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INTRODUCTION

IN delivering in Amsterdam my lectures on Chem-
istry, chiefly to students of medicine, I was confronted
by a double task: on the one hand to present the
systematic side of the subject with relative complete-
ness and entirely on an experimental basis, on the
other hand to show how the fundamental laws of
~ chemistry might be deduced from these facts. The
scheme of presentation which I adopted therefore
comprised two topics: the first included the considera-
tion of certain elements, the second was confined to
“a general summary.

I began with ‘¢ Matter from a Qualitative Stand-
point,’”’ water, oxygen, hydrogen, air, and nitrogen
supplying me with the necessary material; then came
the concepts, compound, mixture, element, and the
whole table of atoms; the halogens furnished the ma-
terial for the second topic, in the course of which the
laws governing weight were introduced, and in this
manner I continued until the vacation.

This was all very well, but nevertheless a book was

required. For the systematic side I indeed recom-
iii



iv

mended many, but for the theoretical side this was diffi-
cult, until as a welcome assistance this little book by
Van Deventer appeared. The author had attended
my lectures, had worked under me in the laboratory, had
pursued his studies still further, and had devoted con-
siderable time to the instruction of medical students.

But from a broader point of view it is indeed a
commendable task which the author has set himself
in presenting in his own way the subject of physical
or general chemistry to the students of medicine,
pharmacy and chemistry, without placing too great
stress on the physical and mathematical side of the
subject. A realm of science is concerned which in
recent years has proved extremely fruitful, a journal
especially devoted to physical chemistry having just
appeared in the New World, and from the corre-
sponding journal of the Old World a good word from
the pen of an eminent scientist will be quoted:

‘“ The prospective development of all sciences in
which chemistry plays a part, from geology to
physiology, including the whole of chemical tech-
nology, can be more readily appreciated at the present
moment than perhaps at any time previously; they
will all undergo a fundamental reform through the
application of the facts recently acquired through the
agency of general chemistry.”’

J. H. VAN'T HOFF.

AMSTERDAM, 1897.



AUTHOR’S PREFACE TO GERMAN
EDITION.

IN the book at hand the author has endeavorecé to
collect the most important results of physical chemistry
in such a manner that this important branch of modern
chemistry may be accessible to those who have not
made an exhaustive study of physics and mathematics.
The requirements of students of medicine and phar-
macy, as well as of elementary chemistry, have been
especially considered in the preparation of this work.

The author desires to express his sincere thanks to
Dr. Ernst Cohen, who has prepared the present edition.

CH. M. VAN DEVENTER.

BATAVIA, June, 1901,
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CHAPTER 1.
‘DEFINITIONS.

§ 1. Chemistry is the science which treats of the
conditions under which one substance of itself, or sev-
eral substances by reciprocal action, give rise to the
appearance’ of new substances. The province of
chemistry also. includes the description of the sub-
stances, as well as of the phenomena which accompany
the formation of new substances. :

§ 2. Substance or Matter is the name given in
chemistry to every homogeneous body, without refer-
ence to its form or state of aggregation.

An element is a substance which cannot be decom-
posed into other substances.*

A compound is a substance composed of two or
more elements; of the properties of the elements, the
weight only is retained in the properties of the com-
pound.

A mixture is a combination of substances in which
the essential properties of the substances are retained.

ReEMARK 1. The substances which are now called ele-
ments are relative elements—i.e., non-decomposable by any

* A tdble of elements will be found at the end of this book.‘.
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known forces. For the introduction of the conception re/-
ative element we are indebted to Lavoisier.

REmark 2. It is often difficult to plainly distinguish
the iimits between compounds and mixtures. The differ-
ence may be most clearly stated as follows : in a compound
the elements are indeed present as such, but are so influ-
enced by one another that the properties of the whole,
with the exception of the weight, are not equal to the sum
of the properties of the components ; also the behavior of
the compound towards other substances is in no way sim-
ilar to that of the free elements. In a mixture, however,
the mingled components may be considered as side by side,
each part retaining its characteristic properties, these prop-
erties being so little influenced by one another that the
components act upon other substances in the same manner
that they would act if entirely separate.

REMARK 3. Solid bodies often form from liquids and
produce solid figures enclosed by planes. Bodies of this
sort are called ¢rysta/s. They show certain regularities
upon which the systems of the crystals depend. They are
so divided into six groups that every crystalline chemical
compound is included in one of these groups.

Crystals grow by the addition of new layers of material
to the faces already existing. As a result of this process
the forms of crystals are not materially influenced by their
dimensions, but are dependent upon the angles between
their faces; since, by the paralle! extension of the plane
faces of the crystals, these angles remain unaltered. It is
always possible, by shifting the faces of a crystal, to reduce
it to' an ideal form in which a certain symmetry can be
detected. The degree of symmetry is dependent upon the
number of symmetry planes.

The position of the crystal faces is often expressed by
their intersections with certain aues taken in the crystal ;
these axes being chosen with direct reference to the planes
of symmetry.
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Each group of crystal forms in which an equal number
of symmetry planes can be detected is called a ¢rystal sys-
tem. There are six of these : with nine, with seven, with
five, with three, with one, and with no symmetry planes.

Solid substances which are not crystalline are called
amorphous.

Some compounds can, however, crystallize in more
than one crystal system ; such cases are usually dependent
on the temperature.



CHAPTER 1II.
FUNDAMENTAL LAWS OF COMPOSITION.

§ 3. The Law of Constant Weight (Lavoisier’s
Law). A system of matter on changing into another
system does not alter in mass (weight).

Differently jformulated. On chemical action no
mass is either lost or gained.—The weight of a sys-
tem of matter is independent of the chemical form.—
On chemical action the total weight of matter before
and after the reaction is the same.

REMmARrRk 1. This principle was dogmatically employed
by Lavoisier as a fundamental doctrine in experimental
chemical investigation. But only after his death, and
chiefly as a result of his efforts, was it introduced as a
fundamental law of all chemical teaching.

REMARK 2. From the law of Lavoisier, in connection
with the conception element, it follows directly that not
only the entire system, by a change in the chemical form,
does not alter in weight, but also eac/ element before and
after the reaction is present in exactly the same quantity.

§ 4. The Law of Constant Composition. The
composition of a compound is independent of the
method by which it is prepared.

Differently formulated. A compound, character-

ized by a definite number of physical and chemical
4
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properties, has an invariable qualitative and quantita-
tive composition.

Example. Alcoholisobtained by the fermenta-
tion of sugar in water. The same substance is formed
also from the oxidation of ethane, by the action of
ethyl iodide on an aqueous solution of potassium hy-
droxide, and by other reactions. The product, which
has a specific gravity of 0.792 and a boiling-point of
78°% is always of the same composition: 46 grams of
the substance contains 24 grams of carbon, 6 grams
of hydrogen, and 16 grams of oxygen.

Remark. This law was introduced by Proust at the be-
ginning of the present century.

§ 5. The Law of Multiple Proportions. When
two elements occur together in more than one com-
pound, then the different quantities of the one element
which are associated with the same quantity of the
other element, stand with respect to their weights in
proportions which can be expressed by ratfonal num-
bers. : :
Differently formulated. A fixed quantity of one
element so combines with dZfferent quantities of another
element that the ratio between the latter may be ex-
pressed by rational numbers.

Example. In the compounds methane, ethane,
ethylene, acetylene, benzene there are to every 12
grams of carbon respectively 4, 3, 2, I, and 1 grams
of hydrogen. In the substances ammonia, ammonium
chloride, nitric acid, methyl-amine, amido-benzene,
nitrotoluene, hydrazoic acid there are to every 14
grams of nitrogen respectively 3, 4, I, 5, 7, 7, and
$ grams of hydrogen.
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ReEMaRk 1. This law was discovered by Dalton in 1802.

The law of constant weight permits, following Lavoisier’s
example, of the expression of chemical reactions by means
of eguations, in which the substances in the initial state
stand on the left of the equality sign, and the products of
the reaction on the right.

Thus: Sodium hydroxide 4 Hydrochloric acid = So-
dium chloride - Water.

REMARK 2. Since each separate substance has a fixed
composition, a substance is often named from its composi-
tion. Substances are also denoted by a symbol, a formula,
which expresses their qualitative and quantitative composi-
tion. These formulas consist of letters which represent the
element and @ characteristic number belonging to it ; coeffi-
cients at the rear of the letters denote how many times this
characteristic number shall be taken. How these numbers,
the so-called afomic weights, are determined will be ex-
plained later.

The substance potassium chloride is represented by the
formula KCl; it contains for every 39 grams of potassium
35.5 grams of chlorine. HNO, is nitric acid, a substance
which in 63 grams contains 1 gram of hydrogen, 14 grams
of nitrogen, and 48 grams of oxygen.

When the formulas—frequently multiplied by a coeffi-
cient—of the substances which enter into a reaction are
assembled in an equation, an accurate idea is obtained of
the substances and the relative quantities in which they
enter into the reaction, and an exact expression for ¢z gual-
tlative and quantitative course of the reaction is secured.

The equation

KNO, + H,S0, = KHSO, + HNO,

states that by the action of sulphuric acid on potassium
nitrate each 101 grams of potassium nitrate requires for its
decomposition 98 grams of sulphuric acid, and as a result
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of this process 136 grams of hydrogen potassium sulphate
and 63 grams of nitric acid are formed.
From the equation

2H, 4+ 0, = 2H,0

it is seen that 4 grams of hydrogen combine with 32 grams
of oxygen to form 36 grams of water.

When the substances exist in the form of gas or vapor,
the formulae have a special significance which will be ex-
plained later (compare § 17, Rem. 3 and § 23).

REMARK 3. Berzelius was the first to represent elements
by letters, and compounds by combinations of letters, and
it was he who gave a quantitative significance to the latter.

The characteristic numbers now associated with the let-
ters by all chemists were first used about thirty years ago.

REMARK 4. A chemical equation, according to the law
of Lavoisier and the definition of an element, shall have the
same elements, and of each element the same quantity on
both sides of the equality sign. If the formulas of the sub-
stances in the initial and final state are known, correct
results are not always attained by writing the formulas on
both sides of the equality sign. Hydrogen and oxygen
react to form water, but the equation

H,+0,=H,0*

is Zncorrect. What shall be done in this case is quite evi-
dent ; since by writing

2H, 4- 0, =2H,0

the equation is made to conform with Lavoisier’s law.
But it is not always so simple to determine the correct

* Hydrogen and oxygen, as will be explained later, are not
denoted by H and O, but by H; and O,.
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coefficients, and in some cases careful consideration is re-
quired. Since the coefficients determine the conformity
of the equation with Lavoisier’s law, the law prescribing
only the equality of two quantities but not their absolute
values, it is evident that only the relative values of the
coefficients must be determined.

For explaining the method a special case will be con-
sidered.

When potassium manganate (K,MnO,) is added to a
considerable volume of water, potassium permanganate
(KMnO,), manganese dioxide (MnO,), and potassium hy-
droxide (KOH) are produced. The equation expressing
this reaction must have the following form :

K, MnO, 4 ¢H,0 =xKMnO, -} yMnO, -+2KOH.

From the definition of an element and Lavoisier’s law
the following equations must be true :

2K, = (x+2)K or p=x+z . . (a)
#Mn = (x4 y)Mn or p=x+y . . (%)
20,490 = 20,490,420 or - 4p4¢ = 4x42y+2.. (o)
¢H,=2zH or B8 s o= et ()

As is evident, there are five unknown quantities and only
four equations. But since, as already stated, the relation
only of the coefficients is required, the number of equations
is sufficient, and it is only necessary to choose some rational
value for one of the unknown quantities. If on carrying
out the calculation the values found for other unknown
quantities are fractions, the whole must be multiplied by
some suitable factor in order to reduce the coeflicients to
whole numbers. Jrrational quantities must not appear in the
results ; the equations must therefore be of the first degree
and the coefficients of the unknown quantities must be
rational.

If we now take z = 1, then from (). . . .g=1%
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By the combination of (¢) and (&) we obtain
—¢g=2y—2z and y=14#

From (8) and (@) p= z — y, that is p = 4.

Finally : from (2) $ = x + 1, which gives x = }.

If now all the results of the calculation be multiplied by
4,and be inserted in the equation of the reaction, we obtain

3K,MnO, + 2H,0 = 2KMnO, + MnO, + 4KOH.

More equations than unknown quantities cannot be ob-
tained ; but the case is not excluded where the number of
equations may differ by more than one from the number of
unknown quantities. For example, the reaction by which
potassium chlorate, on heating, forms oxygen, potassium
perchlorate, and potassium chloride:

#KCIO, = ¢KCl + 7KCIO, + O,

This gives for 2 independent relations 4 unknown quantities,
with which more than one system of values can be de-
termined. Experience has shown that the temperature de-
termines which system makes its appearance. The equa-
tions, however, are of the first degree and their unknown
quantities have whole numbers for coefficients, so that in
this case, also, only rational values can be obtained for the
unknown quantities.

1t is therefore always possible to represent a chemical reac-
tion by an equation in whickh the coefficients are whole num-
bers.

An important application of this rule will be given later
in § 23.

REMaRK 5. The fact must not be overlooked that the
quantities of the substances which appear in the equation
are only the portions which actually take part in the trans-
formation. In the equation

2K,MnO, + 2H,0 = 2KMnO, + 4KOH + MnO,
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but a relatively small quantity of water appears. It must
not be assumed, however, that this small quantity of water
is sufficient to cause the transformation ; since the equation
merely states that in the reaction referred to—and this
occurs only in the presence of much water—the given quan-
tity of water has changed into another form.

REMARK 6. The methods which have been given for the
determination of the proper coefficients usually lead to the
desired results. Nevertheless it is often simpler to refer the
chemical change to an imaginary reaction, the coefficients of
which can be immediately determined ; when the latter are
known it is not difficult to write the actual equation with the
proper coefficients.

The action of water on potassium manganate will be again
considered. K,MnO, is a derivative of MnO, ; with water
it gives KMnO,, a derivative of Mn,O,, and the peroxide
MnQO,. The imaginary change of the oxide is the forma-
tion of Mn,0O, and MnQO, from MnO,.

For this imaginary reaction the equation can be imme-
diately found :

3MnO, = Mn,O, 4+ MnO,.

3MnO, requires 3K,MnO, ; Mn,0O, assumes 2KMnO, ; 4K
remains, appearing as 4KOH, and therefore 4H,O is re-
quired.

Finally : The action may be divided into a series of
phases ; each phase can be represented by a simple reaction,
the equation for each phase written, and then it is only
necessary to combine the separate phases in order to arrive
at an equation which represents the initial and final states of
the reaction.

It is known, for example, that by the action of potassium
bichromate on alcohol there are formed aldehyde, potassium
sulphate, and chromic sulphate. It isaccordingly assumed :
that sulphuric acid and potassium bichromate give potas-
sium sulphate and chromic acid; that chromic acid splits
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up into water and anhydride ; that the anhydride oxidizes
alcohol with the formation of aldehyde and water, and
is itself reduced to chromium trioxide. These changes are
expressed in the following equations :

K,Cr,0, + H,S0, + H,0 = K,SO, + 2H,Cr0,;
2H,CrO, = 2H,0 + 2CrO,;
2CrO, = Cr,0, 4+ 30;
3C,H,0 + 30 = 3C,H,0 + 3H,0;
C1,0, + 3H,S0, = Cr,(S0), + 3H,0.

By addition, similar members being cancelled on both sides,
we obtain

K,Cr,0, + 4H,80, + 3C,H,0
= K,S0, + Cr,(80,), 4+ 3C,H,0 + 7H,0.

The disappearance—in the above addition—of so many
substances has not only a mathematical but also a chemical
significance. The division of the whole change into phases
is a purely mental operation, and the substances which occur
in this operation, but do not actually come into existence,
are not found in the final equation. The members of the
equation which disappear are all formulas of substances, the
existence of which is assumed in order to connect the equa-
tions with one another, and only those substances appear in
the final equation which can be identified in the initial and
final stages of the reaction.

Lroblems. The equations should be found which repre-
sent the following reactions:

1. The action of dilute nitric acid (HNO,) on copper
(Cu) causes the formation of copper nitrate (Cu(NO,),),
nitric oxide (NO), and water (H,0).

2. The action of concentrated sulphuric acid (H,SO,) on
copper (Cu) gives copper sulphate (CuSO,), sulphur dioxide
(S0O,), and water (H,0),
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3. Oxalic acid (C,H,0,) in the presence of dilute sul-
phuric acid (H,SO,) is oxidized by potassium permanganate
(KMnO,) to carbon dioxide (CO,) and water (H,0), while
potassium sulphate (K,SO,) and manganese sulphate
(MnSO,) are formed as secondary products.

4. Potassium bichromate (K,Cr,0,) on heating with con-
centrated hydrochloric acid (HCl) is decomposed, with the
formation of chromic chloride (Cr,Cl,), potassium chioridé
(KC1), and water (H,0).

5. Potassium iodide (KI) in neutral or alkaline solutions
is oxidized by potassium permanganate (KMnO,) to potas-
sium iodate (KIO,) with the formation of MnO, and KOH.

§ 6. Law of Constant Proportions. The elements
combine with one another in fixed relations by weight
and these relations are often retained when the same
elements appear together in combination with other
elements.

Example. Ethylene is composed of 6 parts
carbon and 1 part hydrogen. Carbon and hydrogen
occur in the same relation by weight in all other
hydrocarbon compounds of the ethylene series, also in
all fatty-acid, aldehyde, and dihalogen compounds of
ethylene; the latter containing in addition both oxy-
.gen and halogen.

200 grams of mercury combine with 32 grams sul-
phur, forming mercuric sulphide. The same quantities
are found in mercuric sulphate combined with 64 grams
of oxygen.

39 parts of potassium by combination with 35.5
parts chlorine form potassium chloride. In potassium
chlorate the same quantity of potassium is found com-
bined with the same quantity of chlorine and 48 parts
of oxygen.
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In connection with this law the following rules will
be given:

The same relation by weight existing between two
elements, combined with a third, is often observed
when the two elements combine with another element.

Example. 48 parts oxygen and 14 parts nitro-
gen, form a compound with 108 parts silver: 48 parts
oxygen and 14 parts nitrogen are also found in com-
bination with 31.75 parts copper, with 103 parts lead,
with 100 parts mercury, with 32.5 parts zinc, with
68.5 parts barium, with 20 parts calcium, with 39
parts potassium, with 23 parts sodium, with 1 part
hydrogen.

32 parts sulphur and 64 parts oxygen combine with
216 parts silver; an equal quantity of sulphur and
oxgen is found combined with 206 parts lead, 63.5
parts copper, 200 parts mercury, 65 parts zinc, 137
parts barium, 40 parts calcium, 78 parts sodium, and
2 parts hydrogen.

§ 7. Law of Equivalence of the Elements. In
many cases the elements can enter into combination
with one another according to fixed relations by weight.
The number of grams of an element which can replace
one gram of hydrogen is called the eguivalent of the
element.

Example. 1 gram of hydrogen combines with 8
grams of oxygen. But the hydrogen in combination
with 8 grams of oxygen can be replaced by 23 grams
sodium, 39 grams potassium, 20 grams calcium, 68.5
grams barium, g grams aluminium, 32.5 grams zinc,
31.75 grams copper, 103 grams lead, 100 grams

mercury.
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REMARK. The equivalence of an element can therefore
be determined from the quantity of it which combines with
8 grams of oxygen, or with such quantity of another element
as forms a saturated compound with 1 gram of hydrogen.

§ 8. Explanation of the Fundamental Laws,
Only the first three of the six laws given are indepen-
dent laws, stating something which is in itself unre-
stricted. The law of constant proportion and the law
of equivalence can be considered as special cases of the
law of multiple proportion. Nevertheless the formula-
tion of these special cases is necessary, since they make
clear the existence of important phenomena: and
without this formulation the important special cases
would perhaps be overlooked.

In order to express the fact ‘“ that an element fakes
the place of another in a compound,” the word substi-
tute is often employed. It is said “‘ that copper
chloride is hydrochloric acid in which the hydrogen has
been substituted by copper.” Relative to this it is
to be remarked that the substitution is not always di-
rectly practicable. Although it is possible without
difficulty to substitute the copper in copper sulphate
by zinc, by introducing a rod of zinc in the solution of
the copper sulphate, the reverse substitution does not
take place so easily and is attained only by a relatively
complicated chemical process.

It is possible, under certain conditions, fo effect
the substitution with quantities of the elements other
than the so-called equivalents. For example, a chlo-
rine compound may be obtained from hydrochloric acid
which in place of 1 gram of hydrogen contains,not 31.75
grams copper, but double that quantity. Especially
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in organic chemistry this circumstance has made the
determination of the equivalents very difficult,—since
here the question: which substitution quantity shall be
called #%e equivalent ? often arose,—and the complex
substitutions increased the difficulty of representing the
substances by universally valid formulae at a time
when the significance of equivalence was attributed to
the letters representing the elements. The subse-
quently developed atomic theory saves us the trouble
of deciding on the proper equivalent, and furnishes us
with a method of formulation which is not affected by
the uncertainty of the notation previously used. It
is true that atomic weight and the equivalence do bear
a certain relation to one another, but in each stage of
experimental chemistry there is for each element a
fixed atomic weight, while the significance of the cor-
rect equivalent may always vary.

§9. Gay-Lussac’s Law on the Combination of Ele-
ments in a Gaseous State. When a gaseous com-
pound is formed from gaseous elements, the volume of
a fixed quantity of the compound stands to the vol-
umes of the combining elements in a ratio which can
be expressed by whole numbers.

Example. Zwo liters of gaseous hydrogen chlo-
ride result from the combination of one liter of chlo-
rine and one liter of hydrogen. 7wo liters of water-
vapor can be decomposed into twe liters of hydrogen
and one liter of oxygen, and can be formed from the
same quantities. 7Zwo liters of ammonia-gas give
on decomposition #Zree liters of hydrogen and one
liter of nitrogen.

Remark 1. This law is a special case of a more general
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law discovered by Gay Lussac in 1808, which will be given
later in § 11.

REMARK 2. When substances in a gaseous condition are
compared with respect to their volumes, it is always assumed
that the pressure and temperature are the same in all cases.



CHAPTER III.
THE PROPERTIES OF GASES. .

§ 10. Law of Boyle-Gay-Lussac. Many sub-
stances, by heating or by a decrease of pressure, are
transformed into gaseous bodies; many others are gas-
eous at wormal temperature and normal pressure, i.e.,
at 15° C. and 760 millimeters of mercury. For most
gaseous bodies there exist certain limits, within which
for a certain quantity of substance the relation between
pressure, volume, and temperature is governed with
great exactitude by the following equation:

A A
T ea R

In this formula 7 is the volume of .a certain quan-
tity of the substance at the absolute temperature 7,
and P the corresponding pressure.

Example. 1 gram of hydrogen at o° C. and
760 mm occupies a volume of 11.16 liters; I gram of
chlorine a volume of 0.324 liters. €

* ¢ = temperature in centigrade degrees.
C = a constant,
17
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ReEMARK 1. This law is a combination of the law of Boyle,

R i S i e S C T on St 1)
with the law of Gay-Lussac (also called law of Charles),
0
Ve = 7, e ARt St (U c?nstant),

or

Ba=rtaVs <1 +~2%> .« + (& constant).

REMARK 2. The gases which conform to the above law
are called 7deal gases. Vapors can be considered as ideal
gases when they are at temperatures relatively far above
their condensation-points. If gases show a considerable
deviation in their behavior from the Boyle-Gay-Lussac law,
their closer investigation belongs to the field of physics.
In this book only the case of the so-called abnormal gas
densities will be considered. (Compare § 14.)

§ 11. Gay-Lussac’s Law on the Reactions of Sub-
stances in a Gaseous Condition. When gaseous
substances appear in a reaction, their volumes stand
to one another in most simple relations, which may
be expressed by whole numbers.

Example. Zwoliters of hydrogen combine with
one liter of oxygen to form fwo liters of water-vapor
(see Remark to § 12).—One liter of chlorine combines
with one liter of hydrogen to form #wo liters of hydro-
gen chloride.—One liter of methane with fwo liters
of oxygen gives one liter of carbon dioxide and 7we
liters of water-vapor.—1 gram of diamond combines
with 1.9 liters of oxygen to form 1.9 liters of carbon
dioxide.

REMARK. This law was deduced by Gay Lussac from



B

investigations carried out in 1808 and was proved by Hum-
boldt. Itincludes the law given in § 9.

§ 12. Gas Density. In chemistry the density of
a gas is compared with that of az7 or, more generally,
with that of /Zydrogen at the same temperature and
pressure. The relation between the weights of equal
volumes of a gas and hydrogen under the same condi--
tions shall, according to the law of Boyle—Gay-Lussac,
be the same for all temperatures and pressures. If the
volume occupied by a definite weight of a substance in
a gaseous condition at a definite temperature and pres-
sure is known, then the weight of one liter of the gas
under normal conditions (0° and 760 mm) can be cal-
culated by applying the Boyle-Gay-Lussac law. This
weight, expressed in grams, divided by 0.0896 gram
(the weight of 1 liter of hydrogen at 0° and 760 mm)
gives the gas density of the substance.

REMARK 1. The weight of a substance in a gaseous con-
dition at o° and 760 mm is often only a mathematical
Jiction, and this is true of those substances whose maximum
vapor pressure at o° is less than 760 mm. When it is stated
that one liter of water-vapor at o° and 760 mm has a
weight of 0.8 gram, this is not an actually true statement,
since water-vapor at a temperature of o° has a vapor pres-
sure of only 4 mm. The weight wou/d, however, be 0.8
gram if water-vapor could be compressed at o° without
condensing until a pressure of 760 mm was reached and
obeyed the Boyle-Gay Lussac law at this pressure. This
imaginary value is used since it allows all gases and vapors
to be compared directly with hydrogen, of which the weight
of one liter at 0® and 760 mm has been very accurately de-
termined, and since by this comparison the vapor density of
different substances may be readily obtained.
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REMARK 2. The specific volume of a gas is the volume of
1 gram of the gas, at o° and 760 mm, expressed in liters.
For hydrogen, for example, this value is

I

o.0896 liters = 11.16 liters.

REMARK 3. The knowledge of the gas densities is of
great importance in chemistry, not only because this is a
property of substances, but also because it has been shown
that relations exist between the gas densities and the
weights of substances which take part in reactions; also
relations exist between the vapor densities and the laws of
composition, and their most striking application is found in
the atomic theory, which will presently be considered.
(See § 14 ff.)

§ 13. Some Methods for Determining the Gas
Density.—General Principle. In order to calculate
the gas density of any substance—the weight of 1
liter of hydrogen at 0° and 760 mm being accepted
as already determined—there must be known: the
weight of the quantity of substance taken, its vol-
ume in the gaseous condition, and the pressure and
temperature at which the volume has been measured.
From these data the weight of 1 liter at 0° and 760
mm can be calculated. This principle is the founda-
tion of the following methods:

a. Regnault's Method. A glass globe, the capacity
of which is known, is weighed first evacuated and
then filled with the gas, at the temperature and pres-
sure of the surroundings. This method is especially
suitable for substances which are gases at ordinary
temperatures, and gives very accurate results.

b. Dumas’ Method. This is much used for liquids
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which do not have a high boiling-point. A small
quantity of the liquid to be examined is introduced
into a glass globe of known weight and capacity; this
is then heated in a bath, the temperature of which is
several degrees above the boiling-point of the sub-
stance. The liquid boils, the vapor escapes through
the narrow neck, and the air is driven out. Finally
the globe is filled with the vapor at the temperature of
the bath and at the atmospheric pressure. The neck
of the globe is sealed by fusion, the globe is removed
from the bath and again weighed.

| 4
‘,’

" REMARK. By certain alterations, this method may be
used also for very high temperatures, the glass globe being
replaced by one of porcelain. The Dumas method has
the disadvantage that liquids are often mixed with small
quantities of substances having higher boiling-points ; as a
result the impurities play an important part in the final
state.

¢. Gay Lussac’'s Method, modified by Hoffmann.
This is used for liquids having a low boiling-point. A
little flask, weighed first empty, then filled with
liquid, fused shut, and again weighed, is introduced
into the Torricellian vacuum of a graduated barometer.
The latter is surrounded by a jacket into which is led
the vapor of a boiling liquid. The substance is thus
transformed into vapor, the flask bursts, and the mer-
cury falls in the tube. The volume is then read off
by the graduations on the tube; the pressure of the
vapor is the atmospheric pressure minus the column of
mercury remaining in the tube; the weight is alr(.:ady
determined, and the temperature is that of the vapor
in the jacket.
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Meyer's Method.  (Air-displacement
Method.) In this method the volume of the vapor is

==

S

not measured directly, but the
volume of air displaced by the
vapor is determined.

A long glass tube ¢c, having an
elongated bulb on its lower end,
is provided with a side tube 4.
The jacket @, which surrounds the
greater part of the tube, contains
a liquid, the vapor of which on
boiling heats the part ¢ to a con-
stant temperature. The opening
e is closed with a stopper, while &
extends into a vessel filled with
water, in which stands the gradu-
ated tube f, likewise filled with
water. The liquid in a is heated
to boiling; the vapor surrounds
the bulb ¢; the air in the latter
expands and escapes through 4
until the expansion ceases. The
end of 4 is now brought under
the opening of fand, by remov-
ing the stopper, there is quickly
dropped into the tube through e
a little bottle containing a known
quantity of the substance the gas
density of which is to be deter-
mined, and the stopper is re-

placed immediately. The substance is now vapor-
ized in the lower part of the apparatus and a volume
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of air corresponding to the volume of vapor is dis-
placed; this volume of air escapes through the con-
necting tube & into /. When the substance is
completely vaporized the escape of air-bubbles ceases.
Now since the gas has displaced an equal volume of
air, the volume of the air is exactly equal to the
volume of the gas if this were to be cooled under
atmospheric pressure to the temperature of the room.
The volume of the air is suitably measured, the
pressure and temperature are noted, and the former is
decreased by the vapor pressure of water at the tem-
perature of observation. Aftef the weight, pressure,
temperature, and volume have been determined in this
manner, the weight of one liter of the vapor at 0°
and 760 mm can be readily calculated.

Example. In a gas-density determination by
Victor Meyer's method 0.184 gram of a liquid was
vaporized and at the end of the operation 37.5 cc
of moist air were obtained. The height of the
barometer was 752 mm, the temperature of the room
142165

What is the gas density of the substance ?

The total pressure of air and water-vapor is 752
mm. But since the vapor pressure of water at 14° is
12 mm, the pressure of the air must be equal to 740
mm. At o° and 760 mm the volume of the air is
accordingly :

It 740 L T
TSN T X sy T
and this is equal to the volume of 0.184 gram of the
vaporized substance at 0° and 760 mm. Therefore one
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liter of this substance at 0° and 760 mm has the
weight

0.184
1000 X 35 gram = 5.3 grams.
The gas density accordingly is 2 59.
0.0896

REMARK 1. When it is desired to determine the gas
density with only relative accuracy the Victor Meyer
method is usually employed ; in most cases a relatively
accurate determination of the gas density is sufficient for
chemical purposes.

As is evident from the description of this method, it is
not necessary to know the temperature of the bath, the only
requirement being that it be sufficiently high to effect the
complete vaporization of the substance under investigation.
If the tube ec is constructed of suitable material, this
method can be used for very high temperatures.

§ 14. Abnormal Gas Densities. Most gases and
vapors are so constituted that the volume occupied by
a given weight of the substance can be measured at
certain temperatures and pressures, and, after being
reduced to 0° and 760 mm, for the same substance
always give the same value. Each substance has a
corresponding gas density, independent of the tem-
perature or pressure at which the measurements are
conducted. This rule holds good for all substances
which within certain limits of temperature and pres-
sure obey the law of Boyle-Gay Lussac.

There are, however, certain substances, as nitrogen
dioxide and acetic acid, which behave differently;
their gas densities are dependent upon the tempera-
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tures and pressures employed. For such substances
there exists at low temperatures a maximum value for
the gas density, and at high temperatures a minimum
value, which does not alter on further increase of tem-
perature. These latter constant values are accepted
as the correct values for acetic acid and similar sub-
stances. Of certain other gases the density is con-
stant for a considerable range of temperature, but
decreases at still higher temperatures. Chlorine is
a gas of this nature. Especially noteworthy is the
behavior of sulphur, the gas density of which at 464°
is about four times greater than at 1100°, and which
suffers no change between 1100° and 1700°.

The anomalies just mentioned are called abnormal
gas densities. An explanation of this behavior will
be given in the following. (See § 17, Rem. 5. Comp.
also § 21, Rem. 3.)

