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ADVERTISEMENT.

THE work, of which the First Part is now presented to

the Reader, was originally designed to supply the
Students who were attending the Course of Lectures on
Chemistry at King’s College with a text-book to guide them
in their studies.

The present Part, on Chemical Physics, is devoted to
a subject upon which no elementary work has appeared in
this country since the publication of the excellent Treatise
of the late Professor Daniell, and in attempting to
supply what the author, in his own experience, has felt to
be a want, he ventures to hope that the result of his
labours may be found useful to persons beyond the circle
of his own immediate Class. Much new matter, which has
never yet been reduced to a systematic form, is now pre-
sented to the Student, particularly in the chapters on
Adhesion, on Heat, and on Voltaic Electricity.

It is proposed to complete the work in Three Parts.
The Second Part, which will be devoted to Inorganic
Chemistry, is expected to be ready by the end of the
present year; and the Third Part, which will embrace
Organic Chemistry, in the spring of next year.

As the author was originally a pupil of Professor
Daniell, and was subsequently, for several years, asso-
ciated with him as Lecturer on Chemistry, it has happened
that in some of the subjects treated of in this volume,
the thoughts and mode of arrangement resemble those
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vi ADVERTISEMENT.

adopted by that distinguished philosopher in his Intro-
duction to the Study of Chemical Philosophy.

The second edition of that work was published so far
back as 1843; and even if the work itself had not been
long out of print, the progress of science would have
detracted greatly from its utility as a text-book. The
adaptation of that work to the systematic teaching of the
present day would have involved changes of an extensive
character: moreover, every teacher who takes an interest
in the progress of his class has his own views and methods.
The Author, therefore, judged it better, after much con-
sideration, to bring out a new work, leaving untouched
that of his late Master, as the true exponent of his views
upon some of those branches of science which his re-
searches had contributed to advance and adorn.

The Author cannot omit to avail himself of the present
opportunity of expressing his obligations to his friend,
Mr. C. Tomlinson, for many valuable suggestions, and for
the warm interest which he has taken in the progress of
the work, but more especially for the devotion of no
inconsiderable portion of time and labour to the revision
of the proof sheets.

King's College, London, March, 18s5.
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10 CHARACTERS OF CHEMICAL AFFINITY.

cating the order of their affinity for any one element which is
placed at the head of the list. For example, in the first column
of the following table, several of the more important metals are
arranged in the order in which they exhibit a tendency to combine
with oxygen, the metal which stands at the head of the list having
the strongest affinity, that which stands second the next, and so on
to the one mentioned last, in which the affinity is the weakest :—

Oxygen. Sulphuric Acid.
Potassium, Baryta.
Zinc. Lime.
Iron. Potash.
Tin. Soda.
Lead. Ammonia.
Copper. Oxide of Zinc.
Mercury.

Silver.
Gold.
Platinum.

Similar tables may be formed, exhibiting the tendency of
compound bodies, such as bases, to combine with other compounds,
such as acids. In the second column of the foregoing table the
various bases are arranged in the order of their affinity for sul-
phuric acid.

VI. These experiments on the displacement of one metal by
another, further show that, although in combination, the properties
of the components are masked, and to all ordinary observation the
constituents have entirely disappeared, yet they really exist in the
compound, and can be again reproduced in their original form by
taking away the substance with which they had combined.

It is, indeed, a principle of universal application that, whenever
chemical combination occurs, no destruction of the bodies so
entering into combination ever ensues. However much the
materials may change their form, the weight of the new products,
if collected and examined, will be found to be exactly equal to that
of the substances before combination. The following experiment
shows that, even although the substance may vanish from our
sight, it continues to exist as a gas, which has the same weight as the
solid which furnished it. Into a glass flask 4 (fig. 2), of about 250
cubic inches capacity, and which is provided with a brass cap and stop-
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TABLE OF EQUIVALENT NUMBERS.

Table of Elementary Substances with their Equivalents and

Symbols—(Continued).
Element, ’ 8ym-| Equivalent Number. |  Compounds with Oxygen, &.
=1 | O=100
Manganese Mn| 3757 | 34468 Mng(::l’egl“k oxide of man-
Mer Hg | 100’10 1251°3 Hg, Cl, calomel
(chznrgymm) & 5% Hg’Cl, corrosive ‘sublimate
Molybdenum M | 4769 | 5961 ,» molybdic acid
-~ Nickel Ni | 29'54 | 369'33 | Ni O, protoxide of nickel
Niobium Nb
Nitrogen N | 14 175°06 | N O, nitric acid
Osmium Os | 99°41 ([1242°62 i}os g},‘.l;olatﬂe oxide of os-
Oxygen (6] 8 100° O, water
Palladium Pd | 5324 | 66547 | Pd O, oxide of palladium
Phosphorus P | 3202 [ 4003 (PO, phosglhoric acid
Platinum .- |Pt| 9856 (1332708 | Pt Cl, bichloride of platinum
Potassium (Kalium) (K | 3896 | 487 KNO, li;ash Reo. CL. doubl
Y . . a + , double
Rhodium Ro| 5216 | 65196 {R chlorids with cilédi"lén '
Ruthenium Ru| 211 | 651°39 L u’mth'énis:;:lm onde o
Selenium Se | 3962 | 495°28 | Se O,, selenic acid
Silicon Si | 2136 | 269°00 | 8i O,, silica
Silver (A;%entum) Ag | 1080 |[1350° Ag dl, chloride of silver
Sodium (Natrium) Na| 322797 | 28717 | Na O, soda
Strontium Sr 4%'84 548'02 | Sr O, strontia
Sulphur 8 1600 | 2000 |8 O,, sulphuric acid
Tantalum, or Colum- } s Ta O, tantalic acid
Tellurium Te | 6408 | 80176 | Te O,, telluric acid
Terbium Tb
Tﬁorinum Th | 5 ‘go 743.86 | Th O, thorina
Tin (Stannum) Sn sg' 2 | 73529 | Sn O,, tinstone
Titanium Ti | 24712 | gor'ss |TiO,, titanic acid
Tungsten (Wolfram) | W | 94'64 .|[1183'3 | W O,, tungstic acid
Uranium U | 6oo gso'o U, O, uranic acid
Vanadium V | 6846 5584 | V O,, vanadic acid
Yitrium Y Y O, yttria
Zinc Zn | 3352 | 406’59 |Zn S, blende
Zirconium Zr | 3358 | 41973 | Zr, O,, zirconia®

