have an
enamelled surface, often finely variegated. The shells belong-
ing to this class have been distinguished by the name of porcela-
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neous shells. To this class belong the various species of voluta,
cyprea, &c. The shells belonging to the second class are usu-
ally covered with a strong epidermis, below which lies the shell
in layers, and composed entirely of the substance well known by
the name of mother-of-pearl* They have been distinguished by
the name of mother-of-pearl shells. The shell of the fresh water
mauscle, the Haliotis iris, the Turbo olearius, are examples of such
shells. The shells of the first of these classes contain a very
small portion of soft animal matter ; those of the second contain
a very large proportion. Hence we see that they are extremely
different in their composition.

1. Porcelaneous shells, when exposed to a red heat, crackle
and lose the colour of their enamelled surface. They emit no
smoke or smell; their figure continues unaltered, their colour
becomes opaque white, tinged partially with pale-gray. They
dissolve when fresh with effervescence in acids, and without leav-~
ing any residue ; but if they have been burnt, there remains al-
ways a little charcoal. The solution is transparent, gives no
precipitate with ammonia or acetate of lead; of course, it con-
tains no sensible portion of phosphate or sulphate of lime. ~Car-
bonate of ammonia throws down an abundant precipitate of car-
bonate of lime. Porcelaneous shells, then, consist of carbonate
of lime cemented together by a small portion of an animal
matter, which is soluble in acids, and therefore rescmbles ge-
latin.}

Patellz from Madeira, examined by Mr Hatchett, were found,
like the porcelaneous shells, to consist of carbonate 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 a more viscid nature than that of por-
celaneous shells.

2. Mother-of-pearl shells, when exposed to a red heat, crackle,
blacken, and emit a strong fetid odour. They exfoliate, and be-
come 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 emission of air-bubbles is scarcely
perceptible. The acids take up only lime, and leave a number

* Herissant, Mem. Par. 1766, p. 22. Hatchett, Phil. Trans. 1799, p. 817.
+ Hatchett, Phil. Trans. 1799, p. 317.
R
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of thin membranous substances, which still retain the form of the
shell. From Mr Hatchett’s experiments, we learn that these
membranes have the properties of coagulated albumen. Mother-
of-pear] shells, then, are composed of alternate layers of coagu-
lated albumen and carbonate of lime, beginning with the epider-
mis, and ending with the last-formed membrane. The animals
which inhabit these shells increase their habitation by the addi-
tion of a stratum of carbonate of lime, secured by a new mem-
brane; and as every additional stratum exceeds in extent that
which was previously formed, the shell becomes stronger as it
becomes larger.*

Opyster shells, according to the analysis of Bucholz and
Brandes, are composed of

Albuminous matter, Al0:5
Lime, } 4 54-1
Carbonic acid, . . 445
Phosphate of lime, : 1-2
Alumina, ; 8 02,
1005 t

The scales on the outside of oyster shells, according to the
analysis of John, are composed of
Animal matter soluble in water with
common salt and trace of phosphates, } ¢

Ditto insoluble in water, : 3 10
Carbonate of lime, ! L . 87
1004

Though this in general is the structure of the mother-of-pearl
shells, yet there is a considerable difference between the propor-
tion of the component parts and the consistency of the albumi-
nous part. Some of them, as the common oyster-shell, approach
nearly to the patelle, the albuminous portion being small, and
its 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 analyzed by Hatchett, the membranes are
distinct, thin, compact, and semitransparent.§ Mother-of-pearl
contains

* Hatchett, Phil. Trans. 1799, p. 817, 1 Gmelin’s Handbuch, ii. 1477.
$ Chem. Schr. vi. 103. § Hatchett, Phil. Trans. 1799, p. 817.
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Carbonate of lime, 66
Membrane, ; 24

90*

Pearl, a well-known globular concretion, which is formed in
some of these shells, resembles them exactly in its structure and
composition. It is a beautiful substance of a bluish-white colour,
iridescent, and brilliant. It is composed of concentric and alter-
nate coats of thin membrane and carbonate of lime. The iri-
descence is obviously the consequence of the lamellated struc-
ture.t

It is said that the inhabitants of Ceylon have discovered a very
remarkable way of bleaching pearls that have become yellow.
They mix them with the seeds mingled with earth, with which
they feed their fowls ; the birds swallow the pearls ; the stomach
is opened in one or two minutes after, and the pearls are found
perfectly bleached. Were they left too long in the stomach,
they would doubtless be dissolved.f If this statement be true,
might not the pearls be bleached by steeping them in a very di-
lute muriatic acid for a minute or two.