§ 15. On the Nature of Gaseous Bodies. Mole-
cules. Atoms. In physics and also in chemistry the
following conception is employed: a gas consists of
a great number of very small particles moving in
straight lines through space. Each of these particles,
called molecules, has the same chemical composition
as the entire mass of the substance. If the gas is a
compound, then the molecule consists of hetero-
geneous parts, each of which is composed of a single
element. These parts are called azoms ; according to
our present knowledge of chemical phenomena the
atoms in a chemical or physical respect are not further
divisible. The molecules of gaseous elements are also
composed of atoms which in this case are similar to
one another. The volume of the molecules them-
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selves is small in comparison to the space in which
they move.

ReEMARK 1. The theory of the constitution of liquids
has not been so far developed as that of gases. Still less
work has been done on the molecular theory of solid sub-
stances. :

REMARK 2. The existence of atoms was assumed by
Demokritos as early as the fourth century B.c. Modern
chemistry is indebted chiefly to Laurents, whose work dates
from the middle of the present century, for the distinction
between the conceptions, atom, molecule, and equivalent.

§ 16. Avogadro’s Hypothesis. In equal volumes
of different gases at the same pressure and the same
temperature there is an equal number of molecules.

ReMARK 1. This hypothesis was enunciated by Avogadro
in 1811 and by Ampére in 1814, but was not recognized by
many chemists as the foundation of a system until the latter
half of the present century.

§ 17. Deductions from Avogadro’s Hypothesis.

a. Molecular Weight. The relation by weight be-
tween two equal volumes of different gases, under
similar conditions of temperature and pressure, is the
relation by weight between one molecule of the one
substance and one molecule of the other. If the
weight of one molecule of Zydrogen is assumed to be
2, then the weight of one molecule of other gases is
equal to their molecular weight.

The molecular weight is therefore a ratio, which
expresses the relation between the weight of one
molecule of a substance in a gaseous condition and
the weight of one half-molecule of hydrogen. The
molecular weight may a/so be defined as twice the
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quotient of the weight of one liter of the ‘substance,
in a gaseous condition at 0° and 760 mm, divided by

0.089g6 gram.

Briefly stated: The molecular weight of a substance
is equal to twice its gas density. (Comp. § 12.)

Remark 1. The indefinite number 2 taken as the mo-
lecular weight of hydrogen is not an experimentally deter-
mined value, but is a conventionally assumed one ; therefore
all molecular weights which are used in chemistry are only
relative numbers. The determination of the absolute mo-
lecular magnitudes belongs to physics ; chemistry for the
investigation of its problems requires only relative numbers.

REMARK 2. The molecular weight of only those sub-
stances which vaporize without decomposing can be deter-
mined directly. Comp. § 21, Rem. 3.

REMARK 3. The weight of one liter of a substance in the
gaseous state can be determined directly from the molecu-
lar weight ; it is equal to one-half of the molecular weight
multiplied by 0.0896 gram.

REMARK 4. The molecular quantity of a substance is the
number of grams of the substance, which contains the same
number of units as the molecular weight.

Often this quantity is also called a gram-molecule of the
substance.,

REMARK 5. Explanation of the Existence of Abnormal Gas
Densities. Substances the gas densities of which vary with
the temperature vary also in molecular weight. This may
be explained by assuming that the structure of the mole-
cules is more complicated at a low temperature than at a
higher temperature, and that on an increase in temperature
the structure becomes simpler. This explanation of the
phenomenon is supported by the fact that the specific heats
of substances with abnormal gas densities are very great and
are variable ; only a portion of the heat added goes to in-
crease the temperature ; the rest is used for breaking down
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the complicated molcular structure mnto a more simp.e one.

§ 18.

b. Atomic Weight. Theoretical and Experimertal
Definition. The atomic weight of an element is the
weight of one atom of the element with respect to a
half-molecule or one atom of hydrogen.

REMARK 1. An atomic weight also is only a ratio, L.e., a
relative quantity.

REMARK 2. In the table given in the back of this book
the unit taken for the atomic weights is, for certain reasons,
not the atom of hydrogen, but is one sixteenth of the atom
of oxygen. The value there given for the atomic weight of
hydrogen is accordingly 1.007. If all the atomic weights in
the table are divided through by 1.007, their values with re-
lation to one atom of hydrogen are obtained.

The atomic weight of an element is ¢ke greatest com-
mon divisor of the different quantities of this element
which are present in molecular quantities of its com-

pounds.
Example:
I. Compounds of oxygen.

Name. Molec. Quant. - Quant. of Oxygen.
(OReHI3T65 50 aodh 980G 6 2 32 32
Water - Rs s e = 18 16
Carbonic oxide........ 28 16
Carbon dioxide ....... 44 32
Sulphur dioxide....... 64 32
Sulphur trioxide....... 8o 48
Nifirictacideas e ov. fa 63 438
Arsenic trioxide....... 396 96

Greatest common divisor = 16 = atomic weight of
oxygen,
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II. Compounds of chlorine.

Clill orinetruE N REEa e s el 71
Hydrogen chloride.... 36.5 35.5
Methyl chloride ...... 50.5 35.5
Ethylene dichloride.... 99 781
Chloteforme st 119.5 106.5
Carbon tetrachloride,.. 164 142

Greatest common divisor = 35.5 = atomic weight
of chlorine.

REMARK 3. The existence of a greatest common divisor
is in conformity with the law of multiple proportion, but is
not deduced from it. If molecular quantities of different
compounds of the elements A and B all contain equal quan-
tities of A, then the law of multiple proportion requires that
there shall be a greatest common divisor for the correspond-
ing quantities of B. But the other condition is not con-
tained in the law. The existence of these greatest common
divisors, which are the virtual foundations of the atomic
weights, is not a circumstance which can be assumed from
any of the earlier mentioned laws, but is a fact derived
from experience.

It is evident that the atomic weight of an element must
be changed if a new compound of it is discovered, the
analysis of which leads to the finding of another greatest
common divisor.

REMARK 4. Other methods for the determination of the
atomic weight will be considered later. In these, however,
the truth of Avogadro’s hypothesis is accepted, so that the
results obtained by them in no way diminish the value of
the atomic weights obtained by the methods just described.
If the number of volatile compounds of an element is small,
much importance cannot be attached to the greatest com-
mon divisor, and other methods are required for determin-
ing and comparing the atomic weights.
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REMARK 5. To determine the composition of molecular
quantities of a substance it is not necessary to analyze these
quantities. The numbers are calculated from the percent-
age composition of the substance and from the gas density.

REMARK 6. The greatest common divisor here mentioned
is a number the accuracy of which is dependent upon that
of the molecular weight and also upon that of the gas densi-
ty. The latter is indeed not very great ; but the degree of
the number sought is determined by the greatest common
divisor, and with the knowledge of this degree the number
can be accurately determined, since choice can then be
made from a great number of possible values, all of which
may be determined with great accuracy. If the analysis of
pure hydrogen chloride shows that the substance contains
35.46 grams of chlorine to 1 gram of hydrogen, and the
molecular weight is found to be 36.5, then the atomic weight
of the chlorine can only be either 35.46 or a rational frac-
tion of this number. The greatest common divisor is, how-
ever, of the degree 35.5, and it therefore directly follows
that the accurate atomic weight is 35.46.

REMARK 7. The molecular weight determined from the
gas density is only approximately accurate. Since this is
the case, it also is corrected with the help of analytical data,
as will be described later (comp. § 21).

§ 10.

c. Number of Atoms in the Molecule. When the qual-
itative and quantitative composition, the molecular
quantity, and atomic weights of the elements of a
compound are known, the number of atoms in the
molecule can be easily determined. This is done by
dividing the quantities of the elements which are
present in the molecular quantity of the compound by
the atomic weights of the corresponding elements.

Example. The molecular quantity of ethyl
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alcohol is 46 grams; these 46 grams contain 24 grams
carbon, 6 grams hydrogen, and 16 grams oxygen.
The atomic weights of carbon, hydrogen, and oxygen
are, respectively, 12, 1, and 16. The ethyl-alcohol
molecule therefore contains 2 atoms of carbon, 6
atoms of hydrogen, and 1 atom of oxygen.

The molecular quantity of oxygen is 32. There are
accordingly 2 atoms in the molecule.

The molecular quantity of phosphorus is 124, the
atomic weight is 31; the number of atoms in the mole-
cule is therefore 4.

REMARK. Certain reactions lead to the determination of
the number of atoms in the molecule, without involving
the investigation of the molecular quantity or the atomic
weights. ;

One liter of chlorine and one liter of hydrogen combine
to form two liters of hydrogen chloride. If chlorine and
hydrogen were both monatomic gases, the total number of
molecules after the reaction had taken place would be only
half the number in the initial condition; and accordingly—
from Avogadro’s hypothesis—the volume of the hydrogen
chloride would be only half the entire volume of the react-
ing gases. If, however, it be assumed that chlorine and hy-
drogen, as well as hydrogen chloride, are composed of dia-
tomic molecules, then the number of molecules and also the,
volumes of the gases will undergo no alteration. It is a fact
that in the reaction mentioned no contraction in volume
takes place.

This may also be stated as follows: one liter of hydro-
gen occupies after the reaction a volume of two liters ; each
molecule has therefore split up into two halves.

Similarly to this may be viewed the formation of 2 liters
of water-vapor from 2 liters of hydrogen and 1 liter of
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oxygen, and also the decomposition of 2 liters of ammonia-
gas into 1 liter of nitrogen and 3 liters of hydrogen.

From these facts it can be assumed that hydrogen,
chlorine, oxygen, and nitrogen are not monatomic, but are
at least diatomic. Nevertheless such speculation does not
lead to positive conclusions; since theory and fact would
also agree if the number of atoms in the niclecule was
greater than two. It is therefore better to solve the problem
with the help of the molecular quantities and the atomic
weights.

§ 20.

d. Number of Atoms in the Molecules of the Ele-
ments. Many substances in the gaseous state are
diatomic, i.e., nitrogen, hydrogen, oxygen, chlorine:
W e 04, CL

Phosphorus-vapor at 1040° is P,, at still higher
temperatures it breaks up partially into P,. Sulphur-
vapor at the boiling-point of sulphur is S,, at higher
temperatures the molecules split up into molecules S,,
which are stable at the highest temperatures. Mon-
atomic are: potassium, sodium, zinc, cadmium, and
mercury: K, Na, Zn, Cd, Hg.* The gas densities of
the first four monatomic elements mentioned are de-
termined at very high temperatures, and their atomic
weights are not deduced from the molecular quantities
of the compounds, but are found in another way.

The vapor density of mercury is 100, while the
molecular quantity is 200. The volatile compounds
of this element which have been investigated all con-
tain 200 grams of this element in molecular quanti-

*1t is possible that the recently discovered argon is to be
counted among the monatomic elements.
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ties of the compounds. The number of these com-
pounds is not large, and from this it might perhaps
be doubted that mercury was in fact monatomic. But
the specific heat of solid mercury also leads to the
atomic weight 200 (comp. § 24), and the researches of
Kundt on the velocity of sound in mercury-vapor have
shown that the so-called factor of Laplace for this gas
is 1.67: according to the kinetic theory of gases, this
value for this factor belongs to a monatomic gas.

§ 21,

e. Deduction of the Molecular Formula of a Sub-
stance. The molecular formula of a substance ex-
presses by certain symbols its qualitative and quan-
titative composition, as well as the number of atoms
which, when the substance is in the gaseous state, are
present in the molecule.

These symbols have already been used in this book.
The elements are represented by letters, and each
symbol denotes not only an element, but also its
atomic weight. Furthermore, the formula gives the
gas density, since this is equal to one-half the sum of
the weights of the atoms.

The substance H,SO, for example contains to 2
grams of hydrogen 32 grams of sulphur and 64 grams
of oxygen; its gas or vapor density is 49.

The deduction of the molecular formula from ex-
perimental data will be illustrated by an example.

The analysis of acetic acid has shown that 100 parts
of this substance contain 39.9 parts of carbon, 6.7
parts of hydrogen, and 53.4 parts of oxygen. The
atomic weights are: C = 12, H = 1, O = 16. The
value 30.5 has been found for the vapor density.
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From the latter fact it is assumed that the molecular
weight is equal to about 61.

With the help of the atomic weights the relative
composition is determined in the following manner:

The formula must have the form C,H,0O, and the
substance therefore contains 12p parts carbon, ¢ parts
hydrogen and 167 parts oxygen. The quantities
stand in the proportion 39.9: 6.7 : 53.4, and the
formula CysH,:O,... represents the results of the

analysis. From this the formulas C,,,,H,,0,,, and
CH,,..0,,,. are derived. The latter may be rounded
off to CH,O.

The results of the analysis are accurately expressed
by the formula CH,O; but by this alone its correctness
is not established, since the formula C_H,,O, would
also be in agreement with the results obtained. All
that may be correctly assumed, therefore, is that the
substance has a formula of the form C_H,,O,.

A substance having this formula would give the gas
density 15x. By experiment the gas density was
found to be 30.5; therefore + = 2 and the formula of
acetic acid is C,H,O,.

This example illustrates what has been stated in §
18, Rem. 6, namely, that it is necessary to determine
the gas density with only relative accuracy. A value
is required which will decide by what factor the sim-
plest formula, in this case CH,O, is to be multiplied.

Therefore in order to obtain the molecular formula
from the experimental data, the following operations
are necessary: the percentage composition of each ele-
ment is divided by the corresponding atomic weight;

.
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the quotients thus obtained are made into round num-
bers; the imaginary gas density of the simplest formula
thus obtained is divided into the gas density deter-
mined by experiment; the quotient expressed in round
numbers is multiplied into the simplest formula.

Problems. An attempt should be made to solve
the following problems:

1. An organic compound has the following compo-

sition:
C = 351.0%
IR = a1
O =35

The gas density is found to have the value 22.7.
What is the molecular formula of the substance?
2. A hydrocarbon contains

92% of carbon
and 7.7% of hydrogen.

The gas density is 38.8. Determine the molecular
formula.
3. A substance contains in 100 parts

73.8 parts carbon,
8.7 parts hydrogen,
17.1 parts nitrogen.

The gas density is 80.2. Determine the molecular
formula.

REMARK 1. If the molecular quantity can be determined
by another way than by the gas density, it is likewise pos-
sible to arrive at the molecular formula.

The molecular formula gives the gas density and
the results of analysis, and in addition the number of
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atoms of each element in the molecule, but not the
grouping of the atoms. This arrangement of the atoms
must be shown, however, when two substances are
different and yet have the same molecular formula.
This condition occurs frequently in organic chemistry
and is called 7somerism. The representation of the
arrangement of the atoms in the molecule makes it
possible to express the behavior of the substance in
many reactions.

A formula in which the grouping of the atoms is
shown is generally called a constitutional formula; it
may also be called a structural formula; and while too
great importance must not be attached to such a for-
mula,—since not all reactions lead to the same con-
clusions with regard to the grouping, and the question
often arises as to which reaction shall determine z/4e
constitution,—in practical chemistry the need of such
formulas is very great, since they at all events express
many relations of the substances to one another.

Example. Ethyl alcohol and methyl ether are
isomers, the molecular formula for both being C,H,O.
The first of these substances is attacked by sodium
with the evolution of hydrogen and the formation of a
substance, sodium ethylate, whose composition is rep-
resented by the formula C,H,ONa. Sodium has no
action on methyl ether. If to the alcohol the struc-
tural formula (C,H,)OH be given, to the ether the for-
mula (CH,),0, then the chemical difference mentioned
as existing between the two bodies is expressed, and
according to these formul® an analogy exists between
alcohol, (C,H,)OH, and water, H,O, which explains
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the action of sodium. No such analogy is found in
the structural formula (CH,),0.

Acetic acid and methyl formate are isomers having
the molecular formula C,H,O,. By the action of
sodium on acetic acid one hydrogen atom may be
substituted by sodium; methyl formate, however,
allows no such substitution; on heating with sodium
it is decomposed and is transformed into methyl
alcohol and sodium formate. This difference in be-
havior towards sodium is found expressed in the
formulas C,H,0.0H for acetic acid and HCO.O.CH,
for methyl formate.

The separation of the atoms into groups is carried
still further, and ethyl alcohol, for example, is repre-
sented by

G=rH C=1THg
I I
C=H, and aceticacid by C=0.
N
OH OH

The meaning of the dashes in these formule will be
explained later (see § 22).

In the substances mentioned above it is sufficient to
show only the grouping of the atoms; but in many
cases this method of writing the formule is not
adequate to express the difference of the isomers, and
it is necessary to determine also the spacial relations
of the groups in the molecule, and to represent the
molecule as a figure of three dimensions, and not as a
flat figure, whose parts lie in one plane, for example
a piece of paper.

With this point in view Van’t Hoff and Le Bel have
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proposed (1877) a theory which makes it possible to
explain many important cases of isomerism and to
denote them by formule. One of the most important
propositions of this theory will here be stated and
explained.

There are cases where two substances have exactly
the same chemical properties and are both represented
by the same constitutional formula, but which differ
from one another in that in solution one of them
rotates the plane of polarization of polarized light to
the right, the other to the left, and both with an equal

_intensity. These phenomena are in accord with the

following rule: if in the constitutional formula for the
molecule of an organic compound a carbon atom—
combined with jfour dissimilar atoms or groups—
appears, then the compound is optically active, and
exists in two modifications, one of which rotates the
plane of polarization just as far to the right as the
other to the left.

Example. The following is the constitutional

formula of malic acid:
CO,H

|
HO—C—H

| ;

CH,

|

CO,H

The carbon atom of the a}cohol group HO—C—H is

a so-called asymmetric carbon atom; it is attached to
four dissimilar groups: (CO,H), H, (OH), and
(CH,CO,H); malic acid is therefore optically active.
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Tartaric acid has the constitutional formula

CO,H
i
i

do.n

In this substance there are therefore fwo asym-
metric carbon atoms; it is optically active.

As already stated, the presence of an asymmetric
carbon atom requires the existence of two active
modifications; ‘there appears, however, in addition to
the first two, still another—an inactive modification—
which is formed by the combination of the two active
modifications. An important example of this double
molecule—which is ordinarily formed when the sub-
stance is artificially prepared—is racemic acid, which is
inactive, and results from the combination of dextro-
and levo-tartaric acids. An inactive substance of this
nature can always be decomposed into its active con-
stituents.

There exists still a fourth modification of tartaric
acid, in addition to the two active compounds and
racemic acid, which, like racemic acid, is inactive, but
which can 7of be decomposed. Still this fact is not in
contradiction to the theory; since tartaric acid contains
fwo asymmetric carbon atoms, both having exactly
equal functions, the molecule being thus divided into
two exactly equal halves. Each half causes an exactly
equal rotation of the plane of polarization, and there-
fore the two, according to their geometric relations,
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may both rotate the plane to the right, or both to the
left, or each in an opposite direction.

In the latter case a compensation of rotation occurs,
and a molecule is obtained which cannot be decom-
posed although it is inactive.

The following is the explanation of the behavior of
active substances:

Van’'t Hoff represents an active compound by a
figure of three dimensions. The asymmetric carbon
atom is located at the centre of a tetrahedron, from
which point four forces are exerted towards the apexes
of the solid angles, and connect the asymmetric carbon
atom with the four groups situated at these apexes.
If the central carbon atom is actually asymmetric, then
the groups at the apexes of the figure are dissimi-
lar, and the substance has the formula C R, R, R, R,
which may be represented by the two following
diagrams:

These two figures are not the same; since it is not
possible so to superpose them that similar groups only
will come together. Further, neither one of them pos-
sesses a single symmetry plane; they are absolutely
asymmetrical. If, however, two of the four groups are
similar, a symmetry plane results, and the two figures
are then superposable.
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The representation of the molecule as a tetrahedron
makes it possible to denote the optical isomerism in
the formula. The correspondence of the structure
with the optical activity mentioned above is in so far in
accord with the observed facts, in that all active sub-
stances have been found to contain one or more asym-
metric carbon atoms. The theory is further supported
by the fact that solid bodies, which possess the power
of rotating the plane of polarization, appear in the
form of asymmetric crystals.

REMARK 2. A molecular weight exists, strictly speaking,
only for such substances as may be volatilized without
decomposition. The molecular weight is deduced from the
gas density, or else is determined by some other method—
i.e., from the osmotic pressure of solutions (§ 57, Rem.
4), or from considerations on the constitution. If the
molecular weight is unknown, the simplest formula which is
obtained by analysis is made use of, and this formula is
then nothing more than an expression for the qualitative and
quantitative composition.

REMARK 3. In the case of a number of substances whose
molecular weights are not determined from the gas density,
but are deduced from other data, the experimentally found
gas densities do not correspond with those calculated from
the molecular formulas. The molecular formula of am-
monium chloride, for example, is NH,Cl. From this the
gas density should be 26.75. In practice a number equal
to about one-half of this value is actually obtained. This
is due to the fact that ammonium chloride cannot be con-
verted into a gas without decomposition, but on volatilizing
splits up into NH, and HCl. One molecule of ammonium
chloride on vaporizing therefore forms two molecules,
which—according to Avogadro’s hypothesis—occupy a
double volume. In general this phenomenon will appear in
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the case of substances which on volatilizing split up into
simpler molecules.

If it is desired to include also these cases under abrormal
gas densities, then it may be said that the gas density of a
substance is abnormal when it does not correspond to the
molecular formula. (Comp. 14, Rem. 35.)

REMARK 4. Quite recently it has been possible to gain
an idea of the size of the molecules of liquids from a theoret-
ical inquiry into the phenomena of capillarity. It has been
found thatin the case of the molecules of liquids chiefly as-
sociation occurs—that is, the molecules of a liquid are gen-
erally complexes of molecules of the same substance in
gaseous form.

Associated are the liquid molecules of water, all alcohols,
glycols and organic acids, most ketones, propio-nitrile,
nitro-ethane, phenol, nitric acid, and sulphuric acid.

Non-associated, for example, are the liquid molecules of
Cs,, N,0,, SiCl,, PCl,, POC],, S,Cl,,SOCl,, SO,Cl,, Ni(CO),,
CsH;u CCI«’ C,H.I, CQHDSHY (C’H.),O, CCISCHO,

CHECH .0.% SCH?
HCOOCH,, CICOOC,H,, | sl U/ CHE
~— ~— COOC,H, COCl1

C.H,Cl, C,H,NO,, pyridine, quinoline.

It has been found also that the degree of association is
dependent on the temperature. In general on an increase
of temperature the size of the liquid molecule approaches
that of the gas molecule, and at relatively low temperatures
there exists in the solution an equilibrium between the asso-
ciated and the non-associated molecules. In the following
table the relation between temperature and association is
given for several substances:

—89°.8 C. +20°C. 100°C. 140°C. 200°C. 280°C,
Methyl alcohol.. 2.65 2.32 2.08 1.97 1.81
Ethyl alcohol.. 2.02 1.65 1.39 1.27 109 ....
WWIATET £ o A o oxets 1.64 1.41 Ty o) e R
Acetic acid.... ... A o ey S S O B L S
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Sulphuric acid at medium temperatures has the liquid
molecule (H,S0,),,; above 130° C. this breaks up into sim-
pler complexes.

§ 22.

f. The Valence of the Elements. The so-called
theory of wvalence has a direct bearing on Avoga-
dro’s hypothesis. If an investigation be made to
determine how many atoms of any one element will
combine with one atom of a certain other element to
form a saturated compound, it will be discovered that
the power of different elements varies in this respect;
this power is called the valence of the element; it is
measured by the number of hydrogen atoms with
which one atom of the element in question can com-
bine to form a molecule. :

Of equal valence or eguivalent are those elements
the atoms of which can combine with a similar number
of hydrogen atoms; equivalent are evidently also such
elements as combine with one another to form a com-
pound, one molecule of which contains a single atom
of both elements.

Univalent are, for example, chlorine, bromine,
iodine, since they form the compounds HCl, HBr, HI.
Bi- or di-valent are oxygen and sulphur: H,O, H,S.
Trivalent are nitrogen and phosphorus: NH,, PH,.
Tetra- or quadri-valent are carbon and silicon: CH,,
SiH,. Equivalent are chlorine, bromine, and iodine;
oxygen and sulphur; nitrogen and phosphorus; carbon
and silicon.

Under certain conditions the valence may also be
determined from the number of atoms of other wniva-
lent elements with which one atom of the particular
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element can combine. Elements having a valence
greater than one cannot in general be used for the de-
termination of the valence, since in the case of such
elements a mutual compensation of the valences may
take place. Further, such elements often have a
variable valence, i.e., the element appears in different
compounds with different valences.

In ferrous chloride (FeCl,) iron is divalent, in ferric
chloride (FeCl,) it is t77valent. From the formulas of
nitrogen dioxide (NO,) and su'phur trioxide (SO,) the
valence of the elements nitrogen and sulphur cannot
be determined with certainty.

If the theory of valence was a logically deduced
and sharply defined conception, it would be possible
to obtain a priori a knowledge of the valence of an
element from the formulas of its compounds. In prac- .
tice, however, the application of the theory is very
much affected by the existence of variable valences
and unsaturated compounds. Also, it is not in general
the rule that the highest valence of the element ap-
pears in its most stable compound. MnCl, is less
stable than MnCl, while ferrous compounds, on the
contrary, are readily oxidized to ferric compounds.
Only in the cases of the saturated compounds of C, O,
and H can it bé in general assumed that these ele-
ments are tetra-, di-, and uni-valent respectively, and
this fact alone makes it possible to determine the con-
stitution of a saturated organic compound from its
molecular formula.

The molecular formula C,H,O, for example, can be-
long to only fwe isomeric substances. The carbon and
the oxygen possess together ten valences, and of these



45

ten valences szr only are required to satisfy the six
univalent H atoms. If six of the valences of carbor
are saturated by hydrogen, there remain only 200 more,
which may be used by the oxygen, and this gives the
formula H,C.O.CH,, which is the formula of methyl
oxide.

But if one of the valences of oxygen is satisfied by
hydrogen (and in this case the oxygen cannot be com-
bined with zwo hydrogens), then the other valence
must serve to connect the oxygen to the carbon. This
latter element then uses five of its eight valences for
hydrogen, one for oxygen, and the remaining fwo
compensate one another, resulting in the formula
HO.H,C.CH,, the formula of ethyl alcohol.

Problems. 1. Determine the constitutional formu-
las of the saturated compounds the molecular formu-
las for which are C,H,O.

2. Determine the constitutional formulas of the sub-
stances having the molecular formula C,H,O,, noting
that in each of these compounds on¢ oxygen atom is
attached directly to carbon.

3. Determine the constitutional formulas of the sub-
stances with the molecular formula C,H O,, it being
understood that all of these contain the carboxyl
group OC.OH.

The valences, also called affinity units, are usually
represented by dashes which extend from the symbols
representing the atoms. Methyl oxide may be repre-
sented thus;

H H
H>C— O—CéH :
H/ AR S
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and ethyl alcohol thus:

/H

\H

/H

\O—H

In the case of unsaturated carbon derivatives (by

this expression it is meant that the valences of the
carbon atoms are not saturated), their state is denoted

by connecting the carbon atoms by two or by three
dashes.

/ H

AN C—H
For example, ethylene H ; acetylene |||

/H C—H

These relations, however, must not be confounded
with forces ; they denote nothing more than certain
unsaturated states, such as appear in the cases of
ethylene and acetylene. Also the expressions double
and #riple bonds never imply the actual existence of
forces, but signify merely a certain state of saturation.

The tetravalence of carbon is the basis of the stereo-
chemical theory of Van't Hoff and Le Bel. The
manner in which the unsaturated compounds are
represented in this theory cannot here be further
considered.

Nt

g. Theoretical Demonsiration of the Law of Gay-
Lussac on the Reactions of Gaseous Bodies. In § 3,
Rem. 4, it was shown how the coefficients of a
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chemical equation may be determined. It was evi-
dent that entirely rational values can always be ob-
tained for the coefficients, .and that every chemical
equation has the form

pABL-gCD+ ... =rAD+ sBC+. . .,

in which g, ¢, », s . . . are whole numbers.

Now if gaseous substances are represented in the
equation, it follows—since according to Avogadro’s
hypothesis each molecule occupies one volume—that
the volumes of these substances are to one another as
their respective formula coefficients; and, since the lat-
ter are rational numbers, the volumes stand to one
another in ratios which may be expressed by whole
numbers.

Problems. 1. One liter of methane, CH,, with the
required volume of oxygen, is burned completely to
carbon dioxide and water. What is the volume of the
oxygen and of each of the products of the combustion?

2. Ten grams of ethyl alcohol are burned in air.
What is the volume of the air required and what is
the volume of each of the products of combustion?
(Note. Air contains one-4ftbh ¢of axygen Ly volume.)



CHAPTER 1V.
THERMOCHEMISTRY.

§ 24. Law of Dulong and Petit. The product of
‘the atomic weight and the specific heat is the same for
all elements in a solid state; it is equal to about 6.4.

ReMARK 1. This law was discovered in 1818. It may
also be expressed as follows : The atomic heat of all solid
elements is a nearly constant quantity.

ReMark 2. The deviation from the value 6.4 is so great
for certain elements, namely, for C, Si, B, and Be, that
these cannot be included under the law of Dulong and
Petit. However, the atomic heats of these elements ap-
proach the normal value if these be measured at high tem-
peratures.

At ordinary temperatures : -

Element. At. Wt. Spec. Heat. Atomic Heat.
Beryllium..oc covvennne. .. 9.1 0.408 357
Boron..eeeeieseerenacnans T 0.238 2.6
Diamond....... 3 12 0.12 1.44
Silicon.cev.... ceeseens Repe i 280T 0.170 4.77

At higher temperatures :

Element. At. Wt, Spec. Heat. | Atomic Heat.
Beryllium at 257° C....... 9.1 0.58 5.28
Boron above 600° C....... 11 0.5 5.5
Diamond at 1000° C....... 12 0.459 S
Silicon at 232° C..oevvenns 28.1 0.203 5.7

48
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TABLE OF THE ELEMENTS
WHICH CORRESPOND WITH THE LAW OF DULONG AND PETIT,

Atomic Weight

Product or Atomic

Element. (l;?m:g:rr;? Specific Heat. Heat,
Eithiwm®¥ . L. o e 7 0.9408 6.6
S ad AT I sk s 23 0.2934 6.76
Magnesium..... .. 24.4 0.2499 6.09
Aluminium......... 27 0.214 5.80
Phosphorus(yellow). 31 0.174-0.190 5.40-5.87
Sulphur (rhomb.).... 32 0.1776 5.70
Potassium....o. ... 39 0.1655 6.47
Calciti e as s & 40 0.169-0.172 6.74-6.9
Scandinme Bt war e 44 0.153 6.7
Chromium.......... 52 0.1216 6.32
Manganese..... 55 0.1217 6.69
Iron. 56 0.1138 6.37
Cobalt 59 0.1067 6.35
Nickel 59 0.71092 6.44
GODPETHTT, b et s Sy 63.6 0.093-0.095 5.9-6
ZIMC RN o oo S LR 65.4 0.0956 6.26
Galliuml. - et 5 70 0.079 5.53
ACSENICIH . st Jile hee 75 0.0814 6.11
SelenITm. - e ge e 79 0.0746 5.9
Bromine............ 8o 0.0843 6.74
ZITCOMIMITIL r ey Q90 0.0660 5.94
Molybdenum..... .. 96 0.0722 6.92
Ruthenium..... .... 102 0.0611 6.23
Rhodium..... ...... 103 0.058 5.98
Palladijmns. Saieanis; 106 0.0593 6.28
Siliver . Gr e e -~ 108 -, 0.0570 6.15
Cadmium....... 1 112 0.0567 6.36
IndinmiSa ki ke s 113.5 0.0565-0.0574 6.42-6.53
Tin s R o R 0 118 0.0562 6.64
Antimony.... ...... 120 0.0508 6.11
Tl unium T K" 125 0.0474 5.94
Todines st e SRR 127 0.0341 6.86
Lanthanum......... 138.5 0.0448 6.20
Cerium'. ) oo ersig] 140 0.0448 6.27
Tungstens. 2t B 184 0.0334 6.15
Ieiditm s o e e 193 0.0326 6.30
Platinam; 5585 o 195 0.0324 6.31
GO AT s o ey iy 197 0.0324 6.39
O ST S5 5T5 e oL e e 8 I91 0.0311 5.9
Mercury (solid)..... 200 0.0319 6.38
Thialliwmbes ot 204 0.0336 6.86
Loads... . ool 207 ~0.0314 6.49
Bismuth............ 208 0.0308 6.40
HL ) UL ot e B 233 0.0276 6.41
Uranium: b s 239 0.0277 6.65
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It is to be noted also that the specific heats of the allo-
tropic modifications of a solid element are different.

§ 25. Joule’s Law. An element in a solid com-
pound has the same atomic heat as in the solid, free
condition.

ReEMARK 1. This law was enunciated in 1844. It may
also be stated in the following manner : The molecular heat
of a compound is equal to the sum of -the atomic heats of
the elements of which it is composed. Elements which are
exceptions to the law of Dulong and Petit show similar
deviations in the cases of their compounds. The law of
Joule makes it possible to determine, with reasonable accu-
racy, the atomic heats of such elements as cannot bé.exam-
ined in the free state. By subtracting the atomic heat of
silver from the molecular heat of silver chloride the atomic
heat of solid chlorine is found to be from 6 to 6.4.

