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PREFACE TO THE FOURTH EDITION.

Ix preparing this new edition I have been tempted to
change the book fundamentally and give it a character
more in keeping with the recent tendencies of work
in the field of Physical or General Chemistry. But,
taking everything into consideration, I have concluded
to resist the temptation, and remain true to the original
title and character of the book. Accordingly, it is essen-
tially what it has been—a brief treatise on those facts
and speculations that have to deal especially with the
problem of the constitution of chemical compounds.
My object has been and is to help students to get
clear ideas in regard to the foundations of chemistry.
That the treatment has been regarded with favor is
shown by the fact that four editions of the book have
been demanded in a comparatively short time; and, fur-
ther, by the fact that, since the appearance of the last

American edition, it has been translated into German
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PRINCIPLES

OF

THEORETICAL CHEMISTRY.
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CHAPTER I,
INTRODUCTION.

T science of chemistry has to deal with everything
connected with the deepest-seated changes in composition
which the different forms of matter undergo. The first
observations, and for a long time the only ohservations,
made on chemical changes were qualitative. The fact
that a substance A when brought in contact with a sub-
stance B gives the substance C or the substances ¢ and D
was noted, but very little, if anything, more was learned
regarding the change. During this qualitative period a
great many facts were discovered, many new substances
were brought to light, and general methods of preparation
for certain classes of compounds were devised.

Towards the end of the last century the researches of
Lavoisier made it clear to chemists that in studying chem-
ical changes it is necessary to take into account not only
the nature of the substances which are involved in reac.
tions, but also the quantities of these substances. Thus
the quantitative period of chemistry was begun. Since
then chemists have paid special attention to the weights of
the substances with which they worked, and it is largely
due to this that the science has advanced so rapidly during
the last hundred years. It was soon shown that certain
laws underlie all chemical changes, and the recognition of
these laws proved of the greatest assistance in the further
study of the changes.

The first law of general application which was recog-
2



14 PRINCIPLES OF THEORETICAL CHEMISTRY.

nized was the law of the indestructibilily of matter. Tt
was found as the result of many observations that the
sum of the masses of the products of a chemical change is
always exactly equal to the sum of the masses of the sub-
stances which act upon one another. Nothing is gained
or lost in the operation. This law, like every other law
of nature, is simply a statement of what has been found i
to be true in every case that has been studied, and its
statement implies that a large number of cases have been
studied. Since its truth was first recognized, an almost
infinite number of observations have confirmed it in the
most striking way. As regards the question whether it
is possible to conceive of a state of things in which the
law of the indestructibility of matter would not hold
good we have nothing to do. It may be said, however,
that the law could not have been discovered without the
aid of many quantitative chemical experiments. It is an 4
expression of facts established. It is not an axiom.

The next law discovered was the law of definite pro-
portions; and almost at the same time came the law of
multiple proportions. These two laws are the expressions '
of the facts learned in studying the proportions in which
the elements combine with one another.

The discovery of a law naturally leads to a desire to
explain it. When we have recognized that elements com-
bine according to the laws of definite and multiple propor-

. tions, we next ask, Why do they combine in this way.?
An attempt to answer this guestion leads to some sug-
gestion which is known as an Aypothesis. If, after it has
been thoroughly tested by further extensive study of the

| facts, the hypothesis is found to be in harmony with all the
facts, and eapable of explaining them, it is then called a
theory. The alomie hypothesis was put forward to ex-

\¢ plain the laws of definite and multiple proportions, and

~ this hypothesis has proved of great value in enabling
chemists to deal with the facts of chemistry. It has long
since been accepted as a satisfactory theory.

Besides the laws mentioned several others bearing upon
the proportions by weight or by volume in which sub-
stances act upon one another have been discovered, and all
have been found to be explicable by the aid of the atomic
hypothesis. Among them may be mentioned the law of
combination by volume, the law of specific heats, and,
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most comprehensive of all, the periodic law, based upon a
recognition of the fact that the properties of the elements
are functions of their atomic weights, that the properties
of any element are determined by its atomic weight.
Again, laws governing the complexity of chemieal
compounds have been discovered. It has been found that
there is a law that limits the number of atoms of one
element which can combine with one atom of another. A
careful consideration of the facts upon which this law is
based-has led to certain conceptions in regard to the struc-
ture or constitution of all chemical compounds; and it
has heen found that, by a study of the transformations
and of the methods of formation of compounds, definite
conclusions regarding their structure can be reached.
Similarity of structure is found to be the cause of simi-

larity of properties. By studies on the constitution of *

chemical compounds a rational classification of chemical
reactions was made possible, and the study of these reac-
tions was very mueh simplified.

Up to the present most chemical investigations have
had for their object the determination of the constitution
of compounds and much still remains to be done. Indeed,
but little more than a beginning has been made in this
direction. Much more exact studies are called for in many
cases, and most of the laws governing the connection be-
tween constitution and chemical reactions are still undis-
covered. We are beginning the quantitative period in
the study of constitution. The results thus far achieved
are of such importance that we may confidently look for-
ward to still further great advances—perhaps greater than
those already recorded.

The main object in view in this book is to point out as
clearly as possible the reasons for accepting the prevailing
views in regard to constitution, to show that these views
are not merely products of the imagination, but that they
are the legitimate results of a profound and comprehensive
study of chemical phenomena, and that they are the sim-
plest views possible, if we aceept as the basis of speculation
the atomic theory. Whatever fate may await the pre-
vailing theories it is certain that the facts expressed in our
present chemical formulas must find expression in their
successors, The formulas of the future will express all
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the facts expressed by the formulas of the present, besides
others yet to be discovered.

Just as chemical studies have shown that similarity
in chemical conduet implies similarity in constitution, so

~studies on the physical properties of compounds have shown
that similarity in constitution is connected with similarity
in certain physical properties, and the further investigation
has been pushed along this line, the closer has this connee-
tion appeared to be. It is in this direction that we must
look for more definite views in regard to constitution than
we have at present. Chemists are nowengaged very largely

. in classifying chemical compounds according to their reac-
tions without having any clear conception or any hypothe-
sisin regard to the physical structure of the gsimplest chemi-
cal compounds. And yet, though we have no hypothesis
in regard to the physical strueture of chemical compounds,
it requires no argument to convinee us that every chemieal
compound has a definite physical strueture; and the dis-
covery of the structure of any one compound would give
us an insight into all chemical compounds. If now, as
investigation is pushed farther and farther, it can be shown
that certain physical properties alwaysaccompany a certain
chemical constitution, we may finally be able to interpret
our views regarding structure in physical terms. A brief
chapter of this book is devoted to a presentation of those
methods which have been of most service in showing a
connection between physical properties and chemical con-
stitution.

However important the study of the constitution of
chemiecal compounds may be, and no one doubts its great
importance, there is much to be learned regarding chemi-
cal phenomena, besides the constitution of the substances
which take part in a reaction. We might know the con-
stitution of every compound,—there would still remain
important questions to be answered. The one great
question is, What is the cause of chemical action? We
may in the same way be thoroughly acquainted with the
phenomena of the motion of the heavenly bodies and of
falling bodies without having any conception in regard to
the cause of these phenomena. We may be familiar with
the phenomena of light and not know the cause of these
phenomena; and so with the phenomena of heat and
sound, and electricity and magnetism. As regards the
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cause of the phenomena of the motion of the heavenly
bodies and of falling bodies we have no conception at the
present day. It is true, we say that these phenomena are
caused by the attraction of gravitation, and certain laws
governing this attraction have been determined, and if we
assume that all bodies are pulled together by a force which
is proportional to the masses of the bodies, and inversely
proportional to the squares of the distances, we have an
explanation of the phenomena ; but, after all, we do not
know what pulls these bodies together. The phenomena
of heat and of sound have found a much more satisfactory
explanation in the suggestion that they are due to the
rapid motion of the bodies themselves, or of the small
particles of which the bodies are believed to be composed.
In the mechanical theory of heat we have probably the
most satisfactory theory pat forward to account for a class
of natural phenomena. Not many years ago heat phe-
nomena were explained by assuming that there was a sub-
stance, caloric, which eould be put into substances and
taken out of them.

As regards the question, then, What is the cause of
chemical action ? no satisfactory answer can be given.
Indeed, in most of the investigations which have thus
far been carried on, no attempt has been made to answer
it. These investigations have had to do almost entirely
with questions of composition and constitution. What
are the substances brought together, and what are the
substances found? have been the main questions asked ;
and but little attention has been given to the action itself.
The changes brought about have been ascribed to the
action of a special force, called chemical affinity ; a force
which was considered to have its seat in the atoms, and
to act between atoms in somewhat the same way that the
attraction of gravitation is considered to act between
masses.  From time to time attempts have been made to
learn more in regard to the nature of this force. At one
time chemical attraction was regarded as essentially iden-
tical with electrical attraction; again, it was regarded as
identical with the attraction of gravitation. Both of these
views have been shown to be untenable. Of late this sub-
Ject has received considerable attention, and in the work
that has been done there is much promise. Studies have
been made on the veloeity of various ehemical reactions ;

9



18 PRINCIPLES OF THEORETICAL CHEMISTRY.

on the influence of mass on chemical action; on chemical
equilibrium ; on the influence of temperature on the course
of chemical reactions, and various other phenomena, a
detailed knowledge of which is necessary, in order that
a satisfactory theory of chemical affinity may be framed.
A brief chapter will be devoted to an account of the chief
results obtained in investigations on chemical affinity.
In this chapter there will be some reference to the con-
nection between heat phenomena and chemiecal action, but
no attempt will be made to treat the subject of thermo-
chemistry in anything but the broadest outlines, notwith-
standing the fact that work in this field has been carried
on with great industry for twenty years past, and many
results have been attained which are of importance in the
study of chemical phenomena. So far as these results
have a direect bearing upon the subject of chemical consti-
tution, or upon the nature of chemical affinity, they will
receive attention.

From what has been said, it will be clear that we have
as yet no theory of chemical affinity, as we have a theory
of heat. We simply think of it as an attractive force
exerted between atoms. We are just at the beginning of
the study of the laws of chemical affinity, a knowledge of
which must precede the formation of any clear conception
of the force. The time may come when we shall have a
theory of chemieal affinity, in the light of which all chem-
ical phenomena will appear much simpler than they do
now, just as all heat phenomena find a ready explanation
in the mechanical theory of heat. This theory of affinity
will be an extension of our present atomic theory—it will
have to do with the action of atoms, and not merely with
their existence in a condition of equilibrium ; in other
words, it will deal not alone with the stafical side of
chemical phenomena, but with the dynamical.
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GHAPTER I

COMBINING NUMBERSE—ATOMIC WEIGHTS—ATOMIC
THEORY.

Law of Definite Proportions.—The first fundamental
law governing all transformations of matter is, as has
been stated, the law of the indestruectibility of matter.
Next in order of discovery came the law of delinite pro-
portions. According to this:—

Every chemical compound always containg the
same constituents in the same proportion by weight.

This law, though perhaps tacitly acknowledged by most
chemists, was not fully established until the beginning of
the present century. In 1803 a strong effort was made
bv Berthollet, in his work entitled Statique Chimique, to
show that the law is not true, but the opposition called
forth by this work, particularly from Proust, led to more
and more careful examinations of chemical compounds,
and thus to the firm establishment of the law. Proust
also showed that two elements can combine with each other
in more than ene proportion, and that for each compound
thus formed the proportions of the constituents are fixed,

Dalton’s Investigations, Law of Multiple Proportions.—
In the year 1804 Dalton’s investigations enabled him to
take another advance step. Another general law govern-
ing chemical action was discovered and propounded. This
is the law of multiple proportions. As this is of funda-
mental importance, it will be well to follow, somewhat in
detail, Dalton’s reasoning. Many substances had been
analyzed before his time, and the percentages of the con-
stituents had been determined with a fair degree of accu-
racy. He examined, first, two gases, both of which consist
of carbon and hydrogen, viz., olefiant gas and marsh-gas.
He analyzed them both, and determined the percentages

™

N
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of the constituents contained in them. These percentages
are as follows :—*

Olefiant gas, 85.7 per cent. carbon, and 14.3 per cent. ]nydmgen
Marsh-gas, 75.0 Hé £ 25.0 L

On comparing these numbers, he found that the ratio of
carbon to hydrogen in olefiant gas is as 6 to 1; whereas,
in marsh-gas it is as 3 to 1, or 6 to 2. The weight of hy-
drogen, combined with a given weight of carbon, is exactly
twice as great in the one case as in the other.