(13) The chief value of a table such as the foregoing, arises
from the circumstance that, as already mentioned, it not only

* The student should commit to memory the chemical equivalents of those

bodies on the hydrogen scale, which are not prin

ted in italics. A short

summary of the principal data upon which this table has been constructed
will be given after the special description of the metals has been completed.
Those elements to which no equivalent numbers are attached, have been too
incompletely studied to enable the chemist to assign their combining propor-

tions.
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familiar to all. 'To expedite the acquisition of this knowledge, the
student will find it advantageous to exercise himself in the expression
of chemical changes by symbols, whenever the opportunity occurs,
until he is thoroughly acquainted with their signification and use.
The reaction between nitrate of baryta and sulphate of potash
(13), might be expressed by symbols in a single line, which, if
the equivalent numbers of the elements concerned were fixed in
the memory, would convey all the information of & minute descrip-
tion, thus—

Sulphate of potash. Nitrate of baryta. Sulphate of baryta. Nitrate of potash.
—_——— —t —_———
KO, SO; + BaO NOs yield BaO, SOy + KO, NO;

CHAPTER 1II.

WEIGHTS AND MEASURES—SPECIFIC GRAVITY.

(16) Weights and Measures.—The foundation of all accuracy in
experimental science consists in the possibility of determining with
exactness the quantity and the bulk of those substances which are
submitted to examination. In the force of gravity we possess an
unvarying standard of comparison. A pound weight, for example,
at the same spot of the earth’s surface, is invariably attracted
towards the earth with the same force, so that its weight is uni-
formly the same at that spot.

The force of gravity diminishes slowly from the pole to the
equator. A mass of matter which would compress a spring with a
force equal to that of 194 lb. at the equator, would act upon it
with a force of 195 lb. at the poles. This difference would not,
of course, be perceived in the ordinary mode of weighing by the
balance, as both the weights and the body weighed would be simi-
larly and equally affected.

The common process of weighing consists in estimating the
force with which any given mass is attracted towards the earth, by
comparison with other known quantities of matter, arbitrarily
selected for the purpose ; consequently, the weight of a body is the
expression in terms of the standard so selected, of the amount of
force which is exactly required to prevent the body under exam-
nation from falling to the ground.
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the unit of capacity in this series a cube of a deci-
metre, or 3'937 English inches in the side; this is
termed a litre which is equal to 1-765 Imperial pmts
or rather more than 1§ English pints. The litre is
again subdivided into tenths, or decilitres, and hun-
dredths, or centilitres; and finally, the system of
weights is connected with both the preceding, by
- taking as its unit the weight of a cubic centimetre
of distilled water, at the temperature of 39°2 F.,
- it weighs 15433 English grains. The gramme, as
this quantity is called, is further subdivided into
tenths, or decigrammes; hundredths, or centigrammes ;
and thousandths, or milligrammes; and its higher
multiple, 1000 grammes, forms the kilogramme.
The kilogramme is the commercial unit of weight,
and is something less than 2} lb. avoirdupois, being
— 15433 English grains. The litre, as it consists
of 1000 cubic centimetres of water, at 39°2, con-
] tains exactly a kilogramme of water, and is equi-
|, valent, at 39°2, to 61024 cubic inches English.

e I (18) The Balance—The familiar operation of
5 weighing, is for most part effected by means of the
05 balance.

This instrument consists essentially of an in-
flexible bar, delicately suspended at a point exactly
midway between its extremities, from which depend
the scale-pans; in one of these the weights, in
the other the objects to be weighed are placed. When the balance
i8 in equilibrio, the arms of the beam assume a direction perfectly
horizontal. The main points requiring attention are—1st, Equality
in the lengths of the arms of the beam; 2nd, suspension of the
lever just above its centre of gravity ; and 3rd, care that the fric-
tion at the points of suspension both of the beam and of the scale-
pans be reduced to a minimum. The points of support in delicate
balances are usually made of fine edges of hardened steel, which
bear against flat polished plates of agate. Provided the suspensions
be sufficiently delicate, it is easy to obtain exact weighings by means
of a balance the arms of which are not equal. For this purpose,
the material to be weighed is accurately balanced with shot, sand,
or any other convenient substance ; it is then removed from the
pan, and weights substituted, until the sand or shot remaining in
the other pan is again accurately counterpoised : the number of
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84 ELASTICITY OF SOLIDS AND LIQUIDS,

bent to a certain extent with a force of 10 lb., will be bent to
double that extent with a force of 20 1b.

All solids have limits to their elasticity, and there are very
few which are perfectly elastic, even within those limits; that is to
say, there are few bodies which perfectly recover their form after
having been stretched or compressed ; if compressed beyond a
certain point, they either set, and alter their shape, as is the
case with lead ; or they break, as is the case with glass.

The elasticity of glass and steel is, within the bounds of their
cohesion, almost perfect : that of caoutchouc, on the contrary, is im-
perfect; for, by frequent stretching, it becomes permanently
elongated.

Liquids possess a small, but very perfect elasticity, which
varies in amount in different liquids ; the densest liquids, in general,
being those which least admit of compression. The following
table exhibits some experimental results obtained on this subject by
Messrs. Colladon and Sturm :*

Compressibility of Liquids.