In addition, the following values have been determined
from the molecular heats of compounds :

Element. Atomic Weight. | Atomic Heat.
L5 V0 0 A B A Oy 8 okl 57 08 A4S 1 2:3
Hydrogen (from palladium-hydrogen) 1 5.9
OXYZEN. et eotosanatoanaeeoannnenns 16 4
NIt rIgenE R ekl i L sk S 14 6.4?
Eluorine®i s -, I > AR 19 5
Chiorin @i men of s F o en it ma bt 35.5 6.4

The law of Joule is also employed with good results in
the case of elements which cannot be prepared so pure or
in such quantities that their atomic heats can be directly
determined. Example : From the atomic heat of lead and
the molecular heat of PbCO, the heat of the group CO, is
obtained ; if this quantity be subtracted from the directly
determined molecular heats of BaCO,, SrCO,, and CaCO,,
the results obtained are the atomic heats of Ba, Sr, and Ca.
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In this way the atomic heats of the following elements
have been determined :

Element. Atomic Weight. | Atomic Heat.
R i S S or o s de v e o et el 85.4 6.4
STTOMUINITI §elete o ohefersl Srecs & 1o felsrN oot tota A4 87.5 6.4
BalfiT . eyt ot o PeYiale atehi Lo 137 6.4
REMARK 2. The following rule was mentioned by Neu-

mann as early as 1831 : Equivalent quantities of chemically

similar substances have the same capacity for heat.

Thus,

for example, the product of the specific heat and the mo-
lecular weight is very nearly constant in the case of calcite,
dolomite, magnesite, siderite, and calamine.

REMARK 3. As a proof of the constancy of the molecular
heat of analogous compounds the following table is given :
Substance, | Segcific [Molecularl  gupgiance, | Specitic. [Molecular
Ag,S. ...... 0.0746 18.5 HgCly . 0=tk 0.0689 18.7
CoAsS..... | 0.1070 708 Mg CIERST 35 0.1946 18.5
Cula Sttt 20 12 19.1 MnCl;... . 0.1425 18.0
EeAis Sk % 0.1012 16.5 PbCl,..... veves] 0.00664 18.5
SOl dodo oy 0.1016 | 19.2
AsS... OL LTI P IT.G SOl s 0.1199 | 19.0
COSHA v C.125 11.4 ZnCla) ki 0.1362 18.6
EeS st s 0.1357 11.9
HgS... .. . tfe.0512 11.9 AgBr.. L J8 n 1020739 13.9
NS s 0.1281 11.6 KB oo shte et 0.1I32 13.5
PbS........| 0.0509 IoRe NaBr (impure).| 0.1384 14.3
SHS{AFE A 0.0837 12.6 —
VAT SO o 0.1230 | 12.0 AR SN 0.0616 | 14.5
(S Aoa00 et 0.0687 | 13.1
AgiOliEs S 0.091I 18.T Heptlte o5 b . | 0.0395 12.9
CuClr s 0.1283 13.7 3 i1 LR 0.0819 13.6
HigClita 0.0521 T2 NI 5, oo e o 0.0868 13.0
KCl.. 0.1730 12.9 ——_—
LGl X OraE L 12.0 CUN ORI e e ror 0.111 15.9
NGNS T o. 12.5 H,0 (solid)....| 0.474 8.5
RbBCL: Ao 07 hiza o3 TGE 5 ———
NHGCLS 538 0.373 20.0 CUOE i E3m T 0.142 31773
——|—-——|——|| HgO..... vee..] 0.0518 11.2
BaCla szt . 0.0%96 | 13.6 (O Oy SRS 0.276% 11.0
CaClgse gy 0.1642 18.2 W 6 (O)b St 0.1570 I1.1

* According to other statements 0.2439.
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Substance. | S eecjgf: M%c:::l‘ar Substance. Sl[_’]eec;f.c Molileec:zl,ar
NiO. ........| 0.1623 121 KaSO5.. . 0o s 0 1901 33.1
PbO.........| 0.0512 11.4 NaaSO4evvn.e. 0.2312 32.8
7} O R, 0.1248 | 10.I (NH,).SO...... 0.350 46.2
Al Os....... 0.2173 | 22.3 BaSOainns -] 0.108 25.2
NS5O e 0.1279 | 25.3 CalS Oz oy 0.1966 | 26.7
BrO P 0.2374 | 16.6 CulS @R BN 0.184 29.3
Bi,Os....... 0.0605 28.3 MgSOy........ 0.2216 26.6
O s 0.1670 | 26.7 IILJI?SSC())‘ """" °-1§; 2%-5
GG 288 sacd BN 6. CiBodbecs: 0.0872 | 26.4

{2 ikt SR SISO e i [0S T428, 26.2
MnQsz +eee.n 0.159 13.8 ZnSOq. v veenets 0.174 28
Si®@a 5k 0.1913 I1.5 BT Ao
SnOy.......| 0.0933 | 14.0 Co804~: 7HaO.1 0343 96.4
TiO Al 0.170 1.0 FCSOA+7H20. 0.346 96_2

P Ty 2as 00 4: MgSO+7H,0.| 0.407 | 100.1
KsCOsliien . . 0.2162 | 29.9 ZnSO. +7H,0.| 0.347 99.7
Na,COs..... 0.2728 28.9 KENI@ 3Tt it 0.2388 24.1
Rb,;COs..... 0.123 28.4 NaNOy........ 0.2782 | 23.6

NH(NOs...... o. - 36.
BaCOs...... 0.1078 | 21.2 08T 455 2
CaCOs......| 0.2085 20.9 BaN;Og....... 0.1523 39.8
PbCOs...... 0.0791 AT PbN,Os........ 0.110 36.4
SO0y Rk 0.1448 | 2I.4 SrN3Og.veunee. 0.181 sous

§ 26. Application of the Two Laws to the De-
termination of Atomic Weight.—When an element
forms no, or only a small number of, volatile com-
pounds, the atomic weight cannot be determined from
the gas density. The knowledge of the specific heat,
however, leads to the desired value, as is illustrated
by the following example: :

The atomic weight of platinum is required. The
correct formula for the chloride is not known; it is
therefore represented by the formula Pt,Cl. The
quantitative composition may then be expressed by

the formula PtZCI; from the analysis it is known that
q
35.5 grams of chlorine occur with 48.6 grams of

platinum. The specific heat of platinum has been de-
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termined, and has been found to be 0.0324; therefore

6.4
0.0324

the atomic weight is of the order — o1

The fraction 2 shallbe a proportion between rational
q

8.6 :
numbers, and cannot in fact be far from b oA It is

197.5

evident that this fraction is equal to about %, and

?

therefore G is taken equal to 1. The formula of plat-

inum chloride would then be PtCl, and the atomic weight
of platinum 4 X 48.6 = 194.4. The accuracy of this
conclusion is not affected by the possibility that the
formula of platinum chloride may be a multiple of PtCl,.

The law of Joule may be applied in the following
manner in order, for example, to determine the atomic
weight of barium: 1 kilogram of lead combines with
0.0582 kilogram of carbon and o0.233 kilogram of
oxygen to form lead carbonate, the specific heat of
which is 0.080. The heat capacity of 1.2912 kilo-
grams of lead carbonate is 0.1033 calorie.* The
capacity of 1 kilogram of lead is 0.031 Cal., so that
0.0582 kilogram of carbon and o0.233 kilogram of
oxygen together have a capacity of 0.0723 Cal. The
same quantities of carbon and oxygen, however, com-
bine with 0.665 kilogram of barium to form 0.956 kilo-
gram of barium carbonate. The heat capacity of this
quantity of barium carbonate is 0.108 Cal. X 0.956 =
0.1032 Cal. Therefore the capacity of 0.665 kilogram of

* 1 Cal. denotes a Jarge calorie, i.e., the quantity of heat which
is required to heat 1 kilogram of water from o° to1". A small
calorie is equal to one one-thousandth of this value and is de-
noted by ¢. The quantity of heat equal to 100 small calories is
denoted by A, In this book all values will be given in large
calories.
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barium is0.0309 Cal. and of 1 kilogram of barium 0.0465
Cal. From this the order of the atomic weight is
6.4
0.0465
of chlorine are gombined with 68.5 parts of barium.
If the substance is given the formula BaCl,, then the
atomic weight of barium is 137, in sufficiently close

agreement with the value 138.

§ 27. Heat of Formation and Heat of Decom-
position of a Compound. Heat of Reaction. En-
dothermic and Exothermic Reactions. The /Aea? of
Jormation is the number of calories which are set
free (or absorbed) when the molecular quantity of a
compound is formed from the elements. For ex-
ample, when 78 grams of sodium sulphide are formed
from 46 grams of solid sodium and 32 grams of solid
sulphur, and the products of the reaction are brought
back to the initial temperature of the experiment,
then the number of calories set free in the calorimeter
by this change is equal to 87 calories, and this
quantity is the heat of formation of sodium sulphide.
This fact is denoted by the equation

Na,,S = 87 Cal.

The meaning of the term /eat of decomposition should
be evident from the above.

The keat of reaction is the quantity of heat which is
withdrawn from molecular quantities of reacting sub-
stances if after the reaction the system is again brought
back to the initial temperature. Thus 87 Cal. is the
heat of reaction of the change

2Na (solid) -+ S (solid) = Na,S (solid).

= 138 (approx.). Inbarium chloride 35.5 parts
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The heat of reaction is represented in the following
manner:

2Na (solid) 4 S (solid) = Na,S (solid) . . . 4- 87 Cal.
NaOH (dissolved) 4+ HCI (dissolved)
= NaCl (dissolved) + H,O . . . 4 13.7Cal.
Na (solid) 4 H,O (liquid)
= NaOH (dissolved) 4+ H (gaseous) . . . 4 43.4 Cal.
RemARK 1. The state of aggregation of the reacting sub-

stances must in most cases be stated, since the heat of re-
action is dependent on it. Thus

NaOH (dissolved) -+ HCI (dissolved)
= NaCl (dissolved) 4+ H,O (liquid) . . . + 13.7 Cal,,

while

NaOH (dissolved) + HCI (gaseous) ,
= Na(l (dissolved) + H,O (liquid) . . . + 31 Cal;

C (diamond) + O, (gaseous)

= CO, (gaseous) . . . + 94.3 Cal,,
C (charcoal) + O, (gaseous)
= CO, (gaseous) . . . + 97.6 Cal.

The physical state of the substance is generally denoted
by printing the formul® in certain styles of type. In this
book, however, it has been considered preferable to mention
the physical condition, as has been done in the above
equations.

An exothermic reaction is one in which heat is set
free; an endothiermic reaction is one in which, on the
contrary, heat is absorbed.

The reaction

2H, (gas) + O, (gas) = H,O (liquid) . . .+ 136.8 Cal.
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is exothermic, but

N, (gas) 4 3Cl, (gas) = 2NCI, (liquid) . . . — 77 Cal.
is endothermic.

REMmARK 2. If a reaction is to be considered only frcm
a calorimetric standpoint, it is not necessary to adhere
strictly to the molecular relations. Thus, for example, it is
allowable to write :

2H (gas) + O (gas) = H,O (liquid) . . . + 68.4 Cal

REMARK 3. In the case of certain important reactions
the quantity of heat evolved is denoted by a special name.
Thus, for example, it is customary to speak of the Aeat of
neutralization.

§ 28. Calorimetric Methods. To be suitable for
examination in a calorimeter reactions must possess
one important characteristic, namely: they must pass
from the initial to the final state in a relatively short
period of time. Suitable reactions can be divided into
two classes: first, those involving the formation and
the reciprocal action of salts, and the phenomena of
solution and dilution; and second, combustion re-
actions.

The mixing-calorimeter is a vessel, sometimes of
glass, but usually of platinum, into which the solution
of one of the reacting substances is introduced. The
calorimeter is protected from the variations in temper-
ature of its surroundings by an insulating jacket, and
is brought to the temperature of the room. A sensi-
tive thermometer is inserted in the liquid and is moved
continually. A second insulated receptacle, placed near
the first, contains a small glass flask, likewise provided
with a thermometer, and in this flask is contained the
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second of the reacting liquids. It is only in excep-
tional cases that the mercury columns of the thermom-
eters are motionless; but as soon as the movement of
the menisci is regular, the contents of the flask are
poured into the calorimeter, the whole is stirred
briskly, the extreme position of the thermometer-
column is noted, and the variation in temperature
from the extreme position is observed for the first few
minutes.

In order to carry out the calculation we must know :
the heat capacity, in water units, of the liquids, the
calorimeter and the thermometer; the position of
both thermometers at the moment of mixing; the
extreme position of the thermometer inserted in the
calorimeter; and the quantities of the reacting sub-
stances. In addition to this, a correction must be
made for the variations in temperature before and after
mixing.

ReEMARK. In calorimetric investigations of the forma-
tion and interreaction of salts, the work is conducted
with very dilute solutions, which have no appreciable
heats of dilution. With such solutions it is allowable to
consider their heat capacity as equal to that of the water
contained in them. For determining heats of dilution, the
solution is placed in the calorimeter and the glass flask is
filled with water.

The heat of solution of a substance is determined
by introducing the substance into the calorimeter,
which in this case is filled with pure water.

The combustion-calorimeter consists of a vessel of
water containing another vessel in which the combus-
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tion is conducted. Into this second vessel the gases
required for the combustion are introduced, and the
arrangement of the apparatus is such that the gases
formed by the combustion, on escaping, transmit all
of their heat to the water of the calorimeter.

In the explosion method the second vessel has the
form of a bomb. This is filled with compressed oxy-
gen and an explosion of the contents is produced with
the aid of an electric spark. This method may be
used for both liquid and gaseous substances.

§ 29. Law of Lavoisier and Laplace. Every
compound has a fixed heat of formation, which is
equal to its heat of decomposition.

It is only from the truth of the first part of this law
that we are placed in a position to speak of definite
heats of formation. The truth of the second partis a
deduction from the law of the conservation of energy.

§ 30. Law of Hess. The quantity of heat which
is evolved on the transformation of one chemical sys-
tem into another is independent of the intermediate
states through which the system passes.

Special case. The heat of formation of a substance
is independent of its method of formation.

Second formulation. The evolution of heat which
accompanies a certain chemical process is always the
same, whether the process takes place in a single step
or consists of a series of phases.

Example

K (solid) 4 HCI (dissolved)
= KCl (dissolved) + H . . . -} 61.8 Cal.
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This process may take place in two reactions:
K (solid) 4 »H,0O *
=KOH (dissolved)+H--(» — 1)H,0 .. . 4 48.1 Cal.

and

KOH (dissolved) 4 HCI (dissolved) |
= KCl (dissolved) 4+ H,O . . . 4 13.7 Cal.

The sum of the heats evolved in the last two reac-
tions is equal to the heat evolved in the first.

ReMark. This law was enunciated by Hess in 1840. It
is also called the law of constant heat summation. Itis a
special case of the law of the conservation of energy, and
can, when so considered, be formulated as follows: The
energy of a system of substances is a function of its state,
and not of the manner in which this state is attained ; or
also, the alteration in energy on the change of a system
from one state to another is dependent only on the initial
and final states, not on the intermediate states through
which it passes.

§ 31. Applications of the Law of Hess.

a. The heat evolved in a reaction is equal to the dif-
Sference between the heat of formation of the products
and the heat of formation of the substances in the initial
condition.

That this highly important law is to be considered
as a deduction from the law of Hess is evident from
the following:

The given reaction is

AB4CD...=AC+BD...+ ¢Cal,

in which AB, etc., are compounds of the elements A,
B, C, and D. The left, as well as the right, member

* nH3;0 denotes a large quantity of water.
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of the equation represents a form of the system

(A+ B+ C+D).

The first form may be represented by the reaction
A+B+C+D=AB+4+CD...+4~Cal,
the second by
BB A-C D ACHBD ol Cal.
According to the method of notation employed in § 27,
r=A,B4C, D, and s= A, C+4 B, D.

If we now pass to the form (AC - BD), firsz pass-
ing from the elements to the form (AB + CD), and
then carrying out a double decomposition with the
latter, then, according to the law of Hess,

r+g=s5 or g=s5s—17,
and finally

g= (A, C+ B, D) — (A, B4+C, D).

REmMARK. If the reaction under consideration involves the
formation of a compound from its elements, then the heat
of reaction is the same as the heat of formation of the com-
pound, and this reaction is a special case of the law men-
tioned. Thus in the reaction

K (solid) 4 Cl (gas) = KCl (solid) . . . 4 105.6 Cal.

the heat of reaction 105.6 Cal. = the heat of formation of
KCL

b. Determination of the Heat of Formation with the
Help of the Above Law. This law is of great im-
portance, since by it the heats of formation may be
determined for those substances which are either not
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formed at all, or only with great difficulty, by the
direct combination of their elements. If such a sub-
stance enters into a reaction which takes place quickly
and can be examined in a calorimeter, and if the heat
of formation of the other substances which enter into
the reaction is known, then the heat of formation of
the substance in question can be deduced from the
heat of the reaction and the heat of formation of the
other substances.

BEixlafmipilies:
Heat of Formation of KOH. The following reac-
tion is known:

K (solid) 4+ H,O (liquid) + Aq*
= KOH (dissolved).+ H (gas) + Aq -+ 48.1 Cal.

From the above law -

48.1 Cal. = K, O, H, Aq — H,, O (liquid).

But

2H (gas) + O (gas) = H,O (liquid) . . . 4 68.4 Cal,;
thatis:  H,, O (liquid) = 68.4 Cal.

and K, O, H, Aq = 116.5 Cal.

On the solution of KOH in water we find
KOH + Aq= KOHAq . ..+ 13.3 Cal,,
which gives

K,0, H=K, O, H, Aq— KOH, Aq = 103.2 Cal.

* Aq here denotes muck water,
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Heat of Formation of KC/. The direct formation
of potassium chloride from its elements cannot be ex-
amined in the calorimeter; the heat of formation can,
however, be deduced from the following reaction,
which may be readily carried out in the calorimeter:

KOH (dissolved) 4+ HCI (dissolved)
= KClI (dissolved) 4- H,O . . . 4 13.7 Cal.

According to the rule,

-+ 13.7 Cal. = K,Cl, Aq + H,O (liquid) —Cl, H, Aq
— K, O, H,Aq.

Of the quantities appearing in the equation only K,
Cl, Aq is unknown. If the known values are substi-
tuted in the equation, we obtain

13.7 Cal. = K, Cl, Aq 4 68.4 Cal. — 39.3 Cal.
— 116.5 Cal.;

therefore K, Cl, Aq = -+ 101.1 Cal.
But KCl, Aq = — 4.4 Cal.;
therefore K, Cl = + 103.5 Cal.

From the heats of formation of KCl, KOH, and
H,O that of KCIO may be easily calculated with the
aid of the reaction, readily examined in the calorim-
eter:

2KOH (dissolved) +4- 2Cl (gas)
=KCl (dissolved)4-KOCI (dissolved) . . . 4 25.4 Cal.
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Heat of Formation of Ammonia-gas. The combus-
tion of ammonia-gas in oxygen may be readily ob-
served in the calorimeter:

2NH, (gas) + 30 (gas)
= 2N (gas) + 3H,O (liquid) . . . 4 181.2 Cal.;

3H,, O (liquid) = 4 (3 X 68.4 Cal.) = + 205.2 Cal.;
therefore :
N, H, = #(205.2 Cal. — 181.2 Cal.) = 4 12 Cal.

Heat of Formation of Carbon Monoxide. This is
deduced from the combustion of diamond to carbon
dioxide and the combustion of carbon monoxide to
carbon dioxide:

C (diamond) 4 20 (gas) = CO, (gas) . . . + 94.3 Cal.;
CO (gas) + O (gas) = CO,(gas) . . . -+ 68 Cal.;
therefore C,0=¢, O,—CO, O = -} 26.3 Cal.

Heat of Formation of Hydrocarbons. Of all hydro-
carbons only acetylene can be prepared directly from
its elements, but this reaction is not suitable for calori-
metric determination. Most hydrocarbons, however,
burn readily in oxygen; usually also it is possible to
produce an explosion of the two gases, and in both
these cases the heats of combustion may be measured.
The products of the combustion are always carbon
dioxide and water, the heat of formation of both of
these substances has been determined, and therefore,
in the calorimetric equation for the cbmbustion, the
only unknown quantity is the heat of formation of the
hydrocarbon in question,
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The following, however, is an objection to this
indirect method: The heats of combustion of hydro-
carbons are large; their heats of formation, on the
contrary, are relatively small. As a result of this
an error (not avoidable even in the most careful
determinations of the heat of formation and relatively
large in comparison to this quantity) is introduced
into the value of the heat of formation, and this
therefore differs considerably from the correct value.

This drawback often explains the variations in the
results of the best investigators. Thus J. Thomsen
found the /eat of combustion of ethane to be 370
Cal.; Berthelot, on the other hand, obtained the value
390 Cal.—a variation of 56 per cent. If the heat
of formation of ethane is calculated from these two
values, that of Thomsen gives 23 Cal. and that of
Berthelot 4 Cal., two numbers which show great
divergence.

The measurements of the heat of combustion of
acelylene show a fairly close agreement:

C,H, (gas) 4 50 (gas)
= 2CO, (gas)+ H,0 (liquid) . . . -+ 315 Cal.;

2C, O, = 4 188.6 Cal.; H,, O (liquid) = -} 68.4 Cal. ;
therefore C,H,= — 58 Cal.

Heat of Formation of Compounds whichare composed
of Carbon, Hydrogen, and Oxygen. The heats of for-
mation of these compounds are deduced from their
heats of combustion, the latter being determined by
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burning or exploding the compounds with oxygen.
The same difficulties mentioned above also occur here.

For the heat of combustion of methyl alcohol in the
form of vapor Thomsen found:

CH,O (vapor) -} 30 (gas)
= CO, (gas) 4+ 2H,O (liquid) . . . -} 182.2 Cal.;

therefore

C, H,, O (vapor)
= — 182.2 Cal.4 (94.3 -} 136.8) Cal. = -}~ 48.9 Cal.

c. Application of the Law for Predicting the Heat
of Reaction. 1In the above cases the heats of reaction
were used for determining the heats of formation; on
the other hand, the former can be calculated if the
heats of formation of the substances taking part in the
reaction are known. And although it is not always
known whether the reaction is actually practicable, still
it can be stated in advance how great the heat of reac-
tion zwould be if the reaction did take place according
to a certain equation.

If it is known that

H,, S, O,, Aq = + 210.9 Cal.
and Zn, S, O,, Aq = + 248.5 Cal.,
then in the reaction
Zn (solid) 4+ H,SO,Aq = ZnSO,Aq + H, (gas)

a quantity of heat equal to 4 37.6 Cal. will be set free.
If it is found that

K, Cl (solid) = 4 105.6 Cal.
and K, I(solid) = 4 80,1 Cal.,
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then in a reaction which takes place according to the
equation

KCl (solid) 4 I (solid) = KI (solid) 4 ClI (gas),

a quantity of heat equal to 25.5 Cal. will be abdsorbed.

REMARK. Inthe determination of the heats of formation
of gaseous substances the following conditions must be ob-
served : 1f the total volume of the products of the reaction
is not the same as that of the substances in the initial con-
dition, as is the case, for example, in the reactions

2NH, (2 liters) = N, (1 liter) + 3H, (3 liters),

2C,H, (2 liters) + 50, (5 liters)
= 4CO, (4 liters) 4 2H,O (2 liters),

2H, (2 liters) + O, (1 liter) = 2H,0 (2 liters),

then the experimentally determined calorimetric quantity is
a result, not only of the chemical action, but of the work
done in the displacement of the air on increase in volume.
If the initial and final conditions are compared, it will be
found that both internal and external work are performed
in this process. As a result the value of the heat of forma-
tion is often given at constant pressure, containing, in this
case, the equivalent of the external work, and also at constant
volume, where a correction for the external work has been
introduced. Generally, however, this correction is of slight
importance in comparison with the actual heat of formation,
and has therefore been neglected in the above calculations.

§ 32. S'ome General Results of Investigations on .
Heat of Formation. Stable and Unstable Compounds.
In general those compounds are stable with respect to
heat and shock whose heats of formation are positive,
and the stability increases the greater the heat of
formation. A negative heat of formation is, on the
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contrary, in most cases an evidence of instability.
Water vapor and hydrogen chloride, the heats of
formation of which are 4 58 Cal. and -}- 22 Cal. re-
spectively, are decomposed at high temperatures only
to a very slight extent, and are entirely unaffected by
pressure or shock. Nitrogen chloride, on the other
hand, with a heat of formation of — 38 Cal., is ex-
tremely unstable and on the slightest jar decomposes
into chlorine and nitrogen. Many substances having
negative heats of formation behave, nevertheless,
under many conditions like stable compounds. Thus,
for example, acetylene, although its heat of formation
is — 58 Cal., may be subjected to many operations
without undergoing decomposition. Nevertheless this
substance has been shown to be unstable under the
combined action of a suddenly applied high pressure
and a high temperature.

Substances having a positive heat of formation and
undergoing partial decomposition at high temperatures
have the property of regenerating themselves from
their decomposition products on cooling; they exhibit
the phenomenon of dzssociation ; the alteration which
they undergo as a result of the increase in tempera-
ture is rewversible—i.e., one which increases with an
increase in temperature, but which decreases when the
temperature is again lowered. The result of this
action is that when the original temperature is again
reached the state of the system is the same as it was
in the beginning. In the case of substances having
negative heats of formation the decomposition, when
it has once appeared, is, on the contray, complete
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and is not reversible ; the term dissociation is not used
to express the decomposition of this class of bodies.

REMARK. The heat of formation of a substance which
undergoes dissociation must be considered as a Jafent heat,
comparable to the internal latent heat of vaporization of
water. As a matter of fact it is really determined as an
actual quantity of heat, but nevertheless it appears in the
theory as a latent heat, i.e., as the quantity of heat which
must be added to the system in order that an alteration of
condition can take place fsothermically.

In the study of the phenomenon of dissociation, when
reactions which take place at high temperatures are under
consideration, it is necessary to employ the heat of forma-
tion, which is determined at a lower temperature and is
equal to the heat of dissociation. This is necessary since
the dissociation can be observed and studied only at very
high temperatures. It is, however, very evident that the
vaiue of the heat of formation is influenced by the tempera-
ture at which formation and decomposition occur.

Values of the Heats of Reaction. Compounds of a
halogen with different metals follow the rule that the
heat of formation is large for the compounds of the
so-called strongly positive metals, and is in fact larger
the more positive the metal. In general the chlorides
have a greater heat of formation than the bromides,
the bromides greater than the iodides. Oxygen stands
intermediate between chlorine and bromine; sulphur,
however, is exceeded by oxygen and iodine.

Strong acids in dilute solution all give with strong
bases exactly the same value for the heat of neutral-
ization, namely, -+ 13.7 Cal. :

The mixing of dilute solutions of neutral salts
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which give no precipitates usually causes no evolution
of heat (Jaw of thermo-neutrality).

The heats of combustion of the hydrocarbons dxffer
for two neighboring members of the series by about
~+ 158 Cal. The same phenomenon is observed in
the case of many homologous unsaturated hydrocar-
bons and homologous alcohols; and, further, in the
case of homologous fatty acids a constant increase in
the value of the heat of combustion can be observed.

A series of tables follow in which special results of
thermochemical research are summed up.

Concerning the heat of combustion of organic
substances it is again mentioned that Thomsen’s
results generally differ considerably from those of
Berthelot.

It must be further noted that the elements are
taken in those states of aggregation in which they
normally occur. Thus in H, Br =4 8.4 Cal. H is
gaseous, Br is liquid, and HBr is gaseous. In H,S
the octahedral sulphur is taken. In the case of the
hydrocarbon compounds the carbon is always con-
sidered in the form of diamond. Thus C, H,, Br
= 4+ 11.6 Cal. is to be understood

C (diamond) -+ Br (liquid) 4~ 3H (gas)
= CH,Br (gas) . . . 4 11.6 Cal.
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HEATS OF FORMATION OF CERTAIN COMPOUNDS OF
THE METALLOIDS AT NORMAL TEMPERATURE.

Heat Evolved.

Substance. Formation.
Gaseous. Liguaid. Solid. Dissolved.

HCI H, Cl1 + 22 SO R + 39.3

HBr H, Br T B - i e o -+ 28.4

HI H, I L 0 0 IR i r £ ey + 13.1

H,0 H,, O + 58 + 684 | + 69.8 | .....
H,0, Hg, O = O T b N e e e g + 45.3

¥ BE@ RGN THEIFISETET N SN esrl o A = — 23.1

Ha.S H,, S e o F 0 TS 3 + 7.3
H,Se H,, Se EO Tl et e s ros — 16.1
H,Te Hj, Te e % I L) eeses b wesen

NH, N, H, + 12 o cesee |4 204
NH,OH INS IS TO, AT, e s S 5 + 19.4

H,P K5 P 7 S R SR B P
H,As H,, As o L S eSS e [T

N.,O N,, O —I7 4 | eenss | vensee cess

NO N, O 23 Gl EITO R B s eAskaks
N3Os O FPRIOT RIS [ SR ‘ — 6.8

NO, y» Us = IV . CRSEN Pt
N.O, Na, Oy — 2.6 5 T WIS AR LSO Tt S
N,O, N, O, QR [ig e + 13.1 {4 29.8
HNO, N5 S o O e | LA + 419 ..... + 49.1

g 34(Ns, Os, HaO) 56 R R e T + 14.9
H,S,0, 2, Sa, Oy .o esere | esene + 145.3
SO, , Oa + 71 o IR T 78.
SO, SO S S g e e ek o + 103.3 | + 142.5
H,S0, Sy O, Al b =l ol + 1899 |..cu0nes -+ 210.9
SeO, Se, Oy o dEa e S B + 57.2 |4+ 56.3
H,SeO, SO BRI, SR S el [ ST L S TS + 145.2
TeO, Te, O, S| B om0, + 77.3
H;TeO,| Te, Os, H: O Yoy b e AN S 4+ 98.5
H,PO, {4(Ps, O, SHaO) """""" + 375 |+ 37.3
H;PO; {4(Pa, O;, 3H,0) f 53 A + 125.3 | 4 125.2
P,0, 3, Os ceee .. + 370 |4 406
CO, , Oq 1 Foq 3 BN ARl e + ¢8.2
(C diamond)

CO, , O3 +.97.6 ! 0 -+ 1015
(C amorph.)

CO C, O 4+ 26.3 [ ... 2 ceens
(C diamond)

CO, . =G8N g s
H,PO, H a2 O [R5 o |t e + 302.9 | + 305.6
AsyOs Asg, 05 | eeeen . + 154.7 | 4+ 147
As3 04 AsT, OF L Do A + 219.4 | + 225.4

B,0, By O s . + 317.2 | + 335.2
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HEATS OF FORMATION OF CERTAIN COMPOUNDS OF
THE METALLOIDS.—(Continued.)

Heat Evolved.
Substance. Formation,
Gaseous. Liquid. Solid. Dissolved.

Cl,0 - Cl, O T o [t BT ootk M| =i 8h 4
HCIO. H, Cl, Os a0 dd =4 8 38 6.0% Ferie s + 24

HC10, HHC O S S 4 18.3 e by = )

Br,O Bitg Oy sl e ot - 16.2

HBrO, H, Br, [0 TRIS FES X7 see e teeaee + I12.3

1,04 TGOS (45 it eeeee |+ 453 |4 a3
HIOs H, I, O, AT e + 57.9 |+ 55.7
HIO, i IO i S P A el s + 47.6
CS, C,S, — 28,7 | — 22.3

(C diamond)

Cll Cl 1 cesee + 5.8 oTa0b conse
Cl,l 1C}, Cl, STt EEE AR TS 7 b stojeneis
SgCl, Sg, Clg vesas + I14.3 ol oo Al 570 o 0 ¢
SOCl, S. 0, Cl, 4+ 498 ..... LT

SO,Cl, S, oa. Cl, + 89-8 Ry cees

Se,Cl, Se, Cli, e > LI [T S IR
SeCl, Se, Cl, AL gl L S PR + 46.2
TeCly LERCIIT, 2l e robeye LA + 7.4 Siaittete

PCls PINCIE i Nliperse=s -+ 7s5.5 ceas cesee

PCl, ) 2 0 0 -t ! R SIS g ' L - 105 RES &
qe PCl,, Cl, ssees | sesen + 29.7 cesse
PCl1,0 P, Cl;5, O coves + 146 | ..... et
AsCl, As, Cl, NI B e
BCl, B, Cla AN ORS ct (o DN (0 w |+ 183.2
(B amorph.)
COCl, C, O0,Cl, <+ 52.9 0100 Bl [ oaag B Wele ot
(C diamond)

IBr I BRI et + 2.5 i,
S,Br, S5 Brsa 38l %erar s + WS oo o cssee
PBr, P, Bra A58l i .
PBr; P, Brs s GI=rer
AsBr, As, Brs OO T Mt the?, V. B0 8 [ SO
SaI, Sq, I: seeas ses e o .o .
P,I. Pg, I. ceess PR + Igcs csee

Pl P, Is eesee | eeeas + I10.9 ceens
Asl, As, Is cesee cesee + 12.7 ssese

The heat of solution of a substance is determined from the differ-
ence between the heats of formation of the same for the dry and for
the dissolved condition.
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HEATS OF FORMATION OF CERTAIN COMPOUNDS OF
THE METALS.