For the two oxides of carbon, further, the following
figures were obtained :—

Carbon monoxide, 42 86 p. ¢. carbon, and 57.14 p. c. oxygen.

Carbon-dioxide, 27.27 £k 72.73 v

But 42.86 : 57.14 : : 6 : 8, and 27.27:12.75::6 : 16.

The weight of oxygen, combined with a given weight of
carbon in carbon dioxide, is exactly twice as great as the
weight of oxygen combined with the same wmght of car-
bon in carbon monoxide. He saw, again, that, in olefiant
gas, one part by weight of hy dmwm combines with six
parts by wmght of cmbon and th"Lt in carbon monoxide,
eight parts by weight of oxygen combine also with six
parts by weight of carbon. Water was now examined.
It contains 88.89 per cent. oxygen and 11.11 per cent,
hydrogen, and these numbers are to each other as 8 to 1.
hydrogen, respectively,
with earbon, are also found to represent, in the second
place, the mml}mmg proportions of oxygen and hydrogen
with each other. Subsequent examination of other com-

.__a.

- The numbers which, in the first EIDLE represent the com-

pounds led to similar results, and thus Dalton had discov-
ered the law of multiple proportions. This may be stated
as follows :—

If two substances, A and B, form several com-
pounds with each other, and we consider any fizved
mass of A, then the different masses of B, which
combine with this fized mass of A, bear a simple

relation to each other. hih 3
This law has been fully confirmed by all investigations

which have been earried on sinee the time of Dalton.

¥ Instead of the figures actually found by Dalton, the corrected
figures are given, for the sake of simplicity.

e ] e it i @
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Atomic Theory.—But Dalton did not stop with the dis-
covery of the lJaw of multiple proportions; he sought for
its explanation. He was thus led to propose the afomic
hypothesis, as affording the simplest explanation of the

facts observed.

The question as to the ultimate constitution of matter
had frequently and from the earliest dates been discussed.
Two views were held at different periods, and by different
thinkers. According to one of these, matter was supposed
to be indefinitely divisible ; according to the other, it was %
supposed that there is a limit to the divisibility, and that
this_limit is reached when the division has been carried
to certain small particles called afoms. After the discovery
of the law of multiple proportions, however, the atomic
theory acquired a more definite form, as the existence of ">< \(‘1:"

atoms was supposed to have a direct connection with ——
chemical combinations. The results of Dalton’s investi-  ~=
gations are not fully stated in the law of multiple propor-

tions as above given ; another fact was made clear, which

is also of importance. The complete results may be stated

as follows :» It was shown that for each element a particu-

lar number might be selected, and that this number, or a )( v,

simple multiple of it, represents the proportion by weight
in which this element combines with other elements. This
is a fact, which involves no hypothesis regarding the
nature of matter. The “combining numbers” of the ele-
ments may be used without reference to or thought of the
existence of atoms. But the question naturally suggests
itself: Why do elements combine according to the laws

- of definite and multiple proportions? No absolute, final X

answer can be given to this question, but we can imagine
a_cause, or, as it is commonly expressed, we can propose
an hypothesis. This Dalton did. He suppoesed that chem-
ical action takes place between atoms, 4. e., between par- -~
ticles that are indivisible and have definite weights, If LiaP g
chemical combination takes place between one atom of one
substance and one atom of another substance, or between
a simple number of atoms of one substance and a simple
number of atoms of another, and these atoms have definite
weights, then, indeed, the explanation of the laws of defi-
nite and multiple proportions is given.

Thus the idea of atoms became a much more tangible
one than it had been up to that time. Not only were
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atoms supposed to have definite weights, but a method

was suggested by means of which their relative weights

could be determined. | The number assigned to an element,

. representing its combining weight, also represents the rela-

~ tive weight of its atoms.| The fact that the combining

weight of an element was in some cases represented by

a multiple of the simplest number was satisfactorily ac-

counted for by supposing that in these cases more than

one atom of the element combined with one of another
element.

Determination of Atomic Weights.—The determination
of combining numbers or atomic weights, as the figures
were indiscriminately called by some, became now the
chief, immediate problem of the science of chemistry.
Dalton’s atomic hypothesis was accepted by many, though
not by all.  The laws governing chemical combinations
could not be doubted, but the explanation could be and was.
Nevertheless, the importance of determining for each ele-

ment the characteristic number, call it atomic weight or
combining weight, or combining number, was acknowl-
edged by all; and consequently particular attention was
given to this field of research during the period directly
following the time of Dalton’s publication. Let us see
how thoroughly the desired object could be accomplished
by the aid of the prineiples laid down by Dalton.

At the time of which we are speaking, the methods for
chemical analysis were still far from perfect, and hence
most of the determinations then made required subsequent
corrections which were gradually made as analytical meth-
ods were improved. This fact has, however, nothing to
do with the subject under consideration. The principle
alone is involved. The question to be answered is: Can

\X the relative weights of the atoms be determined by the
method used by Dalton? To decide this question we
must first examine the method more carefully. In the
following discussion, the correct numbers, as given by
Jater analyses, are employed, instead of those originally
found. This does not interfere with the prineiple, and
does simplify the subject otherwise.

Method for the Determination of Atomic Weights de-

o pendent upon Analysis.—As the standard the combining
(i
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weight of hydrogen was first selected, and this made 1.
Hydrogen combines with oxygen in the proportion of
1:8; and as water was the only compound of hydrogen

and oxveen known, the coneclusion was drawn that the

two elements were united in the simplest way ; that is to
say, one atom of the one element to one of the other, and
hence the atomic weight of oxygen is 8. Further, nitrogen
is combined with hydrogen in ammonia in the proportion of
one part by weight of hydrogen to 4% parts by weight of
nitrogen. Ammonia was the only ecompound of nitrogen
and hydrogen known ; and the same reasoning as that above
employed led to the conclusion that the atomic weight of
nitrogen is 4%. Considering for a moment these two sim-
ple cases, we see that the numbers thus found, as repre-
senting the relative weights of the atoms of oxygen and
nitrogen, are founded partially upon hypothesis. | There is

nothing to decide as to the number of atoms of E}:ﬁnge_r_l__

and oxygen contained in water, nor of nitrogen and hydro-
gen in ammonia, and, of course, as long as this number is
unknown, it is impossible to draw a positive conclusion
with reference to the atomic weights of nitrogen and
oxygen. A conclusion to be of value must be based
upon a thorough knowledge of the compounds of the par-
ticular element under consideration. Such a number must
finally be selected as is most in accordance with the facts.
The selection must remain more or less arbitrary, as ean
be shown more clearly.

Take again the case of oxygen. A second compound

of hydrogen and oxygen is now known. This contains.

the elements in the proportion 1:16. At first sight, the
explanation of this appears simple enough. In this second
compound there are two atoms of oxygen combined with
one of hydrogen, and thus the proportion is satisfied,
But may we not with equal right decide that in water
there are two atoms of hydrogen combined with one of
oxygen? This would give us for oxygen the atomic
weight 16, and, in the second compound, there would be
one atom of each of the elements.

Further, if the attempt be made to determine the atomie
weight of carbon by Dalton’s method, difficulties fully as
great are encountered, and the final selection among man
numbers must be more or less arbitrary. Taking olefiant
gas, we have hydrogen combined with carbon in the pro-

KX
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portion 1 : 6; in marsh-gas the proportion is 1 : 8 or
2 : 6. If we suppose that in olefiant gas the elements
are combined atom to atom, then the atomic weight of
carbon is 6, and consequently in marsh-gas there must be
two atoms of hydrogen combined with one atom of ear-
bon. But here again it can just as well be assumed that
in marsh-gas there is the simplest kind of combination,
and this would give 3 for the atomic weight of carbon.
Then in olefiant gas two atoms of carbon would be com-
bined with one atom of hydrogen.

Finally, let us take the oxygen compounds of carbon.
In carbon monoxide, carbon is combined with oxvgen in
the proportion 6 : 8 or 3 : 4, whereas in carbon dioxide
the corresponding proportion is 6 : 16 or 3 : 8. Now let
us suppose the atomie weight of oxygen to be 8. Then,
if carbon monoxide is the simpler of the two compounds,
the atomic weight of carbon is 6; and in carbon dioxide
there are two atoms of oxygen combined with each atom
of carbon. Here, again, it is evident that earbon dioxide
may just as well be assumed to be the simpler eompound,
in which case the atomic weight of carbon would be 3,
and in carbon monoxide there would be two atoms of
carbon combined with one atom of oxygen. Between

these different possibilities it is impossible to decide with
the aid of the knowledge obtained by analyses. The num-
ber of similar instances might be multiplied indefinitely ;
the inadequacy of the method could be made more strik-
ingly clear by examples of a more complicated kind, but
-the cases mentioned are sufficient for the purpose; we

\% must have other methods for the determination of atomie
weights before we can get numbers which are not more
or less-arbitrary.

Equivalents.—This necessity was first clearly recog-
nized by Wollaston in 1814. As no satisfactory method
for the determination of atomic weights suggested itself,
he proposed to abandon the idea of atomic weights en-
tirely, and to substitute for it that of the equivalent,

~ thus, as he supposed, getting rid of all hypotheses and
« 'y obtaining numbers that were simple expressions of facts.
- The equivalent of an element was fto himl that quantity
of the element that possessed the same chemical value as

a given quantity of another element, th&!l quantity f:-i' an
:)()(X' element that could take the place of a given quantity of
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another element. According to the conditions of this defi-
nition, it is plain that, in order to know what portions of
two elements are equivalent, we must be able to compare
the two. Hence, primarily, only of such elements as can
be compared with each other, of such as possess a certain
degree of similarity, can the equivalent quantities be de-
termined. As this direct comparison is not always, nor,
indeed, in the majority of cases, possible, recourse must
be had to indirect comparison.
To illustrate this let us take an example: Hydrogen
and chlorine combine with each other in the proportion of
1 part by weight of hydrogen to 35.4 parts by weight of
chlorine, and from this fact the conclusion is drawn that
35.4 parts of chlorine are equivalent to 1 part of hydro-
gen. In the same way it is found that 8 parts of oxygen,
80 of bromine, 16 of sulphur, are all equivalent to 1 part
of hydrogen. Knowing that 35.4 is the equivalent of
chlorine, the quantities of sodium and silver that are re-
spectively equivalent to this quantity of chlorine arc now
determined. For sodium 23 is found, and for silver 107.7.
These quantities of silver and sodium are further found to
be equivalent to 8 parts of oxygen, 79.8 parts of bromine,
and 16 parts of sulphur, and hence the conclusion is drawn
){5( that they are also equivalent to 1 part of hydrogen. Thus
the equivalents of sodium and silver have been determined
by the method of indirect comparison. In most simple
cases this method of procedure is justifiable, but it must
, be distinetly borne in mind that such numbers as are de-
| termined by indirect comparison with the standard, what—~__-
| ever this may be, are not in the strictest sense E_xpiessiﬂﬂﬁx X'\{
of facts; the last step in the determinations, however jus- '
tified we may be in taking it, requires, nevertheless, the
aid of hypothesis.

But if the difficulty thus referred to were the only one
met with in the determinations of equivalent numbers, such
determinations would have nearly the full value claimed
for them by Wollaston. This, however, is not the case.
As soon as any but the simplest compounds are involved,
we are left in fully as much doubt in regard to the equiva- "\~ %
lent numbers as we are in regard to atomic weights. If
it be required to determine the quantity of earbon that is
equivalent to 1 part of hydrogen, the compounds of the

two elements must be examined. But there are a great
o




.
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many compounds of these two elements. Taking but two,
olefiant gas and marsh-gas, it is found that in the former
(see ante, p. 24) 1 part of hydrogen is combined with
(equivalent to) 6 parts of carbon ; whereas, in the latter,
1 part of hydrogen is combined with (equivalent to) 3
parts of carbon. What shall here decide which iz the
correct number ! It is evident from such instances as
this that the idea of the equivalent is fully as uncertain as
that of the atom was at the time of Wollaston. That an

element could be equivalent to two entirely different quan-

< tities was in itself paradoxical if ‘the original definition

— e

of equivalent was retained. These difficulties seem not
to have been apparent to Wollaston. He continued his
determinations of equivalents, and during this time a
fusion of the ideas of equivalent and atomic weight took
place unconseciously. As neither of these ideas was then
definite, as to each of a number of elements a number of
atomic weights could be assigned, and almost as many
equivalents, the succeeding period in the history of chem-
istry was one of great confusion, and it finally became
evident that some new idea or ideas must be introduced,
if a firm foundation for the science was to be reached.