Temp. ° F. !Mgﬁmm::'n:h'nmﬁr:{mm vemn -
additional atm. | atmospheres. sibility.
Mercu 32° 53 1to 30 regular
Sulphurr{c Acid v 32. I, :136
Water v 51 3 I, 24 v
Acctic Ether v 1, 16 76 to 68
Oil of Turpentine v §3 1, 26 regular
Hydrochloric Ether 53° 1, 12 9 to 822
cohol » 93.5 I, 24 éztoS F
Ether . 145. 1, 24 146 to 138

One million parts of mercury, for example, was found by each
additional pressure of 15 pounds upon the square inch, to diminish
in bulk 5'3 parts. One million parts of water suffered a compres-
sion nearly ten times as great, being reduced more than 51 parts;
the pressure of the atmosphere being estimated on an average at
15 pounds upon every square inch of the earth’s surface.

Regnault has more recently determined the compressibility both
of water and of mercury with very great care. He considers the
results of Colladon and Sturm to be a little too high ; and estimates
the compression of mercury for each atmosphere at 3'5 millionths
of its bulk; whilst he found that of water to be equal to 47
millionths of its bulk.

® Ann. de Chimie et de Physique, II. xxxvi., 113, 325.
































































































































































































98 REFLECTING GONIOMETER.

centre of a graduated semicircle; one limb is fixed, forming the
diameter of the semicircle, the other is moveable on the pivot,
and crosses the fixed limb at its centre, as shown in fig. 40. The
external limbs of the compasses are pressed against the two planes
of the crystal, the inclination of which is to be measured, so that
they shall accurately touch those planes in directions perpendicul.a:
to the edge at which they meet; and the alternate and opposite
angle, which of course coincides with that of the crystal, is read off
in the degrees of the graduated arc.

(77) A far more elegant and accu-
Fie. 40. rate instrument is the reflecting
goniometer of Dr. Wollaston. Let
a b c d (fig. 40), represent a section
of the crystal to be measured. A
ray of light, i r, reflected as at r s,
from the surface of the crystal, forms
the radius of the arc which is to be
measured.  One plane, a b, of the
crystal, is brought into a fixed position with regard to the graduated
cil.'clc, and the inclination of the two planes a b, b ¢ is ascertained by
measuring the arc which the gra-
FiG. 41. duated limb of the instrument de-
scribes, in order to bring the
second plane, & ¢, of the crystal
into the same position as the first,
a b. The supplement, a b ¢,
of this arc, E b ¢ measurcs the
inclination of the two planes. The
angle may, however, be read off
at once, by attending to the fol-

lowing instructions :—

The instrument (fig. 41) consists
of a brass disk, @ &, supported ina
vertical plane, and graduated on
its outer edge to half degrees.
By means of a milled head, d,
this disk may be turned round in

its own plane; the angle through which it has been made to turn
is read off by a vernier, ¢, which is permanently fixed. The axis,
J, of the graduated circle is pierced by a second axis, attached to
the milled head, e, which is intended to give rotation to the parts

supporting the crystal, independent, when necessary, of the move-
ments of the graduated circle, a &.







100 SYMMETRY OF CRYSTALLINE FORM.

ing the small circular plate, e Now turn the gradunted circle
from you, by means of the middle plate, 4, until the image of the
bar reflected from the sccond plane is also observed to coincide
with the same linc.” (Brooke’s Crystallography, p. 30.) In this
position, the reading of the vernier gives at once the inclination of
the two planes to each other. It is almost superfluous to remark,
that the reflecting goniometer can only be applied in cases in which
the surfaces of the crystal have sufficient polish and brilliancy to
reflect the image of the line by means of which the angle is read off.

(78) Symmetry of Crystalline Form.—The study of the geome-
trical relations of diftferent crystalline forms to cach other belongs to
the science of crystallography. It will be sufficient for the present
purpose to indicate the general principle upon which the classification
of crystals is founded. This principle is the symmetrical arrangement
upon which every crystalline form is constructed. Symmetry, or a
complex uniformity of configuration (that is, similarity in the
arrangement of two or more corresponding forms round a common
centre), is the general law of creation, both in the vegetable and
animal kingdoms, and it at once attracts the noticc of every
observer.  The same law holds good still more rigidly, though not
30 obviously, in the constitution of every crystal. If one of the
primary planes or axes of a crystal be modificd in any manner, all
the symmetrical planes must be modified in the same manner.

The imaginary line which thus goverus the figure, and about
which all the parts are similarly disposed, and with reference to
which they correspond exactly, is termed the axis of symmetry in
a crystal. If a rhombohedron of Iceland spar be held with one of
its obtuse angles uppermost, the vertical line which joins that angle
to the opposite obtuse angle is the axis of symmetry of the erystal.
Each extremity of the axis is formed by the meecting of three planes,
each similar to the others, and all inclined to the axis at an equal
angle. If any internal molecular force produce the replacement of
any of the cdges of one of those faces, the same cause must act
with similar iutensity upon the corresponding edge of the other
faces, and produce a corresponding modification. The variation
thus introduced in the form of the crystal has a symmetrical cha-
racter ; and the alteration which is experienced by each of the
divisions of which the crystal consists is conscquently similar, three
in cach case.

There are, however, crystals that possess more than one axis
of symmetry ; and an arrangement of crystalline form, first pro-
posed by Weiss, and which is now universally adopted, is based
upon the relation which these axcs bear to each other. These
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(fig. 42, 5), exemplified by alum and magnetic iron ore; the tetra-
hedron (fig. 44, 3), somectimes seen in copper ; and the rhombie
dodecahedron (fig. 43, 3), as in the garnct and sulphide of cobalt.
Upon the geometrical relations of these forms, a single instance,
showing one of the simplest cases of such a connexion, will suffice.
From the cube may readily be deduced the three other allied
forms of the regular system. By truncating each of the eight solid
angles by planes cqually inclined to the faces of the cube, we obtain
the octahedron, in which the three axcs of the cube terminate in
the six solid angles of the figure, one of which consequently cor-
responds to the centre of each side of the cube. (See fig. 42.)

F1a. 43.

Passage of the Cube to the Octahedron.