A. OxIDEs AND HALIDES.

Heat of Formation. : Heat of Formation,
Substance. SRDSTAnCE: |- tee L LN T WY
Solid. Dissolved. Solid. Dissolved.
K, H, O + 103.2 | 4 116.5 Ca, 0 |+ 131 + 149.5
¢ K, O eeee |4 164.6 . Sr, O + 128.4 | + 157.7
iNa, H,O |4 1o1.9 |+ 111.8 Ba, O |4 124.2| 4 158.7
.Nas. O + 100.2 |+ 155.2 || Ca, O, Ha! -+ 214.9 | 4 217.9
Li, H, O eeer | 117.4 || Sr. Og, Hy |+ 214.5 ] 4 226.1
N, H,, Aq «ee. |+ 20.3 ||Ba,Os, Hy |4 214.9 | + 227.1
Mg, O + 144 e [ Mg, Oy, Hy| + 217.3
Als, O, He |+ 504 B> o Ca, Bry |4 140.9 | -+ 165.4
Mn, O, H,O |4 094.8 Ca,ls |4 107.3| 4+ 135
Zn, O + 8s5.3 . Ba, Cla |+ 194.7| - 196.8
Zn, O, H,O |4 82.7 5 Ba, Br; |4 170 + 175
Cd, O, H,0 |4 65.7 X Sr, Cla |+ 184.6 | -+ 195.7
Fe, O, H,0 |4 68.3 3 Sr, Br, |+ 1577 + 173.8
Fea, Os, He |+ 396.4 Mg, Cl; |+ 151 + 186.9
Ni, O, H:O |+ 60.8 Zn, Cl; |+ 97.2| -+ 1:12.8
Co, O, H,O |+ 63.4 s Zn, Br, |+ 76 + or
Pb, O —+ 50.3 Zn, I, + 49.2| 4+ 6o0.5
Cu, O + 37.2 Mn, Cl; |+ 112 -+ 128
‘Cuy, O + 40.8 - Fe,Cla |+ 82.1| 4 100
Ag,, O + 5.9 Fe, Br, + 8.2
Hg,, O + 22 Eepla e -+ 46.4
Hg, O |4+ 20.1 Fe,Cls |+ 96.1| + 126.1
Sn, O, H,O |4 68.x Al, Cly |+ 161 + 237.8
Au,,04,(Hs0)s | — 13.2 Al, Bry |+ 119.7 | + 208
Pt,0,H;O0 |4 179 AL I + %0.4| + 150.4
5 . Co, Cl; |+ 76.5| 4+ 04.8
K, Cl + 105.6 | + ro1.2 Ni,Cls |4+ 74.5| + 93.7
K, Br + 95314 go.2| Hg Cl |+ 314
K, I + 8o.r |-+ 75 Hg, Br |4 24.1
~KOGP + 109.5 [+ 113.1 Hg, 1 + 141 ol
Na,Cl + 97.6 |+ 96.4 Hg, Cls |4+ 53.3| 4+ 50
Na, Br + 85.8]+4 839 Hg, Br; |+ 405
..Na, I + 69 1|+ 70.3 Hg, I, [+ 24.2
Na, F t 109 |- 108.4 Cu, CI 4+ 329
N, H,,Cl |+ 75.8|+4 719 Cu, Br |+ <5 S50
-N,Hy, Br .|+ 65.4 |+ 61 Cu, I 4 16.3
N, H,I |+ 49.3{+ 458| Cu,Cl, |+ 51.6| 4 62.7
Li, Cl + 093.8 |4 102.2 Cu,Br; [+ 32.6] 4+ 40.8
Ca, Cl, + 169.8 | 4 187.2 Cd, Cla |+ 93.2| + 9g6.2
Cd, Br, + 75.2|+ 75.6 Au,Br |— o1 T
Cd, I, -+ 488+ 479 Ay, I — 5.5 sy
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HEATS OF FORMATION OF CERTAIN COMPOUNDS OFf
THE METALS.—(Continued).

A. OxIDES AND HALIDES.—(Continued).

Heat of Formation. Heat of Formation.
Substance, Substance.
Solid. Dissolved. Solid. Dissolved.
Pb, Cl, -+ 82.8|4+ 76 Au,Cl; |4 22.8| + 27.3
Pb, Br, 4 64.5 |+ 54.5[ Au, Brs docien I ASEEET 3551
Pb, I, + 39.8 5 o Sn,Cl; [+ 808 | + 8Ir1
Ag, Cl + 20.4 SR o So,Cly |+ 127.3| 4 157.2
Ag, Br + 227 S0t P, Cli [+ 59.8| - 79.4
Ag, 1 + 13.8 o Pt,Br, [+ 424 | 4+ 52.3
Au, Cl + 5.8 Yre
B. SULPHIDES.
K,, S + 101.2 |4 111.2 ||Fe,S,2H.O | 4+ 23.8 5
K, H, S + 62.3|+4+ 63.1|Co,5,#H.0|-} 19.7 o
Na,, S + 87 |+ 102 Ni,S,HaO |+ 17.4 %
Na, H,S [+ 54 |4+ 58.4|Zn.5,zH,O|+ 39.6 oA
Ba, S + 98.3 ve.. ||Cd,S.2HO| + 32.4 4
Sr, S -+ 97.4 Wetere Cuy, S 4 8.a1* £
Ca, S -+ 89.6 Cu,, S~ | + 18.3
Mg, S + 77.6 Hg, S |4 4.8%* )
Al,, S + 1224 St s Ag,,S |4 3.3% X0
Mn,S, zH,O |+ 44.4 Pb, S ~+ 18.4

C. OXY-SALTS.

Carbonates (C = diamond ). Mn, C, Os |4 2108} ....
Ka, C,0;5 {4 278.4}+ 284.9( Cd,C, Os |+ 179.2| ....
Na,;, C, O; |+ 269 9 + 275 4| Ags C, Os |+ 120.2] ...
Ba, C, O; |+ 280.5 Pb, C, Os | 4 166.9} ....
Sr, C, Os + 277.5 K,H, C, O, 4 232.9 | 4 227.6
Ca, C,0s (4 267.7] .... |INa, H, C,0s 4 227 |4 223.%

* Not certain,




74

HEATS OF FORMATION OF CERTAIN COMPOUNDS OF
THE METALS.—(Continuced.)

C. OXxY-SALTS.—(Continued.)

Heat of Formation, Heat of Formation.
Substance. Substance.
Solid. | Dissolved. Solid. {Dissoived
paifecs. Ca,N3,00,4H;0 |+ 213.8/4 206.6
K,, S, O, + 344.6|4 338.2 || Zn,N3,04,6 H,O[4 138.1|4 132.3
K. H, S, O, |+ 277.5{4 273.7|| Cu,N3,0,,6H,0{-+ 93 |+ 82.3
Na,, S, O, [+ 328.4/-} 329 Cd,N,;,04,4H, 0|+ 121.1|4 116.1
Na, H, S, O, [+ 267.8[-}- 266.6 Pb, N;, O {4 105.5/4 97.9
N., H,, S, O¢ |4 282.2{-4 279.7 Ag,N, O |4 28.714 23.3
Mg, S, O, + 302.3|4 322.6
Ba, S, O, ) R Other salls.
Ca, S, O, |+ 318.4/4 318.4
Sr, S, 0, |+ 331 MER S K, O, CI + 88.8
Zn, S, Oy |+ 230 |4 248.5 K, CLOs -+ 95 |+ 85
Mn, S, 0, |+ 249.9|4 263.7|| K, Cl, O, 4+ 113.1{4 101
Co, §, O, voe- |+ 230.5 K, Br, Os + 84.114+ 74.3
Nj, §, O, eees |+ 229.7 K, I, Os + 124.5|4 117.4
Ne iS04 vees |+ 235.6 Na, O, Cl veee |4 83.4
Cu, S, Oy |4 182.8/-} 198.4 Na, Cl, Os |+ 86.84 81.2
Cd, S, O, |+ 221.2|+4 231.9 Na: S, Os |4} 260.5/4 262.9
Ags, S, O, |+ 167.3|+4 162.8 Naj, Sz, Os {4 398.9{+ 393.5
Pb, S, O, |+ 216.2| .... Na,, H, P, O, |+ 413.9/4+ 419.5
2 N, H,, N, O; [+ 64.9|+ 60.2
Nitrates. K, Mn, O, |+ 195 [+ 184.8
Bi, Cl, LB e [ T
K, N, O; 4+ 119.5,4 111 Bi,0,Cl |+ 88.2 ....
Na, N, Os |4 111.3|4 106.3 ||[Nas, Pt,Cl¢6H,O -} 288.3|4 277.7
N, H,, N, Oy |4 88 |+ 818 K, C N + 29.8|-} 26.8
Ba, Nj, O |+ 226.2|+ 216.8 Na, C, N -+ 25.5/4 25
Sra, Na, Og |+ 219.8|} 215.2 Hg, C3,N; |— 52 [— 55
Ca, N3, O« |+ 202.6|+ 206.6 Ag,C, N | 1 S
Mg,N31,06,6H,0/+ 210.5(+ 206.3 [AgCN,KCN Aq| .... |+ 6.5
Sr, Na, O¢,4H,0|+ 227.7/+ 215.2 K, O, C,N 4 34.3]4+ 291
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HEATS OF COMBUSTION AND HEATS OF FORMATION

OF SOME ORGANIC COMPOUNDS.

C = diamond.

Heat of

Formula, Cota b

Formation.
Vol, const.

Observer.

Methane,..ooeveees OBt CH, -+ 213.8
............... 50 Bl L KO 4 370.5
Propamer . s e o St e C R HS + 529.2

.................. (CH,);CH | 4 687.2

................ (CH3).C | 4 847.1

Hexane (liquid)........... CeHys + 989.2

Methyl chloride...........[ CHsCl [ 4 164.8

........... C.H.Cl | + 637.9
....... eee.] CaHCl | + 286.2

Carbon tetrachloride ...... CClI,

Methyl iodide
Ethyl iodide....

SATURATED HYDROCARBONS.

(normal)

B b DoC 2 C:H,e |4 1137.5]....

(normal)

UNSATURATED H YDROCARBONS.

PV (1150 0. 06 00 B B0 e D0 C.H, 4+ 333.4
Propylene ...cocvaonannns CsHe —+ 492.7
.............. CH, ~+ 650.6

Amylene (gaseous) .......| CsHio | 4 807.6
Diallyl ............... ean CsHio -+~ 932.8
esssssencresn s C.H, -+ 315.0
cessssenbees C;H, +467.6

HALOGEN DERIVATIVES.

ceevensssl CsHCl | 4 321.9
........... CsH.Cl +480.2

.............. CHCl; | 4+ 70.5
Methyl bromide ..........] CHs:Br | 4 184.7
N AR A CsH¢Br | 4 341.8
veeresnes | CsH4Br | + 499.3

oY efer HeFotart C:H,,Br
.......... CsHsBr | + 462.1

Ethylene bromide (gaseous)] C.H.Br;
............ CH,l -+ 201.5

....... CaH,l + 359.2

R

Thomsen

Stohmann

Lougui-
nine

Thomsen
(13

Berthelot
Thomsen

Thomsen
"

Berthelot

Thomsen

Berthelot

Thomsen
(X4

. adewen
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HEATS OF COMBUSTION AND HEATS OF FORMATION
OF SOME ORGANIC COMPOUNDS.—(Continued.)

Heat of
5 Formula, | Heatof g v ion. Observer.
e s Comb. | y1" const.
ALcoHoLs (Gaseous).
Methyl alcohol ...........| CH;OH | +4 182.2] + 47.9| Thomsen
Ethyl AL e L, C:H;OH | 4 3405 =+ 51.5 o
RO DR g e i o is Sate s .| CsH:OH | + 498.6| -+ 56 8
Isobutyl *¢ ......c... | CGHyOH | + 658 5] + 57.5 2
s arm ] st =t SN RN CeHOH | + 820.1] 4 &8 ¢
Allyl e T T CsHOH | + 464.8 -+ 21.6 o
Prioparpyls o nioss eeo.| CHsOH | 4 431.3] — 12,9 o
AcCIDS.

o .« ( Formic acid... ....] CH.0. | 4+ 69.4] —+ 92.8] Thomsen
% 5 { Acetic Yeiieed] CoHLO, | + 225.4) 4 08.6 o
R (TRTopiomictd s St i CsHeO, | + 386.5] -} gg.1 4
Capmic aeid® & o 50 eo.| C1oH2002 [+ 1455.6|........ Stohmann
BANTGIEEEE UL V5 = oo slaripitaies] CiaBiaeOa |- 1749:6] . .4 Fi
INIEISTICEARE . vt crove o Bei. fa CisH3uOs |4 2052 9g|... .... s
BAlmsiticR i L 3 CisH320, [+ 2361.9|........ <
Sfearich i .. .. et CieH36Oq [+ 2677.8]........ kY
BTt Tl L L i eoes| CaHaO4 | 4 €0.2) 4+ 196.7 50
Malonge ¢ in s ik o < oo o S0kl I CH) B AO)AS P =0T 1 [t o
SUECINICEESIEN. i o Tt | L Ca T QB P=I 5 658 . o evens 4
fliartarichi bl i ae s A O SRR oris] ® e 1 !

OTHER SUBSTANCES.

Dimethyl ether (gaseous) (CH )0
Diethyt -] (C3H;),0
Glycerine .......o.vuuun. CSHB(OH)S
Acetaldehyde (gaseous) C;H,.0
Hydrocyanic acid ‘¢ ....| CNH
Cyanogen Y e (CN),
Acetonitrile g CH;CN
Methylamine 4 ...| CH3NH,
Dimethylamine '¢ ....|(CH;),NH
UTeay S s oy v i veo./ CO(NH,),
Mercaptan (gaseous).......| CH,SH
BERZOT 7. . BT Slore s hEstioe e . RSplET g
Phenol (solid)............| C;H,OH
Benzoic acid..............] C;H,40,
Phthalic' =38 Saect Bael S CoH @)
Salicylic *“ ... veeee:| CiH4Oa
Thiophene (gaseous) 40 C.H.S

D e XIT OB M e s e s s H,.0¢
Canc-sugar. AR o0 O A A O & 1A 6
Celluleseity = anem il Cado;
STArCITRNS s Soeris sanive SCHHAA O}

+ 349.4] +
+ 659.6] 456 3
-+ 396.8/ .v......
+ 281.9] 4425
-+ 158.6/ — 30.2
~+ 259.6| — 71
=+ 312.1| — 21.6
+ 258.3] + 5.7
+ 420.5] + 5.6
+ 15220 + 77.5
+ 298.8] + 5.4
- 17.1
< 787.8 % (gas.)
(1iq?)
+ 731.9
-+ 770.5
-+ 771.9

e ZON5 |

+ 6106] — 26.2
Ty U
B L LMy e s

+ 678.0[........

+ 6775000,

42.7| Thomsen
5

“

Stohmann
Thomsen

‘e

Stohmann
Thomsen

4 Stohmann

0

Thomsen
Stohmann
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MOLECULAR HEAT OF VAPORIZATION OF SOME ORGANIC

COMPOUNDS.
Carbon bisulphide.....| 6.4 Cal.|| Methyl iodide........| 6.5 Cal
Ethyl alcohol..........| 9.8 Chloraformiad Spt: & e 355
AT PR 077 15 Carbon tetrachloride..| 7.2
Aldehyde...... .i....| 6.0 * Ethyl chloride........[ 6.45 ¢
A CCTON G o soraacte 1aronaiaseit 7IE0m s S Cbromidel . Tl 5
EhloraIE TIPSR IRe Croveloh|| R OROEES sehiodidei st Tt e L AN OnBELS
Chloralhydrate........|21.9 Ethylen bromide.....| 8.2 ¢
Formic acid........ B s 300 Methyl alcohol.......! 8.45 ¢
Acetici NN IR i K725 Butyrlcacnd......... 10.1 *¢
Hydrocianic acid......} 5.7 Valeric acid. . e e 10264
BenZoleS i siter taet- 187402 we Bithertos St R ozt s

HEAT OF NEUTRALIZATION OF BASES.

The solutions contain two equivalents of base or acid dissolved
in 400 mols. of water. Many bases, however, are not soluble.

Bases. H,yS0,, Aq. 2CIH, Aq. | 2NO4H, Aq. [ C4H,O,, Aq.
2NaOH, Aq 31.4 27.5 274 26.8
2KOH, Aq 33 27.5 27.5 26.6
2LiOH, Aq Cilok] 27.7 27.8
2NHs, Aq 28.2 24.4 24.6 23.8
Ba(OH)., Aq (36.9) 27.8 28.2 26.8
S1(OH)., Aq 30.7 27.6 27.8 26.6
Ca(OH),, Aq 31.1 27.6 26.8
Mg(OH), 31.1 27.7 256!
Mu(OH), 26.5 23.0 23.0 22.6

Ni(OH), 26.3 22.6
Co(OH), - 24.% 21¥
Fe(OH), 24.9 21.4 ore
Zn(OH), 28145 19.9 19.9 18.0
Cd(OH)a 23.8 20.3 20.6
Cu(OH), 18.4 14.9 14.9 12.8

PbO (23.4) (16.8) 17.8 15.5

HgO 18.9 6.4 o ls
. AgiO 14.5 (42.5) 10.9 56
2Al(OH)s 21.0 18.6
$Cr(OH)s 16.4 1387

2Fe(OH), 11,2 11.2 I3 8.0

SnO 2.8

The numbers in parenthesis denote the formation of insoluble
salts. In these cases

Heat evolved = Heat of neutralization + Heat of precipitation.
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NEUTRALIZATION OF ACIDS BY SODIUM HYDROXIDE.
One molecule of the acid and a equivalents of sodium hydrox-
ide, both in dilute solution, are mixed together.

Acids. a=% =Ny a=2 =13 a=4 a=6
HC1 6.87 | 13.74 | 13.74
HBr 65874 1375 | S1akgs
HI 6.84 | 13.68 | 13.68
HNO;, 6.84 | 13.68 | 13.68 { ....
HCIO, 6.88 | 13.76 | 13.76
HBrO; 6.89 | 13.78 | 13.78
HIO, 6.9 | 13.81 | 13.81
HCIO, 7.18 | 14.35 | 14.35
HF | 627 Al 6552,
H;PO, 75 OOIRTIEHZ0 | FIER40I I « e
CaHgOa PRI I3.40 coea ceen e esee
CH,0, vees | 13.45
CaHaOn ceen 13-48 ceea caea ceee cees
HCN Ll 2L 25T
H,SO, R e X s O | RO D) STAC [ =pePrst
H,S0, Gl [EFgto
H,CrO, BB S e T Y i 25.2
H;POs 7.43 | 14.8 | 28.4 28I oM Tt
H,PO, Sl 14.8 27.1 34.0
HiAsO, 7.36 | 15.0 27.6 35.9
H,CO, bt 20.2 20.6
(COOH), 6.9 | 13.8 | 28.3 28.5
C.H(COOH), B A % Cn T | k) 24.1 S,
Malic acid 5o L bTiaYa®) Al 5T
Tartaric acid o 12 122513, 25.8
Citric acid S |12 OS2k 4, 38.9 41.7
H,SiO, 82 4.3 B 5.4
H.BO, 6.4 1.1 20.0 20.6
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HEATS OF SOLUTION.

When one gram molecule of the substance dissolves in the given
quantity of water at 18°, then the number of calories stated are set
free.

] %uant. Heat ! %uant. Heat
Substance Dissolved.|Water | Evolved || Substance Dissolved. Water | Evolved
in mol.| in Cal. 1n mol.| in Cal.
NaCl 200 |— 1.18 NaBr 4 2H,0 200 |[— 4.7
KCl | Ay NaBr “ |— o.19
NH,CI “ 1= 3.9 KI g = s
BaCl; + 2H,0 400 |— 4.8 Nal 4 2H,0 “ |— 4.0
BaCl, 52 + 2.1 Nal JG + 1.2
CaCl + 6H,0 | * |- 4.34 NaNO, “ IZ 5o
CaCl, R ] KNO; “ |- 8.5
CaBr, 0 2 NH,NO, “ |- 63
Cal, %277, Ba(NOai). 400 |— 9.4
MgCl, 4 61,0 “ |+ 2.9 || St(NOs)a+ g4H,O| ““ |— 12.5
MgCl, &350 Sr(NOs), SN[ 4R6)
MnCl, + 4H,0 “ |4 L5 || Ca(NOs)s 4 4H,O] ¢ [— 7.2
MnCl, b + 16.0 Ca(NO,), W + 4.0
FeCl, 4 4H,0 “ 1+ 2.7 || Mg(NOs), + 6H,0| ¢ |— 4.2
FeCl, “ |4 17.9 || Mn(NOs)s + 6H,0] “ |— 6.2
FeCl; 4 12H,0 ¢ |4 11.3 || Zo(NOs)a 4+ 6H,0! “ |— 5.8
FeCls “ |+ 63.3 [|Cd(NOs)y 4-4H,0{ *““ |— 3.0
CoCl; 4 6H,0 “ |— 2.9 ||Cu(NOs), + 6H,O| ¢ [— 10.7
CoCl, “ |4 18.3 AgNO; 200 (— 5.4
NiCl, 4+ 6H,0 ¢ |— LI Pb(NOs), 400 |— 7.6
NiCl, ¢4 19.2
ZaCl, ““ |4 15.6 || Na,;SO4 4 10H,O | 400 |— 18.76
ZnBr, “ |4 15 Na,SO, “ |4 o.46
Znl, ‘4113 K,SO, “ l— 6.4
CuCl; 4 2H,0 S e BB (NH,).SO, “ = 2.4
CuCl, A b & 8 ¢ CaSO, + 2H,0 8L 0.0%
HgCl, M RN CaSO, “ 1+ 4.7
PbCl, “ 1— 6.8 MgSO, + 7H.0 LR o U
SnCl, 4 2H,0 ‘“|— 5.4 MgSO, ¢ 14 203
SnCl, e B Crg MnSO,+5H.O | “ |4+ oos
SnCl, 300 [ 29.9 MnSO, “ 14 13.8
AuCl; 4 2H,0 et e 0 FeSO, 4 7H,0 “ol— 45
AuCl; S i - CoSO, 4+ 7H,0 “ (= 3.6
PtCl, + 4H,0 A D ) NiSO, - 7H,O “ |- 4.3
PtCi, ‘“ |4 19.6 ZnSO, 4 7H,0 ¢ l— 4.24
KBr 200 (— 5.08 ZnSO, ¢ 14 18.5
8
CdSO, +§ H,0| ¢ |4 6.0

*Appargmly weakly positive
i o 2
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HEATS OF SOLUTION. (Continued.)

SEqf £, sEgl 8,

Substance 2 35| 3¢ Substance |2, 3| 8T8

Dissolved. 88 532 Dissolved. =88 522

RG] G R (G
ag= ] 22| m©

Cdso, 400 | +-10.7 || Heat of solution in com-

CuSO,+5H;0 N — 2.7 || pletely saturated solution.

CuSO, s,

Ag,SO4 (y - 4.5 NH4CI EEED —3,88
K1S0,,A15(SO,)s+24H,0 | 2400 | —20.2 KCl 6 0oa| 22
K2S04,Cry(SO4)s+24H,0 | 1600 | —22.3 NaCl oioge Sl —OLD)

3 & (NH4)2$O4 cene|—I.4

K1COs 400 |+ 6.5 NaNOs cese|—2.5

K1:CO;s4-3H.0 “ |— 3.8 NH(NOs |.....]—3.5
KHCOs | = 5.3|MgSO+7H,0|.....|—3.4
Na,;COs “ |4 5.6 || CuClat2H,0|.....]—3.0
Na,CO;34-10H,0 *“ |—16.1 || CaCla+6H,0]|.....|—8.4
NaHCO; “ |- 4.3 i

Problems. 1. How great is the quantity of heat
which is set free on the combination of 100 grams
of Na,CO, with sufficient water to form the hydrate
Na,CO,.10H,0?

2. Calculate the heat of the reaction represented by
the equation

Pb(NO,),Aq 4+ H,SO,Aq = PbSO, + 2HNO,Aq.
3. What is the heat of reaction of
AgNO,Aq + HCIAq = AgCl 4+HNO,Aq?

4. What is the quantity of heat evolved on the
combination of C,H, with gaseous bromine, the
volume being kept constant ?

5. Calculate the quantity of heat set free when
10 grams of zinc is dissolved in dilute sulphuric acid.

6. What is the heat of formation of dipropargyl
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(C,H,) at constant pressure if the heat of combustion
is equal to 4 882.9 Cal.?

7. Berthelot burned C,C], in the presence of water
according to the equation

C,Cl, + O 4 Aq = 2CO, 4 6HCIAq

and found that the quantity of heat set free was equal
to 4+ 131.2 Cal. What is the heat of formation of
C.Cliz :

8. 20 cc of a 10-per-cent solution of cupric chloride
are treated with an excess of iron-filings until the
copper is completely precipitated. Calculate approxi-
mately the increase in temperature of the water, con-
sidering the specific gravity, as well as the specific
heat of the liquid, to be equal to 1, and neglecting the
value of the heat of the iron and the copper.

9. A calorimeter contains 350 cc of a tenth-normal
solution of HCL. With this is mixed 250 cc of a
solution of NaOH containing sufficient NaOH to
exactly neutralize the HCl in the first solution.
Before mixing the temperature of the two solutions
is the same. What will be the increase in tempera-
ture ?

10. 350 cc of a tenth-normal H,SO, solution are
mixed with 250 cc of a fifth-normal NaOH solution at
the same temperature. What is the increase in tem-
perature ?

§ 33. Principle of Greatest Work. Substances
which enter into chemical reaction with one another
when brought together under normal conditions tend
to produce those systems which are formed with the
maximum evolution of heat.
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Differently formulated. Of the possible reactions
in which a system of substances can take part, that
one results in which the greatest quantity of heat is
set free.

Examples. Inasystemcomposed of potassium,
chlorine and iodine, KCl and not KI, is formed, since

K+I=KI... 8.1 Cal.,
while K4 Cl=KCl. .. 105.6 Cal
The system (KI 4 CI) would change to the system
(KCI + 1), since
KI4+Cl=KCl+4+1I... 25.5Cal
Acids and bases act on one another because the

formation of salts is attended by the evolution of
heat; for example,

KOHAq-+ HCIAq = KCIAq+H,0 . . . +13.7 Cal.

Gaseous chlorine does 7ot decompose water-vapor,
since at 100° the reaction would be

H,O (gas) + 2Cl (gas)
= 2HCl (gas) + O (gas) . . . — 14 Cal.
This equation is evident from the following:
H,, O (gas) at 100° = -} 58 Cal.
and H, Cl (gas) = 4 22 Cal.

At ordinary temperatures, however, /iguid water is
decomposed, though very slowly, by chlorine, for

H,0 (liquid) + 2Cl (gas) + Aq
= 2HCIAq 4 O (gas) . . . 4 10 Cal,,
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since
H, Cl (gas) = + 22 Cal.,, HCl, Aq = 4 17.2 Cal,,
and H,, O (liquid) = + 68.4 Cal.

Copper does not replace iron in a solution of ferrous
chloride, the reverse substitution taking place, how-
ever, since

Fe (solid) -+ CuCl,Aq
= FeCl,Aq - Cu (solid) . . . 4 37.3 Cal.

Remark. This principle was first enunciated by J. Thom-
sen, but soon after renounced. It was later taken up by Ber-
thelot, who defended it for thirty years. Its application is
extremely wide-reaching and important, notwithstanding the
appreciable errors which it often involves. The fundamen-
tal idea of this principle is that chemical action takes place
only when the change through which the system passes is
accompanied by the evolution of heat. This principle of
course holds only for reactions which take place at low
temperatures; and Van’t Hoff has in fact shown that its
validity is greater the nearer the absolute zero is ap-
proached.

The enunciation of this principle involves a difficulty
since it is conditionally assumed that the substances, of
their own free reciprocal action, shall react without the in-
fluence of an external influence, an external energy. Un-
der ordinary conditions, however, external influences do
exist, namely, the temperature and the pressure of the sur-
roundings. It should be stated here that the universal
application of this principle was very recently renounced
by Berthelot himself.

§ 34. Application of the Principle of Greatest
Work.
a. Law of Simultaneously Occurring Reactions. A
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teaction takes place the more readily if its proaucts
can immediately enter into another reaction.

REMARK. This law covers the action of elements in the
so-called nascent state, as well as the phenomena which
were originally attributed to predisposed affinities. The
law may be deduced from the principle of greatest work,
since the second reaction involves a certain evolution
of heat, which is added to that of the first. .As a result
the heat of reaction is raised; from a negative heat it
may increase to a positive one, from one of low positive
value to one of higher value, so that finally the total heat
of reaction may be equal to a large number of calories.

First Example. As already stated, chlorine
has no action on water-vapor, but does react with liquid
water. In the latter case the HCI formed can dissolve :
immediately in water, which process considerably in-
creases the quantity of heat evolved.

This action takes place slowly. If, however, the
conditions are such that the HCI or the oxygen may
immediately on their formation enter into a chemical
reaction, the.decomposition of the water is much more
rapid.

Thus the reaction

H,O (liquid)+42Cl4+Agq=2HCIAq+4O . .. 410 Cal
proceeds slowly, while the reaction

H,O (liquid) 4+ SO,Aq + 2Cl (gas)
= H,SO,Aq+ 2HCIAq . . . - 73.7 Cal.

quickly takes place.

The latter reaction is an example of the action of
oxygen in the nascent state, and may perhaps be ex-
plained by the assumption that this element is set
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free in the form of atoms, and these act immediately,
before combining to form molecules. This explana-
tion may be the correct one, but it is nevertheless
certain that the small heat of reaction of the change

H,O+4 Cl,=2HCIAq+ O . .. 4 10 Cal
is considerably increased by the heat of the reaction
SO,Aq+ O=H,SO,Aq . . . 4 63.7 Cal.
In the above case the second reaction is produced
by the oxygen; under proper conditions, however, the
hydrochloric acid may take part in this second action.

Thus, when KOH is dissolved in the solution, the fol-
lowing reaction takes place:

KOHAq+ HCIAq = KClIAq+4+ H,O... 4 13.7Cal
The two reactions combined would then give
2KOHAq+-Cl,=2KCIAq+H,04-O... +437.4 Cal.

This equation is, however, not yet complete, since
the oxygen combines with KCl, with the formation of
KCIO:

KCKAq+ O = KCIOAq . . . — 12 Cal,,
making the total reaction
2KOHAq + Cl, (gas)
= KClIAq + KCIOAq+ H,0 . . . 4 25.4 Cal.

The formation of KCIO causes a decrease in the
heat of reaction. In fact this decrease is considerably
greater than the heat resulting from the action of
chlorine on water; nevertheless the fact that a second-
ary reaction like the formation of KCIO can take
place must be considered as a defect in logic existing
in the principle itself, since with these exceptions
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reactions of this nature may be included under one
general rule.

Second Example. Manganese dioxide and
dilute sulphuric acid do not react with one another
according to the scheme

MnO, (solid) + H,S0,Aq = MnSO,Aq 4+ H,0 + O.

If, however, oxalic acid be added, the reaction
takes place immediately, the oxalic acid being oxi-
dized to carbon dioxide and water. The first reaction
is presumably attended by a negative heat of reaction;
the second increases this by the high heat of com-
bustion of oxalic acid.

In a similar manner the action of sulphuric acid on
potassium permanganate is made possible by the
presence of oxalic acid.

Third Example. In the reaction

H,0 4+ Aq+42I=2HIAq+4O

a quantity of heat equal to 42 calories is abdsorbded.
As a result of this water is »nof decomposed by
iodine according to the above equation. The decom-
position, however, takes place immediately if the
conditions are such tha® the oxygen can oxidize SO,
with the formation of H,SO,, Na,S,0, with the forma-
tion of Na,S,O, and Nal, or arsenious acid with the
formation of As,O,.

b. The Prediction of Reactions. The following rules
are often confirmed:

1. A and B will combine if A, B = 4- ¢ Cal. For if

A, B =+ ¢Cal,

then A4+B=AB. .. 4 ¢Cal,
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and the system (A -+ B) will tend to change to the
form AB, and the form (A - B) will be unstable.
Example. KCI is formed directly from K and
Cl; and K, Cl = -+ 105.6 Cal.
2. A and B will not combine without the action of
some external energy if A, B = — ¢ Cal., for in this
case

A4+B=AB... —g¢Cal,

and the system (A 4 B) will remain in this form.
Example. Chlorine and nitrogen do not com-
bine directly; NCI, = — 38.5 Cal.
3. A will displace B from its compounds with C if
(A, C— B, C) = +} ¢ Cal,, since in this case

A4BC=AC+B... 4 ¢Cal,

and the system (A -} B C) tends to pass to the
form (AC + B), the form (A 4 BC) being unstable.
Example.