Determanations by Berzelius.—Before the necessary
new ideas were introduced, the methods at band were
employed to the full extent. All known compounds of
any given element were compared with each other, and
a number finally selected, that best satisfied the faets,
to represent the equivalent of the element, or its atomic
weight, as it was called by others. Berzelius attacked
the subject most successfully. He laid down rules, by the
aid of which, according to bim, the number of atoms of
an element contained in a compound could be determined,
and hence also its atomic weight. Then, by more careful
analyses than had been previously made, the atomic
weights or equivalents of all the elements were deter-
mined. A large number of these determinations depended
upon chemical rules, similar to the following, given by
Berzelius :—

If an element forms several omides, and the quan-
tities of oxygen contained in them, as compared with
a fized quantity of the element, are to each other as
1: 2, then it is to be concluded that the first compound
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consists of one atom of the element and one atom of
ozygen; lhe second, of one atom of the element and
two atoms of oxygen (or two aloms of the element
and four atoms of oxygen). If the ratio is 2:3,
then the first compound consists of one atom of the
element and two atoms of oxygen ; the second of one
atom of the element and three atoms of oxygen, etc.

This rule covers those cases in which it is required to
determine the atomic weight of an element by a study of
its oxides. Other rules were given, in which sulphur com-
pounds, ete., were made the basis of caleulation.

It will be observed that, although in these rules the
oxygen and sulphur are taken as the elements, the num-
ber of whose atoms varies, the other elements might just
as well be taken, and the atomic weights obtained would
then be entirely different. An example will make this
clear: Mercury combines with oxygen in two propor-
tions. In the first compound, 8 parts of oxygen are
combined with 199.8 parts of mereury ; in the second, 16
parts of oxygen are combined with 199.8 parts of mereury.
Adopting the rule above laid down, we should conclude
that in the first compound 1 atom of mercury is combined
with 1 atom of oxygen, and, in the second, 1 atom of mer-
cury with 2 atoms of oxygen. If, then, 8 is the atomic
weight of oxygen, 199.8 is the atomic weight of mercury.
But if, on the other hand, the quantity of oxygen Dbe
regarded as remaining fixed, and that of the mercury as
varying, then we should have in the first compound 8
parts of oxygen combined with 199.8 parts of mereury,
and, in the second, 8 parts of oxygen combined with 99.9
parts of mercury ; and, by a similar process of reasoning,
the conclusion could be drawn that the first compound
contains 2 atoms of mercury to 1 atom of oxygen, and
the second, 1 atom of mercury to 1 atom of oxygen, and
thus we should obtain 99.9 as the atomic weight of mer-
cury instead of 199.8 as found above. Berzelius had
made certain observations on chemical compounds upon
which he based his rules, but, as we shall see, these obser-
vations were not sufficient,

Another difficulty presented itself in the case of those
elements that combine only in one proportion with oxygen.
What should decide in regard to the number of atoms of
oxygen contained in a compound of such an element ?
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Here speculation was the only aid, and it often led to false
results,

The Principle of Substitution employed in the Deter-
mination of Atomic Weighls.—The researches of Berzelius
added much to the knowledge of the combining weizhts
of the elements, and the determinations made by him un-
doubtedly rested upon a firmer basis than the determina-
tions made previously. He made the fullest and most

‘?\ logical use of purely chemical means that could be made
at the time. Subsequently, however, a new fact was dis-
covered in connection with chemical compounds, that
proved of great value in simplifying the consideration of
chemical phenomena, and also aided materially in the solu-
tion of the problem of the determination of atomic weights.
This is substitulion. A brief explanation will suffice here

; to show the connection between this subject and the prob-
™~/ % lem under discussion. It has been found that certain
elements have the power of entering into compounds,
driving out some of the constituents. For instance, water
contains two atoms of hydrogen and one of oxygen; if
potassium be allowed to act upon water, a portion of the
hydrogen is given off, and a new compound containing
both potassium and lwdlngvn in addition to the oxygen,
is the result. If now potassium be further allowed to act
upon this new L‘:Gmpﬂﬂﬂﬂ the hydrogen contained in it is
driven out, and potassium enters. Thus we obtain from
water, by 1eplue1nrr its hydrogen by potassium, a com-
puund containing two atoms of thﬂ,bH]um and one atom

of oxygen. This kind of action is called substitution.

To show how, by taking into account the transforma-
tions included under this head, conclusions of importance
may be drawn with reference to atomic weights, one ex-
ample will suffice : It has been seen that the chief diffieulty
in determining atomic weights or equivalents by chemiecal
means lies in the lack of data for estimating the number

‘%Of atoms of an element contained in any given compound.
Take the case of marsh-gas. In it 1 part of hydrogen is
combined with 3 parts of carbon, and, as above stated,
from this fact the conclusion nnght be drawn that the
atomic weight of carbon is 8. If, however, it can by any
means be pmvcd that the number of atoms of hydrogen
contained in the gas is greater than one, the conclusion
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would require modification. By means of the process of
substitution, this can be proved, or at least it can be proved
that the hydrogen contained in marsh-gas can be subdi-
vided, and, hence, if we accept the atomic hypothesis, it
follows that the compound contains in its smallest part
more than one atom of hydrogen. By allowing chlorine
to act upon marsh-gas, a portion of the hydrogen is re-
placed, and a compound containing hydrogen and chlorine
is formed. This new compound treated with chlorine
again gives up a portion of its hydrogen, and takes up
Eﬁlﬂl‘ﬁlﬂ in its place. This operation can be repeated four
times, and thus finally a compound is obtained which con-
tains only carbon and chlorine. Each time the same pro-
portion of hydrogen is given up, and is replaced by an
equivalent quantity of chlorine. hus it is plain that the
hydrogen originally contained in marsh-gas is divisible
into four parts, and it follows that there are at least four
atoms of hydrogen contained in marsh-gas—a conclusion
which could not _possibly be reached by the aid of the

means heretofore considered. If now that quantity of
carbon which 18 in combination with four atows of hydro-
gen is assumed to be one atom (and, by a consideration
of the whole list of carbon compounds, this step is justi-
fied), then the atomic weight of carbon is 12. The
method, thus briefly illustrated, is capable of application
to some extent, but not to such an extent as to render it a
general method for the determination of atomic weights.

Consideration of Chemical Decompositions for the
purpose of delermining Atomic Weights.—One other
method of reasoning must be referred to as having been
employed, either for the purpose of furnishing proofs of
the correctness of atomic weights determined by other
means or for the direct determination of these weights.
An example will best make this matter clear. It is desired
to know, for instance, how many atoms of hydrogen are
combined with nitrogen in ammonia; or, having by the
preceding method concluded that this number is 3, we wish
to test the conclusion by other observations. By treating
nitrie acid (which we will suppose to contain one atom of
hydrogen to every atom of nitrogen) with hydrogen am:
monia is obtained. Now, it is found that, when a given
quantity of nitric acid is converted into ammonia, in the

g

XX
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resulting ammonia, three times as much hydrogen is com-
bined with the same quantity of nitrogen. TFurther,
ammonia combines directly with a number of compounds,
and an examination of the quantity of hydrogen contained
in this ammonia shows that it must necessarily be repre-
sented by three or some multiple of three atoms of hydro-
gen. Thus, a study of the various cases in which ammonia
is either formed or destroyed, or enters into combination,
always shows that the quantity of ammonia thus playing
a part must contain three or some multiple of three atoms
of hydrogen; and hence it appears that in ammonia at
least three atoms of hydrogen are combined with each
atom of nitrogen.

The methods which have thus been briefly described
comprise all at our command for the determination of

atomic weights dependent upon purely chemical processes,

Consider these methods as we may, it is obvious that they
are inadequate to the accomplishment of their object. The

determinations may indeed he made, but there must always
remain a doubt concerning the result. If, then, the prob-
lem can be approached from an entirely different point of
view, this doubt will be reduced to a minimum, if it 1s
found that the results first obtained assert themselves as
correct in the second instance. Before passing, however,
to the presentation of new methods for making these deter-
minations, it will be well to apply the knowledge thus far
gained in fixing as definitely as possible the conceptions
of elements and compounds,

Elements.—An element, strietly speaking, is a substance
that cannot by any possible means be decomposed into kinds
of matter that are unlike in their chemical properties. This
definition presupposes a knowledge of all possible means of
decomposing substances. Until we are positive that we are
acquainted with all these means, we cannot be positive in
regard to the existence of a single element. But it is plain
that to assert the possession of this knowledge would be
in the highest degree presumptuous. We can then never
assert positively that any given substance is an element;
we can only say that, the means at our command being
insuflicient to bring about the decomposition of a given
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substance, we regard this substance as an element until
such time shall arrive when, new means being given, it
shall be shown to be a compound. Numerous instances
“of the change of opinion concerning the elementary charae-
ter of different substances might be adduced, prominent
among which are the metals of the alkalies, the oxides of
which were for a time regarded as elements; chlorine,
which was regarded as a compound body until it was
shown that it cannot be deconiposed, ete. ete. Thus the
number of elements, as stated at any given time, is entirely
dependent upon the state of chemical analysis at that time,
and is never an expression of an absolute fact. At present,
the number of elements known is 69. In other words, 69
distinet kinds of matter can be recognized.

The atoms that make up an elementary substance must
necessarily be of the same kind. Accepting, then, the
existence of atoms, an element may be defined as a sub-
stance made up of atoms of the same kind; and we shall
see that thedefinition of an atom, that will be given further
on, makes this definition of an element a strict one in every
respect.

Compounds.—Observation shows us the existence of at
least two varieties of compound substances. To only one
of these, however, is the name compound strictly appli-
cable, and then the name signifies a chemical compound.
To the other class various names are applied, according to
the nature of the substance, such for instance as mechan-
ical mizture, solution, alloy, etc. Between mechanical
mixtures and true chemical compounds there are generally
such differences that they can be distinguished with com-
parative ease,

1. One of the most prominent characteristies of c¢hemi-

XX
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cal compounds is the possession of properties which differ -

entirely from those of their constituents. Hydrogen, an
inflammable gas, and oxygen, a gas and energetic sup-
porter of combustion, combine to form a liquid, water,
which is not inflammable and does not support combustion.
Hydrochloric acid, a gas that turns vegetable blues red,
and ammonia, a gas that turns vegetable reds blue, unite
to form sal-ammoniac—a solid that is without influence
upon vegetable colors. Chlorine, a gas, and mercury, a
liguid, give a solid with none of the characteristic proper-
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ties of either. The number of these examples might be
increased indefinitely, and in each case a similar result
would be reached.

2. Generally the constituents of a chemical compound
cannot be separated from each other by mechanical means:
but one of the so-called physical forces, as heat, light,

electricity, or chemical affinity, is necessary.

3. The constituents of a compound are combined in
fixed proportions by weight. If these constituents be
brought together without reference to their quantities, and
the proper condition be brought about to cause combina-
tion, a definite quantity of one combines with a definite
quantity of the other; and, if the quantity of either pres-
ent is in excess of the fixed quantity necessary for the
formation of the compound, this excess will remain un-
combined after combination has taken place. The pro-
portions can be varied only to a very limited extent, and
then not gradually, but according to a fixed rule. This is
the fact that above all others enables us to assert posi-
tively that a given substance is or is not a chemical
compound.

Mechanical Miztures.—If oxygen and nitrogen be
brought together, a homogeneous mixture of the two is
formed, and this possesses the properties of both oxygen
and nitrogen ; such a mixture, for instance, is the atmo-
sphere of the earth Many solids may be mixed in various
ways, but no matter how finely they may be divided, nor
how intimately they may be mixed, provided chemical
combination does not take place, the constituents of the
mixture can be separated by mechanical means, and the
mixture possesses all the original properties of its con-
stituents. In both these cases, further, the most varied
quantities of the substances may be employed, and, under

. the same conditions, the mixtures will be formed just as
‘readily with one proportion as with another.

Solutions and Alloys.—On the other hand, those eom-
pounds, which are known under the names of solutions
and alloys, are more closely allied to chemieal compounds.
Gases, liquids, or solids may exist in the state of solution,
that is, in combination with some liguid body, and to all
appearance themselves in the liquid form. The external
properties of one of the constituents are no longer recog-
nizable, and they are, indeed, in part lost. A gas loses its
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ordinary elasticity when dissolved in a liquid. A solid
loses the cohesion which before held its particles together.
Two liquids combined in this way lose some of their ori-
ginal properties. In all these instances the action between
the particles of the dissolved substances and the particles
of the solvents is greater in its effect than the cohesion
that originally held together the particles of the solid or
liquid, or the expansive force between the particles of the
gas. Further, there are the alloys or compounds of two
or more metals. These alloys present the appearance of
perfectly homogeneous substances, but, nevertheless, pos-
sess most of the properties of the constituents. Here,
too, the cohesion exerted between the particles of the
original substances is modified when the substances are
brought together.