By replacing cach of the twelve edges of the cube, we arrive at
last at the rhombic dodecahedron. (Fig. 43.)

Fra. 43.

a

A
L 4
;\

X

Passage of the Cube to the Dodecahedron.

By truncating the alternate angles, we obtain the fefrakedron,
as shown in fig. 44.

F16. 44.

Passage of the Cube to the Tetrahedron.
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as at 2. Similar differences exist in the two octahedra. The octa-
hedron is said to be direct, when the axes end in the angles,—
inverse, when they end in thc cdges. 3 represents a right
square prism, the axes of which terminate in the sides of the crystal.
In 4 the axes terminate in the edges of the prism; 5 is the
dircct octahedron, with its axes in the solid angles ; 6 the inverse oc-
tahedron, with the axcs in the edges. To this system belong ferro-
cyanide of potassium, cyanide of mercury, oxide of tin, and anatase.
In consequence of the absence of any fixed relation in length between
the principal axis, ¢ ¢, in the four different prismatic systems, these
prisins may vary in length indefinitely. Insome cases, the axis, c¢,
is so short that the crystal assumes the form of a flattened plate,
when it is said to be a tabular crystal ; at others it forms a long
prism of indefinite length. Even in the octahedron of the various
prismatic systems, the principal axis, ¢ ¢, is not always of the same
length in the same compound ; though in these various octahedra
the axis, ¢ c, always bears some simple ratio in length to those of the
other octahedra of the same body.

3. The Rhombohedral System.—In this systcm there are four
axes ; three of them, ea, aa, aa, are of equal lengths, are
situated in the same plane, and cross cach other at angles of
60° whilst the fourth, ¢ ¢, is perpendicular to these, and
may vary in length. The crystals of this class produce, in
a very marked manner, the effects of double refraction on
light. They have one axis, ¢ ¢, of single refraction; and by
the application of heat expand equally in two directions. A
section which passes through the principal axis, ¢ ¢, and any one
of the secondary axes @ a, is termed a principal section; in each
crystal of this system there arc threc such sections, corresponding
with the three sccondary axes, @ . In this system the principal
forms (fig. 47, 4) are the hi-pyramidal dodecahedron 3, (of which there

Fie. 47.

Rhombohedral System.

arc two varicties, according as the axes terminate in the sides of
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abab, 1, ca ca, 2, and ¢ b c b, 3, though all rhombic in
form, are each different in dimensions. The faces of the octa-

Fia. 49.

Right Prismatic System.

hedron are all similar, but the length of each side of its trian-
gular faces is different. To this class belong nitre, aragonite,
topaz, sulphate of baryta, and sulphur obtained by evaporation from
bisulphide of carbon.

5. The Oblique System.—The three axes of this system may
all be unequal in length ; two of them, ¢ ¢, a @, cross each other
obliquely (fig. 51, 2) ; the third, 4, is perpendicular to both the

Fia. s50.
1 2 3 4 5
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Oblique Prismatic System.

others ; generally there is no simple proportion between the lengths
of the different axes. The principal forms are the oblique octa-
hedron with a rhombic base 4, in which the axes are in the angles
of the crystal. The base of this figure is a rhomboid, 1, in which the
axes a a, b b, cross cach other at right angles. The section through
the two oblique axcs, a a, ¢ c, 2, is also a rhomboid, and it is termed
the principal section of the crystals. The axis, ¢ ¢, crosses the third
axis, b b, perpendicularly, and a section through these axes produces
the rhomboid shown in 3. The octahedron of this system is not per-
fectly symmetrical. The three sides forming its triangular faces are
unequal in length, and the faces are of two kinds. The two upper
front faces of 4, fig. 50, correspond to the two lower back faces, and
the other four faces are alike. Besides the oblique rhombic octa-
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of the angles will suffice to show considerable differences in the
length of the axes; and, in the case of the two oblique systems, in
the inclination of the axes to each other. But in these systems,
likewise, as well as in the regular system, cases occur in which an
exact, or almost exact identity in crystalline form, cven in these
respects, is found. In the larger number of these instances, as
Mitscherlich has proved, the chemical composition of the substances
which thus correspond in form is analogous. Bodics which possess
this similarity in form are termed isomorphous. The term isomor-
phous, etymologically considered, means equal or similar in form ;
but it is by most chemical writers restricted to such substances as ex-
hibit not only similarity in form,but at the same time, the analogy in
their chemical composition just alluded to. The diamond (C), mag-
netic oxide of iron (FcO, Fe,0,), and alum (KO, SO, + ALO,, 3 SO,
+ 24 Aq), all cerystallize in octahedra, yet they are not usually
cited as instances of isomorphism: but the spinelle-ruby (MgO,
Al,0,), magnetic oxide of iron (FeO, FeO,), and chrome iron ore
(FeO, Cr,0,), not only crystallize in the same form, but have a
constitution perfectly analogous, and are therefore truly isomor-
phous.  Mitscherlich, indeed, endcavoured to show that crystalline
form is independent of the chemical nature of the atoms, and that
it is determinced only by their grouping and relative position ; the
same number of atoms combined in the same way, always pro-
ducing the same crystalline form.

This statcment is not strictly true : the clementary bodies have
by no means all of them the same crystalline form ; and it is found
that cven when the chemical constitution is the same, though there
may frequently be a close similarity in the form assumed, yet a
careful measurement of the angles indicates differences in the length
or inclination of the axes. For example—the carbonates of manga-
nese, of lime, of magnesia, of iron, and of zinc, all crystallize in
rhombohedra ; but the corresponding angles of these several crystals
are all diffcrent, as the following table shows : —

Carbonate of manganese. . . . . 103° 0O
Calcarcous spar . . . . . . . 105° 5
Carbonate ofiron . . . . . . 107° O
Carbonate of magnesia . . . . . 107°25
Carbonate of zinec . . . . . . 107°40

These differcnces are in all probability partially due to differ-
ences in the crystalline arrangement of the elementary molecules
of some of the components ; and, as Kopp has shown, in the atomic
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ISOMORPHOUS GROTUPS.

when united with the same base, such as potash or soda, is not less

evident.
all have the same form .