KI (solid) 4 CI (gas)
= KClI (solid) + I (solid) . . . < 25.5 Cal.;
K, Cl = 4 105 Cal.,, K, I= -4} 8o.1 Cal.

The reverse reaction takes place only under special
conditions.
4. AB and CD enter into a double decomposition:

AB+ CD =AC+ BD,
if (A, C+ B, D)> (A, B4C, D);
that is, if

(A, C+ B, D)— (A, B+C, D)=+ ¢ Cal,
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since in this case the form (AC 4- BD)is the more
stable form of the system (A + B 4 C 4 D).

c. Experimental Proof of the Above Rules. 1f only
those reactions are considered which take place at
ordinary temperatures or at temperatures approaching
these, the above rules will be fairly well confirmed
in practice. The heat of formation of chlorides is
greater than that of the corresponding bromides and
iodides, and bromine and iodine are in fact generally
displaced from their compounds by chlorine.. The
heats of formation of compounds of the metals with
halogens follow the rule that these are greatest in
the cases of the strongly positive metals, and decrease
with the positive properties of the metals; practical
experience agrees with the rule, the weakly positive
metals being dispI'aced from their compounds by those
which are more strongly positive. The formation of
salts from acids and bases is a double decomposition,
in which the sums of the heats of formation of the
products are greater than those of the substances in
the initial states, and as a matter of fact the forma-
tion of salts of this nature takes place without diffi-
culty.

d. Formation of Compounds with Negative Heats of
Formation. The formation of such compounds is ren-
dered possible by their appearance as secondary
products in a reaction in which the other products
have high heats of formation. In such cases, to be
sure, the heat of reaction need not be relatively great;
still it can be positive and would be greater if the
secondary products were not formed.
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Examples.
Formation of Potassium Hypocklorite (see p. 85).
Formation of Nitrogen Trichloride.

N, Cl, = — 38 Cal.

This substance is formed when chlorine is led into
a solution of ammonium chloride: :

NH,CIAq - 6C1 = 4HClAq 4 NCL;
N, H, Cl, Aq =+ 71.9 Cal. ;
4CL, H, Aq = + 156.8 Cal. et

The heat of reaction is therefore 4 46.9 Cal.

e. Explosive Substances and Mixtures. Systems
whose heat of reaction is great will generally undergo
alteration. Generally, also, if in such a system
the reaction is started at any oxe point, sufficient
heat will be there developed to raise the material in
the immediate neighborhood to the temperature at
which the reaction takes place; as a result of this the
reaction is propagated throughout the entire mass.
When this propagation takes place with great velocity
and is accompanied by a great increase in pressure,
the result is known as an explosion. It is often possi-
ble to start the reaction at one point by a strong
pressure or shock.

Explosive substances (compounds) are substances
the formation of which is accompanied by the ab-
sorption of much heat, and which produce gaseous
products on their explosion. This is the case with
nitrogen trichloride, nitroglycerine, and acetylene.
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These substances decompose when subjected to pres-
sure at any one point, since the pressure starts the
reaction at this point and it is then communicated to
the entire mass. The pressure which induces the
explosion is not the same for all substances. Ni-
trogen chloride and nitroglycerine decompose when
subjected to a very slight shock; acetylene, on the
contrary, requires a very strong one.

Explosive mixtures contain components the reac-
tion between which develops much heat, gaseous
products being at the same time formed. Examples
of such mixtures are gunpowder and oxyhydrogen-
gas.

The force of an explosion depends upon the velocity
of propagation of the reaction, upon the heat evolved,
and upon the nature of the products formed. The ex-
plosion is, moreover, the more violent when the ex-
ploding substance is a liquid or a solid and the products
are gaseous, since in this case the increase in pressure
is due not only to the increase in temperature, but
also, and in fact chiefly, to the change from the solid
or liquid to the gaseous state: a given weight of the
substance occupying a given space, before the reaction
as a liquid or solid and immediately after as a gas.
This alteration in condition alone causes a pressure
the magnitude of which is not far from a thousand
atmospheres, and this value is further increased by
the high temperature. These statements are true for
nitrogen trichloride, nitroglycerine, and gunpowder.

The values of the pressure and temperature of an
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explosion when calculated from the theory give
larger numbers than are found by actual experiment.
The reasons for this are that the reactions are not com-
plete, and that the values for the heats of reaction and
specific heats of the products used in the calculation
are determined at temperatures and pressures entirely
different from those at which the explosion takes
place.

§ 35. Causes for the Starting of Reactions. Sub-
stances which enter into reaction with one another
can often remain mixed together for a long period
without any reaction taking place, the starting of the
reaction requiring certain special conditions. This is
especially true in the case of substances having nega-
tive heats of formation; without special provocation
they do not undergo any alteration,

Examples. Oxyhydrogen-gas at ordinary tem-
peratures, gunpowder, acetylene, a mixture of metallic
iron and sulphur.

The causes which induce the reaction are not always
the same: sometimes it is a shock, as in the case of
fulminate of mercury, NCl,, and nitroglycerine;
sometimes the application of fire, as with gunpowder
and oxyhydrogen-gas; and again the action of light
is sufficient, as in the case of a mixture of hydrogen
and chlorine.

Occasionally the entire mass of the substance or
mixture must be heated, and then the reaction, hav-
ing once started, continues without the application of
further heat. A case of this sort is the formation of
chloroform from chloride of lime, calcium hydroxide,
alcohol, and water,
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§ 36. Criticism of the Principle of Greatest Work.
This principle may be very extensively applied to
reactions which take place under normal conditions
of temperature and pressure, and especially to the
cases of the reactions of such substances as show great
stability on increase of temperature.

One difficulty, however, has already been men-
tioned: the appearance of endothermic reactions as
results of complicated actions which, taken as'a
whole, are exothermic (comp. § 34, a and d).

The general applicability of this principle is very
much impaired by numerous other important consid- -
erations, which will now be mentioned.

§ 37. Endothermic Reactions which take place
at Normal Temperatures. The following chemical
reaction is endothermic:

NaFAq+HCIAq=NaClAq+HFAq . . . —2.3Cal

Also in many other cases heat is absorbed if the
solution of an acid be mixed with the solution of a
salt. It is not necessary, however, to consider only
the strictly chemical change, since the distinction
between chemical and physical processes is not always
clear, and, what is of still more importance, the
theory upon which the principle of greatest work is
based holds equally good for alterations in the
physical condition. The existence of many endother-
mic physical processes which take place spontane-
ously may be readily demonstrated.

Freezing - mixtures.  Snow and sodium chloride
mixed together at 0° give a liquid, a salt solution, the
temperature of which lies a number of degrees
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below 0°. Crystallized sodium sulphate (Glauber’s
salt) and concentrated hydrochloric acid when mixed
absorb an appreciable quantity of heat.

In both these cases the action is spontancous and
strongly endothermic.

The Solution of Salts in Water. Most salts dissolve
in water with the absorption of heat. However, this
action is self-inducing, i.e., takes place of its own
accord.

ReEMARK. Salts which form crystalline compounds with
water usually dissolve in water with the absorption of heat
only when they are introduced in the form of the com-
pounds containing the same number of molecules of water
with which they crystallize at ordinary temperatures.

The Evaporation of Liguids. Many liquids evap-
orate at normal temperatures, absorbing at the same
time an appreciable quantity of heat, known as the
heat of vaporization. Water, alcohol, and ether are
such liquids. This process is endothermic and takes
place spontaneously.

§ 38. Mass Action. Very often an element C can
cause the decomposition of a compound AB—although
A, B > A, C—if the quantity of Cis very great in
proportion to the quantity of AB. Thisis true in the
case of double decompositions.

Examples. 1. A small quantity of potassium
chloride is decomposed by a large quantity of bro-
mine, with the formation of potassium bromide, not-
withstanding the fact that '

K, Cl=105.5 Cal., while K, Br=--95 Cal.
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2. Ethyl alcohol and acetic acid mixed in molecular
proportion form ethyl acetate, but only two-thirds of
the alcohol and acid enter into this reaction, the other
third remaining in the form of the unaltered materials,
If, however, more alcohol or acid be added, the
quantity of the ethyl acetate is increased. The heat
of reaction in this case is nearly equal to zero.

3. Dilute hydrochloric acid mixed with a dilute
solution of sodium sulphate partially decomposes the
salt, an endothermic reaction taking place, and this
reaction proceeds further if more acid is added.

§ 39. Dissociation. Compounds which are formed
at ordinary temperatures by an exothermic reaction
are generally decomposed at very much higher tem-
peratures (comp. § 32). This decomposition, how-
ever, is an endothermic reaction.

REMARK. Investigations of the phenomena of dissocia-
tion were first carried out by Georges Aimé (1837) and
later by Henri Sainte Claire Déville (1857).

Examples. Water, hydrogen chloride, and
carbon dioxide are partially decomposed at high tem-
peratures, Ammonium chloride and many other am-
monium salts decompose into acid and ammonia-gas.
Calcium carbonate gives off carbon dioxide on heat-
ing. The so-called ¢fflorescence, the spontaneous loss
of water from hydrated salts, may be considered as a
dissociation phenomenon.

§ 40. The Principle of Variable Equilibrium.
This principle includes many of the exceptions to the
principle of greatest work which have been mentioned.

If a chemical system of a certain form changes to
another form by a reversible process, then at every
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temperature each of the two forms will be present in
a fixed concentration.*

If the transformation of the form A into the form B
takes place with the evolution of heat, then an increase
of temperature will cause an increase in the quantity of
matter in the form A.

If A changes to B with the absorption of heat, then
an increase of temperature will cause an increase in the
quantity of matter in the form B.

If the transformation of A into B takes place with-
out any caloric effect, then an increase tn temperature
will in no way alter the distribution of the system be-
tween the two forms as they exist at normal tempera-
tures.

ReEMark. This principle was introduced into chemistry
in 1884 by Van't Hoff.

Examples. Dissociation Phenomena. The phe-
nomena of dissociation mentioned above are examples
of exothermic reactions, into which, however, at
higher temperatures endothermic considerations also
enter. Water is formed from hydrogen and oxygen
with the evolution of a large quantity of heat; at high
temperatures, however, a part of the water dissociates
according to the equation

2H,0 (vapor) = 2H, (gas) + O, (gas) . . . — 58 Cal.
The reaction

CaO + CO, = CaCoO,

* Another rule applies to condensed equilibrium (see § 45, ¢).
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is exothermic, but at higher temperatures the reaction
CaCO, = CaO +- CO,

takes place, and this is endothermic: — 30.8 Cal.

Salt Solutions. Good examples are also
found in the phenomena accompanying the dissolving
of salts.

When a saturated solution of a salt (comp. § 52) is
in contact with the salt, the system (salt 4 water)
exists in two forms: solid salt and salt solution.

On heating, the concentration of the solution
changes: it either increases or decreases, only in
special cases does it remain constant.

In most cases the concentration increases with the
temperature—for example, in the case of KNO,,
Na,SO,10H,0, CuSO_5H,0. The salts dissolve with
the absorption of heat, an endothermic reaction takes
place, and as a result of this reaction that form of the
system results in which on an increase of temperature
an increased quantity of the reacting substance ap-
pears (comp. § 53, Rem. 1).

The concentration decreases in the case of ethyl
acetate and calcium sulphate. These substances,
whose solution in water is an exothermic process,
separate from the solvent on an increase in tempera-
ture; that form of the system which results from an
exothermic action decreases in quantity when the
temperature is raised.

The concentration of a saturated solution of sodium
chloride is but very slightly affected by the tempera-
ture; the heat of solution of this salt is in fact very
nearly equal to zero,
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Formation of Esters. The formation® of
ethyl acetate and water from ethyl alcohol and acetic
acid is a strictly chemical example of a reaction which
proceeds without caloric effect. At normal tempera-
ture only two-thirds of the molecular quantities of the
mixed substances are converted into the second form;
at high temperatures this reaction takes place very
rapidly, but the quantities of the original substances
which take part in it are neither greater nor less than
at the normal temperature.

Remark. The principle of greatest work, if viewed from
the standpoint of the principle of variable equilibrium, may,
according to Van’t Hoff, be briefly summed up as follows:
the principle of greatest work is the more correct the nearer
the temperature of the reaction approaches the absolute
zero; at the absolute zero it is of universal validity. The
frequent confirmation of the principle at normal tempera-
ture is due to the fact that this temperature, in comparison
with the highest attainable temperature, is not far removed
from the absolute zero.

It may also be said that at the absolute zero no disso-
ciation takes place.

§ 41. Chemical Equilibrium. The principle of
greatest work prescribes the complete transformation
of reacting substances, and requires the existence of
a single form for every chemical system—namely, that
form which is produced with the greatest evolution of
heat.

As already mentioned, this condition is contradicted
by a number of circumstances, including the endo-
thermic reactions which take place at normal tempera-
tures, the action of the chemical mass, the phenomenon
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of dissociation, and the phenomenon of variable
equilibrium.

All of these different facts may be summed up in
one general theory, called the theory of chemical
equiltbrium. The elements of this theory may be
stated as follows:

Reacting substances do not enter completely into a
transformation, the quantity of unaltered material
depending upon the relative quantities of the reacting
substances, upon the pressure, and upon the tempera-
ture.

The elements of this theory may, however, be
differently stated. A chemical system can exist in
more than a single form; generally the different forms
exist side by side, and the system is distributed
between them in quantities which depend upon the
mass of the substances, the pressure, and the tem-
perature.

The expression equilibrium of the forms is derived
from the fact that the final state of the system is
to be considered, not as a state of rest, but as a state
of motion; a continual transformation and re-formation
of the different forms taking place, but the actual
quantity of each of the forms existing at any one
moment being always the same. When this condition
arises, then the quantities of the forms stand to one
another in a fixed relation.

§ 42. Graphic Representation. If AB and CD
enter -into a double decomposition, then in the final
state of the system, besides a fixed quantity of AC
and BD, a certain quantity of AB and CD will also be
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present. The final state of the system can be repre-
sented by the equation
AB 4 CD = »(AC + BD) 4 (1 — 2)(AB 4 CD).

In this manner both the qualitative and quantitative
relations may be shown. If also the formation and
re-formation is to be expressed, then the equation is
written

AB+CD > AC+ BD.

It is evident that both simple decompositions and
substitutions can be represented in this manner:

ABT A4+ B; AB4+C_ACH+B.

Examples. 1. The elements hydrogen and
oxygen combine to form water, but may also exist in
the form (hydrogen -} oxygen). At high tempera-
tures both forms can exist side by side, and the state
of the system may be thus represented:

2H, - 0, Z 2H,0,
2H,+4 O, = 22#H,0 4 (1 — x)(2H, 4 O,).
2. Action of nitric acid on sodium sulphate:
Na,SO,Aq + 2HNO,Aq __ 2NaNO,Aq -+ H,SO,Aq
and

Na,SO,Aq + 2HNO,Aq = §(H,SO,Aq+ 2NaNO,Aq)
+ #(Na,SO,Aq + 2HNO,Aq).
3. The colorless nitrogen tetroxide decomposes on

increase in temperature and decrease in pressure,
forming the colored modification:
b ]

N,0, Z 2NO,.
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4. Calcium carbonate on heating is decomposed
into calcium oxide and carbon dioxide:

CaCO,  CaO + CO,.

§ 43. Proof of the Existence of Equilibrium
between Simultaneous Reactions. That a final
state of equilibrium must exist between the two re-
actions.

Form A = Form B and Form B = Form A

follows from the fact—which is indeed the character-
istic of equilibrium reactions—that the final state of
the system is independent of the form in the initial
condition.

When ethyl alcohol is mixed with acetic acid in
molecular quantities, the final state attained is the
following:

3(C,H,0 + C,H,0,) + $(C,H,0C,H,0 + H,0).

The same result is obtained, however, when ethyl
acetate and water are mixed in molecular quantities.

From this it is evident that not only the molecules
C,H,O and C,H,O, but also the molecules of the ester
and the water act on one another. And there is no
reason for believing that this action ceases when the
permanent, final state is reached.

With relation to these facts equilibrium reactions
are also often called reciprocal reactions in contradis-
tinction to reactions which proceed only in one direc-
tion. Although it is possible that all reactions are
under certain conditions reciprocal, nevertheless these
conditions have not been observed in all cases. It is
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also afact that in many cases the existence of a recip-
rocal reaction at a// temperatures is assumed from the
observation of the existence of such a reaction at
certain definite temperatures. A very evideut disso-
ciation of water-vapor can be observed at high tem-
peratures; at lower temperatures, however, a dissocia-
tion cannot be detected. It is nevertheless assumed
that it exists, although the quantity of the dissociation-
products is infinitely small.

§ 44. The Three Kinds of Chemical Equ1llbr1um

a. Homogeneous Equilibrium. This term is applied
to equilibrium between substances which form physi-
cally homogeneous mixtures, viz., water-vapor and
oxyhydrogen-gas; N,0, and 2NO,; Na,SO,Aq +}
HNO,Aq -+ HNaSO,Aq + NaNO,Aq, etc.

b. Heterogeneous Equilibrium. This expression is
used in the case of equilibrium between substances
which are not in the same states of aggregation; for
example,

CaCo, (solid) Z CaO (solid) + CO, (gas),
KNO, (solid) 2 KNO, (dissolved),

Na,S0,10H,0(sol.) _Na,SO,9H,O(sol.)4H,O(vapor).

¢. Condensed Equilibrium. This denotes: equilib-
rium between substances which are all solid or all
liquid, but are not mixed; or part solid and part
liquid, but not mixed.

Examples. Monoclinic sulphur _ Orthorhombic
sulphur.

Na,50,10H,0 (solid) > Na,SO0, (sol.) 4+ 10H,0 (liq.).
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§ 45. Effect of Temperature on Equilibrium.

a. On Homogeneous Equilibrium. The state of a
system of two substances which are in equilibrium
with one another, at a certain temperature and at a
certain pressure, is determined by the relative quanti-
ties of both forms present.

The relation of the two substances to one another
is further dependent upon the temperature of the sys-
tem and stands in a direct relation to the heat-toning *
which accompanies the transformation of the cne form
into the other.

The laws which govern the relation between the
quantities of the substances entering into the trans-
formation and the temperature and heat of transfor-
mation are the same as the rules given under the
principle of variable equilibrium in § 40.

REMARK. In the case of homogeneous equilibrium the
relative quantities of both forms can generally be deter-
mined from the specific gravity of the system. If the
weight of one liter of nitrogen tetroxide at a certain tem-
perature and pressure be determined,—it being known what
this value wowuld be if the space were filled with N,O,, and
also if it were filled with NO,,—then the composition of a
mixture which would correspond to the observed weight
can be calculated. ‘

In the case of reactions between solutions of acids and
salts the quantities which enter into the transformations,
and also the equilibrium relations, can be calculated from
the results of calorimetric, volumetric, and optical investiga-
tions. J. Thomsen determined the heat evolved on mixing
solutions of salts and acids, and, by comparing this heat-

* Heat-toning is the thermal effect measured in calorimetric
units.
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toning with that which wowu/d appear if the decompositions
were complete, was able to calculate the quantities of sub-
stances which had actually undergone decomposition. W.
Ostwald determined the specific gravities and indices of
refraction of mixed solutions, as well as the corresponding
values for the separate solutions of the salts, acids, and
products of the reactions, and used these values for calcu-
lating the extent of the decomposition.

There are also other special methods.

b. Effect of Temperature on Heterogencous Equilib-
rium. When a condensed form is in contact with a
dilute form,—a solid or liquid body in contact with a
gas, vapor, or solution,—the equilibrium of the system
is not determined by a certain dzszribution of the sys-
tem between two forms, but by a fixed concentration of
the dilute form. If the latter is a gas or a vapor, then
this fixed concentration is manifested through a certain
pressure, known as the dissociation-pressure, which is
independent of the quantity of the substance existing
in the condensed form.

The concentration increases with the temperature if
the heat-toning of the transformation of the condensed
into the dilute form is negative; if the latter is positive,
then the condensation decreases in accordance with the
principle of variable equilibrium (§ 40).

An example is furnished by the decomposition of cal-
cium carbonate, wlhich, if heated in an inclosed space,
dissociates into calcium oxide and carbon dioxide until
the gas reaches a certain pressure. Other examples are
furnished by hydrated salts, which have a certain vapor-
tension, depending on the temperature; and also by
saturated solutions of salts (§ 40).
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c. Effect of Temperature on Condensed Equiltbrium.
At a fixed pressure this type of equilibrium occurs at
only a single temperature, and the quantities of the
substances appearing in the coexistent forms are indefi-
nite; at 96° rhombohedral and monoclinic sulphur
exist side by side in arbitrary quantities. On an in-
crease in temperature the equilibrium vanishes, and the
change of one form into the other takes place in ac-
cordance with the rule given in § 40; that form appear-
ing which is produced from the other with the absorption
of heat.

In the case of condensed systems the conditions are
such that the two forms can only coexist at a single
temperature, above which one form, and below which
the other form, is stable. The temperature at which
both forms appear is called the Zemperature of trans-
Sormation or the transformation-point.

§ 46. Effect of Pressure on Equilibrium.

a. Effect on Homogencous Equilibrium. When a
gaseous homogeneous mixture of reacting substances
has attained a state of equilibrium and the tempera-
ture remains constant, an increase in the pressure
causes a change of the transformed quantities, and
that form results which is produced from the other by
a decrease in the number of molecules.

Briefly stated, the system, on an increase in pres-
sure, tends to pass over into the more condensed
form.

Example.

N,0, & 2NO,.

T
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The compression of this system causes an increase
in the quantity of the N,O,.

A special case is illustrated by the equimolecular
reaction

Py 56 S Y

In such a reaction the condition of equilibrium is
not affected by the pressure, if this is not too great.

b. Effect of Pressure on Heterogeneous Equilibrium.
When the dilute form is a gas, an increase in the
pressure at constant temperature does not have a
permanent effect on the equilibrium:

CaCO, (solid)  CaO (solid) 4 CO, (gas).

At constant temperature an increase in the pressure
of the carbon dioxide—corresponding to an increase
in the concentration of the carbon dioxide—causes
the formation of CaCO,, which continues until the
pressure has attained its original value.

The same behavior has been observed in the case
of hydrated salts: compression of the vapor causes the
recombination of the vapor with the dehydrated salt.

For salts which are in contact with their saturated
solutions the rule applies that an increase in pres-
sure increases the quantity of dissolved material, if
the total volume of the salt and the water required
for its solution is greater than the volume of the solu-
tion, or, what amounts to the same thing, if the
process of solution is accompanied by a contraction in
volume.

In such cases the rule also applies, that on increase
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in pressure the system tends to pass into the more
condensed form.

c. Effect of Pressure on Condensed Equiltbrium.
In cases of equilibrium of this nature the relation
between the quantities of the two forms is not directly
dependent on the pressure, if the temperature is con-
stant, since at the temperature of transformation the
two forms exist side by side in arbitrary quantities.
The temperature of transformation, however, is altered
by an increase in pressure, and is in most cases
lowered.

§ 47. Effect of Chemical Mass on Equilibrium.
The influence of this factor is evident only in the case
of homogeneous equilibrium. An increase in the
quantity of one of the reacting substances increases
the products of that reaction which is promoted by
the presence of the substance added.

In the reaction

Alcohol + acid _ Ester -} water

the formation of the ester is promoted by an increase
in the quantity of the acid and also by an increase in
the quantity of the alcohol. The addition of water,
on the contrary, retards the formation of the ester.

REMARK 1. If the action of one of the substances is
impeded, this is equivalent to a decrease in its mass. For
example: In the formation of esters the reaction is pro-
moted by leading a current of hydrogen chloride through
the mixture of acid and alcohol. The hydrogen chloride
combines with the water, and the action of the latter on the
ester 1s thus checked.

REMARK 2. The idea of mass action was brought for-
ward by Berthollet in the beginning of the present century.
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In later chemistry the first important application of this
idea was made by Guldberg and Waage (1867).

§ 48. Analogybetween Changes in Physical and
Chemical State. An insightinto the laws of chemical
equilibrium is obtained by a consideration of the condi-
tions under which a substance changes its physical state.

Water can be solid, liquid and vaporous, and the
transformation of one of these forms into the others is
accompanied by certain thermal effects. These trans-
formations are influenced by temperature and pressure,
and they are reversible; a change in condition, caused
by an alteration in pressure or temperature, is repro-
duced when the temperature and pressure are again re-
established.

A state of equilibrium exists in the case of the physi-
cal forms: at 0° ice is in equilibrium with water, below
0° ice is in equilibrium with vapor, above 0° water is in
equilibrium with vapor.

Increase in temperature leads to the appearance of
that physical form the production of which is accompa-
nied by the absorption of heat (principle of variable
equilibrium, § 40). Ice on heating is converted into
water. In this transformation a considerable quantity
of heat, called the latent Zeat of fusion, is absorbed.

Water on heating forms vapor of increasing density
and pressure; this vapor is formed with the absorption
of heat, the latent heat of vaporization.

The system

Water 4 Vapor

is in equilibrium according to the equation

Water Vapor,
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and furnishes a case analogous to that of heteroge-
neous equilibrium. The state of equilibrium is such
that at a certain temperature the density and pressure
of the vapor have a fixed and definite value. Com-
pression does not permanently affect these values,
since when this occurs the vapor changes to liquid
water, and the original pressure is again established.
A condensed equilibrium exists at 0° in the case of

Ice : Water.

By an increase in pressure the temperature of trans-
formation (corresponding in this case to the freczing
point) is lowered.

§ 49. Berthollet’s Law.

Principle. 1. When two substances A and B, each
of which can enter into a reaction with a third sub-
stance, C, are present in a homogeneous mixture
together with C, then there will exist in the final state
neither AC only nor BC only, but AC and BC will
occur in a state of equilibrium, their relative quantities
depending on the mutual affinities, as well as on the
chemical masses, of A and B.

2. If the substances AC and BC are either insoluble
or only very slightly soluble in the liquid, then they
will separate out, and the substances which remain
dissolved in the liquid will tend to establish a new
state of equilibrium, thereby causing the formation of
fresh quantities of AC or BC.

Berthollet's Frrst Law. When dissolved substances
by their mutual action bring about the formation of
an zusoluble substance, then the reaction will proceed
until the reacting substances are entirely decomposed.
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Example. Silver nitrate and hydrochloric acid
are completely converted into silver chloride and nitric
acid.

Berthollet's Second Law. When the reacting sub-
stances form a volatile compound, then the reaction
proceeds, until the original substances have undergone
complete transformation, the volatile substance being
continuously eliminated.

Example. Calcium carbonate is completely de-
composed by dilute hydrochloric acid, carbon dioxide
being formed; sodium chloride is completely decom-
posed by sulphuric acid, with the formation of
hydrogen chloride.

REmARk. These laws were published in ‘‘ Essai de sta-
tigue chimigue” (1804).

Explanation. Berthollet’s laws correspond
with modern theory, since they state the existence of
an equilibrium between two forms, and since they in-
troduce the idea of mass action into the consideration.
The influence of temperature and pressure, however,
are not taken into account, and in addition to this the
thermal effect of the alteration in form is entirely neg-
lected.

Nevertheless these laws are of great practical value,
since they include many reactions which take place
under normal conditions and since they in most cases
apply to the reactions, which are met with in the ordi-
nary course of laboratory work. They are lacking,
however, in logical rigor, since the conditions of in-
solubility and volatility with respect to the liquid are
not sharply defined. From the first law it cannot be
predicted that AgCN will dissolve in KCN, nor that
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AgCl will be decomposed by KCN. The second law
does not explain why sulphide of iron, but not sul-
phide of copper, is decomposed by hydrochloric acid;
the first law furnishes no explanation as to why, in a
mixture of ferrous chloride and cupric chloride dis-
solved in acidified water, sulphide of copper and not
sulphide of iron is precipitated by hydrogen sulphide.
Problems of this sort, however, can often be solved
with the help of the principle of greatest work.

§ so. Watt's Principle. When a space, in which
at two points different but constant temperatures are
maintained, contains a liquid at these points, then the
vapor of the liquid moves to the point of lower tempera-
ture; at this point it condenses, and in the end the
liquid will be found only at this point of lower tem-
perature, the space then being filled with vapor,
the pressure of which is equal to the maximum
vapor pressure of the liquid at the lower tempera-
ture.

Example. If water be heated to boiling, in a
still which is connected with a receiver cooled to 0°,
the vapor passes over into the.receiver; there it will
be transformed almost completely into liquid, and
finally all the water will have passed into the receiver,
and the space within the still will be filled with vapor
at a pressure of 4 mm. :

Explanation. Water at 100° is in equilib-
rium with water vapor having a pressure equal to I
‘atmosphere; water at 0° is in equilibrium with vapor
the density of which corresponds to a pressure of
4 mm.

In A the vapor pressure has a constant value equal
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to 1 atmosphere, in B, however, this value cannot
exceed 4 mm. Since the tendency of the vapor from
both vessels is to fill the space offered to it, the cool
vapor is forced back by the hot vapor, since the
pressure of the latter is much greater than that of the
former. The hot vapor therefore passes into B, where
it is mostly converted into liquid, since in B only
vapor having a pressure of 4 mm can exist. It is

1Athm..

evident that this transfer will cease only when all
liquid has disappeared from A, and when a pressure
of 4 mm exists at all points in the enclosed space.

Application.

Distillation. A liquid is separated from a non-
volatile substance with which it is mixed, by heating
the mixture in a vessel, and connecting this vessel
with a cooled receiver. The vapor of the volatile
liquid passes over into the receiver and there con-
denses, while the non-volatile substance remains in
the distilling vessel.

In this manner water can be separated from dis-
solved salts.—Thus also nitric acid is separated from
the mixture which results on adding sulphuric acid to
sodium nitrate, this operation causing the complete
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decomposition of the mixed materials; since the
equilibrium existing in the mixture first formed is
destroyed by the removal of nitric acid, and the zen-
dency towards the jformation of a new state of equilib-
rium results in the jformation of fresh quantities of
nitric acid.

Fractional Distillation. A mixture of liquids, when
heated in a distillation apparatus, produces vapor,
which at first consists chiefly of the vapor of the most
volatile liquid. As a result this substance is present
in the distillate in a purer state than in the original
mixture. If the vapor which has condensed to a
liquid be again distilled, then the first portion of this
distillate will be a purer product than the liquid
obtained in the previous operation. By fractional
distillation, however, an absolutely pure product can-
not be obtained; first, because by each distillation
the quantity of admixed substance becomes indeed
smaller, but does not entirely disappear; secondly,
since in many cases a mixture is finally formed, which
without alteration in composition may be converted
into vapor and again condensed. This takes place
because the boiling-point of this mixture is both /Jower
than the boiling-point of its components and also
lower than that of a mixture of different composition.
The result is that on distillation first the mixture
having the lowest boiling-point and later the other
mixtures pass over into the distillate. The same
behavior is observed in cases where a certain mixture
has a boiling-point which is /Azgker than that of its
components and than that of a mixture of different
composition. In such cases the more volatile mix-
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tures first pass over, and the least volatile remain
behind in the distilling vessel.

The occurrence of such mixtures of constant com-
position as are mentioned above is the explanation of
why ethyl alcohol cannot be separated from water by
fractional distillation, a mixture containing 94 per cent
of alcohol and 6 per cent of water distilling over.
It is also impossible to concentrate aqueous hydro-
chloric acid beyond a certain point, the concentration
of the vapor continually approaching that of the liquid
remaining in the retort, until finally the vapor and
liquid have the same composition, this composition
remaining unaltered on further distillation.

The composition of the unaltered mixture passing
over is dependent on the pressure, and therefore such
a mixture can not be considered a chemical com-
pound.

A very important instance of fractional distillation
is found in the purification of mineral oils by distilla-
tion.

Liquefaction of Gases under their own Pressure. If
one arm of a closed tube bent at an angle in the middle
contains crystals of chlorine hydrate (Cl,10H,0), and
the other arm be placed in a cooling mixture, then, if the .
arm containing the  chlorine hydrate be cautiously
heated, chlorine will be evolved and will pass over into
the cooler end. If an excess of the gas is present, a
point will be reached where the pressure of the gaseous
chlorine slightly exceeds its maximum pressure at the
temperature of the cooling mixture, and the chlorine
will therefore liquefy in that end of the tube. From
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this point distillation will continue, in accordance with
Watt’s principle.