A careful examination of the above-mentioned cases
shows that there is generally a limit to the action. Sub-
stances that are soluble in water are not usually soluble to
an unlimited extent; on the contrary, for any given tem-
perature, the quantity of the substance that can be dis-
solved is fixed. But, between this fixed quantity and the
smallest possible quantity of the substance, all proportions
are equally well dissolved. Some liquids mix with each
other in all proportions, a perfectly homogeneous liquid
being the result. Others dissolve each other to only a
limited extent, the limits being, as in the case of solids
and liquids, fixed for any given temperature.

The subject of solution has recently received much at-
tention, and some interesting laws have been discovered
governing the conduet of dissolved substances. From
what has been learned it appears most probable that be-
tween a dissolved substance and a solvent there is chem-
ical action. The subject will be more fully treated fur-
ther on.

It is plain, from the foregoing, that chemical compounds
and elements are the only substances, the study of which
can lead to definite conclusions concerning chemical action.
Let us now return to that fundamental problem of chem-
istry—the determination of atomic weights. As it has
been shown that results, reached by the methods already
given, must necessarily be uncertain, we may now ap-
proach the subject from another side.

MX
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CH AP TR T
EXAMINATION OF GASEOUS ELEMENTS AND COMPOUNDS.

Tue methods of investigation applicable to substances
differ according to the state of aggregation of the sub-
stances. (iases possess certain properties that solids and
liquids do not possess, and solids and liquids have certain
general properties that gases have not. The study of
substances in the form of gas or vapor has led to most
important results of lasting influence upon the science.

Investigations of Gay Lussac.—In the year 1808 Gay
Lussac and Humboldt discovered the fact that when hy-
drogen and oxygen combine to form water, they combine
in the proportion of 2 volumes of hydrogen to 1 volume
of oxygen. The simplicity of this relation induced Gay
Lussae to take up the study of other gaseous substances,
with the object of determining whether similar relations
exist between the volumes of other combining gases.
His research enabled him soon after to deduce the follow-
ing law of combination by volumes:—

When two or more gaseous substances combine to
form a gaseous compound, the volumes* of the in-
dividual constituents as well as their sum bear a
stmple relation to the volume of the compound.

Thus, when hydrogen and chlorine unite to form hydro-
chloric acid, it was found that 1 volume of hydrogen and
1 volume of chlorine form 2 volumes of hydroehlorie acid
gas. Two volumes of hydrogen and 1 volume of oxygen
give 2 volumes of water-vapor ; 2 volumes of nitrogen and
1 volume of oxygen give 2 volumes of nitrous oxide.
Further, 3 volumes of hydrogen and 1 volume of nitrogen
give 2 volumes of ammonia, ete.

* In all cases, where the volumes of gases are compared, the
gases are, of course, supposed to be under the same conditions of
pressure and temperature.
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On comparing this result with that already obtained by
Dalton, and making use of the atomic hypothesis, accord-
ing to which combination between elements takes place
between their atoms, it will be seen that a simple relation
must exist between the volumes of gases and the relative
number of atoms contained in these volumes. This we
may express in general terms as follows:—

The number of atoms contained in a given volume
of a gaseous substance bears a smple relation to the
number of atoms contained in the same volume of
other,gaseous substances.

But this plainly furnishes no foundation for the deter-
mination of atomic weights, inasmuch as we have no means
of fixing the value of the “ simple ratio,”” and without this
we cannot determine the relative number of atoms con-
tained in a given volume of gas., We know that 2 vol-
umes of hydrogen combine with 1 volume of oxygen, and
we know that 2 parts, by weight, of hydrogen combine
with 16 parts, by weight, of oxygen. Further, according
to the atomie hypothesis, a certain number of atoms of
hydrogen of fixed weight combine with a cerfain number
of atoms of oxygen of fixed weight, and these numbers
bear a simple relation to each other; hence, the relation
between the number of atoms of hydrogen in the 2 vol-
umes and the number of atoms of oxygen in the 1 volume
must be a simple one, but the facts do not furnish us
with the data necessary to enable us to state what this
relation is; without further aid, either from new facts or
speculations, we cannot say what the atomic weights of
these elements are.

Avogadro’s Views.—The numbers expressing the spe-
cific gravities of gases or vapors are those numbers
that express the relative weights of equal volumes of
these gases or vapors. Hence, it is but restating, in
another form, the law above laid down, to say that the
specific gravities of gaseous bodies bear a simple relation
to the atomic weights of these bodies. The forece of this
statement will readily be recognized on comparing the
specific gravities of some elementary gases with the
atomic weights of the same elements determined by chem-
ical means. The atomie weights, as determined by ehemi-
ical means, however, differed from each other according to
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the method employed in this determination ; but the differ-
ence being that between one number and some multiple of
that number, it is immaterial which of these numbers we
employ for the purpose of the comparison. Lef us, then,
take the first of those determined. The following table
hardly needs explanation. The numbers in the second
column (d) represent the specific gravities of the ele-
ments in the form of gas or vapor; the fourth column

contains the ratios between the atomic weights (A4) and
A

d==,
d
Element. d. Ay 5
£

Hydrogen . . . . 0.0692 1 14.45
Chlorine ! . L 2.440 35.4 14.51
Bromine b.04 79.9 14.42
Iodine 8.716 126.5 14.51
Oxygen 1.10563 8 7.24
Sulphur 2.23 16 717
Seleninm 5.68 39.4 6.94
Tellurium 9.08 62.5 6.88
Nitrogen 0.9713 14 14.41
Phosphorus . . . | 4.50 31 6.89
Arsenic . . - s EL0Eh 74.9 7.07
Mercury : 5 : « | 7.08 99.9 14.21
Cadminm - . . : 3.94 55.9 14.19

From this it appears that the relation between the spe-
cific gravity and the atomic weight of seven of these
thirteen elements is the same, being expressed by a num-
ber varying but little from 14.4. In the case of the six
remaining elements of the list the relation is, also, virtu-
ally the same, about 7.1. And, in the latter case, the
ratio is expressed by a number half as great as the first.

A consideration of these relations led Avogadro,® in
1811, to propose an bypothesis, which, if it is well founded,
must prove of the greatest service in simplifying the prob-
lem of determining the atomic weights—at least of those
elements of which gaseous compounds are known. It
will be seen that, if in the above schedule the atomie

* In 1814 Ampére proposed a similar hypothesis.
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weights of oxygen, sulphur, selenium, tellurium, phos-
phorus, and arsenic be doubled, the ratio RA; for all the ele-

ments in the list will be the same constant number, viz.,
about 14.4. But the atomic weights above given have
been determined purely empirically, and we are as much
justified in considering the larger numbers as the true
atomic weights as we are in accepting the ones given. If
this change be made, then, for the above thirteen elements,
the following statement will be true: The atomic weights
are to each other as the specific gravities of the vapors.
An examination of compound gaseous substances showed
further that a simple relation also exists between their spe-
cific gravities and the numbers expressing the sum of the
atomic weights of the constituents, these sums being to
each other as the specific gravities. Avogadro’s hypoth-
esis to account for these relations may be stated in the
following words :—

All gases and vapors, without exception, conlain,
in the same volume, the same number of ultimate
particles or molecules.

The molecules were not considered to be identical with
the atoms, and it is well here to draw the distinction be-
tween the two as clearly as possible. Molecules of com-
pounds, as understood by Avogadro, and as understood at
present, are the hypothetical smallest particles of these
compounds. The molecule of water is the smallest par-
ticle of water that can exist as water. As water, how-
ever, is composed of two elements, of course, the smallest
particle of water must necessarily still be divisible into
these constituents. The component parts of molecules
are called atoms, and these are indivisible. In the case
of water, the molecule has the same composition as the
mass of the compound, but, as will be shown, this mole-
cule of water consists of two atoms of hydrogen and one
atom of oxyeen, The holding together of the two atoms
is a chemical act. That which holds the molecule together
is called cohesion.

Now, there are good reasons, which will be considered
below, for believing that, in their internal structure, ele-
mentary substances are, in some respects, analogous to
compounds, and this belief was made a fundamental con-
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dition of Avogadro’s hypothesis, According to this, it
18, In most cases, impossible, by purely mechanical means,
to subdivide an element so far as to reach its atoms; but,
if we suppose it divided as far as possible by such means,
we reach, as in the case of compounds, the molecule of the
element, which is the smallest particle of the element that
can exist and play the part of the element. This mole-
cule, however, usually consists of atoms, that are held
together by a chemical act, and can hence be separated
only by means other than mechanical.

From these considerations definitions of the terms atom
and molecule follow :—

A molecule is the smallest particle of a compound
or element that is capable of existing in a free state.
A breaking up of the molecule necessitates the de-
struction of the characteristic properties of the com-
pound, and almost always of those of the element.

Atoms are the indivisible constituents of molecules,
They are the smallest particles of elemenis that take
part in chemical reactions, and are, for the greater
part, tncapable of existence in the free state, being
generally found in combination with other atoms,
either of the same kind or of different kinds.

And now the justice of the definitions of elements and
compounds given above will be recognized, viz., an element
is a substance made up of atoms of the same kind ; a com-
pound is a substance made up of atoms of different kinds.

Recognizing thus fully the distinetion between atoms
and molecules, we are prepared to follow further the rea-
soning of Avogadro. '

The experiments of Gay Lussac had already proved that,
under the influence of heat, all gases expand in the same
proportion for the same increase of temperature, and
diminish in volume to the same extent for the same de-
crease of temperature. Further, Mariotte and Boyle had
shown that all gases conduct themselves in the same way
under the influence of increased or decreased pressure;
that for the same increase or decrease of pressure the re-
sulting decrease or inerease of volume is the same for the
same volume of all gases. These facts considered inde-
pendently would lead to the suspicion that all gases pos-
sess a similar internal strueture, and the simplest hypoth-
esis to account for this is the hypothesis of Avogadro—
that the same volumes of all gaseous bodies contain the
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same number of molecules. This subject has been treated
exhaustively from a purely physical point of view. The
mechanical theory of gases being accepted, it has been
shown that the hypothesis of Avoguadro follows as a neces-
sary consequence; and then, by a purely mathematical
process of reasoning, it has been shown that the hypothe-
sis is an absolute necessity. A discussion of the subject
in the direction indicated cannot be taken up here.

As a grand result of the investigations that have been
made on the internal structure of gases, it may be stated
that Avogadro’s hypothesis has throughout asserted its
correctness, and it has long been recognized as of funda-
mental importance in the science of chemistry. It is-at
present almost universally accepted by chemists, and is
generally referred to as a law.

Determination of Molecular Weights.—W hat, then, do
we gain by accepting the hypothesis? It is plain that if
equal volumes of all gases contain the same number of
molecules we have a means given us at once for ascertain-
ing the relative weights of these molecules. We have
merely to determine the relative weights of equal volumes
of the gases, and the numbers ohtained will bear the same
relations to each other as the molecular weights. Then
accepting the weight of some molecule as a standard, and
expressing the weights of the others in terms of this
standard, the molecular weights are determined. Let us,
for example, take hydrochlorie acid as the standard mole-
cule. As this compound contains 35.4 parts by weight of
chlorine to 1 of hydrogen, the smallest figure which we
can take to represent its molecular weight, without repre-
senting the weight of hydrogen by a fizure less than 1, is
36.4. By further study of hydrochloric acid it is found
that no facts are known that require us to select a figure
larger than 36.4 for its molecular weight. We accordingly
accept this as the molecular weight of hydrochlorie aecid.
We now determine the specific gravity of the gas, and
express the result in terms of air. The figure is 1.247, or,
to be explicit, if the weight of a given volume of air be
represented by 1, then the weight of the same volume of
hydrochloric acid gas is represented by 1.247. As, accord-
ing to Avogadro’s hypothesis, the molecular weights of
gaseous bodies bear the same relation to each other as
their specific gravities, it is only necessary to determine in
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one particular case what relation exists between the mole-
cular weight and the specific gravity. The molecular
weight accepted for hydrochloric acid, for the reasons
above given, is 36.4; the specific gravity, determined by
actually weighing the gas, is 1.274. The relation between

36.4
e T AT X
974 8.57; or, call

ing the specific gravity d, and the molecular weight 27,

we have for hydrochloric acid J;fz 28.57, M—=d X 28.57.