Sulphate, scleniate, chromate, and manganate of potash,
and the isomorphism of the corresponding

phosphates and arseniates of soda is equally striking.
(82) The following table exhibits some of the more striking of
the groups in which the existence of isomorphism has been distinctly

ascertained :
ISOMORPHOUS GROUPS.
(4.) Elements.
I 2
Diamond Arsenic
Lead Antimony
Iron Tellurium
Copper
ilver |
Gold |
(B.) Compounds.
3 5
Alumina . Al O, I . 2 Eg. of Sulphur are
Sesquioxide of Iron . Fc.. 0_ | iﬂg&:ﬁf‘: m;lmo hoxl:a mﬂ: I
Oxide of Chromium . Cr, O, | Antimonid Eq. of Arsenic, or 1
Timenite . Fe'Ti, 0, i monides Eq. of Antimony.
4 | 6
Arsenious Acid . . AsO, i Potassium—compounds of
Teroxide of Antimony SbO, | Chlorine . e e
i Todine . KI
Bromine . KBr
| Fluorine . . . . KFl1

Acids in Combination, or Salts of the following Acids when united witk the
same base.

7 l
Phosphoric Acid (Tnbasw) PO, |
Arsenic Acid . . . As i

8
Sulphuric Acid |
Selenic . . Se! d :
Chromic . Cro,
Manganic Mnd

Molybdic Acid MO,
Tungstic W O
Columbic . TaO
Chromie (in the un-
usual form of Chro- » CrO,
mate of lead)
i 10
. Perchlorie Acid . Cl0,
Permanganic Acid . Mn, 0,

Bases in Combination, or Salts of the following bases when united with the

same Acid
It Iron (Protoxide of) FeO
Magnesia . MgO Manganese Do. . MnO
Time (in Cale hpm‘) CaO Cobalt Do. . . . CoO
Zinc (oxide of) . YANG) Nickel ])o . . . NiO
Cadmium Deo. Cdo Copper . CuO
Lead (in lenbo-mlmte) PbO
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afforded in iodide of mercury. When this body is heated, it
fuses, boils, and is converted into vapour, which condenses upon
the side of the tube as a yecllow crystalline crust, composed of
minute rhombic plates. The application of a slight mechanieal
force, such as a mere scratch upon a single point, changes the
form from the rhombic tables to an octahedron with square base,
and the change is rendered visible to the eye by the accompanying
substitution of a bright scarlet for the yellow colour.

Some substances are even trimorphous, that is, they crystallize
in three different systems. Both the seleniate of zinc (ZnO, SeO,
+ 7Aq) and sulphate of zine (ZnO, SO, + 7Aq), and the sele-
niate of nickel (NiO, SeO, + 7Aq) and sulphate of mnickel (NiO,
SO, + 7Aq), according to Mitscherlich, exhibit this peculiarity.
Sulphate of nickel crystallizes below 59° F. in right rhombic
prisms ; between 59° F. and 68° F. in acute square-based octahedra;
and when the temperature is abhove 86° F. in oblique rhombic
prisms. In the first case the crystals belong to the prismatic, in
the second to the pyramidal, and in the third to the oblique
system. If the right rhombic crystals be placed in the summer’s
sun for a few days they become opaque, but still retain the form
of the prism, which is found when broken to consist of a mass of
octahcdra.

It is not unlikely that the change of tenacity produced in
some of the metals by elevation of temperature, and exhibited in a
marked degree by zine, is produced by some modification of their
crystalline form under the action of heat.

The influence of temperature in thus subverting the direction
of the molecular forces under which crystals are formed, has as
yet scarccly been made the subject of systematic research; its
further prosccution, however, cannot fail to throw much additional
interesting light upon our knowledge of the operation of molecular
force.

(84) Allotropy.—Indcpendently of dimorphism, the particles of
many solids are capable of other modes of arrangement, which,
without altering the chemical composition of the body, yet produce
a very important modification of many of its properties, both
chemical and physical.

There appear to be four different conditions in which solid
bodics may exist. They may be—ist, crystalline, as diamond,
garnet, felspar; 2nd, vitreous or glassy, as glass itself, transparent
arsenious acid, and barley-sugar; 3rd, amorphous, or destitute of
crystalline form altogether, as tinder, chalk, or clay; 4th, organized,






















































130 REFRACTION AT INCLINED SURFACES.

the incident ray 1 L on entering this medium is bent towards the
perpendicular PP: on quit-

Fie. 59. ting it at B, it is bent from the
perpendicular Q P, and as-
sumes a course R S, perma-
nently deflected from its new
direction L v, and from its
original direction 1 x. This
deflection is always towards
the thick part of the prism.
By employing two such
prisms set base to base, the
. rays may be refracted to-
wards one common line,
where they would cross and
diverge; and by using a lens of glass (fig. 60), with two convex sur-
faces,which are segments of spheres, the incident rays r L R L, may be

F1a. 6o.
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caused to converge to a common focus, ¥; each portion of the
curved surface refracting the ray in the manner of a plane, T T, r¥,
T T, tangent to the curve at that particular spot or point of incidence.

(99) In the passage of light from a denser into a rarer medium,
as when light passes from glass into air, the obliquity of the re-
fracted ray increases as the angle of incidence increases, until at
length it becomes parallel to the common surface of the two media.
Light incident at an angle more oblique than this ceases to be re-
fracted ; refraction becomes impossible, and it is wholly reflected
within the denser medium. The angle at which this phenomenon
first shows itself is termed the angle of total reflection. In fig. 61,
let @ @ represent a plate of glass with parallel sides, » L » & perpen-















































































156 COLOURED RINGS OF POLARIZED LIGHT.

Rotation of the crystal on its own axis produces no change in the
tints or in the position of the cross.

Fi1e. 81.