Ammonia-gas can also be liquefied by a similar
process, the solid compound, ammonium silver chlo-
ride, being heated in a closed tube, one end of which
dips into a freezing-mixture.

The temperature of the freezing-mixture must, of
course, be lower than the critical temperature of the
gas.

Applications of the Theory of Points of Transforma-
tion. As has been already stated, a substance which
is in contact with its vapor in an inclosed space in
which more than one temperature exists, tends to
pass to that form of the system in which the vapor
has the lowest pressure. Further, when more than
one form can exist at the lowest temperature, the
system tends to assume that form the vapor pressure
of which is the lowest. Liquid water can, under cer-
tain conditions, exist below 0°, in contact with vapor
having a definite temperature and pressure. But ice
also is in-equilibrium with vapor below 0°. For every
temperature below 0°, however, the vapor pressure of
water is greater than that of ice. Therefore, when
ice and liquid water coexist at any temperature
below 0°, the vapor will distill from the water to the
ice, and will be transformed into ice. Also above 0°
ice and water cannot form a stable system (comp.
§ 48).

At 0°, however, the vapor of both water and ice
has the same density and the same pressure; therefore
at this temperature the coexistence of both forms is
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possible, while at higher temperatures only one form

is stable, :
The freesing-point of water is therefore the trans-

formation-point of the condensed equilibrium:

Ice (4 vapor) __ Water (4 vapor).

By a similar course of reasoning the conclusion may
be reached that at a certain temperature rhombo-
hedral and monoclinic sulphur can exist side by side,
since above this temperature the one only, below
this temperature the other only, of the two forms is
stable.

§ 51. Watt’s Principle applied to Matter at Nor-
mal Temperature, The soundness of Watt's law is
established by two facts. /F7rsz: A condensed sub-
stance const'tutes with its vapor a stable system, since
a certain pressure and density correspond to every
definite temperature.  Secondly: No equilibrium exists
if two systems of different density and different pressure
are present in the same inclosed space; the vapor,
under such conditions, passing from the region of
higher pressure to the region of lower pressure.

In the previous paragraph those cases were consid-
ered where the differences in density and pressure were
caused by differences in temperature. It is evident,
however, that the transfer of matter in the form of
vapor can also occur when the differences of vapor pres-
sure are due to other causes. The principle of Watt
may be still further expanded, and may be stated as
follows:

When in any given space there are two centres,
characterized by a difference in pressure of the vapor
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of one and the same substance in contact with a con-
densed form of this substance, the vapor of the sub-
stance will pass from the centre of higher to the centre
of lower pressure. ,

A tendency to establish an equality of pressure exists
in the system comprising the two centres.

Example. If pure water and a salt solution are
contained in an inclosed space, water vapor will pass
from the pure water to the solution.

Application.

Hygroscopic Salts and Acids. By hygroscopic salts
and acids are meant such substances as are strongly
soluble in water; their saturated solution is in equi-
librium with vapor the pressure of which is much
lower than that of pure water at the same tempera-
ture. When water is contained in an inclosed space
in which a substance of this nature is also present,
vapor passes from the water to the substance, since a
small quantity of water brought into contact with this
substance forms on its surface a very concentrated
solution; this solution has a very low vapor pressure
and constitutes a centre of low pressure, to which the
vapor of the pure water continually passes, i.e., dis-
tills over at normal temperature.

Since the vapor pressure of all salt solutions is lower
than that of pure water, such solutions will therefore
attract to them the vapor of pure water. The vapor
pressures of solutions of difficultly soluble substances
are only very slightly lower than that of water; the dis-
tillation will therefore take place very slowly.

The atmosphere always contains water vapor, the
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density and pressure of which vary greatly with
different localities and at different times. If a salt
solution be exposed to the air it absorbs water vapor
if its own vapor pressure be lower than that of the
water vapor in the atmosphere; in such cases the solu-
tinn is said to exert a /ygroscopic action. The
hygroscopic action of very soluble salts is consider-
able. On the surface of such substances the moist air
forms a film, consisting of a very concentrated, satu-
rated solution, which produces a centre of low vapor
pressure. As soon as this centre is created, the water
vapor of the atmosphere, the pressure of which ordi-
narily exceeds that of the salt solution, passes to this
centre. Fresh quantities of the solution are formed,
and this remains saturated and has a very low vapor
pressure, so long as an excess of the undissolved salt
remains. When the salt has completely dissolved,
then the solution continues to absorb water vapor
until the dilution reaches the point where the vapor
pressure of the solution is equal to that of the
atmosphere.

REMARK. ‘These considerations do not apply in the
case of hygroscopic action of a purely chemical nature, as
for example that of P,O,. P,O, is not in equilibrium with
water vapor at any pressure, since it forms with it a com-
pound H,PO,. It may be said, however, that P,O, repre-
sents a centre the vapor pressure of which is equal to zero.
The same is true for anhydrous calcium chloride; the first
hygroscopic action of this salt being confined to the forma-
tion of the hydrated salt, CaCl,.6 H,0, the salt in the mean-
time constituting a centre with the vapor pressure zero;
later a saturated solution is formed.

The saturated solutions of slightly soluble sub-
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stances do not exert any hygroscopic action, their
vapor pressures being greater than the pressure of the
water vapor of the atmosphere. Such solutions lose
water vapor until no more water remains.

The Deliquescence of Solid Substances in the Air. It
is now not difficult to determine what substances de-
liguesce in the air. They are those substances the sat-
urated solutions of which at normal temperatures have
a vapor pressure /Jess than the pressure of the atmos-
pheric water vapor; if their vapor pressure is greater
than the vapor pressure of the atmospheric water, then
the substances do not deliquesce, but, on the contrary,
when they are moist they dry in the air.

In general, therefore, deliquescence is a property of
readily soluble substances.

Potassium carbonate deliquesces, because a trace of
water forms with it a small quantity of a saturated and
very concentrated solution having a very low vapor pres-
sure, more water vapor being continually absorbed by
this solution. Potassium sulphate, on the contrary,
does not deliquesce, since, although it may perhaps be
already moist, it can form only a very dilute solution
the vapor pressure of which is greater than the tension
of the atmospheric water vapor, and therefore the sul-
phate will lose water vapor in the air.

Pure sodium chloride is but slightly soluble and
does not deliquesce. Commercial sodium chloride,
however, generally contains small quantities of very
soluble magnesium chloride, and since this latter sub-
stance deliquesces, the sodium chloride itself appears
to be hygroscopic.

Sodium nitrate (Chili saltpeter) is, at normal tem-
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peratures, very readily soluble in water, potassium
nitrate (potassium saltpeter) but very slightly. The
Chili saltpeter is so hygroscopic that it cannot be used
in the manufacture of gunpowder, while potassium
saltpeter is very well suited to this purpose. The
difference in solubility of the two salts is the basis of
the method for preparing potassium nitrate from
sodium nitrate according to the reaction:

NaNO, + KCl = KNO, + NaCl.

Hot solutions of NaNO, and KCl are mixed and
boiled, the potassium nitrate remaining dissolved in
the hot water. On cooling it crystallizes out, since it
is only slightly soluble in cold water. The solubility
of sodium chloride in hot and cold water is, however,
about the same; the sodiuin chloride therefore remains
in solution. The same conditions that make potassium
saltpeter suitable for the manufacture of gunpowder
also make it possible to prepare this saltpeter from
sodium nitrate and potassium chloride.

The Efflorescence of Hydrated Salts. As already
stated, a hydrated salt is at a given temperature in
equilibrium with water vapor of a definite density and
pressure. For every salt, as for pure water, there is
a certain characteristic table of vapor pressures. A
hydrated salt at a certain temperature therefore repre-
sents a centre of definite vapor tension.

When at normal temperature the vapor tension of
the salt exceeds that of the atmospheric water vapor,
then the crystals will lose water in the air and will
effloresce. If, however, the vapor tension of the
crystals is exceeded by that of the atmospheric vapor,



120

then the crystals will lose no water, or, as it may be
more correctly stated, the water lost will be imme-
diately replaced by the atmospheric vapor, and the
crystals will no¢ effloresce.

Example. Sodium sulphate (Glauber’s salt) efflo-
resces, calcium sulphate (gypsum) does not effloresce,
If fresh crystals of both salts are exposed to the air,
their identity can, after a short time, be readily
determined, since the first will, but the second will
not, have effloresced.

REMARK 2. In the above considerations it is assumed
that the relative amount of water in the air is nearly con-
stant. It is clear, however, that when the amount of water
is small many substances will not deliquesce, but will efflo-
resce, while when the amount of water is large the same sub-
stances will deliquesce and not effloresce.



CHAPTER V.
SOLUTIONS.

§ 52. Definitions. Many substances can form with
water a homogeneous liquid mixture; a mixture of
this sort is called a solution.

REMARK. Water is not the only liquid which can dis-
solve substances; in this book, however, chiefly agueous
solutions will be considered.

A solution is saturated at a certain temperature if,
when brought in contact with the substance a quan-
tity of which it already contains, no further quantities
of the substance pass into the solution. If the solu-
“tion contains more of the substance than is required to
form a saturated solution, then the solution is szper-
saturated. Supersaturation can only occur when the
solution is not in contact with solid particles of the dis-
solved substance; since this would immediately cause
the separation of a part of the substance contained in
the solution, and the strength of the solution would be
reduced.

A saturated solution of a substance in contact with
the same substance in the undissolved state represents,
at a constant temperature, a system of stable equilib-
rium. With most substances the quantity of material
which can be dissolved is greater the higher the tem-
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perature. There are other substances, however, the
solubilities of which decrease with an increase in tem-
perature.

Examples. Potassium nitrate, sodium nitrate,
sodium sulphate, and many other salts are more solu-
ble in warm water than in cold. Calcium sulphate
and ethyl acetate, on the contrary, are least soluble
in hot solutions. Sodium chloride is about equally
soluble in cold and warm water.

§ 53. General Laws of Solubility. The coefficient
of solubility of a substance is the number of grams of
the substance which at a given temperature will dis-
solve in 100 grams of water.

For the relation between solubility, temperature,
and heat of solution sce § 40.

REMARK 1. It should be noted that the expression ‘heat
of solution’ mentioned in paragraph 40 denotes the quantity
of heat which is evolved when a substance dissolves to
form an almost saturated solution, corresponding therefore
to the Zeat of solution in nearly saturated solution.

The solubility of solids and liquids is only very
slightly affected even by very great pressures. Com-
pare § 46.

ReMarRk 2. The relations between solubility and pres-
sure, and between solubility and temperature, only hold
when the water and the dissolved substance do not mix in
all proportions. Alcohol, for example, has no coefficient of
solubility, since it mixes with water in all proportions.

Gases, which are but slightly soluble in water, fol-
low the law of Henry, their solubility at a fixed tem-
perature is proportional to the pressure.

§ 54. Solubility of Hydrates. Salts containing
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water of crystallization conform to the rule that each
hydrate has its particular solubility. It is therefore
possible for a solution to be saturated with respect to
several different substances, namely, to different
hydrates. A concentrated solution-of sodium sulphate,
prepared at 40°, and afterwards cooled to the tempera-
ture of the room, is not only saturated with respect
to (i.e., deposits crystals not only on contact with)
Na,SO,10H,0, but also with respect to Na,SO,7H,0O.

This fact makes it difficult to determine in what
state a dissolved salt is present in a solution. This,
however, is certain: that one hydrate in contact with
the solution represents a system of stable equilibrium.

REmArRK. The relation between the solubility of a salt
and the temperature is generally represented by a diagram,
in which the temperatures appear as abscissas and the solu-
bilities as ordinates. In such a diagram the solubilities are
not those of hydrates, but of quantities of anhydrous salts
present in 1oo parts of water. The solubility is often taken
as the quantity of anhydrous salt which is present in 1oo
parts of solution. In the diagram on page 124 the coefficient
of solubility is, however, the one first mentioned.

§ 55. Osmosis. If a solution is contained in a
vessel, through the walls of which water, but not the
dissolved substance, can pass, and the vessel is placed
in water, then water will pass from the outside
through the walls of the vessel into the solution
(osmosis).

The property of partial permeability is possessed
by many vegetable and animal membranes; but
osmosis has been most accurately studied by the use
of artificially Prepared semipermmblz membranes.
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The passage of water through the walls of the ves-
sel can be prevented by applying a pressure to the
solution. 'Such a pressure, in equilibrium with the
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force exerted by the water in passing into the solution,
is equal to the osmotic pressure.

The osmotic pressure increases with the concentra-
tion and temperature of the solution.

§ 56. Osmotic Phenomena in Dilute Solutions.
If a solution is contained in a cylinder into one end
of which a piston is fitted, the other end being closed
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by a semipermeable membrane and surrounded by
water, the solution may be compared to a gas which
is contained in a cylinder closed at one end, and kept
in equilibrium with the atmosphere by a frictionless
piston at the other. If the piston be raised, then the
dissolved substance expands,—that is, water passes in
through the membrane from the outside,—the volume
of the solution increases, and the osmotic pressure
falls. If the piston be now pressed into the cylinder,
then water passes out through the membrane, the
volume of the solution diminishes, and the osmotic
pressure becomes greater. If the system be heated,
and the piston be held at one position, then the
pressure on the piston must be increased, and the
osmotic pressure becomes correspondingly higher.

Both concentrated and dilute solutions are in this
respect analogous to gases. Dilute solutions, more-
over, show a complete quantitative agreement with
gases, as has been shown by Van’t Hoff (1886).
When a dilute solution is contained in a cell with a
semipermeable membrane, and the cell is placed in
water, then the solution follows #/e lawws of Boyle and
Gay-Lussac and the law of Avogadro.

Further, for solutions of one and the same substance:

"At constant temperature the osmotic pressure is
proportional to the concentration;

At constant volume the osmotic pressure is propor-
tional to the absolute temperature.

For solutions of different substances:

Under conditions of equal temperature and equal
concentration the osmotic pressure is inversely pro-
portional to the molecular weight; or;
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Solutions of the same molecular concentration *
have at the same temperature an equal osmotic pres
sure. And lastly:

The osmotic pressure of a dissolved substance at a
certain temperature and concentration is equal to the
gas pressure which the same substance in a gaseous-
state would exert at the same temperature and con-
centration.

Example. The following osmotic pressures
have been observed in solutions of cane-sugar at
TG

Per Cent Solution. Osmotic Pressure.
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If cane-sugar cou/d exist as a gas, then at a con-
centration of 10 grams per liter and at a temperature
of 14° its pressure would be

760 X22.32 X 4% X 383 mm = 521 mm.

REMARK. It is evident that the molecular quantity of the
dissolved substance can be calculated from the osmotic
pressure of a solution of known concentration (compar:
§ 21, Rem. 1),

§ 57. Experimental Basis. This is partly found
in measurements of the osmotic pressure. Such
measurements, however, involve considerable diffi-
culty, and it is found almost impossible to prepare

* The molecular concentration is the number of molecular
quantities of the substance in one liter of the solution,
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membranes which are absolutely impervious to the
dissolved substances.

Important data are, however, found in the phe-
nomena which stand in close relation to the osmotic
pressure, as has been pointed out by Van't Hoff.
These phenomena are the Jowering of the frecsing-
point, the elevation of the boiling-point, and the decrease
tn the vapor pressure.

a. Lowering of the Freezing-point. It has long
been known that the freezing-point of water is low-
ered by the addition of a soluble compound. This
lowering is, within certain limits, proportional to the
concentration of the solution. According to the
theory of osmotic pressure, this pressure is propor-
tional to the number of molecules dissolved in a liter,
and also for one and the same substance the lowering
of the freezing-point is proportional to the concen-
tration, while for the solutions of different substances,
but of equal concentration, the lowering is inversely
proportional to the molecular weights of the dissolved
substances.

REMARK 1. If the depression of the freezing-point for a
one-per-cent solution of any substance in a given solvent
be determined, then the depression produced by dissolving
a molecular quantity of the same substance in 100 grams of
the given solvent can be calculated, it being assumed that
such a solution would be possible and that it would obey
the law for dilute solutions. The value of the result ob-
tained is purely fictitious, but is of great assistance in ex-
perimental work and is known as the molecular depression
for the given solvent. The molecular depression of the
freezing-point depends upon the nature of the liquid, and
is the same for all dissolved substances (compare § 58).
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REMARK 2. The constant for the molecular depression
of the freezing-point has a different value for every solvent.
Van’t Hoff has pointed out the fact that a direct quantita-
tive relation exists between this constant and the /atent

heat of fusion of the solvent, so that either one of the two
quantities can be calculated from the other.

b. Elevation of the Botling-point. For the same dis-
solved substance the elevation of the boiling-point is
proportional to the concentration.

For equally concentrated solutions of different sub-
stances the elevation of the boiling-point is inversely
Pproportional to the molecular weights of the substances.

c. Decrease in the Vapor Pressure. Similar rules
apply to the lowering of the vapor pressure of solvents.

REMARK 3. The above rules may be summed up as fol-
lows : the osmotic pressure, depression of the freezing-point,
elevation of the boiling-point and decrease in vapor pres-
sure are equally great for solutions which contain an equal
number of molecules dissolved per liter in the same solvent.

REMARK 4. The molecular quantity of the dissolved
substance can be determined from any one of the three
rules given. The depression of the freezing-point method
is, however, the one most generally used.

Many substances the molecular weights of which had
been previously determined have given similar values when
cxamined by the more recent methods. Nevertheless
the molecular weight is to a certain extent dependent on
the nature of the solvent.

ReEmaRrK 5. Important osmotic phenomena may be ob-
served in the case of living organic cells. )

If a plant-cell be brought into a salt solution osmosis
takes place. The protoplasm which surrounds the liquid,
the sap of the cell, under normal conditions adheres to the
cell-wall, and acts as a semipermeable membrane, permit-
ting only water, but not the substances dissolved in the sap
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or the water, to pass through. According as the salt solu- -
tion used is more or less concentrated, the sap of the cell
will absorb water or send out water through the protoplasm.
A certain concentration of the salt solution must naturally
exist which is in equilibrium with the sap, so that the solu-
tion does not remove water from the sap, nor does the sap
remove water from the solution. At this concentration the
sap and the solution have an equal osmotic pressure; they
are isosmotic or Zsofonic. ‘The solutions of different salts are
isotonic and of equal osmotic pressure when they are in
equilibrium with the sap of the same cell. Stronger solu-
tions withdraw all water from the cell. The elastic pro-
toplasm contracts and breaks loose from the rigid wall of
the cell. This phenomenon, known as plasmolysis, is ob-
served by the use of a microscope.

The isotonic coefficient of a substance is the osmotic
pressure of its aqueous solution when this has the same
molecular concentration as a potassium nitrate solution, the
osmotic pressure of which is arbitrarily chosen as 3. The
isotonic coefficient of cane-sugar is 1.88; therefore a solu-
tion of cane-sugar is isotonic with a sodium nitrate solution
when the molecular concentration of the former stands to
the concentration of the latter in the proportion 3 : 1.88
(H. de Vries).

Equal osmotic pressures are observed in the cases of
equimolecular solutions of various neutral organic com-
pounds and organic acids. The behavior of blood-cor-
puscles is very similar to that of plant-cells, and was first
investigated by Donders and Hamburger. The latter
worked out a method for the determination of molecular
weights which was based upon phenomena observed in the
course of the investigation.

§ 58. Exceptions. The methods for the determi-
nation of the molecular weight described in this
chapter lead in the case of a large number of sub-
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stances to results which are not in accord with the
general osmotic theory. These substances comprise
the strong acids, the strong bases and salts. Atten-
tion was called by Arrhenius (1887) to the rule that
exceptions occur in the cases of all substances which
are electrolytes.



CHAPTER VI.

ELECTROCHEMISTRY.

§ 59. Definitions. A chemical compound which
in the dissolved or melted condition conducts the elec-
tric current is called an eleczrolyte.

If an electric current is passed through the aqueous
solution of an electrolyte, certain chemical changes are
produced. The process'is called electrolysis.

The point at which the positive electricity enters the
solution is called the anode, the point at which it leaves,
the cathode. Both anode and cathode are known as
the electrodes.

The little particles charged with electricity which
collectively constitute a molecule of the electrolyte are
called the 7ons of the latter.’

The ions which during electrolysis move to the
anode are called the anions; those which move toward
the cathode, the caz/iions.

§ 60. Electrolytic Dissociation. When an elec-
trolyte dissolves in water a part of its molecules split
up into ions. This process is called electrolytic dis-
sociation.

131
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If the solution takes place in a large volume of
water, i.e., if the solution is very dilute, all of the
molecules are split up into ions. In such a solution
the electrolyte is present only in the form of ions.

Examples. Potassium chloride in aqueous

& e
solutions is partly split up into the ions K and Cl;

potassium nitrate into K and N_Os; sulphuric acid ac-
+ — 4+ +
cording to the dilution into H and HSO, or into H, H

I I s,
and SO,; potassium acetate into K and C,H,O,.

REmMark. Clausius was the first to put forward the hy-
pothesis that electrolytes on passing into solution in water
partly split up into their ions. If such a solution is elec-
trolyzed, then the ions, which at first move in all directions
through the solution, will be guided by the current, the
cathions to the cathode and the anions to the anode.

The action of the current on the electrolyte is therefore
not the decomposition—since the electrolyte is already de-
. composed into its ions in the solution—but the transporta-
tion of the ions to the electrodes.

Later (1887) Arrhenius chose this hypothesis as a starting-
point and founded upon it his theory of electrolytic dis-
sociation.

Since the ions are charged with electricity they can exist
in water without action on it. A normal potassium atom
would instantly decompose water; a charged potassium
atom (potassium ion), however, is neutral in its action to-
wards water until the electric charge which it bears has
been removed from it, as occurs when it comes in contact
with the cathode.

§ 61. Faraday’s Law. This can be stated as
follows: The movement of electricity in electrolytes
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takes place only with the simultaneous movement of
the ions.

Chemically equivalent quantities of different ions
move with equal quantities of electricity.

If equal quantities of electricity pass through solu-
tions of different electrolytes, for example, silver nitrate
and copper sulphate, then, according to Faraday, the
weights of silver and copper ions which move through
these solutions with this quantity of electricity will
stand to each other in the ratio of the chemical equi-
107.93 63.6

e i

During electrolysis, when the transported ions are
discharged at the electrodes and the silver and copper
ions pass into the neutral condition, the weights of the
metals deposited will stand in the ratios of their chem-
ical equivalent weights.

valent weights of silver and copper; i.e.,

REMARKS. Experiment has demonstrated that when in
one second the unit quantity of electricity (one coulomb)
passes through a solution of a silver salt, in this time there
will be deposited 1.118 milligrams of metallic silver. This
quantity is called the electrockemical equivalent of silver.

From these data, by applying Faraday’s law, the electro-
chemical equivalent of every other ion can be calculated.

Thus, for example, the electrochemical equivalent of lead
(x) is obtained from the equation
107.93 . 206.9

PRGER

Toll NS =t

== QT

§ 62. Conductivity of Organic and Inorganic
Compounds. In general, organic compounds in aque-
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ous solutions are poor conductors and similar solutions
of inorganic compounds are good conductors. Solu-
tions of strong acids in water conduct better than solu-
tions of weak acids; organic acids in solutions conduct
to a perceptible extent only when greatly diluted.
Organic salts are good conductors.

The exceptions mentioned in § 58 are not observed,
or at most the variations from the general law are only
slight, when solvents other than water are used.

§ 63. Some Laws Governing Electrolytic Dis-
sociation.

a. This dissociation increases with the dilution, and
with increasing dilution approaches a maximum value.

Example. Potassium chloride in fairly con-
centrated solutions is partially dissociated into the
ions K and Cl. The state of the system is therefore

ZKCl 4 (1 — 2K + (1 — 5CL

The degree of dissociation, at a certain temperature
and concentration, has a fixed value. With increas-
ing dilution x decreases and (1 — x) increases, until
finally when infinite dilution is reached all the mole-
cules of KCI have dissociated into ions.

6. In the case of strong acids and bases and their
salts, in general in the cases of substances which
enter into strong reactions, the dissociation is nearly
complete in fairly concentrated solutions.

The reactions of analytical chemistry are chiefly
reactions between ions.
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Example. The formation of silver chloride
from silver nitrate and sodium chloride takes place
according to the equation:

+ = g = + -
Na|ClAq+ Ag | NO,Aq= AgCl (solid)+Na | NO,Aq.

REMARK I. At first thought it might appear remarkable
that such bodies as HCI, NaOH, and KCl exist in solution
chiefly in the form of ions. It must be remembered, how-
ever, that these substances enter most readily into reactions,
and the ability to enter into reaction depends upon the
readiness with which the substances interchange their con-
stituents.

REMARK 2. The existence of electrolytic dissociation
explains why, for example, chlorine does not always show
the same reactions. According to the theory of Arrhenius
the reactions are not reactions between atoms, but between

o fke ;
ions. ‘Therefore K|CIO, with Ag/NO, will not form AgCl,

since the reaction involves the ion ClO,, and not the atom
CL

REMARK 3. The part played by phenol-phthaline in
volumetric-analysis titrations is explained by the theory of
Arrhenius.

Phenol-phthalein is a substance of very complex con-
stitution and contains two phenol residues, the radicals
C,H,OH. These groups impart to the substance to a cer-
tain degree the properties of an acid, so that phenol-phtha-
lein may be considered as an organic acid of the character
RH. Like all organic acids, this substance in aqueous
solutions is but very slightly dissociated, a condition which
is quite different in the case of its salts. On neutralization
with a base a salt RK is formed, and this salt is dissociated
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. . = +
into the ions R and K. The 7¢d color observed when phe-
nol-phthalein is used as an indicator, is therefore due to the

Jormations of the ions R from the non-dissociated substance
RH.

That this explanation is correct is proved, first, by the
fact that all soluble bases produce with phenol-phthalein
the same red coloration, and, secondly, by the fact that ke
red coloration is extremely weak in alcoholic solutions—alcohol
almost completely retarding electrolytic dissociation (§ 58),
—but becomes much more intense when the alcoholic solu-
tion is diluted with water.

¢. With respect to the osmotic pressure and the
corresponding phenomena each ion has the value of a
molecule, since each ion moves about in the liquid as
an independent unit.

This rule explains the appearance of exceptions to
the theory of osmotic pressure as enunciated by Van’t
Hoff. An example illustrating this will be given:

As previously stated, the condition of potassium
chloride in an aqueous solution is the following:

(1 — ©)KCl + 2Cl + K.

If # molecules of KCl were originally introduced into
the solution, then the above equation would become

— =
n[(1 — x)KCI 4 »Cl 4- xK].
The number of separate particles existing in the
solution is therefore not #, but is equal to

n(1 — x) 4+ 22 = #(1 4 x).
Since the osmotic pressure is proportional to the
number of dissolved molecules, and since each ion
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acts as a separate individual particle, the value of the
osmotic pressure is a result of the action of, not »
molecules, but (1 4 x) particles.

The value of x increases with increasing dilution
and approaches the maximum value 1. Therefore at
extreme dilution the value of the osmotic pressure is
twice as great as that prescribed by theory.

These considerations also apply to the phenomena
of the depression of the freezing-point, etc,

If the depression of the freezing-point is determined
for a solution of potassium chloride of certain concen-
tration, the value thus obtained may be compared
with that which woun/d be obtained if no dissociation
took place, and the value of ‘» may be calculated.
This follows since the relation between the observed
value and the theoretical number is, according to the
above explanation, (1 + x).

§ 64. Proof of the Theory of Electrolytic Disso-
ciation.

a. The exceptions to the general law of osmotic
pressure appear in the case of electrolytes.

This fact has already been mentioned.

4. The variation is greater with greater dilution.

¢. The degree of dissociation, calculated from the
depression of the freezing-point, is equal to that
determined from the conductivity of the solution.

According to the theory of Arrhenius the ions con-
duct the electricity in a solution, the undissociated
molecules taking no part in this process. To deter-
mine the degree of dissociation, at a certain concen-
tration, the conductivity of the solution at this con-
centration is compared with the conductivity of a
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solution of the same substance at infinite dilution; in
the lattér case the conductivity reaches its maximum
value. From these data the number of free ions and
the degree of dissociation at the given concentration
can be calculated.

REmark. The conductivity must always be reduced to
a fixed concentration of the solution; since although the
dissociation increases with the dilution, the concentration
of the dissolved substance decreases at the same time.

The degree of dissociation, as determined from the
conductivity of the solution, is the same as that cal-
culated from the depression of the freezing-point.

d. The law of thermoneutrality (compare § 32).

The mixing of dilute salt solutions produces no
thermal effect. This fact is readily explained by the
theory of dissociation; since in dilute solutions the
salts are almost completely dissociated, and when they
are mixed no alteration in their condition takes place.

S g2
Na|ClAq 4 K|No,Aq,
both before and after mixing, is a solution of the ions

(ﬁ-a, €l I-E, NO,) in water.

e. The neutralization of a strong base by a strong
acid always gives the same heat-toning.

Hydrochloric acid, nitric acid, hydrobromic acid,
and hydriodic acid, when in dilute solution, give for
molecular quantities nearly the same quantity of heat,
-+ 13.7 Cal. For example,

HCIAq+ KOHAq = KCIAq+ H,0. .. 4 13.7 Cal.
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According to the theory of electrolytic dissociation,
this reaction must, however, be expressed as follows:

Ee + | -
| Claq + K|OHAq
+ A
=K|C1Aq+ H,O ... 4 13.7 Cal.

Therefore the thermal effect of mixing the two solu-
tions is due solely to #ke formation of water from its
zons. The heat of formation of water from its ions is
accordingly equal to 4 13.7 Cal.

Since the strong bases and the strong acids are all-
most entirely dissociated into their ions by water, the
only action on mixing the solutions is in all cases the
formation of water from its ions, and therefore the
thermal effect is in all cases the same



CHAPTER VII.
PHENOMENA OF LIGHT.

§ 65. Colored Flames. Many salts introduced
into a nonluminous gas-flame impart to the flame a
coloration which is characteristic of the metal of the
salt. Sodium salts color the flame yellow, potassium
salts violet, barium salts green. In analytical chem-
istry this coloration is used to identify many metals.

Often, however, the color effect is not sufficient for
the identification of an element, since the characteris-
tic color of one element may be masked by that of
another, and indeed the intense yellow color of
sodium is almost never absent. It is therefore neces-
sary to analyze the effect, and to separate the light
into its components. A rough method for accomplish-
ing this is by the use of cobalt glass or an indigo
prism; these allow the potassium light, but not the
sodium light, to pass through them, and it is thus
possible to identify the color of potassium in a mix-
ture of it with sodium.

§ 66. The Spectroscope. The analysis of the light
by means of the spectroscope is, however, much more
accurate. In this apparatus a ray of light from the
flame passes through a narrow slit and falls on a glass

prism. The action of the prism on the ray of complex
140
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light passing through it is such that this ray is broken
up into a series of other rays, each of which consists of
light of a single wave-length (i.e., of a single simple
color), and these simple rays issue from the prism at
different angles. It is therefore possible to observe the
separate components of the original complex light, and
in the spectroscope this is done by placing a small tele-
scope in the path of the simple rays. The action of
the prism on the ray of complex light depends upon
the fact that lights of different wave-lengths have
different coefficients of refraction.

Every coloration imparted to the flame by a metal
in the vaporous condition consists of a definite num-
ber of different kinds of light of certain wave-lengths.
The observation of these different kinds of light and
the determination of their wave-lengths furnishes an
accurate means for determining the presence of metals
in the flame.

ReEmARk 1. While the light emitted by luminous vapors
consists of but relatively few simple components, the spec-
trum (i.e., the collection of simple rays) of glowing solid or
liquid bodies consists of a continuous series of different
kinds of light.

Generally the spectrum of only the free metal is
observed when a salt is introduced into the flame, the
constituents of the flame decomposing and reducing
the compounds of the metal. When salts and oxides
vaporize in the flame without decomposition, then
other spectra are obtained.

REMARK 2. According to an investigation made by
Pringsheim, the luminosity of the metals is not dependent
on the temperature, but on the chemical action of the
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flame on the salt or the oxide, therefore on the reduc-
tion.

For many metals the temperature of the gas-flame
is not sufficiently high to convert them into luminous
vapor. In such cases electrodes are prepared from
these metals, and electric sparks are allowed to pass
between theéem. By the action of the spark small
quantities of the metals are removed from the poles
and converted into vapor.

The spectrum of a gaseous substance is obtained by
introducing the gas into a tube under diminished
pressure and passing through it the current from an
induction-coil; the gas is heated to glowing and the
color is analyzed by the spectroscope.

Since the light of every vaporous element is com-
posed of a series of rays of definite wave-length, cer-
tain lines in the spectrum are characteristic of certain
elemeants, and the discovery of new lines may lead to
the identification of a new element. As a matter of
fact a number of elements have been discovered in
this manner by the use of the spectroscope,—namely;
cesium, indium, gallium, and germanium.