Mr Hatchett found that what is called the bone of the cuttle
fish is exactly similar to mother-of-pear] shells in its composition.

From the comparative analysis of shells and bones, Mr Hat-
chett was induced to compare them together, and has shown that
porcelaneous shells bear a striking resemblance to enamel of
teeth; while mother-of-pearl shells bear the same resemblance
to the substance of teeth or bone; with this difference, that in
enamel and bone the earthy salt is phosphate of lime, whereas in
shells it is pure carbonate of lime,

* Merat-Guillot, Ann. de Chim. xxiv, 71.
+ Hatchett, Phil. Trans. 1799. { Jour de Pharmacie, xi. 175.

.
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CHAPTER VI.
OF CRUSTS.

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 substance, possessing the
properties of coagulated albumen; 2. Carbonate of lime;
3. Phosphate of lime. By the presence of this last substance
they are essentially distinguished from shells, and by the great
excess of carbonate of lime above the phosphate they are equally
distinguished from bones. Thus the crusts lie intermediate be-
tween bones and shells, partaking of the properties and consti-
tution of each. The shells of the eggs of fowls must be referred
likewise to the class of crusts, 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 ingredients, phosphate of lime
having been detected in them by these chemists.

Mr Hatchett examined the crusts of crabs, lobsters, prawns,
and cray 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 a much more copious precipitate of carbonate of lime.
On examining the crust which covers different species of echini,
Mr Hatchett found it to correspond with the other crusts in its
composition. Some species of star-fish yielded phosphate of
lime, others 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 Me-
rat-Guillot corresponds. From lobster crust he obtained,

Carbonate of lime, 5 g 60

Phosphate of lime, ; 14

Cartilage, : : 26
100*

¥ Ann. de Chim. xxxiv. 71.
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One hundred parts of cray fish crust contain

Carbonate of lime, ] 60
Phosphate of lime, : s ‘
Cartilage, . S 28

100*

John analyzed the shield or shell of the fresh water crab in
1811t and extracted from it the following constituents,

Cartilage, ¢ " ; : 333

Carbonate of lime, including a little common salt, } 610

iron, manganese, and colouring matter,
Phosphate of lime, 3 ; 3 5ué
1000

Lobster’s claws were subjected to analysis by M. Pagurus in

1823. He obtained

Animal matter, . 17:18
Carbonate of lime, A 6836
Phosphate of lime, ’ 14-06
99601
The shell of the lobster gave him
Animal matter, . 3 28°6
Soda salts, 1 3 3 16
Carbonate of lime, : 628
Phosphate of lime, 4 6:0
Phosphate of magnesia . 10
100-0
One hundred parts of hen’s egg-shells contain
Carbonate of lime, : 896
Phosphate of lime, : 57
Animal matter, . 4-7
100.0§

* Merat-Guillot, Ann. de Chim. xxxiv. 71.
1 Chemische Untersuchungen, ii. 49.

{ Schweigger’s Jour. xxxix. 440.

§ Vauquelin, Ann, de Chim. xxix. 6.
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CHAPTER VIL

OF ZOOPHYTES.

Many of the substances called zoophytes have the hardness
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 membrane or horn; but of these
very few only have been examined. Indeed scarcely any chemi-
cal experiments have been published on these interesting subjects,
if we except the 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 zoophytes are composed chiefly of three
ingredients : 1. An animal substance of the nature of coagulat-
ed albumen, varying in consistency ; sometimes being gelatinous
and almost liquid, at others of the consistency of cartilage. 2.
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