-
L]

T

YV

The gencral explanation of these facts is not difficult :—
If » p (fig. 82) be
Fia. 82. a section of the inter.
posed plate, 1 the di.
verging polarized beam,
T T the tourmaline,
v U V W a section of the
screen on which the
image is received, it is
F + W obvious that the rays,
1v, which traverse the
plate p », parallel to
the optic axis, will suffer no change; but all the lateral rays, 1 v, 1 w,
which fall upon » » more or less obliquely according to their dis-
tance from the line 1 v, will be doubly refracted in opposite planes;
one of these rays will thus be retarded upon the other, and as
soon as they are brought into the same plane by the action of the
analysing tourmaline, they interfere, and give rise to the brilliant
colours which are observed. The formation of the cross is
occasioned by the absence of any change in the plane of polariza-
tion of those rays which traverse the principal section of the
crystal which either coincides with the planc of polarization, or is
perpendicular to it; these rays consequently do not interfere
when analysed by the tourmaline. The arms of the cross are
alternately whitc or black, according as the axis of the tourmaline

is parallel to the original plane of polarization, or is at right
angles to it.

N













160 COLOURED CIRCULAR POLARIZATION.

for the purpose of measuring the angular rotation of the eye-piece.
The cye-picce is then so adjusted, that when the polarized beam
becomes no longer visible, the vernier stands at 0°. Now, if thes
tube, o o, full of solution, be placed on the supports, a, B, so that ig
shall be traversed by the reflected ray, i d, light becomes visible tegy
the observer at »; but on rotating the eye-piece (to the right or t§
the left, according to the nature of the solution) the image agay
disappears ; the amount of the movement to the right or to the lag~s
expresses the amount of rotatory power exerted by the liqui\
under the circumstances.

An experienced observer usually substitutes the white light o
day for that of the red glass. In this case the zero is first adjusted g,
a particular violet tint, which, from the suddenness with which I
a slight rotation it passes into red on the one side, or into blm e
on the other, is the most fuvourable for accurate observation. Thahe
tube, with its liquid contents, is then interposed between the
polarizing mirror and the eye-piece, and the rotation is estimated
by the angular motion necessary to restore the violet tint. Dr.
Benee Jones has applied this process to the determination of the
proportion of sugar which has escaped fermentation in the different
wines of commerce. It is remarkable that the vapours of tur-
pentine and of some other liquids which exhibit the power of
circular polarization, display the phenomenon when seen through
very long tubes, though more fecbly than the liquids themselves,

(121) Dr. Faraday has discovered a new modification of this
peculiar form of polarization which homogeneous transparent
solids and liquids assume, with various degrees of intensity, when
subjected to magnetic power of very exalted degree. Some of
these singular results will be more particularly described at a
future point (272).

The study of the chemical effects of light will be postponed
until after the chemical properties of the elementary bodies have
been described.

























168 EXPANSION OF LIQUIDS.

Volume at Volume at
Liquid used. 7a0 F. :26° F,
. below bodmg below boiling.
Ether . . e e . ' 0384
Terchloride of Silicon . . . . . 9393 9027
Chloride of Ethyl . . . . . . 9419
Formiateof Ethyl . . . . . 9430 gob4
Acetateof Ethyl . . . . . . 9424 9053
Acetate of Methyl . . . . . 9431 9003
1 Butyrate of Methyl . . . . . 9438 9075
Butyrate of Lthy( < e 9440 9005
Bromide of Methyl . . . . . 9438
Bromide of Ethyl . 9452 9091
{ Bichloride of Tin . . . .. 9475 9130
Terchloride of l’hosphorus .. 9484 9157 .
{ Todide of Methyl . . . . . . 9494 | 9163
Iodide of Ethyl . . . . . . 9514 9187
Wood Spirit . . . . . . . . 488 9153
Dutch le)quid e e e e e 3499 9171
Fousel Oil . . e e . 9503 9192
Bisulphide of Carbon . . . . 9521 9201
Alcohol . . e e 0 e e 9536 9225
Sulphurous Ether . . . . . 9536 9215
Bromine . . c e e 9547 9247
Bichlorido of Titanium . . . . 95) 3 9247
Terchloride of Arsenic . . . . 9500 9250
Bromide of Elayl . . . . . . 9562 9204
Bromide of Phosphorus . . . 9621 9353
Terbromide of Silicon . . . . 9627 9340

The expansion of the different liquids used in these experiments
was determined by inclosing in tubes similar to those employed for
thermometers, known bulks of the liquid at a particular tem-
perature, and measuring the expansion experienced in each
case, making the nccessary correction for the dilatation of the
glass envclope. In fact, a number of thermometers were
prepared, in each of which one of the various liquids under
experiment was substituted as the cxpansible material in place of
mercury.

In comparing corresponding compounds obtained from wood-
spirit and from alcohol (two homologous organic liquids), a
remarkable parallelism in their rates of expansion has been observed.
The acctates of oxide of ethyl and of methyl correspond closely
with each other, and with the butyrates of the same substances.
Formiate of oxide of ethyl is isomeric with acetate of oxide of
methyl (that is to say, it is composed in 100 parts of the same
chemwical elements, in precisely the same proportions), and both
























176 PYROMETERS.

(134) Pyrometers.—Since the expansion of dissimilar metals
for equal additions of heat is unequal, it is evident that if
a compound bar, consisting of two such metals as brass and
steel, be formed by riveting equal plates of each metal
together, the application of heat would occasion curvature of the
bar; the concavity being upon the side of the steel, the metal
which expands least. On this principle, a very delicate solid
thermometer has been constructed by M. Breguet. It con-
sists of a compound ribbon of three metals, platinum, gold, and
silver, which are rolled out into a very thin lamina and coiled
into a cylindrical spiral, to the lower extremity of which an index
is attached, the upper end of the spiral being fixed. The silver
expands much more than the platinum, so that the coil twists
and untwists as the temperature rises and falls. The value of the
degrees is ascertained by comparison with a standard thermometer.