REMARK 3. Characteristic phenomena appear in the
spectroscopic investigation of salts of the so-called rare
earths—earths of the didymium group, of the erbium group,
and of the yttrium group. On the basis of a well-founded
theory on the nature of these earths it does not necessarily
follow, but it is nevertheless possible, that these substances
are mixtures of different oxides, and do not consist of a
single oxide only.

§ 67. Absorption Phenomena. The light which
we call white is in reality very complex and consists of
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rays of all possible wave-lengths. White light givesa
continuous spectrum, that is, a spectrum which is not
broken up into lines of especial brilliancy or intensity,
but which, on the contrary, shades off uniformly from
infra-red to ultra-violet. When white light is allowed
to pass through the luminous vapor of an element, the
vapor absorbs from the white light those components
which the vagor itself is able to emit, and as a result the
spectrum of the white light is found to contain a series
of dark lines which correspond to the bright lines in
the spectrum of the vaporous element. Also non-
luminous vapors show a similar property of absorption.

These facts play an important part in the explana-
tion of the dark lines which appear in the solar spec-
trum. Many of the dark lines in the solar spectrum
correspond to the bright lines of certain luminous
elements. From these facts Kirchoff deduced the
following hypothesis: The sun consists of a solid
or liquid nucleus which is surrounded by an atmos-
phere of luminous vapor. The nucleus emits
white light, and when this light reaches the earth
it is destitute of those rays which have been ab-
sorbed by the solar atmosphere. The dark lines of
the solar spectrum correspond to elements which exist
in the solar atmosphere, but which must be present
in the nucleus also. Since, however, many of the
dark lines of the solar spectrum correspond to the
bright lines in the spectrum of the light emitted by
the luminous vapor of terrestrial elements, it may
safely be assumed that the earth and sun are largely
composed of the same elements. The fixed stars
also give a spectrum containing dark lines.
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§ 68. Photochemical Action. In the phenomena
of light which have been described the substances
which absorb the light undergo no chemical alteration.
There are, however, a large number of cases known
where the action of the light on the illuminated body
produces an alteration which is of a purely chemical
nature. A consideration of these cases leads to the
following general laws:

a. All kinds of light from infra-red to ultra-violet
are capable of exerting a plotochemical action.

"REMARK 1. The assumption that only violet light can
produce chemical action is incorrect. The most evident
photochemical action in nature, the decomposition of the
atmospheric carbon dioxide under the influence of the
green chlorophyll of plants, is due chiefly to the yellow con-
stituents of sunlight. Itis also incorrect to speak of certain
kinds of light as being especially active from a chemical
standpoint, since every kinds of light can produce certain,
characteristic chemical action.

6. Photochemical action is exerted only by those
rays which are absorbed by the illuminated substance.

REMARK 2. The reverse of this law, that absorption is
necessarily associated with chemical action, is not true.

¢. The nature of the illuminated substance deter-
mines the nature of the chemical action.- Red light,
however, exerts chiefly an oxidizing, violet light
chiefly a reducing, action on compounds of the metals.
The reciprocal action of metalloids is generally pro-
moted by violet light.

d. The readiness with which a substance is affected
by rays of a certain wave-length is increased by the
admixture of other substances which absorb these
rays.
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e. A substance is usually more readily decomposed
by light if it be mixed with other substances which
can combine with the products of .the decomposition.

REMARK 3. The explanation of this faet is that the
removal of the decomposition-products- prevents the re-
formation of the original substance.

§ 609. Photochemical Extinction. Photochemical
extinction is that phenomenon which is exhibited when
rays which pass through a medium which is sensitive
to light are weaker in their chemical action when they
pass through a second layer of the same medium, this
weakening not being assignable to a purely optical
absorption.

Example. Light which has passed through a
mixture of equal parts of chlorine and hydrogen in a
layer of given thickness has a much more feeble chem-
ical action than that which has passed through a layer of
chlorine of half the thickness, although the optical
absorption is in both cases the same.

When the chemical action of light reaches its great-
est intensity, not immediately after absorption, but
after a certain time has elapsed, the phenomen(;n is
called plotochemical induction. 3

Remark. The combination of hydrogen with chlorine
is explained by assuming that these gases do not act directly
upon one another, but combine through the agency of
water-vapor, with which an intermediate compound is first
formed. It is possible that the reactions are the following:

H,0 + Cl, = C,0 + H,;
2H, + CI,0 = H,0 + 2HCL
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An appreciable time would be required before a quaatity
of CL,O would be formed sufficient to produce the second
reaction.

This hypothesis is founded on the fact that a mixture of
moist chlorine and /ydrogen is much more sensitive to light
than a 47y mixture of the same gases.

§ 70. Development and Fixing of a Photo-
graphic Image. In all the various photographic
methods the light acts for only a short time on the
sensitive plate, and in this time no visible image is pro-
duced. After the exposure, when the plate is treated
with a so-called dewveloper, the image gradually ap-
pears. Inthe modern methods of photography the de-
veloper is a reducing substance which reduces the silver
salt of the sensitive plate, this reduction occurring only
at those points where the light has acted and has pro-
duced a latent image.

Remark. The explanation of the process of develop-
ment is purely hypothetical, and depends upon the process
of daguerreotyping, which has not been practised for many
years. Daguerre (1838) exposed a silver plate, weakly
iodized on the surface, for several seconds to the action of
light. In this period no visible picture was produced, and
Daguerre then brought the surface of the plate into contact
with the vapor of mercury. This vapor was precipitated
most rapidly on those points of the plate where the light
had caused the decomposition of the silver iodide with the
formation of slight traces of silver, and as a result the sur-
face of the plate became rougher at those points.

On the basis of these facts, it may be assumed that in
the modern methods of development the developer first
attacks the sensitive surface of the plate at those points
where partial decomposition has already taken place. The
silver bromide of the silver-bromide gelatine plates, partially
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decomposed by light, concentrates the action of the de-
veloper at those points where the decomposition has already
begun, and at those points a more rapid reduction, and
accordingly a more rapid separation of silver, takes place.

It must be clearly understood that this explanation is of
a very hypothetical nature.

When the image is developed, it is made perma-
nent or fized. The plate is immersed in a solution of
some substance which dissolves the undecomposed
portion of the sensitive material and thus removes it.

By this process, however, only a so-called negative
is obtained: the high lights of the object photographed
have sent out many rays, have caused a strong sep-
aration of silver, and have produced a dark image; the
shadows, on the contrary, have produced a lighter
image. A positive is obtained by placing the nega-
tive plate on a piece of sensitive paper and exposing
this to the light; the relations of light and shadow are
now exactly reversed.

§ 71. Color Photography. Lippmann in 1891
succeeded in photographing the solar spectrum in its
natural colors., The sensitive film which he exposed
to the light was backed by a layer of mercury. The
light-waves passed through the film and were reflected
back by the surface of the mercury; the reflected
waves interfered with the direct waves and formed
standing waves. The wave-lengths of these waves is
extremely small, and accordingly a large number of
crests and nodes were formed in the sensitive film,
the decomposition of the silver salts reaching a maxi-
mum at the crests and being equal to zero at the nodes.
The films were developed and fixed in the usual
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manner, and layers of reduced silver were formed in
the sensitive film. The distances between the layers
of silver were equal to one-half the wave-length of the
color which produced them. When the film was
viewed by white light, the layers of silver caused inter-
ference phenomena, and therefore reflected light of a
color corresponding to that by which they had been
produced.



CHAPTER VIII.
THE PERIODIC SYSTEM.

§ 72. Definition. The periodic system is a group-
ing of the elements which depends upon the law
that the properties of the elemnents, so far as these
may be expressed by numbers, are periodic functions
of their atomic weights.

REMARK 1. The quantity A is a function of the quan-
tity B, if they alter simultaneously, and if to every value of
B there corresponds one or more values of A. Thus Aisa
function of B in the following equations:

A = 3B;
A = B%
A=B"4p;

A =¥ (B"+2);
A = arc sin B.
A is a periodic function of B if on a continuous increase
in the valne of B the value of A is the same at regular in-
tervals. Thus in the equation

A =sin B

A is a periodic function of B, since for every value of B A

has a certain value; A will, however, have the same value

if B is 360° or 720° or 7 times 360° greater, and accordingly

for every interval of 360° A again receives the same value.

This interval is called a period, and the series of values
149
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which A receives while B is passing through an interval is
also called a period.

ReEMARK 2. The basis of the periodic system is the
periodic function. Nevertheless the periodicity is not as-
sociated with mathematical exactitude with a period of
definite interval. The theory may therefore be brought
into closer agreement with the facts if it be stated that when
the elements are arranged in the order of their increasing
atomic weights they may be separated into definite groups,
and the properties of any one group can be found recurring
in the others at certain stated positions.

REMARK 3. A relation between the properties of the
elements and their atomic weights has long been sought, it
having been observed that a mathematical relation exists
between the atomic weights of those elements which, from
their general properties, form a natural group or family.
Thus the atomic weight of strontium is approximately the
mean of the atomic weight of calcium and the atomic
weight of barium; the atomic weight of sodium is approxi-
mately the mean of the atomic weights of lithium and
potassium. Zeuner (1857) divided the elements known at
that time into #riads.

In the years 1862z and 1863 de Chancourtois and New-
lands attempted to carry out a classification of the elements
according to their atomic weights; the latter pointed out
that similar properties appeared in the case of every
eighth element in the series. This was known as #4e law of
octaves.

In the year 1869 attention was first called, by Mendelejeff
and Lothar Meyer, to the periodicity of the properties with
respect to the atomic weights, and by them a system was
established in which the idea of periodicity was rigidly
applied. This system is the one at present in use.

§ 73. Graphic Representation. If in a plane
points are so determined with respect to two axes that
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the abscissas are proportional to the atomic weights
and the ordinates are proportional to some property
of the elements which may be expressed by numbers,
and the points thus determined are connected by
straight lines, a broken curve is obtained which rises
and falls in a series of waves. The characteristics of
the particular property under consideration in one
wave recur in the other waves at corresponding posi-
tions. The periodic variation of the physical proper-
ties of the elements is most strikingly shown in the
graphic representation of the atomic volume, '

An undulating curve of this nature is therefore a
graphic representation of the periodic system.

§ 74. Tabular Representation. If the groups of
kindred elements in a horizontal row are arranged
one below the other, then the periodic system is
obtained in the form of a table. Passing from left to
right, the elements follow their atomic weights, and
the properties which appear in one of the horizontal
rows will be found to occur again in other rows in
analogous positions. As a result the elements having
similar properties.are found in the same vertical row.*

§ 75. Small and Large Periods. In the case of
the first two periods, each of which contains 7 ele-
ments, the agreement of the corresponding members
is very great. The third period begins with potas-
sium, which corresponds with sodium; but between
potassium and rubidium, with which the fourth period

*In the back of this book there is given a table of the elements
arranged chiefly according to the scheme proposed by Lothar
Meyer, from which, however, the table given by Mendelejeff does
not materially differ. '
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begins, there are 16 elements, and after rubidium
16 * elements must be passed before casium, an ele-
ment showing great analogy to potassium and rubid-
ium, is reached. In this case two periods of 17
elements each must be assumed, and as a matter of
fact these groups of 17 may, with respect to most of
their properties, be considered as independent periods.
They are therefore called /arge periods, in contradis-
tinction to the small periods which are formed by the
groups Li—FI and Na—Cl.

The large periods fall with respect to certain prop-
erties into two groups of seven elements, in which a
slight analogy to the small periods can be observed;
the remaining #47¢e elements show no analogy and are
therefore placed in a separate column. In Lothar
Meyer’s table the first large period is formed by the
third and fourth horizontal rows; the first seven ele-
ments of the first row form the first, the seven ele-
ments of the second row form the second, group. The
chief-analogy with the small periods is shown when
the large periods are considered entire; the secondary
analogy, that of valence, appears in each of the
groups.

§ 76. Variation of Physical Properties in Periods.
Not only does there exist the mentioned regularity
in the recurrence of the properties of the elements,
but also the variation of the properties of the elements
in one and the same period may often be included un-
der a general rule. In general the physical properties,

* The existence of an element having an atomic weight of about
106 is here assumed.
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when these can be expressed by numbers, attain a
maximum or a minimum in the middle of a period.

The specific gravity (in the solid state) increases
until the middle of the period is reached, there attains
a maximum, and then decreases.

The atomic volume (the quotient of the atomic
weight and the specific gravity in the solid state)
decreases to the middle of the period, there reaches
a minimum, and then increases. ;

If the relation between the atomic volume and the
atomic weight is graphically represented by means of
a curve (compare § 73), a series of waves are obtained
which very clearly express the idea of periodicity of
the properties. Other properties are also represented
by the position of elements on this curve. The rising
portions of the waves, including the lowest points,
contain the difficultly fusible and nonvolatile elements ;
the descending portions contain those elements which
are readtly fusible and volatile.

The atomic leat, which for most elements is a nearly
constant quantity (§ 24), can also be considered as
one of the magnitudes included under the periodic
law, in so much as its variation is nearly zero in the
case of all the periods. If, as in the case of the
atomic volume, the relation between the atomic heat
and the atomic weight be represented graphically, a
straight line is obtained.

The elements which do not correspond to the law
of Dulong and Petit are found in the first and second
periods, a certain regularity being observable in their
variations; the atomic heat becomes lower to the middle
of the ?erigd and then increases,
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The valence increases in the first and second hori-
zontal rows from I to 4, and then falls again to I.
(The valence is here determined from the hydrogen
and hydrocarbon compounds and, in case such com-
pounds are not formed by the element, is deduced
from the chlorine compounds.) On the right-hand
side of the system are found those elements which
have more than one valence, and while the lowest falls
from 4 to 1 the highest rises from 4 to 7, as is seen
in the case of the oxygen compounds.

In the large periods the existence of a double
periodicity with respect to the valence may be ob-
served. From potassium to manganese the valence
increases from 1 to 7, as may be seen in the case of
the salt-forming oxides (K,0—Mn,0,), and in the
same period a second series is formed from copper to
bromine (Cu,0-—Br,0,). Each two rows show a
secondary analogy with the small periods, and upon
this fact is based the arrangement of the large periods
in Lothar Meyer's table, in which the three elements
which in their valence show no analogy to the ele-
ments in the small periods are placed in a separate
column.

Still other properties of the elements are more or
less accurately expressed in the periodic system, but
the most important cases have been mentioned.

§ 77. Application of the Periodic System.

a. Correction of the Atomic Weights. Since the
general properties of an element are related to its
atomic weight, these properties may, like the atomic
weight, be used for determining the position of the
element in the periodic system. The introduction of
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the natural system has therefore resulted in the case
of a number of elements in an alteration of their
atomic weights. Indium, for which the atomic
weight 75.6 was adopted, must from its general prop-
erties occupy a position between tin and cadmium;
therefore the atomic weight of this element has been
doubled and increased to 113.4. Also the metals of
the platinum group have been reinvestigated, and the
values of their atomic weights have been found to
agree with the position which had been assigned to
them from a consideration of their properties.

REMARK 1. For nickel and cobalt, however, as well as
for tellurium, the atomic weights most recently determined
do not correspond to the positions of these elements in the
natural system.

b. Predicting the Existence of Undiscovered Elements.
Many vacancies may be noticed in the table; it is to
be expected that these should be occupied by elements
which are still undiscovered and which from their
atomic weights and general properties are entitled to
these positions. It is therefore possible to predict in
advance the atomic weight and properties of such
elements. ILxpectations of this sort have already
been realized in the case of gallium, scandium, and
germanium.

¢. Determination of the Atomic Weights. As was
explained in @, the determination of the position of
an element in the system leads to the fixing of the
magnitude of its atomic weight, and this quantity can

- then be corrected with the help of analytical data.

d. The Unit of the Elements. The fact that many

properties of the elements are so closely related to a
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purely mathematical property, the atomic weight, has
given much encouragement to the idea, which has
already been the subject of considerable speculation,
that the elements may be considered as formed by the
condensation of a single primordial substance. Prout
suggested (1817) that all the atomic weights were mul-
tiples of the atomic weight of hydrogen. The more
accurate analyses of later investigators have shown
that the atomic weights are in no way equal multiples
of this unit, and that no simple least-common-divisor
can be discovered for the atomic weights.

It is nevertheless noteworthy that the atomic
weights of many elements are very near whole num-
bers.

ReEMARk 2. The methods for determining atomic weight
are therefore:

1. The analysis of molecular quantities of the compounds
of the element.

The molecular quantity, or the magnitude of the gram
molecule, is determined:

a. From the gas density and Avogadro’s hypothesis.

5. From the osmotic pressure of solutions of the com-
pounds and the corresponding magnitudes—i.e., the depres-
sion of the freezing-point, the elevation of the boiling-point,
etc.

¢. From special considerations on the constitution of the
compounds.

Note: The method @ is the most important.

2. Application of the law of Dulong and Petit and the
law of Joule.

3. Application of the periodic system.

Each of the three methods gives the value of the atomic
weight with only relative accuracy; its exact value must be
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determined by the analysis of compounds of the particular
element under consideration.

§ 78. Closing Remarks on the Periodic System.
The elements helium, neon, argon, krypton, and xenon,
discovered by Rayleigh and Ramsay, judging from
the determinations thus far made, have the atomic
weights 4, 20, 39.9, 81.8, and 128, respectively.

The position of these elements in the periodic system
has not yet been satisfactorily determined and a discus-
sion of their significance cannot be entered into at this
point.
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Freitag’s Architectural Engineering. 2d Edition, Rewritten............ 8vo,
French and Ives’s Stereotomy........ccoeveeeeeeae.. LSO AGAETS P i
Goodhue’s Municipal Improvements...........ccc0vea.. ticts vee..12M0,
Goodrich’s Economic Disposal of Towns’ Refuse ........ WIS A A 8vo,
Gore’s Elements of Geodesy........... PRI PR i A AT L R R
Hayford’s Text-book of Geodetic Astronomy. ...... . ..coveeervnnnn ...8vo,
Hering’s Ready Reference Tables (Conversion Factors)....... 16mo morocco,
Howe’s Retaining Walls for Earth........ PO S LN e A ey 12mo,
Johnson’s Theory and Practice of Surveving..... X i Ay 35 £ 34 Small 8vo,

Statics by Algebraic and Graphic Methods........ irosd it S8 PN
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Kiersted’s Sewage Disposal........cooeveuenen... S5 e e Bla e s T2 05
Laplace’s Philosophical Essay on Probabilities. (Truscott and Emory.) 12mo,
Mahan’s Treatise on Civil Engineering. (1873.) (Wood.)... . .8vo,
®  Descriptive Geometry.......covveuuerenn... § < TRt B . .8vo,
Merriman'’s Elements of Precise Surveying and Geodesy. . ... ..8vo,
Elements of Sanitary Engineering. .... ok T Sk o T Bl L ¢ .8vo,
Merriman ard Brooks's Handbook for Surveyors.............16mo, morocco,
Nugent’s Plane Surveying......cooeevieennennonnennennenann RPN -0
Ogden’s Sewer Deslgn. .......cccccieeeervesnnroecseacscncsess. 120,
Patton’s Treatise on Civil Engineering............ 8vo half leather,
Reed’s Topographical Drawing and Sketching.....vcocveieeeecnnen.... 4to,
Rideal’s Sewage and the Bacterial Purification of Sewage................8v0,
Siebert and Biggin’s Modern Stone-cutting and Masonry................8vo,
Smith’s Manual of Topographical Drawing. (McMillan.)..............8vo,
Sondericker’s Graphic Statics, witn Applications to Trusses, Beams, and
AZORSRRIN ... .., . . . ! lowl e ko e 2} iah s anih vbsens Bt wraiPiie:
* Trautwine’s Civil Engineer’s Pocket-book. ....... SLINE L o xGmo, morocco,
Wait’s Engineering and Architectural Jurisprudence...................8v0,
Sheep,
Law of Operations Preliminary to Construction in Engineering and Archi-
RIS o s o o= it P AN swhits Be o SRELAA L L sa ot by «....8v0,
Sheep,
Law of Contracts.....oeeveenrenceenannnnn hs BVt TR b o LBt Lo 1 B0
Warren’s Stereotomy—Problems in Stone-cutting.
Webb’s Problems in the Use and Adjustment of Engmeermg Instruments.
16mo, morocco, I
* Wheeler’s Elementary Course of Civil Engineering.......ccc0........8v0, 4
Wilson’s Topographic Surveying..ooccveuun ... MBS Ao 4o 0 Bibin e s b n VIR o8

N MWW I NWOON =N
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BRIDGES AND ROOFS.

Boller’s Practical Treatise on the Construction of Iron Highway Bridges. .8vo, 2
* Thames River Bridge........cceeeeeeveeeeeenannnnn....4t0, paper, 5
Burr’s Course on the Stresses in Bridges and Roof Trusses, Arched Ribs, and
Suspension Bridges........ccciiciiiiiiiiiiinieiiesaes...8v0, 3
Du Bois’s Mechanics of Engineering. Vol IL................Small gto, 10
Poster’s Treatise on Wooden Trestle Bridges......... RS leiton 26 e 4to, 5
Fowler’s Coffer-dam Process for Piers.......ccveveevenececeensccana. 8vo,
Greene’sRoOLTruseds. sl o N A R R i il e e cennn e . .8vo,
Bridge Trusses.......cce0veveennen

Des:gn of Simple Roof—trusses in Wood T [ BSTYT AN Y e 8vo,
Jehnson, Bryan, and Turneaure’s Theory and Practice in the Designing of
Modern Framed Structures................ . sie s ot oyes OIDAL 410, 1O
Merriman and Jacoby’s Text-book on Roofs and Bridges:
Part I.—Stresses in Simple Trusses........ccovveevvvocencecss....8v0,
Part II.—Graphic Statics...... AR R T oiipaty BT R e (A
Part III.—Bridge Design. 4th Edition, Rewritten...... % s Sk e . BV
Part IV.—Higher Structures...... L T N T N e
Morison’s Memphis Bridge........oceeeeceeiereeaaaanns W Yela o lo st iniau A0
Waddell’s De Pontibus, a Pocket-book for Bridge Engmeers. . .16mo, morocco,
Specifications for Steel Bridges...c.cocuvercncccsoccscscnnansas 12mo,
Wood’s Treatise on the Theory of the Construction of Bridges and Roofs.8vo,
Wright's Designing of Draw-spans:
Part I, —Plate-girder Draws. ...c.cececececss S R s YD
Part II.—Riveted-truss and Pin-connected Long-span Draws...... .8vo, 2
Two parts in ONe VOIUMIE. ..o vuecuisnseroncrocnsnssnonasasscssc.8V0, 3
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HYDRATULICS.

Bazin’s Experiments upon the Contraction of the Liquid Vein Issuing from an
Orifice. (TrautWine.) ceveeeeveerecccsosccsscsccsaseanses 8V0,

Bovey’s Treatise on HydraulicSeeocooveesescecesscseccacenecsneesss 80,
Church’s Mechanics of Engineering.....vovo0ceceeeceiccseccceass...8v0,
Diagrams of Mean Velocity of Water in Open Channels..........paper,
Coffin’s Graphical Solution of Hydraulic Problems..........16mo, morocco,
Flather’s Dynamometers, and the Measurement of Power.............I2mo,
Folwell’s Water-supply Engineering....cceceeveeiceccrecsiecenness..8v0,
Frizell's Water-POWereece. ececececnvoccacsresssasssansenns weies o iy aBF0s
Fuertes’s Water and Public Health......coc0vvuveacans 000 qes 120,
Water-filtration Works........ccvoeeecnveesocscasscssaasscess.12m0,
Ganguillet and Kutter’s General Formula for the Uniform Flow of Water in
Rivers and Other Channels. (Hering and Trautwine.)........8vo,

Hazen’s Filtration of Public Water-supply...cecceoccancsccsccecssss 80,
Hazlehurst’s Towers and Tanks for Water-works......cceecveececs....8v0,
Herschel’s 115 Experiments on the Carrying Capacity of Large, Riveted, Metal

Conduits.”. <ol 30l 38 Dol e e . U 8VD;
Mason’s Water-supply. (Considered Principally from a Sanitary Stand-
point.) 3d Edition, Rewritten ...... faa Sy e R 32 s 4OYO,
Merriman’s Treatise on Hydraulics. oth Edition, Rewntten. B e o Lo e, 25 3O
* Michie’s Elements of Analytical Mechanics......cccecvveeceeceess..8V0,
Schuyler’s Reservoirs for Irrigation, Water-power, and Domestic Water-
PRI s a1 A b A Ctean o gt ST SO L O «ess...Large 8vo,
##* Thomas and Watt’s Improvement of R:yers. (Post., 44 c. additional), 4to,
Turneaure and Russell’s Public Water-supplies. .......... S NOMENSE i o)

‘Wegmann’s Design and Construction of Dams......c.eeeencecs. o oyt 0

‘Water-supply of the City of New York from 165801895, ......... . .4t0,
Weisbach’s Hydraulics and Hydraulic Motors. (Du Bois.).............8v0,
Wilson’s Manual of Irrigation Engineering........ccec.v......Small 8vo,
Wolff’'s Windmill as a Prime Mover...coceveene.. P 2N A BN
Wood’s Turbines.......... $as s usalss sl e SRS VIS SUNNSEN L S e O

Elements of Analytical Mechanics.....coeeeueeeeueceeecacscossss 8V0,

MATERIALS OF ENGINEERING.

Baker’s Treatise on Masonry Construction.seeeeecececeseeceneensss..870,

Roads and Pavements......ccoevvesseccesosccossocccccscensss 870,
Black’s United States Public Works.......ccevccveeeaae......Oblong 4to,
Bovey’s Strength of Materials and Theory of Structures.................8vo,
Burr’s Elasticity and Resistance of the Materials of Engineering. 6th Edi-

tion, Rewritten........ .. ol forsra el B Saielths v e I 8vo,

Byrne’s Highway Construction...ocveeeecieeccrrecccceaceannascenns 8vo,
Inspection of the Materials and Workmanship Employed in Construction.
16mo,

Church’s Mechanics of Engineering......ccevveveccarecccnceeenns...8v0,
Du Bois’s Mechanics of Engineering. Vol I..................Small 4to,
Johnson’s Materials of Construction....cecveveenen.. e.ees....Llarge 8vo,
Keep’s Cast Ir0n. . covevennennannen b B4 Forlep on SRR S 1 St e . .8vo,
Lanza’s Applied Mechanics......veennneenenaeeansscannnnn .........8vo.
Martens’s Handbook on Testing Materials. (Henning. ) 2 vols.........8vo,
Merrill’s Stones for Building and Decoration.........civeveeen. ... ...8vo,
Merriman’s Text-book on the Mechanics of Materials..................8vo,
Strength of Materials......... $ Jedumiatte b e il calvdenaesl JI2m0;
Metcalf’s Steel. A Manual for Steel-users......... 3 aord ot ek L. v 12mo,

Patton’s Practical Treatise on Foundations.......ceveeeeuneeernseees.8v0,

7

MHuibhWwwOUBN

-
ocwu o PN 3

W N Wwh U

7 7S

w3

;D HAEAATIN T W

o0



Rockwell’s Roads and Pavementsin France..........c.c.0unn.. ST MO, "R
Smuth’s Materials of Machines.....oveeeeaearennnannnnns veses..12moO, 1
Snow’s Principal Species of Wood......co00uu.... AR e S 4 A Ve 8vo, 3
Spalding’s Hydraulic Cement......... .......ceceeuu.. \letmy: 120110, 2
Text-book on Roads and Pavements......... ST A 0o s 1200, 2
Thurston’s Materials of Engineering. 3 Parts............ccc0cuuuenn 8vo, 8
art L—Non-metallic Materials of Engineering and Metallurgy.....8vo, 2
Part II.—Iron and Steel...cveeeereeieeneareereeennanaeennnnns 8vo, 3
Part III.—A Treatise on Brasses, Bronzes, and Other Alloys and their
SOORPERRPIIRY S 50 . ., - ol e tie e MR B o e | LISl 8vo, 2
Thurston’s Text-book of the Materials of Construction .....ec0vevuen... 5
Tillson’s Street Pavements and Paving Materials...... 4
Waddell’s De Pontibus, (A Pocket-book for Bridge Engineers.). .16mo, mor., 3
Specifications for Steel Bridges. ccceveeveeveeneceeracranannannn 12mo, 1
Wood’s Treatise on the Resistance of Materials, and an Appendix on the Pres-
DA O I LTI Der . s a s aco oo spsioss st rns sdime aine ssensenB¥i 2

Elements of Analytical Mechanics....cceeeeeeeencecaneanensss..8v0, 3
‘Wood’s Rustless Coatings: Corrosion and Electrolysis of Iron and Steel. ..8vo, 4

RAILWAY ENGINEERING.

Andrews's Handbook for Street Railway Engineers. 3X5 inches. morocco,
Berg's Buildings and Structures of American Railroads......... o ool b N T
Brooks’s Handbook of Street Railroad Location.............16mo, morocco,

Crandall’s Transition Curve.............. 45 5443 1 Snies 16mo, morocco,
Railway and Other Earthwork Tables.........c.c00cecveeesees...8v0,

T
5
1
Butts’s Civil Engineer’s Field-book.........cce00.0ve.....16mo, morocco, 2
1
1
5

Dawson’s “Engineering”’ and Electric Traction Pocket-book. 16mo, morocco,
Dredge’s History of the Pennsylvania Railroad: (1879)........ .....Paper,
® Drinker’s Tunneling, Explosive Compounds, and Rock Drills, 4to0, half mor., 2
Fisher's Table of Cubic Yards...... S RIS R, «....Cardboard,
Godwin's Railroad Engineers’ Field-book and Explorers’ Guide.. . ..16mo, mor.,
Howard’s Transition Curve Field-book.......ccccce0ee....16mo, morocco.
Hudson’s Tables for Calculating the Cubic Contents of Excavations and Em-
YT R TR R FUCSRASE £ 84 5 £ % charpied plsuant AR AR | M
Molitor and Beard’s Manual for Resident Engineers.................16mo,
Nagle’s Field Manual for Railroad Engineers...............16mo morocco.
Philbrick’s Field Manual for Engineers....ccceceeeeeeee...16mo, morocco,
Searles’s Fleld Engineering...ceeveeeeeccaces ....16mo, morocco,
Railroad Spiral.....ccvccaciocoasccncss «v.....16mo, morocco,
Taylor’s Prismoidal Formulee and Earthwork........coeveiiieeennnne. 8vo,
* Trautwine’s Method of Calculating the Cubic Contents of Excavations and
Embankments by the Aid of Diagrams........cccovveeea....8v0,
The Field Practice of {Laying Out Circular Curves for Railroads.
12mo0, MOrocco,
TR BOCtIONIOII Lt 5 s o' Voot lefe o8 Sre /ola Sio /e iloclo/nia s o s aia s . .Paper,
Webb’s Railroad Construction. 2d Edition, Rewritten...... 16mo. morocco,
Wellington’s Economic Theory of the Location of Railways......Small 8vo,

DRAWING.

Barr’s Kinematics of Machinery.....oeeeeeeseeecoacasenconcanennens 8vo,

* Bartlett’s Mechamca] PRAwWIBg A SRS

. $H o, Abridged Ed..

Coolidge’s Manual of Drawing........... SRR R I X% 8vo, paper,

Coolidge and Freeman’s Elements of General Drafting for Mechanical Engi-
neers. (In press.)
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Durley’s Kinematics of Machines....cceeveceeeeranccosacnassnesss..8v0, 4 00



Hill's Text-book on Shades and Shadows, and Perspective....cceee.....8v0, 2 00
famison’s Elements of Mechanical Drawing. (In press.)
Jones’s Machine Design:

Part I.——Kinematics of Machinery.....ccceceeveesccscccssseassss .8v0, I 50
Part II.—Form, Strength, and Proportions of Parts.....ccvceec....8v0, 3 00
MacCord’s Elements of Descriptive Geometry ..  ...cccovecccccesees.8V0, 3 00
Kinematics; or, Practical Mechanism.........cccoec00eneeees...8v0, 5 00
Mechanical Drawing......... e TS e W n s e s e L0 4O
Velocity Diagrams........ TRl o s s D e AT S etea e s s e nie'e t OVASSIIE D,
* Mahan’s Descriptive Geometry and Stone-cutting.....c.oc0eciveee....8v0, I 50
Industrial Drawing. (Thompson.)......ccececeecccsscancscssss.870, 3 50
Reed’s Topographical Drawing and Sketching. ... S Tolale bl eieri s sin D s 5HDO
Reid’s Course in Mechanical Drawing.....c.ccveveeceeccaccsecccs....8v0, 2 00
Text-book of Mechanical Drawing and Elementary Machine Design..8vo, 3 oo
Robinson’s Principles of Mechanism......c..ccvoviiiiiiinnnreieenann. 8vo, 3 oo
Smith’s Manual of Topographical Drawmg. (McMillan. ), SESSEs 55070 8vo, 2 50
Warren’s Elements of Plane and Solid Free-hand Geometrical Drawing. .12mo, 1 00
Drafting Instruments and Operations, . «coe.vcvvecencsereess...12m0, I 25
Manual of Elementary Projection Drawing. ............. +.de...I2m0, I 50
Manual of Elementary Problems in the Linear Perspective of Form and §
Shadowsiy oy, g St b S0 O SoE e HE B L e on 12mo, I 00
Plane Problems in Elementary Geometry ot RSSO 3 B SRR 12mo, I 25
Primany«Geomietdyh 1.0 s icaosddvdds dd Jodde o s s S R dTY v....I2mo, 75

Elements of Descriptive Geometry, Shadows, and Perspectlve. s
General Problems of Shades and Shadows......cccceevcanase
Elements of Machine Construction and Drawing......ccveves
Problems. Theorems, and Examples in Descriptive Geometry........8vo,
Weisbach’s Kinematics and the Power of Transmission., (Hermann and

Klein.) ..... LA a8 438 SSATRICSER IR SOPRYIEES 4 V14 T8v0, 45T 00!
Whelpley’s Practical Instruction in the Art of Letter Engraving........12mo, 2 oo
Wilson’s Topographic Surveying........ 3 50

Free-hand Perspective......,cccieeecccsacaccnsncncs 2 S0
Free-hand Lettering. .o oevveeeivererencocnessacssscassssessss.8v0, T 00
Woolf’s Elementary Course in Descriptive Geometry.............Large 8vo, 3 oo

‘ELECTRICITY AND PHYSICS.