Having determined the relation between the specific gravity
and the molecular weight of one gaseous substance, we
have, however, determined it for all, and we thus have in
our possession a method for determining molecular weights
that depend upon the determination of the specific gravi-
ties of gases or vapors. If the rule is perfect, and the
figures obtained by experiment were absolutely accurate,
then, by dividing the molecular weight of any gaseous sub-
stance by its specific gravity, we should in every case
obtain the same quotient. Owing partly to the imperfec-
tion of the methods for determining specific gravities and
for analyzing chemical compounds, the figures actually
obtained do not give exactly the quotient obtained in the
case of hydrochloric acid. The average of the results is
more nearly 28.88, and as this is the figure obtained hy
dividing the molecular weight of hydrogen by the specific
gravity, it is the one commonly given in stating the rule.
Instead of heing M =d x 28.57, it is M=d X 28.88.
Applying the rule to the determination of molecular
weights, we obtain results which approximate the truth,
and which enable us to decide whether the molecular
weight is a certain fizure or a multiple of this figure.
Chemical analysis then comes to our aid and tells us
exactly what the number is. To illustrate this, take the
case of water. We find by determining the specific gravity
of water vapor and multiplying by 28.88 that the mole-
cular weight is 17.99. This enables us at once to decide
between the various possibilities, 9, 18, 27, ete. If we
now determine with great accuracy the proportions by
weight in which hydrogen and oxygen are combined with
each other in water, we shall be able to state exactly what
the moleeular weight of water is. According to the most
reliable investigations the figure is 17.96. The coineidence

the two figures is expressed thus,
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of the numbers determined by the two methods in the case
of a few elements and compounds will be seen on exam-
ining the subjoined table. The numbers under M are
those found by the analytical method, that one of a series
of multiples being selected which agrees most nearly with
the number found according to the rule M — 28.88 X d.

Name. HP““_iﬁ; BT- | 2888 x d. M.

Hydrogen . : : : 0.06926 2 2
Nitrogen - : ; ; 0.9713 28.05 28
Oxygen : . : : 1.10563 31.93 31.9
Sulphur : . . : 2.23 64.4 63.9
Chlorine 2 : . F 2.45 T0.75 70.8
Cadminm . : . : 3.94 113.78 111.7
Phosphorns . . . . | 4.35 125.62 123.8
Bromine . - . . 5.54 159.99 159.5
Seleninm . : - : 5.68 164.03 157.74
Mercury - g . . 6.98 201.58 199.8
Water . < : . : 0.623 17.99 17.96
Hydrochloric acid . ; 1.247 36.11 36.4
Sulphur dioxide . : : 2.247 64.89 63.9
Ammonia . : : . 0.597 17.24 17
Phosphorus trichloride : 4.88 140.93 137.1
Arsenie trichloride . - 6.30 181.94 181
Boron chloride 5 . ; 3.942 113.84 117
Marsh-gas . ' . : 0.5657 16.08 | 16
Methyl chloride . . : 1.736 50.13 a0.7
Chloroform . . : . 4.20 121.29 119.1
Tin chloride . 3 2 . 9.20 265.69 268.9
Silicon chloride . . . H.94 171.55 169.5
Zinc-methyl . s : . 3.29 95.02 94.8
Alumininm chloride 2 2 9.35 270.03 266.3
Ferric chloride 4 : . 1589 328.94 324

Number of Atoms in the Molecules of Elements.—
Although we are thus enabled to determine by a simple
process the molecular weights of those elements which
are gases under ordinary conditions, or which can be con-
verted into gases, an important part of the problem—the
determination of the atomic weights—yet remains to be
solved. If we knew in each case how many atoms are
contained in a molecule, our difficulties would be at an
end; but this we plainly do not know without the intro-
duction of considerations of a different kind from those

4%
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with which we have had to deal thus far. Taking hydro-
chlovic acid as the standard in determining the molecular
weights, and representing its molecular weight by 36.4,
because that is the smallest figure permissible, if the
hydrogen in it is not to be expressed by a figure less than
1, we find that the molecular weight of hydrogen, deter-
mined by the rule of Avogadro,is 2. Now the part of
hydrogen contained in hydrochloric acid, which is repre-
sented by 1, must be at least an atom of hydrogen. Or,
further, the 36.4 parts of hydrochloric acid, representing
the molecule, must be made up of at least one atom of
hydrogen, weighing 1 part, and one atom of chlorine,
weighing 35.4 parts. DBut, as we find that the molecule
of hydrogen weighs 2 parts, it follows that the mole-
cule must be at least twice as heavy as the atom, or the
molecule must contain at least two atoms. We may also
reason as follows, with reference to some of the simpler
chemical compounds: Given hydrochloric acid, it is re-
quired to know how many atoms are contained in a mole-
cule of hydrogen and in a molecule of chlorine. If in a
certain volume of hydrogen there are contained say 100
molecules, then in the same volume of chlorine there are
contained the same number of molecules. Now it is
known that 1 volume of hydrogen combines with 1
volume of chlorine. Two volumes of hydrochlorie acid
gas are formed, and, according to the hypothesis, these
two volumes in the case under consideration contain 200
molecules. But each molecule of hydrochloric acid must
contain at least one atom of chlorine and one atom of
hydrogen ; hence, in 100 molecules of hydrogen and 100
molecules of chlorine there must be at least 200 atoms of
chlorine and 200 atoms of hydrogen, or a molecule of
either hydrogen or chlorine must contain at least two
atoms. Further, as no simpler compound of hydrogen
or of chlorine is known than hydrochloric aecid, any con-
clusions which we may draw from a consideration of this
compound must be valid for all compounds of these ele-
ments. The supposition that two atoms form the mole-
cule of hydrogen and of chlorine satisfies all the facts
known to us, and we hence rest with this supposition. It
must, however, be distinetly borne in mind that no proof
is here given of the absolute number of atoms contained
in the molecules of hydrogen and chlorine. We can only
gay that at least 2 atoms must be present in each of the
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molecules. There may be a much greater number, but the
data permit no conclusion beyond this number 2.

For all similar cases a similar process of reasoning may
be employed, and with the same results. Whenever 1 vol-
ume of an elementary gas ov vapor combines with 1 vol-
ume of another elementary gas or vapor to form 2 volumes
of a compound gas or vapor, we are justified in concluding
that each molecule of these elements contains two atoms.
The elements that come under this head are hydrogen and
chlorine.

If we pass to oxygen, we find a material difference in
the conduet: 2 volumes of hydrogen combine with 1 vol-
ume of oxygen to form 2 volumes of water-vapor. Let
us reason as above. If in 1 volume of oxygen there are
contained 100 molecules, then in 2 volomes of hydrogen
there are 200 molecules. These 300 molecules combine to
form 200 molecules of the compound. Now, in the mole-
cule of water, there must be contained at least 1 atom of
oxygen and 1 atom of hydrogen ; hence, there must be at
least 200 atoms of oxygen and 200 atoms of hydrogen.
But we know that in the original 200 molecules of hydro-
gen there were contained 400 atoms; hence, in each mole-
cule of water there must be 2 atoms of hydrogen. Water
is the simplest compound of oxygen known to us (7. e., it
contains the smallest quantity of oxygen in the molecule),
and on this account we suppose the molecule of water to
contain 1 atom of oxygen. If, then, each molecule of
water contains 2 atoms of hydrogen and 1 atom of oxygen,
in the 200 molecules of water there are 200 atoms of oxy-
gen and 400 atoms of hydrogen, and these are obtained
from 100 molecules of oxygen and 200 molecules of hydro-
gen. Therefore, each molecule of oxygen, as well as each
molecule of hydrogen, contains 2 atoms.

Another method of reasoning, starting from entirely
different facts, also led Favre and Silbermann to suggest
that the molecule of oxygen consists of 2 atoms. They
proved that carbon, when burned in nitrous oxide, evolves
more heat than when burned in oxygen. The simplest
interpretation of this fact is that, in each experiment, a
chemical combination is destroyed while another is formed;
and that the amount of heat actually evolved is the differ-
ence between the amount of heat disengaged by the union
of earbon with oxygen and the amount of heat absorbed
by the decomposition of the oxide of oxyvgen in the first



44 PRINCIPLES OF THEORETICAT, CHEMISTRY.

instance, and of oxide of nitrogen in the second. And, if
the thermic effect is less with oxygen than with nitrous
oxide, that is due to the circumstance that more heat is
absorbed in the decomposition of the oxide of oxygen (the
molecule of oxygen O,) than in the decomposition of the
molecule of nitrous oxide.

One volume of nitrogen combines with 3 volumes of
hydrogen to form 2 volumes of ammonia. Hence, in the
molecule of ammonia there are 3 atoms of hydrogen, and
ammonia being the simplest compound of nitrogen, we
suppose that these 3 atoms of hydrogen are combined with
1 atom of nitrogen. As each molecule of ammonia con-
tains 1 atom of nitrogen, and as, further, there are formed
twice as many molecules of ammonia as there were niole-
cules of nitrogen originally, it follows that the molecule
of nitrogen contains at least 2 atoms.

By this means we are enabled to determine the atomie
weight of the elements mentioned, for if in their mole-
cules 2 atoms are contained, we have only to divide the
molecular weight—found by Avogadro’s rule, and cor-
rected by analytical methods—by two. Butaccepting the
atomic weights of hydrogen, chlorine, bromine, and iodine
as known, we are enabled by another process to deter-
mine the atomic weights of such elements as combine with
these to form gaseous compounds.

Take, again, water. We find by a comparison of the
compounds of oxygen that the molecule of water, as stated
above, contains as small a quantity of this element as
any other compound ; and hence we suppose this quantity
to represent 1 atom. We first find the molecular weight
from the speeific gravity of the vapor. Thisis 18. We
analyze the compound, and find that it contains 88.89 per
cent. oxygen, and 11.11 per cent. hydrogen, or 8 parts
of oxygen to 1 part of hydrogen. Therefore in 18 parts
by weight, which represent the molecule, there are con-
tained 16 parts of oxygen and 2 parts of hydrogen. The
atomic weight of oxygen is hence 16, and in water 1 atom
of oxygen is combined with 2 atoms of hydrogen. In the
same way, on comparing the molecular weights of the
compounds of nitrogen we find that the relative quantity
of this element contained in the molecule of ammonia is
as small as in any other. The molecular weight of am-
monia we find to be 17. The analysis shows that the
elements are combined in the proportion of 14 parts by
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weight of nitrogen to 3 parts by weight of hydrogen.
Hence 14 is the atomic weight of nitrogen, and the mole-
cule of ammonia contains 1 atom of nitrogen and 3 atoms
of hydrogen.

Molecules of Elements which contain more or less than
two Atoms.—The molecules of the elements considered
contain each at least 2 atoms. This, however, is not true
of the molecules of all elements.

Among those compounds of phosphorus which may be
looked upon as containing 1 atom of this element in the
molecule is phosphine. The molecular weight of phosphine
is 34, The elements are contained in it in the proportion
of 31 parts of phosphorus to 3 parts of hydrogen. Hence
31 is the atomic weight of phosphorus. On the other
hand, we find the molecular weight of phosphorus itself to
be 124, which shows that at least 4 atoms are contained
in the molcule. The same is true of arsenie.

For reasons similar to those given above the molecule
of mercuric chloride is supposed to contain one atom of
mercury. The molecular weight of this compound is
found to be 270.5, and the elements are contained in it in
the proportion of 199.8 parts of mercury to 70.7 parts of
chlorine, which gives 199.8 as the atomic weight of mer-
cury, and the atom of this element is combined with two
atoms of chlorine. The molecular weight of mercury is
200 ; hence, in the molecule of mereury there is contained
but one atom. The same coincidence of atomic and mole-
cular weight ig noticed in the case of cadmium and zine.