For the estimation of high degrees of temperature, such as the
heat of furnaces, and the fusing points of many metals, instruments of
a different description, usually termed pyrometers, are required.
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242

TENSION OF VAPOURS.

Tension of Vapours at equal distances from the Boiling Points

of the Liquids.
Number of REGNATLT. Ure. Une. ' Marx. AvoGADRO.
d.‘,lov,_. o,l." ’ Water. Spﬂg.hg!h 13. Ether. ISulphide Carbon.] Mercury.
below |
iling. | T Py . . Press. | T . | Pre«s. ; T\ . | Presa. | T . | Prese.
SFY | Tches. | SFF Tnchen. | ST Inches. | © F. | Tnches.| ° F. | Inches.
+ 40 | 252 | 6314 | ! |
+ 30 | 242 |52°90 | 134 | 50°9 |
+ 30 | 232 | 44706 . 124 | 42°64 137 |40°'19 !
+ 10 222 | 3647 | 183 ‘3700 114 | 352 | 127 3560 I
Bl;);};:g 212 | 30°00| I73 - 30°00 104 | 3000 | 117 | 2987 | 680 | 30%00.
— 10 202 | 24°50| 163 ! 24°20! 04 I 24°70 | 107 | 24°91
—a20 (192 1987|153 |19°30| 84 |20°00| g7 | 2068
— 30 182 |16'00| 143 ,15083 74 |16'10| 87 |17°00
—40 | 172 |1278! 133 '1160| 64 1300l 77 [1389
— 50 162 | T10°12 | 123 875 | =4 | 10°30 67 [11°27| 630 | 198§
— 6o 152 7°94| 113 | 670, 44 ' 8'10| &7 9'07
— %0 142 6-18 | 103 490 34 | 620| 47 724
—80 132 | 467 93 367 37 | 573
—o9o |r122 | 363 83 | 273 27 | 4'49| 590 | 14708
Fie. 114. The increase of elasticity produced by heat

in those vapours which are in contact with the

. liquids by which they are furnished, indicates also

a corresponding increase in their density: the
one may, in fact, be calculated from the other.
When the temperature is reduced, the elasticity
falls, and a portion of the vapour is condensed.
There is, indced, for every vapour a maximum
density for each temperature which, when the
liquid is in contact with the vapour, is speedily
attained, but which cannot be surpassed, no mat-
ter how much the pressure to which the vapour
is subjected may vary ; an increase of pressure
immediately condenses a part of the liquid that
had evaporated, and a diminution of pressure is
attended with immediate volatilization of a
fresh portion of the liquid ; consequently a cubic
inch of vapour of any particular liquid at any
given temperature, is always of the same elas-
ticity, and possesses the same weight. If s
small quantity of ether be thrown up into the -
vacuum of the barometer tube, represented in

fig. 114, the length of the column of mercary,

a b, above the level of that in the bath, will











































256 EXPANSION OF LIQUIDS AND VAPOURS UNDER PRESSURE.

least 242. Water was found to become gaseous in a space equal to
about four times its original bulk, at a temperature of about 773°
(that of melting zinc). So great was the solvent power of water
on glass, at this high temperature, that the addition of a little
carbonate of soda was necessary to diminish the action on the glass,
which frequently gave way until this expedient was adopted. As the
vapours cooled, a point was observed at which a sort of cloud
filled the tube, and, in a few moments after, the liquid suddenly
reappeared.

It will be scen from the subjoined table, that even after the
liquid has wholly disappeared, the increase in the clastic force of
the vapour, as the temperature rises, is as rapid as before it had all
volatilized, and indeed it continues to increase in a proportion far
greater than that which would be produced in air by an equal ele-
vation of temperature. Atmospheric air, under a pressure of 37°5
atmospheres at 302° F., would, at 392°, exert a force of 63, and at
500" of 73 atmospheres, whereas the corresponding pressures with
ether were 86°3 and 130°9 atmospleres.

Cagniard de Latour's Experiments.

i Ether. Bl’s‘.‘}.’m’ of
Temge;‘n.ture v Volm;:;,ll :sl.iquid— 4 \'olu;n;e,p::t l'i:luid _"olur:e;i.liquid
, 88 vapour 30 parts. | as vapour 20 parts. | as vapour 30 parts.
| Preasure in Pressure in B Presaure in
atmospheres. atmospheres. atmospheres.

176 56 42
194 79 55
212 106 140 79
230 12°9 17°5 10'0
248 180 22°5 130
266 22°2 285 10°5
284 283 350 20°2
302 37°5% 42°0% 242
320 485 50'5 28'8
338 59° 580 336
356 68 635 40°'3
374 780 660 47’5
392 86°3 795 572
410 92°3 74 66'5*
428 104°X 8 g7'8
446 1129 I 9°2
464 119°4 8s 98°9
482 1237 89 114"
500 130°9 94 129°
518 1355

* At this point the liquid had entirely disappeared as vapour.






258 LIQUEFACTION AND SOLIDIFICATION OF GASES.

Fia. 121,

420 00 S0 6 0 3 o0 I 4 60
20 o — .
Q B o o o [ |
180 g00 80 @0 0 20 o 0 40 60 50

1. Fluoride of Boron. ! 6. Hydriodic Acid.

2. Carbonic Acid. g Ammonia.

3. Hydrochloric Acid. . Cyanogen.

4. Sulphuretted Hydrogen. 9. Sulphurous Acid.

5. Arseniuretted Hydrogen. . Protoxide of Nitrogen.

10
11. Olefiant Gas.