Anthony and Brackett’s Text-book of Physics. (Magie.)........Small 8vo, 3

Anthony’s Lecture-notes on the Theory of Electrical Measurements. . .. .12mo, 1

Benjamin’s History of Electricity....... cesetstasiatectcncse...8V0, 3
VoltaiciGelll . 2 5. JcAF IR AU e SN SHNT DR SEONEN oS00 1avoiesdoo

3

3

5

Classen’s Quantitative Chemical Analysis by Electrolysis. (Boltwood.). .8vo,
Crehore and Squier’s Polarizing Photo-chronograph...................8vo,
Dawson’s “Engineering®” and Electric Traction Pocket-book. . 16mo, morocco,
Dolezalek’s Theory of the Lead Accumulator (Storage Battery). (Von
Ende.). . woqni¥nr Sl Sl b ms s nia b S ROUE IO RN VED .12mo,%F2 50
Duhem’s Thermodynarmcs and Chemnstry. (Burgess.). essssescansss..8V0,
Flather’s Dvnamometers, and the Measurement of Power...

4

eee..12mo, 3 OC

Gilbert’s De Magnete, (Mottelay.)e...uoveeeeeeranesanane ...8v0, 2 50

Hanchett’s Alternating Currents Explained. ........ TN AN SRR 20Ty 60

Hering’s Ready Reference Tables (Conversion Factors)...... 16mo, morocco, 2 S0
2

Holman’s Precision of Measurements.......ccovieeeeeeereconcenns...870,

Telescopic Mirror-scale Method, Adjustments, and Tests.....Large 8vo, 75
Landauer’s Spectrum Analysis. (Tingle.)..... siibaaes v e VUMD TR BVl A3
Le Chatelier’s High-temperature Measurements. (Boudouard—Burgess.)12mo, 3
L&b’s Electrolysis and Electrosynthesis of Organic Compounds. (Lorenz.) 12mo. 1 00
* Lyons’s Treatise on Electromagnetic Phenomena. Vols. I, and II. 8vo, each, 6
* Michie. Elements of Wave Motion Relating to Sound and Light.......8vo, 4

9



Niaudet’s Elementary Treatise on Electric Batteries. (Fishpack.)......12me,
® Rosenberg’s Electrical Engineering, (Haldane Gee—Kinzbrunner.). .. .8vo,
Ryan, Norris, and Hoxie’s Electrical Machinery. VoL IL......c........8v0,
Thurston’s Stationary Steam-engines.......cceeeeeeeeeenns ....8v0,
#* Tillman’s Elementary Lessons in Heat............ St 1B¥0,)
Tory and Pitcher’s Manual of Laboratory Physics... «..Small 8vo,
Ulke’s Modern Electrolytic Copper Refining ......ceceveveveeeee.. .80,

LAW.
® Davis’s Elements of LaAW .. .covvveuvrerrcnacsccrcossconcananes. 870,

* Treatise on the Military Law of United States...................8vo,
- y y Sheep,
Manual for Courts-martial.......c..ccveeevevenncee.....26mo, morocco,
Wait’s Engineering and Architectural Jurisprudence...................8vo,
Sheep,

Law of Operations Preliminary to Construction in Engineering and Archi-
EODRRBERE. - . - . | Jiciclofsla’s Sie RIlo sl joac asie e lo1n Tiuio ool B £ R LG IIONE)

Sheep,

AW O CIRITACtS . . o AR TR e s 1o b ete s s e Ble et 1o s o b= o = B alo s OV O
‘Winthrop’s Abridgment of Military LawW. ....cceceeecececsccsveess. 12000,

MANUFACTURES.

Bernadou’s Smokeless Powder—Nitro-cellulose and Theory of the Cellulose
Molecule......
Boliand’s Iron FOUNder. ccovvei cvsorcuocccoss sososcnssssansnesss 120,
“ The Iron Founder,” Supplement........cee veveeeennnn ve...12m0,
Encyclopedia of Founding and Dictionary of Foundry Terms Used in the
Practice of Moulding....cceeveeecannnn AR %l e o 5 2TEO
Eissler’s Modern High Explosives....c.ccccvueceicsssscnsoceccnas.. .80,
Effront’s Enzymes and their Applications. (Prescott.)......ccceeueeenn 8vo,
Fitzgerald’s Boston Machinist.........cco0viuieeeeeineenann. ... 28mo,
Ford’s Boiler Making for Boiler Makers........coeevueernnennannans 18mo,
Hopkins’s Oil-chemists’ Handbook.......ccceeeeeeeeceececncacess . .8v0,
) <C T e LTS BT S RS R S S S A SUPD i g ISR .\ . K
Leach’s The Inspection and Analysis of Food with Special Reference to State
Control. (In preparation.)
Metcalf’s Steel, A Manual for Steel-USerS. .eu.vuuereseneenaens ... 120,
Metcalfe’s Cost of Manufactures—And the Administration of Workshops,

eeecessscessesestescaseassanssseeesas 1200,

Public and Private....coveeeenns el Bk gglrae an.. Svas
Meyer’s Modern Locomotive Construction....cooeevecesvecesecenans .. .4t0,
Morse’s Calculations used in Cane-sugar Factories. ......... 16mo, morocco,
* Reisig’s Guide to Piece-dyeing..... .
Smith’s Press-working of Metals,...o.ccvveeceecceennes
Spalding’s Hydraulic Cement......cccceeeeecercocascnscsassseans. 120,
Spencer’s Handbook for Chemists of Beet-sugar Houses..... 16mo, morocco,

Handbook tor Sugar Manutacturers and their Chemists.. . 16mo, morocco,
Thurston’s Manual of Steam-boilers, their Designs, Construction and Opera-
HORE e B <% 13 ) cramnb S b 4 A O A e 8vo,

West’s American Foundry Practice....cooveeevareennnes

Moulder’s Text-booK......oocceeccecereccseccceeaccsasensss 120,
Wiechmann’s Sugar AnalysiS........cocveeeacevesascessas...Omall 8vo,
Wolff’s Windmill as 8 Prime Mover......ccceevescccceacnnsssasasss s8V0,
Woodbury’s Fire Protection of Mills.s.ocvveveeecariaseeeseonnnaa...8V0,
‘Wood’s Rustless Coatings: Corrosion and Electrolysis of Iron and Steel. . .8vo,
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MATHEMATICS.

Baker’s Elliptic FUnctions.....cccccceceececessssssssescssssssscss 8V0,
* Bass’s Elements of Differential Calculus.......c.civecveecensass..12M0,
Briggs's Elements of Plane Analytic Geometry........ SAEA AT e o5 Y
Compton’s Manual of Logarithmic Computations....................12m0,
Davis’s Introduction to the Logic of Algebra...............c.c0un......8v0,
* Dickson’s College Algebra.............. B a i et TSN L Large 12mo,
*  Answers to Dickson’s College Algebra . ...............cuu.. 8vo, paper,
*  Introduction to the Theory of Agebraic Equations .......Large 12mo,
Halsted’s Elements of Geometry. . ccoveeveeereerenccensacanacraanans 8vo,

ElementarySynthencGeometry........................... ..... 8vo,

RAUTHAR G OO Ot v s o o clole et o e s s S METNIST, o 30 ¥l ekl ehetols lirel cho s ...I2mo,

* Johnson’s Three-place Logarithmic Tables: Vest-pocket size......paper,
100 copies for

L Mounted on heavy cardboard, 8 X 10 inches,
10 copies for

Elementary Treatise on the Integral Calculus............ ..Small 8vo,
Curve Tracing in Cartesian Co-ordinates.........cec0ceveee....12mo,
Treatise on Ordinary and Partial Differential Equations......Small 8vo,
Theory of Errors and the Method of Least Squares...............I2mo,

o Theoretical Mechanics......cocvuceencereeceraneesecessasa, .12mo,
Laplace’s Philosophical Essay on Probabilities. (Truscott and Emory.) 12mo,
* Ludlow and Bass. Elements of Trigonometry and Logarithmic and Other
Tablegis s TERETSy SO Ba s o 80 Folu s iRy S 03 1 so SIS SEN b SN 8V,
Trigonometry and Tables published separately................ Each,

* Ludlow’s Logarithmic and Trigonometric Tables ................. ...8vo,
Maurer’s Technical Mechanics........... A o A R TR ¢ SR 5, ()
Merriman and Woodward’s Higher Mathematics «ovovvvveeveeeenn....8v0,
Merriman’s Method of Least SqUares........cceeceeeeccasaacssc......8v0,
Rice and Johnson’s Elementary Treatise on the Differential Calculus.Sm., 8vo,
Differential and Integral Calculus. 2 vols. in one..........5mall 8vo,
Sabin’s Industrial and Artistic Technology of Paints and Varnish. (In press.)
Wood’s Elements of Co-ordinate Geometry......c.ecvveeececacess....8v0,
Trigonometry: Analytical, Plane, and Spherical......c.c00.0....12mo,

MECHANICAL ENGINEERING.

MATERIALS OF ENGINEERING, STEAM-ENGINES AND BOILERS.

Baldwin’s Steam Heating for Buildings.....ccceeeeevvecsnscasce... . 12mo,
Barr’s Kinematics of Machinery.........cccoecveeenecccececceaa...8vo,
* Bartlett’s Mechanical Drawing... ..c..ccecescsecsccsccesscacces. .8V0,
4 . 2 % Abridged Ed...coveeennnens
Benjamin’s Wrinkles and Recipes......cccecevessscennsessansasss. . 2mo0,
Carpenter’s Experimental Engineering........cc000venne W el o R BV
Heating and Ventilating Buildings.......ccccveiiecicncacensa...8v0,
Cary’s Smoke Suppression in Plants using Bituminous Coal (In prep-

aration.)
Clerk’s Gas and Oil Engine...........ccicvviveeeenseeeees...Small 8vo,
Coolidge’s Manual of Drawing........ccuveeveecececccannncas 8vo, paper,

Coolidge and Freeman’s Elements of General Drafting for Mechanical En-
gineers. (In press.)
Cromwell’s Treatise on Toothed Gearing.......ccvvvveevnnvienna.. . I2mo.
Treatise on Belts and Pulleys..........c0tieveeccacscsccses.. . 120,
Durley’s Kinematics of Machines............c.ccoevvievnieesees.....8v0,
Flather’s Dynamometers and the Measurement of Power.............I2mo,
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Gill's Gas and Fuel Analysis for Engineers. . ... 8 SR fes e BT S e 5. « < B2 IO

Hall’s Car Lubrication........... N A TR T TS BT SR M 12mo,
Hering’s Ready Reference Tables (Conversion Factors). .....16mo, morocco,
Hotton's The Gas-EDgINe. " 5 oit s faiess o b o it Lk Tl b LNk ol s 414 SOV O
Jones’s Machine Design:
Part L.—Kinematics of Machmery....... .............. ey ool - SV OK
Part IL.—Form, Strength, and Proportions of Parts................8vo,
Kent’s Mechanical Engineer’s Pocket-book................ 16mo, morocco,
Kerr’s Power and Power Transmission............ TR, o o L R 8vo,
MacCord’s Kinematics; or, Practical Mechanism............... o o Bieboiokd BN Oy
Mechanical Drawing......ccoevvveenenn.. s foF AT S IRY. S/ s o olaroid 1RAI0S
Velecity Diagrams. .. ... 00 0% Tl
Mahan’s Industrial Drawing. (Thompson.)............ceveeveuue....8v0,
Poole’s Calorific Power of Fuels................. Attt o Lo S v T o o NG

Reid’s Course in Mechanical Drawing........ccvvevveeeecerenneeas. 870,
Text-book of Mechanical Drawing and Elementary Machine Design. .8vo,
Richards’s Compressed Air...... P At S e o o b B St
Robinson®s Principles of Mechanism.....cceveieiniveecenccanacens..8V0,
Smith’s Press-working of Metals. ...eeeeeuecereesenerserennenenesss-870,
Thurston’s Treatise on Friction and Lost Work in Machinery and Mil
REEREIEIY. . . . . D0 TR sonim SR SEe mt adi LB B LS . .8vo,
Animal as a Machine and Prime Motor, and the Laws of Energetxcs 12mo,
Warren’s Elements of Machine Construction and Drawing............ ..8vo,
Weisbach’s Kinematics and the Power of Transmission. Herrmann-—-
T R O Y R R s o wiotirs oLais s YO NO,
Machinery of Transmission and Governors. (Hcrrmann—Klem.) .8vo,
Hydraul.cs and Hydraulic Motors, (Du Bois.).......ccc0.0v0....8v0,
Wolff’s Windmill as a Prime MoVer......ccoeeveecscccscssccosssesss.8v0,
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MATERIALS OF ENGINEERING.

'Bovey’s Strength of Materials and Theory of Structures................8v0,
Burr’s Elasticity and Resistance of the Materials of Engineering. 6th Edition,
R S A S A R S ) ...8vo,
Church’s Mechanics of Engineering .....coeveeeeerreceeceeeeeen....870,
Johnson’s Materials of Construction.....cceeseececeeeses.....large 8vo,
Keep’'s Cast Iron.......co.0 ...8vo,
Lanza’s Applied Mechanics.....ccoeeececoccscccssccccscncccscacs. .80,
Martens’s Handbook on Testing Materials. (Henning.)...............8v0,
Merriman’s Text-book on the Mechanics of Materials..................8v0,
Strength of Materials.....ccoeeeenveceescacacecrcrcccccees..12m0,
Metcalf’s Steel. A Manual for Steel-users......cccevvvecuceceres...12mo,

Part IL—Ironand Steel.....ccovvvveevsreniecancnasienrses...8v0,
Part III.—A Treatise on Brasses, Bronzes, and Other Alloys and their
Comstiuente:. 2T SRR G VLY SIEN0S A0, eoninn s i igvo
Text-book of the Materials of Construction.......coovvennnn. a8
Wood’s Treatise on the Resistance of Materials and an Appendix on the
Preservation of Timber.....civeeecsceceererecnanacanranns 8vo,
Elements of Analytical Mechanics...... P BRI 4 i s St el8voy
‘Wood’s Rustless Coatings: Corrosion and Electrolysis of Iron and Steel.. .8vo,

STEAM-ENGINES AND BOILERS.

Carnot’s Reflections on the Motive Power of Heat. (Thurston.).......12mo,

Dawson’s “Engineering” and Electric Traction Pocket-book..16mo, mor.,

Ford’s Boiler Making for Boiler MaKkers. ......ccoceearecacasoeass..18mo,
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Goss’s Locomotive SPArks. .. wecve Solls catise i cwalat's o ctavias 0 000 s as 2 ONO 2100

Hemenway’s Indicator Practice and Steam-engine Economy.......... 12mo, 2 00
Hutton’s Mechanical Engineering of Power Plants................ ....8v0, 5 00
Heat and Heat-engines..........oceeeutieineniennnieninne., 8vo, 5 00

Kent’s Steam-boiler Economy. .
Kneass’s Practice and Theory of the Injector..........cceccevevee....8v0 1 50
MacCord’s Slide-valves.......ccocccvruienronenacdoccanecccscanses.8Y0, 2 00

Meyer’s Modern Locomotive Construction 4to, 1000
Peabody’s Manual of the Steam-engine Indicator ................... 12mo, I 50
Tables of the Properties of Saturated Steam and Other Vapors......8vo, 1 00
Thermodynamics of the Steam-engine and Other Heat-engines..... 8vo, 5 00
Valve-gears for Steam-engines....ceceoeeevececsccsccscacesses..870, 2 50
Peabody and Miller’s Steam-boilers .....cccevevevraocaanccnncosaans 8vo, 4 00

Pray’s Twenty Years with the Indicator .Large 8vo, 2 50

° Pupln’s Thermodynamics of Reversible Cycles in Gases and Saturated Vapors.
COBLOTDOEE: Y otoreis srofsi-iote ahnis. MM b e feinle o e sl e St 1 o £ 21110, B2l
Reagan’s Locomotives : Simple, Compound, and Electric. . teees..12M0,2 50

Rontgen’s Principles of Thermodynamics. (Du Bois.)................8v0, 5 00
Sinclair’s Locomotive Engine Running and Management..............12m0, 2 00
Smart’s Handbook of Engineering Laboratory Practice...............12mo, 2 50
Snow’s Steam-boiler PIactiCe....uveveeneerencncecsasnsacsasasess 80, 3 GO
Spangler’s Valve-gears. . ....ccceeescosscssccccsasscassssssescsces s 3V0, 2 SO
Notes on Thermodynamics.....cceeeeceesocecncssccasssnssss 12M0, I 00
Spangler, Greene, and Marshall’s Elements of Steam-engineering........8vo, 3 0o
Thurston’s Handy Tables.........co0eeveveeecvencceeraccccese.....8v0, 1 50
Manual of the Steam-engine......c.cee00evvveeeecne «o.. 2 vols., 8vo, 10 00
Part 1.—History, Structuce, and Theory.......c.cevcveveeioes....8v0, 6 00
Part II.—Design, Construction, and Operation.........cc.ccc.....8v0, 6 00
Handbook of Engine and Boiler Trials, and the Use of the Indicator and
the, PRonyRBERKE: .} (8. . g 83 ook bl asoioforofors i sPANSSIa Cista orata e whe o ope 8vo 5 o0
Stationary Steam-engines. ......c.eeeeeevcncectsscccsccecessa..8V0, 2 50
Steam-boiler Explosions in Theory and in Practice..............12mo 1 S0
Manual of Steam-boilers, Their Designs, Construction, and Operation.8vo, 5 0o
Weisbach’s Heat, Steam, and Steam-engines. (Du Bois.).............8vo, 5 00
Whitham's Steam-engine D2sign...ccvveieenrncecsciececansssssess.8V0, 5 00
Wilson’s Treatise on Steam-boilers. (Flather.).........c.cc0eee....16mo, 2 S50
Wood’s Thermodynamics Heat Motors, and Refrigerating Machines....8vo, 4 oo
MECHANICS AND MACHINERY.
Barr’s Kinematics of Machinery..... s S T R T L Ner o
Bovey’s Strength of Materials and Theory of Structures. . teeeeses.8V0, 7 50
Chase’s The Art of Pattern-making......ccecceveveceencnenneans..12m0, 2 50
Chordal.—Extracts from Letters..... e 3 e W S SRR N AT e o i LIS GO
Church’s Mechanics of Engineering........ccccveeeveeecnneneenea....8v0, 6 00
..8vo0, 2 00
.12mo, 1 S0
Compton and De Groodt’s The Speed Lathe................ ..I12mo, I 50
Cromwell’s Treatise on Toothed Gearing..... s B MY el s ot e S0, T 150
Treatise on Belts and Pulleys....... NS AT ceiees...I2mO, I SO
Dana’s Text-book of Elementary Mechanics for the Use of Colleges and
SCROOIE. 5ie/s Sor s AR s R S e A S ASI TS v Lo e )
Dingey’s Machinery Pattern Making............... tesssessssss12m0, 2 0O

Dredge’s Record of the Transportation Exhibits Buxldmg of the World’s
Columbian Exposition of 1893.......404c......4t0, half morocco, 5 00
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Du Bo's’s Elementary Principles of Mechanics:

Vol. L—Kinematics.....o coveeenannnnn BSRALSE L4 L AR TR

Vol II.—Statics.. ...... . IR TA TS 5555 S RRIA 4+ S0 o T .8vo,

Vol I —Kinefiegr. o V... o0 o ey e - 4 Yol &8 5 8niyi iy BBt it s OFO,

Mechanics of Engineering. Vol. I....... B il Be o ke wps STNR L A0S
VL Lot e . sae s

Durley’s Kinematics of Machines ............ 3 e

Fitzgerald’s Boston Machinist.......cceeeuneennnnn S ISR | oV R S T BRI Y

Flather’s Dynamometers, and the Measurement of Power.............12mo,
Rope Driving........... AR I G S T R o ...12mo,

Goss’s Locomotive Sparks..... I e o cese SNO

Hau's Car Lubrication.....ccoieeenneecenennnnnnans 55 ....12mo,

Holly’s Art of Saw Filing....... B RALK AR 4y B SR L T LT STRON

* Johnson’s Theoretical MechanicS. ..oecveeeeeeeeoescoseacsans «...12mo,
Statics by Graphic and Algebraic Methods......................8v0,

Jones’s Machine Design:

Part I.—Kinematics of Machinery........cccc0vveeneeennns....8v0,

Part II.—Form, Strength, and Proportions of Parts. . ...8vo0,

MacCord’s Kinematics; or, Prachcal Mechanism......c.c.ccevveee.....870,
Velocity Diagrams. . vvoveeeeeereeeeeccessossccncancasssseeaa..870,
Maurer’s Technical Mechanics. v.oeuvvrireeererenenccncennancaees.. 870,
Merriman’s Text-book on the Mechanics of Materials.....cveveennnnnn.. 8vo,
* Michie’s Elements of Analytical Mechanijes.........................8v0,
Reagan’s Locomotives: Simple, Compound, and Electric,.............T2mo,
Reid’s Course in Mechanical Drawing.....ccoeeevieenerninnnnnnns...8v0,
Text-book of Mechanical Drawing and Elementary Machine Design. .8vo,
Richards’s Compressed Aif.....ccoeeeeceececcensenccccaacaneens..I12m0,
Robinson’s Principles of Mechanism.......cceeeieeieccncacennnnss..8v0,
Ryan, Norris, and Hoxie's Electrical Machinery. Vol.I................8v0,
Sinclair’s Locomotive-engine Running and Management..............%2mo,
Smith’s Press-working of MetalS...cecueevecececcsssscccocecaacsesas 8V0,
Materials of MachineS..e.ceceeeseocecccsasecoccssasanneasessI2MO,
Spangler, Greene, and Marshall’s Elements of Steam-engineering.......8vo,
Thurston’s Treatise on Friction and Lost Work in Machinery and Mill

TR R St At ey SRl s g £ R ST e gt e A it 8vo,
Animalasa Machine and Prime Motor, and the Laws of Energetics.12mo,
Warren’s Elements of Machine Construction and Drawing....c......... 8vo,

Weisbach’s Kinematics and the Power of Transmission. (Herrmann—
GBI RN (/15 5 SRR el R ALt e s B e oot o oibielelate co/o e o 0.0/s s oo o olaS/a B DVO;
Machinery of Transmission and Governors. (Herrmann-——Klein.).8vo,
Wood’s Elements of Analytical Mechanics.....ceceveresscrcccassa..8v0,
Principles of Elementary Mechanics....cceese Ve sl S Mamo,
FRArbines tll o2 s i B Al PRI LS TR TR e o B s sl AEL, (A8 o3
The World’s Columbian Exposition of 1803.c.cceceeccccses sossocccssadto,

METALLURGY.
Egleston’s Metallurgy of Silver, Gold, and Mercury:

Vol IL.—Silver.... cc.veeeeecineans

Vol. II.—Gold and Mercury.......cceeeeeeecaccaassecss
*# Jles’s Lead-smelting. (Postage o cents additional.) .............12mo0,
Keep’s Cast Iron...... Pk R AR s Ao RIS AT PEN L s e s o 1 POy
Kunhardt’s Practice of Ore Dressing in Europe...ccveeeeececceceanns 8vo,
Le Chatelier’s High-temperature Measurements. (Boudouard—Burgess.).12mo,
Metcalf’s Steel. A Manual for Steel-users.....cceceeevecececcccnnas 12mo,
Smith’s Materials of Machines................. ST 5 TS e s £ o
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Thurston’s Materials of Engineering. In Three Parts........ A o¥elotoreiars 8vo, 8
Part II.—Iron and Steel................. - P e ge | ey

Part III.—A Treatise on Brasses, Bronzes. and Other Alloys and their
ConBt el . R e et holoiolaralEo 2 » 4. o oje/s,0 el0/6 o o a0 s '@ oo ol BYOPE R
Ulke’s Modern Electrolytic Copper Refining....cecceeeecscosccsceesesdV0, 3

MINERALOGY.

Barringer’s Description of Minerals of Commercial Value. Oblong, morocco,
Boyd’s Resources of Southwest Virginia.....ccceeeeeeeececcccece....8vo,
Map of Southwest Virginia........ eeeescsseesessss s Pocket-book form,
Brush’s Manual of Determinative Mineralogy. (Penfield.)............8vo,
Chester’s Catalogue of MineralS......cecceeecesecccsccssces..3V0, paper,
Cloth,
Dictionary of the Names of MineralS......veeeeeceeccssccsescs..8v0,
Dana’s System of Mineralogyee.eeeeceeeeeesess.. Large 8vo, half leather, 1
First Appendix to Dana’s New *‘System of Mineralogy.”....Large 8vo,
Text-book of Mineralogy...cccceccccscocncccasacssssassscsssss3V0,
Minerals and How to Study Them.....ccceeeeveeccecccacsa,..12M0,
Catalogue of American Localities of Minerals..............Large 8vo,
Manual of Mineralogy and Petrography......... IR Y. .. 12mo,
Eakle’s Mineral Tables........... ™ A ve...8v0,
Egleston’s Catalogue of Minerals and Synonyms. 40 VT KON L 08V oy
Hussak’s The Determination of Rock-forming Minerals. (Smith.) Small 8vo,
Merrill’s Non-metallic Minerals: Their Occurrence and Uses............. 8vo,
* Penfield’s Notes on Determinative Mineralogy and Record of Mineral Tests.
8vo, paper,
Rosenbusch’s Microscopical Physiography of the Rock-making Minerals.
(TdAIngs.)'e = o5 o iorert R IR b oPe 015 ‘oo rshar ofofhle Sl nkla o YO, « - « - « - BVO
# Tillman’s Text-book of Important Minerals and Docks.....ccc00e....8V0,
Williams’s Manual of Lithology. .. .ccvveeeeecocarsocoenssaassssans 8vo, 3
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MINING.

Beard’s Ventilation of Mines..........cccovevvreeeccscssseccssecss 120, 2
Boyd’s Resources of Southwest Virginia....cceeeeveeeccvececcaces...8v0, 3
Map of Southwest Virginia.........ccee0eeeees....Pocket-book form, 2

® Drinker’s Tunneling, Explosive Compounds, and Rock Drills.
4to, half morocco, 25
Eissler’s Modern High ExXplosives...c.ceeeveeitscsssccncccasancess 870, 4
Fowler’s Sewage Works AnalysesS........cvceeeesesncsscaacsccosss 120, 2
Goodyear’s Coal-mines of the Western Coast of the United States......12mo, 2
Ihlseng’s Manual of Mining...c.oveeeeveececccccececccnccccaccansaaBV0, 4
** [les’s Lead-smelting. (Postage oc. additional) .....ccc.vveeeee..12mo, 2
Kunbardt’s Practice of Ore Dressing in Europe....c.ccevesccerssesess8v0, I
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O’Driscoll’s Notes on the Treatment of Gold OT€S....ccvevcevecsacccss8V0,
* Walke’s Lectures on Explosives. ....cveveeceecescoceccssscacsess .8V0,
Wilson’s Cyanide ProcesseS.....cooocoesescacessaasssssaaccscsssssl2O,
Chlorination Process. .. ... . i: ¢ daddiidn, PN, J500 s b izanoy
Hydraulic and Placer Mining.......c0evececseocccoscccsscssso120,
Treatise on Practical and Theoretical Mine Ventilation.....cs....12mo

SANITARY SCIENCE.
Copeland’s Manual of Bacteriology. (In preparation.)

Folwell’'s Sewerage. (Designing, Construction and Maintenance.)......8vo, 3
‘Water-supply Engineering......o.ccceunn.. S COL PPN TSR R [ S
Fuertes’s Water and Public Health. . sessvcess12mM0O, 2
Water-filtration Works................. Ve ¥4 0 & nme s ane s T2EME4
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Gerhard’s Guide to Sanitary House-inspection.........ce0c0eeees....16mo,
Goodrich’s Economical Disposal of Town’s Refuse..............Demy 8vo,
Hazen’s Filtration of Public Water-supplies. .c.ceceeeeeeeccaacnssss. .80,
Kiersted’s Sewage Disposal ........ccceeeveencenn o /alolp = e loka ihoteinit o o X STNOH
Leach’s The Inspection and Analysxs of Food th.h Special Reference to State
Control. (In preparation.)
Mason’s Water-supply. (Considered Principally from a Sanitary Stand-
point.) 3d Edition, Rewritten......cccceceeececcacces.o..8v0,
Examination of Water. (Chemical and Bacteriological)...
Merriman’s Elements of Sanitary Engineering .. .....-vvevevveecs....8v0,
Nichols’s Water-supply. (Considered Mainly from a Chemical and Sanitary
Standpoint.) (1883.).. ....... e b5 oies SRR S o o 2 BVEE
Ogden’s Sewer Design.......... arde Sy yogwaty S SR kL, N o AR &0 [ )8
Prescott and Winslow’s Elements of Water Bactenology,thh Special Reference
to Sanitary Water Analysis. . .
* Price’s Handbook on Sanitation.........ceo0evevnvvvecennes....12mo,
Richards’, Cost of Food. A Study in Dietaries.......ve0evecere....12m0,
Cost of Living as Modified by Sanitary Science ..................12mo0,
Richards and Woodman's Air, Water, and :Food from a Sanitary Stand-
BRI TR | | R PO O SRS GRTPTTRIT "
* Richards and Williams’s The Dietary Computer.......c.cccceeeee....8v0,
Rideal's Sewage and Bacterial Purification of Sewage.......ccccccc....8v0,
Turneaure and Russell’s Public Water-supplies....cceeesuvesnees-....8v0,
‘Whipple’s Microscopy of DrinKing-water..ceqeeesceceaccacacsasssss 3V0,
Woodhull’s Notes and Military Hygiene....oceeeeeeeeccaacesss.as . 16mo,

MISCELLANEOUS.

Barker’s Deep-sea Soundings....cceeceescses cemsveccacascssaasss-8V0,
Emmons’s Geological Guide-book of the Rocky Moantain Excursion of the
International Congress of Geologists..........,......Large 8vo
Ferrel’s Popular Treatise on the Winds.....ccecvvvececcccaatancas.. ..8v0
Haines’s American Railway Management.........cceeveaeecoessecs. . [200,
Mott’s Composition, Digestibility. and Nutritive Value of Food. Mounted chart.
Fallacy of the Present Theory of Sound................ o7 i ste s 26O
Ricketts’s History of Rensselaer Polytechnic Institute, 1824-1894. Small 8vo,
Rotherham’s Emphasized New Testament......cc..cccce......Large 8vo,
Steel’s Treatise on the Diseases of the Dog..... 8vo,
Totten’s Important Question in Metrology...cccceeveeeceeranecen....8v0
The World’s Columbian Exposition ot 1803..... SEERDAES, SAEUUS Ll 4to,
Worcester and Atkinson. Small Hospitals, Establishment and Maintenance,
and Suggestions for Hospital Architecture, with Plans for a Small
HOSPItAl. ccaeceetsascaccscsosasccasscvoscncesssssnssss 120,

HEBREW AND CHALDEE TEXT-BOOKS.

Elementary Hebrew Grammar. ..
Hebrew Chrestomathy.....cceceeccccccccscccacasocosansns
Gesenius’s Hebrew and Chaldee Lexicon to the Old Testament Scriptures.
(Tregelles.). ..ooeeeeocacscesaaaesss...Small 4to, half morocco,

Letts tis’s Hebrew Bible. .. ceencsaccoaccarerasorascccsasascscsssses 870,
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