Kundt and Warburg have deseribed an interesting ex-
periment, the results of which also show that the molecule
of mercury in all probability consists of a single atom.
The quantity of heat contained in a gas is defined as the
total energy of its molecules, and this energy consists
solely in progressive motion, if the molecule is looked upon
as a mere material point. According to this it is a simple
matter to calculate the relation between the specific heat
of a gas at constant volume and the specific heat at con-
stant pressure. It has been found that in the case of the
gases examined, the theoretical value of this ratio is
larger than the value actully observed. If e represents

the specific heat at constant volume, and ¢’ the specific
ot

C
heat at constant pressure, then o= k represents the ratio
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above referred to. According to the theory, & = 1.67,
whereas observation gives &k = 1.405. In other words, it
requires more heat to raise the temperature of a gas, the
volume remaining unchanged, than the theory demands.
The heat that thus disappears may be transformed into
an inter-molecular motion, 7. e., the atoms, composing the
molecule, may have a motion relative to some centre of
gravity. This motion would not show itself as tempera-
ture. If the molecule of the gas consists of one atom, then
the theoretical and observed value of £ should be identical.
The examination of mercury gave for & the value 1.67,
which is that above given as the result of caleulation. It
is thus shown by a method entirely independent of chem-
istry, that the molecule of mercury conduets itself like a
material point, and this could only be the ease if it con-
sisted of one atom.

Varying number of Atoms in the Molecule of one and
the same Element.—The specific gravity of the vapor of
sulphur was stated in the above table (p. 41) to be 2.23,
and this leads to the molecular weight 63.9. Now, it has
been found that the specific gravity of sulphur vapor varies
according to the temperature at which it is determined.
The determinations, which gave the number 2.23, were
made at temperatures above 800° C. (860° and 1040°).
Other determinations, however, made below 800° gave
different results. At 524° (Dumas) and 508° (Mitscher-
lich) the specific gravity was found to be 6.62 and 6.90
respectively, or three times as great as at the higher tem-
peratures. These latter determinations gave the molecular
weight approximately 192, and, if 32 be the atomic weight
of sulphur, then in the molecule of the vapor below 800°
there are contained 6 atoms, whereas above 800° there
are contained only 2 atoms in the molecule. According
to recent researches by Biltz, the specific gravity of the
vapor of sulphur changes gradually up to 800°, and there
is no evidence of the existence of the molecules S S,
At 800° the value found points to the formula S,, and
there is then no change through an interval of over 900°,
as has been shown by V. Meyer and Biltz. On the other
hand, Ramsay holds that the results of Biltz do not prove
the non-existence of the molecules, S, and S,, but rather
that these and even more complex molecules such as S,
exist. Selenium, so similar to sulphur in all other respects,
presents similar phenomena, though not in so marked a
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degree. Here, too, it is noticed that the specific gravity
of the vapor decreases with an increase of temperature.

Analogous results have been obtained in the case of
iodine. The normal specific gravity of iodine vapor is
8.8, corresponding to the molecular weight, 254. It was
first shown by Victor Meyer that at 1027° C. the specific
gravity is reduced to 5.8. J. M. Crafts and F. Meier
showed that at 1468° it is still further reduced, becoming
5.1. Vietor Meyer then succeeded in reducing it to 4.5
by heating to a higher temperature; and, finally, Crafts
and Meier proved that by a further elevation of tempera-
ture the specific gravity is not reduced below the value
4.5, which is very nearly half the normal. The simplest
interpretation of these facts is this: Under ordinary con-
ditions the molecule of the vapor of iodine consists of 2
atoms. When the temperature is raised there is a gradual
decomposition of the molecules into 2 atoms each. This
decomposition continues, as the temperature becomes
higher, until finally all the molecules are broken up into
atoms. When this limit is reached, no further decompo-
sition being possible, the specific gravity remains un-
changed, even though the temperature be raised still
higher. The fact that the reduction in the specific gravity
stops when it reaches half the normal is especially signifi-
cant, as it furnishes strong evidence of the presence of 2,
and only 2, atoms, in the molecule of iodine.

The application of the above method to the determina-
tion of the molecular weights of elements is limited, as
only a few of these elements can be converted into vapor.
Of many elements, however, compounds are known that
are capable of conversion into vapor, or are themselves
gaseous, and, as the molecular weights of these compounds
can be determined, the atomic weights of the elements of
which they are made up can also be determined. The
following table contains a number of such compounds,
together with the specific gravities (d); the produets of
the specific gravities by the constant 28.88 (d X 28.88);
the molecular weights as found by analytical methods (M1);
and, finally, the relative quantities of the constituents of
the compounds contained in the molecules as determined
by analysis :—
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Name, il. !d‘:{EB.BE A, Constituents,
Aluminic chloride 9.36 |270 | 266.3 | 54.08 parts alumininm.
212.22 ¢ ghlorine.
Aluminic bromide 18.6 037.2 |532.64| H4.08 * aluminium.
478.56 ** bromine.
Aluminic iodide . 27 T80 813.32| 54.08 ¢ aluomininm.
I759.24 ¢ jpdine.
Antimony trichloride | 7.8 |225,3 |225.71|119.6 ¢ antimony.
106.11 *¢* chlorine.
Triethylstibine 7.44 [214.8 | 206.42|119.6 ‘¢ antimony.
71.82 ** earbon.
15 ““ Thydrogen.
Antimony trioxide 19.79 [571.5 |574.16478.4 ¢ antimony.
95.76 ‘¢ oxygen.
Arsenie triiodide . 16.1 |464.9 |454.52| 74.9 ‘¢ arsenic.
| 379.62 ¢ jodine.
Arsine A T7.971 717.9 | 74.9 ¢ arsenic.
3 ¢ hydrogen.
Arsenic trichloride 6.3 |181.9 |181.01| 74.9 ¢ arsenic.
106.11 ¢ chlorine.
Arsenic trioxide . 13.79 |398.3 |396.361299.6 ¢ arsenic.
95.76 ¢ oxygen.
Cacodyl chloride . 4.56 |131.7 [140.21| 74.9 ¢ arsenic.
23.94 ¢ garbon.
RS hiis st
et | chniorinmea.
Cacodyl cyanide . . | 4.65 |134.3 |130.82 gdg 5 arszﬂic.
.91 ¢t parbon.
| 14.01 ¢¢ nmitrogen.
b ¢ hydrogen.
Bismuth trichloride . [11.35 |327.8 313.41'?31'.?1 :: blislmuth.
b. chlorine.
Boric chloride 3.942(113.8 |117.01| 10.9 ¢ boron.
. 106.11 ¢ chlorine.
Boric fluoride . 2.312| 66.8 | 68.08 ]?'?3 *: };nrun.
b £ norine.
Boric bromide 8.78 |253.6 |250.18] lg.gs £t Enmn.
239.: 3 romine.
Trimethylborine . 1.93 | 55.7 | 55.81| 10.8%  ** boron.
35.91 ¢ earbon.
9 ¢  hydrogen.
Cadminm bromide 9.25 |267.1 |271.22111.7 ¢ padminm.
11569.52 ** bromine.
Marsh-gas . 0.557| 16.1 15.971 11.97 ¢ carbon.
[ 4 ¢ hydrogen.
Methyl fluoride 1.186| 34.3 | 34.03| 11.97 ¢ carbon.
3 ‘“ hydrogen.
19.06 ¢ fluorine.
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Name, d, (1 "4 Eﬂ,ﬂﬁ- M. Constituents,
Methyl chloride . . | 1.731| 50 50.34| 11.97 parts carbon.
3 “  hydrogen.
35.37 ‘¢ chlorine.
Methyl bromide . 3.253| 93.9 | 94.73| 11.97 ** carbon.
3 ‘¢ hydrogen.
79.76  ** bromine,
Methyl iodide 4.583 141 141.51| 11.97 *¢ garbon.
3 ‘¢ hydrogen.
126.54 ‘¢ iodine.
Methyl nitrate . . | 2.64 | 76.2 | 76.86| 11.97 ¢ carbon.
3 ‘  hydrogen.
14.01 ¢* nitrogen.
47.588 ¢ oxygen.
Methyl aleohol . 1.12 | 32.3 | 31.93( 11.97 ¢ carbon.
4 ‘¢ hydrogen.
15.96 ¢ oxygen.
Carbon monoxide 0.968| 27.96| 27.93| 11.97 ‘¢ carbon.
' 15.96 ‘¢ oxygen.
Carbon dioxide 1.529| 44.16| 43.89| 11.97 *¢* carbon.
: 31.92 ¢ oxygen.
Chloroform . « | 42 [121.3 |121.08| 11.97 ** carbon.
3 * hydrogen.
106.11 ¢ chlorine.
Carbon tetrachloride | 5.24 |151.8 |153.45| 11.97 ¢ carbon.
141.48 * chlorine.
Carbon oxichloride 3.505(101.2 | 98.67| 11.97 “ garbon.
15.96 ¢ oxygen.
70.74 ¢ chlorine.
Carbon oxisulphide 2.105| 60.8 | 59.91| 11.97 ¢ carbon,
15.96 ‘¢ oxygen.
31.98 * sgulphur.
Carbon sulphide . 2.645| 76.39| 75.93| 11.97 *¢ carbon.
63.96 ¢ gsulphur.
Hydrocyanic acid . | 0.948| 27.4 | 26.98| 1 part hydrogen.
| 11.97 parts carbon,
14.01 ‘¢ nitrogen.
Cyanogen chloride 213 | 61.5 | 61.35| 11.97 ** carbon.
14.01 ** nitrogen.
356.37 ‘¢ chlorine.
Cyanic acid . . 1.5 43.3 | 42.94| 11.97 * carbon.
14.01 ‘¢ nitrogen.
15.96 “ oxygen.
e 1 part hydrogen.
Hydrochloric acid 1.247| 36 36.37| 35.37 parts chlorine.
) ' 1 part hydrogen.
Chromic oxychloride | 5.55 |160.3 |155.11 52.45 parts chromium.
3L.92 ‘“ oxygen.
i 70.74 ¢ chlorine.
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Name, d. d}{EE.BE! M, Constituents.
Cuprous chloride . | 6.93 |200.1 llﬂ?.][l 126.36 parts copper.
70.74 ** chlorine.
Indinm chloride . 7.87 |227.3 |219.51|113.4 “  indium.
106.11 *¢ chlorine.
Hydriodic acid . | 4.443]128.3 [127.54126.564 ** iodine.
. 14 part hydrogen.
Ferric chloride . 11.07 |320 |323.98|111.76 parts iron.
212,22 ¢ chlorine.
Lead chloride . . . | 9.5 |274.4 |277.14/206.4 ** lead.
70.74 ** chlorine.
Lead methyl . 9.6 |277.2 |266.28|206.4 ** lead.
47.88 carbon.
12 “ hydrogen.
Mercuric chloride . | 9.8 |283 270.54/199.8 “ mercury.
70.74 ¢ chlorine.
Mercurie bromide 12.16 |351.2 |3569.32/199.8 “  mercary.
159.62 ¢ bromine.
Mercuric iodide . [16.2 468 |452.8B8/199.8 ‘' mercury.
263.08 ‘¢ iodine.
Mercury methyl . 8.20 |239.4 |229.74/199.8 ‘¢ merenry.
23.94 ‘¢ carbon.
6 “  hydrogen.
Mercury ethyl . 9.97 |287.9 |367.68(199.8 ‘ merecury.
47.88 ‘¢ carbon.
10 ¢ hydrogen.
Molybdic chloride 9.46 | 273 272.75] 956.9 ““ molybdenum
176.85 ** chlorine.
Niobic chloride 9.6 |277.2 |270.55] 93.7 ¢ miobinm.
176.85 * chlorine.
Niobic oxychloride . | 7.88 [227.6 |215.77( 93.7  *° miobium.
15.96 * oxygen.
106.11 ¢ chlorine.
Ammonia . . . 0.597! 17.2 | 17.01| 14.01 ‘¢ nitrogen.
3 “  hydrogen.
Nitric oxide . 1.039| 30 29.97| 14.01 ** mnitrogen.
15.96 ** oxygen.
Nitrous oxide . 1.520| 43.9 | 43.98| 28.02 * mnitrogen.
15.96 ‘¢ oxygen.
Osminm tetroxide 8.80 |256.7 |258.84(195 ¢ psmium.
63.84 * oxygen.
Neater G inil. 0.623| 17.99| 17.96| 15.87 *° oxygen.
2 ¢ hydrogen.
ine . 1.15 | 34.1 | 33.96| 30.96 ¢¢ phosphorus.
Phosphine 3 dik i onsTgent
1orus trichlo-
Pl;?gglu . .| 4.86 |140 137.07| 30.96 ‘¢ phosphorus.
106.11 ¢ chlorine.
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| |
Name. d. |d» 2888 A Constituents,

Phosphorus oxichlo-
ride . . . . .| 5.40 [155.9 |153.03| 30.96 parts phosphorus.
15.96 ** oxygen.
106.11 ¢¢ chlorine.
Phosphorus sulpho-
chloride . . . .| 5.88 [169.8 |169.05| 30.96 ¢ phosphorus.
31.98 ¢ gulphur.
106.11 ** chlorine.
Triethylphosphine
oxide . . . .| 4.60 [132,8 [133.74| 30.96 ‘¢ phosphorus.
15.96 *¢ oxygen.
71.82 ¢ carbon.
15 ‘  hydrogen.
Phosphorus  penta-
sulphide . . .| 7.65 |220.9 |221.82| 61.92 ** phosphoraus.
159.90 ‘¢ sgulphur.
Seleninm dioxide . | 4.03 |116.4 |110.79| 78.87 ** geleninm.
31.92 * oxygen.