Mr. Faraday remarks, that as far as his observations go, “it
would appear that the more volatile a body is, the more rapidly
docs the force of its vapour incrcase by further addition of heat,
commencing at a given point of pressure; for all these, for an
increase of pressure from two to six atmospheres, the following
number of degrees require to be added for the different bodies
named :—Water, 69° F.; sulphurous acid, 63°; cyanogen, 64™5;
ammonia, 60°; arscniurctted hydrogen, 54°; sulphurectted hydrogen,
56°5; muriatic acid, 43°; carbonic acid, 32> 5; nitrous oxide, 30°”




















































































































































































318 MAGNETIC ACTION OF THE CONDUCTING WIRE.

ribbon, such as is used in Breguet’s thermometer (134), part of the
chain of communication between the plates. If a portion of the
wire be sufficiently reduced in thickness, visible ignition of such
portion may even be produced. Indeed the quantity of heat given
out by the connecting wire may be employed as a measure of the
amount of force which it is transmitting.

(221) Action of the Conducting Wire on the Magnetic Needle.
—Another remarkable proof of the activity of the wire which
connects the two mectallic plates, is exhibited in the peculiar
influence which it exerts over a magnetic necdle freely suspended ina
direction parallel to the wire. Such a needle tends to place itself
at right angles to the wire. If the wire and the needle be previously
arranged in the magnetic meridian, the amount of deviation in the
ncedle affords a comparative mecasure of the force which is conveyed
by the wire, as the necdle ultimately assumes a position of
equilibrium betwcen the directive power of the earth’s magnetism
and that of the wire (252).

The movements of such a magnetic needle afford one of the
most delicate tests of the development of galvanic electricity, or
of clectricity in motion. It will therefore be necessary to examine
the direction and nature of thcse movements.

The dircction of the ncedle under any circumstances may
easily be calculated by recollecting the following rule :—When
the wire is placed in the magnetic meridian, with the end
connected with the zinc plate towards the north, and the needle
is placed below the wire, the marked end will deviate westward.
‘When the wire is below the needle, the marked end will move
towards the east. The first effect is shown in fig. 165, 1; the
second in 2. On reversing the attachment of the wire to the

F1e. 163.


































ELECTRO-CHEMICAL ORDER OF THE PRINCIPAL ELEMENTS. 329

sferred to the conducting or negative plate, and constitutes the
tro-positive constituent.

The elementary bodies have indeed been classified upon this
ciple into electro-positive and electro-negative substances;
rogen and most of the metals being the electro-positive ;
gen, chlorine, and other substances of this nature being electro-
ative. In the following table the more important of the
aents are arranged in the electro-chemical order on the au-
ity of Berzelius. It has been remarked that the more strongly
tro-positive metals crystallize in forms belonging to the
ilar system, whilst generally the non-metallic elements, and those
als which are most electro-negative, crystallize in other forms.

Electro-chemical Order of the Principal Elements.

Electro-negative. ' Gold
Oxygen | Platlm}m
Sulphur ‘Palladmm
Selenium Mercury
Nitrogen Silver
Fluorine Copper
Chlorine Bismuth
Bromine 'f;md
Todine ea
Phosphorus gaﬁ:ll:um
Arsenic 0
Chromium Nickel
Vanadium Ix:on
Molybdenum Zinc
Tungsten | g::ﬁ::ﬂe
g::}(::n | Aluminum
Antimony Magnesium
Tellurium Calcium
Titanium ’ ]S;:r(?ntmm
Silicon : arium
Hydrogen. thlyum

! Sodium
: Potassium.
| Electro-positive.

It is probable that the order here followed is not exactly cor-
Fluorine, and chlorine perhaps, ought to stand at the head




















































































































































































































































































APPARENT REVERSAL OF THE DIAMAGNETIC CONDITION. 421

(276) The following table contains a list of various substances
arranged in the order of their magnetic and diamagnetic powers,
as approximatively determined by Faraday:—

Magnetic Diamagnetic
Iron Bismuth
Nickel Phosphorus
Cobalt Antimony
Manganese Zinc
Chromium Silico-borate of lead
Cerium Tin
Titanium Cadmium
Palladium Sodium
Crown glass Flint glass
Platinum Mercury
Osmium Lead
Oxygen Silver

Copper
Water
Gold
Alcohol
Ether
Arsenic
Uranium
Rhodium
Iridium
Tungsten
Nitrogen.

/

It is worthy of particular remark that the same substance may
appear to be either magnetic or diamagnetic according to the nature
of the medium in which itis placed. If a glass rod be suspended
horizontally in a vessel of water, which is a strongly diamagnetic
body, it will point axially, like a rod of iron; whereas the same
rod, suspended in a solution of sulphate of iron, which is magnetic,
will point in the equatorial direction. In like manner a tube
containing a solution of sulphate of iron will in pure water seem
to be magnetic, while in a still stronger solution of the sulphate
it will act as a diamagnetic substance ; just as a soap bubble filled
with carbonic acid, which is heavier than air, will fall to the
ground, while if filled with hydrogen, which is much lighter than
the atmosphere, it will ascend.





















428 MUTUAL RELATIONS OF FORCE.

On the other hand, heat may be made to develop electricity ;
and the thermo-multiplier (267) of Nobili and Melloni shows that
the current of electricity which is produced is exactly propor-
tioned, ceteris paribus, to the amount of heat by which it is excited.
The ignition of solid matter shows that heat may elicit light
under favourable circumstances. It further appears that heat may
excite chemical action, and as it may also give rise to a current
of electricity, through that current of electricity it may produce
the development of magnetism.

Light may produce important chemical actions, but these
actions only in a few cases develop electricity, magnetism, or
heat. The definite connexion of light with the other forces
and the quantitative valuation of that relation still remains to
be brought out. Indeed, the subject appears to offer a field for
research, difficult, because as yet untrodden, though full of interest
and promise.

The reader who desires to pursue the subject of the mutual
relations of different kinds of force, is referred to an interesting
essay on the subject by Mr. Grove, entitled On the Correlation of the
Physical Forces. For further information on the other subjects
which have been treated of in this chapter, in addition to the
papers already quoted, the student is referred to the important
series of memoirs by Dr. Faraday, published during the last twenty-
five years in the Philosophical Transactions, part of which have
been reprinted in a separate form ; or to the Treatises of Becquerel
and De la Rive on Electricity and Magnetism.

END OF PART I.
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