Silicie chloride . . | 5.94 [171.5 |169.48| 28 ¢ gilicon.
L 141.48 *¢ g¢hlorine.
Silicie fluoride . . | 3.6 |104 104,24 28 ¢ gilicon,

e L s 76.24 “ fluorine.
Silicic fodide . . . [19.1 |551.6 |534.14| 28 ¢t gilicon.
506.14 ** jodine.

Silicon ethyl . . .| 5.14 |148.4 |143.76! 28 ¢ gilicon.
95.76 * ecarbon.
20 ‘“ hydrogen.

Sulphur dioxide . . 2.247| 64.9 | 63.9 31.98 ‘“ sulphur.
R 1.92 ¢ oxygen.
Sulphur trioxide , | 3.01 | 86.9 | 79.76 3%23 10 sulpﬁmr.
- Y oxygen.
Sulphuryl chloride . | 4.67 |134.8 |134.64| 31.98 *f suf?pghur.
e
; 5 chlorine.
Hydrogen sulphide . | 1.191| 34.4 | 33.98 3%.98 ‘“  sulphur.
: 4 ‘“  hydrogen.
Tantalic chloride , [12.9 |372.5 |358.85(182 5 L taﬁ]talﬁm.
S ; 176.85 ¢ chlorine.
Thallie chloride . . | 8.15 [235.4 239.07 !Eﬂﬂ.'i' ¢ thallinum.
; |' 356.37 *  echlorine.
Stannons chloride . [12.96 |374.3 |375.28/934.8 O I
141.48 “ chlorine.
Stannie chloride . . | 9.20 [265.7 258.88(117.4 L Ei:*k::}mm
_ 141.48 ‘¢ ghlorine.
Tinethyl . . . .| 802 |231.6 |233.16/117.4 * &in.
| 95.76  * carbon.
20 “ hydrogen.
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Name, d. |dX 28388 AL Constituents,
Tin triethyl chloride | 8.43 |243.4 |239.59(|117.4 parts tin.
35.37 ** chlorine.
71.82 ‘¢ carbonm.
s : . 14 *“  hydrogen.
I'in triethyl bromide | 9.92 |286.5 1283.98(117.4 ¢ tin.
79.76 “ .bromine.
71.82 ¢ earbon.
. 15 ‘ hydrogen.
Titanie chloride . 6.84 [(197.5 |189.48| 48 “  titaninm.
141.48 ¢ ¢hlorine.
Tungsten pentachlo-
ride . c e 12.7 |366.7 [360.45/183.6 ¢ tungsten.
176.85 ¢ e¢hlorine.
Tungsten hexachlo-
ride 13.2 |381.2 |395.82|183.6 ‘¢ {ungsten.
212.22 ¢ ghlorine.
Tungsten oxichloride [11.84 |342 | 341.04/183.6 ¢ tungsten.
15.96 ** oxygen.
141.48 *¢ ghlorine.
Uraninm chloride . (13.3 |384.1 |381.28(230.8 t  mraninm,
141.48 ¢ cghlorine.
Uraninm bromide 19.46 | 562 558.841239.8 ¢ uraniom.
319.04 ** bromine.
Vanadium tetrachlo-
ride 6.78 |195.8 [(192.68| 51.1 vanadinm.
141.48 ¢ chlorine.
Vanadinm acichloride| 6.11 |176 173.17| 51.1 “  yanadinm.
15.96 ** oxygen.
106.11 ¢ chlorine.
Zine chloride . 4.57 |132 135.62| 64.88 ** gzine.
70,54 * chlorine.
Zine methyl 3.29 95.1 94.82| 64.88 ¢ zinc.
23.94 ** carbon.
6 ‘ hydrogen.
Zine ethyl . 4.62 |133 |122.76| 64.88 ‘¢ zine.
' 47.88 ¢ carbon.
10 “  hydrogen.
Zine amyl . 6.95 |200.7 |206.58| 64.88 ‘¢ zine.
119.70 ** ecarbon.
22 ‘¢ hydrogen.
Zirconinm chloride . | 8.15 |235.4 |232.42| 90.94 *° zirconium.
141.48 ¢ chlorine.

This list contains compounds of thirty elements, and,
by means of these compounds, supposing that they con-
tain at least one of their elements in the smallest possible
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proportion, we can determine the atomic weights of the
elements concerned. It will be seen, however, that while
the hypothesis of Avogadvo furnishes a method which
enables us to state positively what the molecular weight
of any gaseous ecompound is, it does not furnish a means
for the determination of atomic weights directly. After
examining the various compounds of an element, that one
is selected which contains the smallest quantity of the
element in the molecule, and then, without further proof,
we say this smallest quantity represents the atom. Thus
it is evident that the atomic weights, as determined by
this method, rest upon a more or less doubtful basis. For
practical purposes, however, this is not a serious matter;
inasmuch as, although we cannot assert that the weight
found really represents the atomic weight, we can assert
that it represents the weight of that portion of the ele-
ment which conduects itself as an atom, 7. e., throughont
the series of changes which it undergoes in its compounds
it is indivisible.

Other Proofs of the Fact that the Molecules of Ele-
ments contain more than one Atom.—It has been stated
above that the molecules of elements contain, in most
eases, more than one atom ; and it has been shown that,
if the hypothesis of Avogadro be accepted, we are neces-
sarily led to this conclusion by a simple consideration of
the molecular weights of elements and their compounds.
The question will naturally suggest itself: Is there any
evidence independent of Avogadro’s hypothesis, that the
molecules of elements consist of more than one atom ?
There are at least some indications that this is the fact.

A number of the elements, as we ordinarily meet with
them in the free state, conduct themselves as comparatively
inactive substances. Take, for instance, hydrogen. In
its usual condition, this element does not act readily upon
most other elements and compounds. It can be brought
in direct contact with most substances without effecting
any change whatever in them. If, however, it be set free
from one of its compounds, and, at the instant it is set
free, it be allowed to act upon some other substance, it is
found to be a comparatively active element, capable of
effecting very material changes in other substances. The
same is true of oxygen, nitrogen, and other elements.

o
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They are much more active in the status nascendi than
in the free state. How can this be explained? Most
readily by supposing the molecules of these elements, in
the free state, to contain more than one atom combined
with each other. Now, if it be required that an element
thus constituted shall combine with another substance, it
is first necessary that the foree which holds together the
atoms be overcome; the atoms must be torn asunder
before they can act as atoms; or, in other words, a de-
composition must be effected before the required combi-
nation can take place.

Sometimes the attraction exerted by an atom of one
element for an atom of another is so strong that this de-
composition is effected, and the combination then takes
place. Thus, if we bring hydrogen and chlorine together,
both in the free state, they combine. In this case, the
chlorine atom attracts the hydrogen atom more strongly
than the hydrogen atom attracts its fellow, or the chlorine
atom its own chlorine atom. On the other hand, nume-
rous instances of the opposite kind might be adduced. One
will suffice for the purpose of illustration. When hydro-
gen gas is passed through nitric acid no change takes
place. But when zine is dissolved in nitric acid, a portion
of the acid is decomposed by the hydrogen evolved. The
hydrogen atoms, set free from the nitrie acid, find the acid
present, and act upon it in preference to combining to
form free hydrogen; the elements in combination with
nitrogen are forcibly removed and the hydrogen takes
their place, forming ammonia.

Ordinary oxygen contains two atoms in the molecule.
Ozone, another variety of oxygen, has the density 1.658,
from which its molecular weight is found to be nearly 48.
Now as the atomic weight of oxygen, according to pre-
vious determinations, is 15.96, it follows that the molecule
of ozone containg three atoms. The difference between
the two forms of oxygen is thus explained. Ozone is
comparatively unstable. Tt gives up its extra atom with
ereat ease to substances with which it comes in contact,
and causes thus energetic oxidation. When heated to
300°, it is decomposed, forming ordinary oxygen, and
then an increase of volume is observed. In this case, if
no foreign substance be present with which the liberated
atom can unite, it unites with another atom of the same
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kind. When it acts upon other substances, the original
volume of the gas remains unchanged. It thus appears
that the two atoms of the molecule of ordinary oxygen
are held together more firmly than the three atoms in the
molecule of ozone. Here again the different actions of
the two varieties can app*uuntly be best explained by
supposing in each case the molecule to consist of more
than one atom.

These and similar considerations serve to strengthen the
conclusion to which we are led by accepting Amwadm 8
hypothesis, and hence, in turn, to increase the pruhabllll;_',r
that the hypothesis is in fact a law,

Molecular Formulas of Gaseous Compounds.—When
the atomic weights of the elements are once determined,
the law of Avogadro, taken together with chemical analy-
sis, is sufficient to enable us to determine the molecular
formulas of gaseous chemical compounds,—a problem, the
solution of which without this rule is in many cases ex-
ceedingly difficult, and, indeed, at times impossible. Let
us suppose the atomic weights of carbon (11.97), hydro-
gen (1), and oxygen (15.96) to be known. We analyze
a certain compound, and find that it contains 37.49 per
cent. carbon, 12.53 per cent. hydrogen, and 49.98 per cent.
oxygen. This gives the atomic proportion 1 of carbon, 4
of hydrogen, and 1 of oxygen; and hence the c:\uan-ast’.
formula that can be assigned to the compound is CH,O.
But the formulas C,H,O, or C,H ,0,, ete., also satisfy the
results of the analysis. “The molecular weight is next de-
termined by Avogadro’s method, and it is found to be
applminmtely 32; and, as the sum of the weights of the
atoms in a molecule of a compound of the formula CH,O
is 31.98, this formula is thus shown to be the correct one.

Apparent Exceptions.—All formulas of chemical com-
pounds at present in use are intended to represent mole-
cules of the compounds. They are molecular formulas,
They represent those quantities of the compounds which,
in a gaseous condition, would oceupy the same space as a
molecule of bydrogen. If we take two volumes of hydrogen
as the standard of comparison, then the formulas of com-
pounds represent two volumes of the same size. To this
there are apparent exceptions. When ammonia acts upon
hydrochloric acid, the two gases comb'ne in the proportion
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of 1 vol. of the one to 1 vol. of the other, forming a solid
compound which contains 26.25 per cent. nitrogen, 7.49
per cent. hydrogen, and 66.36 per cent. chlorine. This
gives the atomic proportion 1 nitrogen, 4 hydrogen, and 1
chlorine; and the simplest formula that can be assigned to
the compound, provided the atomic weights of nitrogen,
hydrogen, and chlorine are respectively 14.01, 1, and 35.87,
is NH,Cl. On now determining the molecular weight by
Avogadro’s method, this is found to be 26.69, or half that
required by the above formula. Evidently, it is impossible
for a molecule made up of chlorine, nitrogen, and hydro-
gen, with the atomic weights above assigned to them, to
have as small a weight as 26.69 ; and, to satisfy the results
of this determination, we should be obliged to write the
formula N;H,Cl;, and thus accept the existence of half
atoms, which is absurd. We might also imagine the atomic
weight of nitrogen and chlorine, as already determined, to
be just twice too great; for if we assign to nitrogen the
atomic weight 7, and to chlorine 17.69, we could write the
formula of the compound N H,Cl, and this ecompound would
have the molecular weight 26.69, as determined by Avo-
gadro’s method. On the other hand, if T be the atomie
weight of nitrogen, and 17.69 that of chlorine, then in all
other compounds of nitrogen or chlorine, in which one
atom has been supposed to exist in the molecule, we must
necessarily accept the existence of two atoms in the mole-
cule. But then all these compounds would not come un-
der Avogadro’s rule. Hence we see that the compound
NH,CI is clearly an exception, and, if no satisfactory ex-
planation can be found to account for this case, its exist-
ence is fatal to the rule. A satisfactory explanation can
be offered, however, as follows:—

If it can be proved that the vapor obtained from the
compound NH,Cl is not the vapor of this compound, but
a mixture of the vapors of its constituents, ammonia, NH,,
and hydrochlorie acid, HCI, the case becomes a very simple
one. Without entering into details, it may be mentioned
that the results of the experiments made upon this sub-
ject have justified the assumption that, when the com-
pound NH,CI is heated to a temperature sufficiently high
to convert it into vapor, it is broken down into its con-
stituents, ammonia, NH,, and hydrochlorie acid HCI, and
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that, when this mixture is cooled down, the two constitu-
ents again unite to form the original ecompound.

As ammonia, NH,, and hydrochloric acid, HCI, combine
volume to volume, so the mixture of the two gases, ob-
tained by heating ammonium chloride, NH, CI, consists of
equal volumes of the two; and the specific gravity of this
mixed vapor should be the mean of the specific gravities
of its constituents. The specific gravity of ammonia is
0.597, that of hydrochloric acid is1.247 ; the specific gravity
0.597 _-%—J.?rﬂ — 0.922;
and this specific gravity, if it be that of a chemical com-
pound, leads to the molecular weight 26.6. The number
0.922 is, indeed, that found as the specific gravity of the
vapor of ammonium chloride, and it will thus be seen that
the fact can be satisfactorily explained without giving up
our belief in Avogadro’s law.

The compound phosphorus pentachloride, PCI,, was also
at one time regarded as an exception to the rule. The spe-
cific gravity of its vapor was found to be 3.66, from which
the molecular weight 105.7 was calculated, half that re-
quired by the formula PCI,. It has been shown, however,
that above a certain temperature the molecule of this com-
pound breaks down into a molecule of phosphorus trichlo-
ride, PCI,, and a molecule of chlorine, Cl,. The vapor
from phosphorus pentachloride, PCIl, is a mixture of
two vapors, and the mean specific gravity of the two is
the specific gravity found. The specific gravity of the
vapor of the trichloride, PCl,, is 4.88; that of chlorine is

4 9
28 j < = 3.666. In this

case it has been shown further that the breaking down of
the molecule takes place gradually ; for the specific gravity
of the vapor decreases from 5.08 to 3.66, as the tempera.-
ture is raised from 182° to 300°, at which latter tempera-
ture the decomposition appears to be complete, no further
decrease in specifie gravity being ohserved wken the vapor
is heated still higher,

It has also been shown that when the specific gravity
of the vapor of phosphorus pentachloride, PCI,, is deter-
mined in the presence of the trichloride, PCI,, the de-
composition does not take place, and the specific gravity

of a mixture of the two would be

2.45 ; mean specific gravity
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found is that which theory requires for a compound of the
formula PCl. The mean result of 7 determinations was
T 226, whereas, the theory requires 7.217. From this it
is evident that the hypothesis of Avogadro is as valid for
the compound PCI, as for other compounds.

A third example of this kind of decomposition by increase
of temperature is met with in the case of the compound
NO,. This compound, at a low temperature, consists of
colorless crystals. At a slightly elevated temperature
these crystals change to a yellow liquid. The liquid boils
at 20-30°, and is then converted into a gas of a reddish-
brown color, and as the temperature of the gas is raised,
the intensity of the color increases. The specifie gravity
of the gas decreases with this elevation of temperature;
hence, it is supposed that the compound, at a low tempera-
ture, is properly represented by the formula N,O,, but that
the molecule is broken down by heat, two molecules of NO,
being formed. The latter is strongly colored, and the more
of it there is present in the mixture, the more intense is
the color of the gas.

Among chemical compounds there are few that conduet
themselves like the three just described. Asregards some
of these, good proof can be given of the fact that their
molecules are broken down by conversion into vapor, and,
hence, the apparently abnormal specific gravities observed
for these vapors find a simple explanation. As regards
others, although positive proof to the same effect may
indeed be lacking as yet, still strong indications are pre-
sented that the abnormal densities are due to the same
cause, So that, up to the present, not only is no fact
known that speaks strongly against Avogadro’s hypothe-
sis, but, on the contrary, new developments are con-
stantly tending to strengthen it. It forms, to-day, by
far the most reliable means for the determination of
molecular weights of compounds and elements; and
we have seen how, indirectly, it aids us in determining
atomic weights. But, in order that it may be useful,
it is necessary that the compound which we may de-
sire to study, shall be capable of conversion into vapor,
or, if it be an element under consideration, that at least
one of the compounds of this element be gaseous or
volatile. Only a comparatively small number of com-
pounds satisfy these conditions, and of the 67 elements,
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CGHA P T ER TV,
A STUDY OF SOLUTIONS.

THE phenomena of solution have long been the subject
of study, but not until the last few years have results
been reached that were of importance in conneetion with
the problem of the determination of molecular weights.

( Through the labors of Raoult, Pfeffer, Van’t Hoff, and
! others, relations have been discovered hetween the freez-
ing-point, the boiling-point, and the osmotic pressure of
solutions on the one hand, and the molecular weights of
the dissolved substances on the other.

Belation belween the vapor-pressure of solutions and
the molecular weights of the dissolved substances.—
Although some generalizations were established by the
study of water solutions, it was not until Raoult (1886)
investigated ether solutions, that the connection between
the vapor-pressures of solutions and the molecular weights
of the dissolved substances was discovered. The principal
conclusion to be drawn from these investigations may be
stated thus: If n — the number of molecules of the dis-
solved substance, N — the number of molecules of the
solvent, p = vapor-pressure of pure ether, p’ = vapor-
pressure of an ethereal solution, then

RESp s
p = N4+’
where ¢ is a constant which falls between .96 and 1.09.
The law may also be stated thus:—

. The relative lowering of vapor-pressure is pro-
portional to the ratio of the number of molecules of
the dissolved substance to the total number of mole-
cules in the solution.

The relation expressed by this law plainly furnishes a
new method for the determination of molecular weights.
In this case it is not necessary that a substance shounld be
capable of conversion into vapor ; it is only necessary that
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it should be soluble in a solvent for which the law has been
found to hold good. ;

In practice it has been found most convenient to make
observations on the boiling-points of solutions, and a
method has been devised based upon such observations.
Ether is most frequently used as the solvent. ‘

Relation between the freezing-points of solutions and
the molecular weights of the dissolved substances.—The
researches of Raoult on the freezing-points of solutions
led him to the discovery of the following law :—

“ One molecule of any compound, when dissolved |

in 100 molecules of a liquid, lowers the freezing-point

of the liquid by an amount which is nearly constant, |

iz, .62°.Y
Let P — weight of substance dissolved ;
I — weight of solvent;
M — molecular weight of solvent;
FE — reduction in freezing-point ;
m — molecular weight of the dissolved substance.

Then
P m %
Todgoar 2 b
or,
__ PX62M
R

For most so-called inorganie salts this law does not hold
good, as will be pointed out more fully below. But it does
hold for many classes of organic compounds and organic
solvents. (Flacial acetic acid and benzene are most com-
monly used as solvents,

The method of Raoult for the determination of mole-
cular weights, based upon observations on the freezing-
points of solutions, has come into extensive use since the
year 1388.

Relation between the osmotic pressure of solutions and
the molecular weights of the dissolved substances.—During
the last century it was observed that, if a vessel be filled
with alcohol and the vessel tightly covered by tying a
bladder over its mouth, and the whole then immersed in
water, the bladder is stretched outwards, showing that
liquid from without has found its way within the vessel

through the bladder. For many years investigations on
6
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phenomena of this kind were carried on, but no results of
a general character were reached until recently. In abook
entitled “ Osmotische Untersuchungen,” published in 1877,
Pfeffer, a botanist, gave an account of a large number of
experiments, and laid the foundation of our present knowl-
edge of the laws of osmotic phenomena. The simplest phe-
nomenon of this kind is seen when a wide glass tube, tightly
closed with a picce of bladder at the lower end, is partly filled
with aleohol and then placed in a vessel of water, so that the
level of the liquids inside and outside the tube is the same,
If the tube be fixed in this position, the liquid is soon found
to be rising in the tube. There is pressure from without
inward. This is called osmotic pressure. Pfeffer’s inves-
tigations had to do with the measurement of the pressure
exerted by different substances under different conditions
of temperature and dilution. Instead of using a bladder,
which is not capable of much resistance, he used mem-
branes made by precipitating copper ferrocyanide in the
pores of clay-cells. Somewhat later, Van’t Hoff showed
that the results obtained by Pfeffer led to the following
remarkable laws governing osmotic pressare :—

1. “ The pressure is proportional to the concentra-
tion, or it is inversely proportional to the volume in
which a definite quantity of the dissolved substance
8 contained.”

9.  The pressure increases, for constant volume,
proportionally to the absolute temperature.”

3. “ Quantities of dissolved substances which are

" 4n the ratio of the molecular weights of these sub-
stances exert equal pressure at equal temperatures.”
These laws are analogous to the well-known laws of
rases, the third being plainly the analogue of the law of
Avogadro. Another form of stating the third law, to-
gether with an extension of it, is this:— :
Dissolved substances exert the same pressure, in
the form of osmotic pressure, as they would exert
were they gasified, at the same temperature, without
change of volume. '
Notwithstanding the simplicity of this law, no practical
method of determining molecular weights based upon it
has yet been devised. The difficulties are, however,
mostly of an experimental nature.
Since Pfeffer’s observations were published, other meth-
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ods of determining osmotic pressure have been worked out,
and the results obtained have been found to agree with those
obtained by Pfeffer. Prominent among these methods is
that of de Vries. It depends upon observations on organic
cells in solutions of different concentrations. When such
a cell containing protoplasm is introducecl into a solution
it will change its form perceptibly unless the osmotie pres-
sure of the solution is the same as that of the contents of
the cell. By changing the concentration of the solution
it can be brought to such a condition that the cell retains
its original form. By this means, it is possible to com-
pare different solutions and to determine the concentration
of the solutions that exert the same osmotic pressure.
Exceptions to the Laws of Solutions.—The laws gov-
erning the relations between the molecular weights of a
dissolved substance and the freezing-point, boiling-point,
and osmotic pressure of the solution are found not to hold
good for water solutions of salt, strong acids, and bases.
Such solutions act as if they contained a larger number
of molecules than is indicated by their formulas. Thus
in a dilute solution of sodium chloride there appear to be
two molecules for every molecule of the substance added.
To account for this it has been suggested by Arrhenius
that, in these cases, the dissolved substances are separated
into their fons by the action of the solvent. A similar
suggestion had been previously made by Williamson and
by Clausius for enfirely different reasons. The solutions
that give the peculiar results, that is, the water solutions
of salts, and strong acids and bases, differ from other solu-
tions in this respect that they are gcood conductors of the
electric current, and this conduetion is accompanied by a
movement of the particles of the dissolved substance which
is separated into its ions. According to the conception of
Clausius and Arrhenius, then, when a salt is dissolved in
water it is separated to some extent into its ions by the
action of the water, the greater the dilution the more
complete the separation. Under ordinary conditions these
ions remain in the solution highly charged with electricity.
As they move through the solution they come in contact
with each other, and combinations and decompositions are
constantly taking place. When such a solution is made
part of an electric circuit, the electricity directs these ions,
those charged with positive electricity in one direction
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CHAPTER V.
EXAMINATION OF SOLID ELEMENTS AND COMPOUNDS.

Specific Heat.—It is known that, when equal weigzhts
of different substances are exposed to heat from the same
source, they have different temperatures at the end of the
same period of time. From this it is clear that to raise
equal weights of different substances through the same
number of degrees of temperature, different quantities of
heat are necessary. Given exactly the same heating
power, it takes about 32 times as long to raise the tem-
perature of a pound of water 10, 20, or 30 degrees as it
takes to raise the temperature of a pound of mercury the
same number of degrees; or it takes 32 limes as much
heat to raise the temperature of a pound of water 10, 20
or 30 degrees as it takes to raise the temperature of a
pound of mercury the same number of degrees. The
quantity of heat required to raise the temperature of a
given weight of any substance a given number of degrees,
as compared with the quantity of heat required to raise
the temperature of the same weight of water the same
number of degrees, is called the specific heat of the sub-
stance. The quantity of heat required to raise the tem-
perature of a pound of water 1 degree Centigrade may
be conveniently adopted as the thermal unit. The spe-
cific heat of water is then — 1; and the specific heat of
any other substance is the relative quantity of heat
necessary to raise the temperature of a pound of this
substance 1 degree Centigrade, taking the above thermal
unit as the standard. The specific heat of mercury, ae-
cording to the results of the experiment mentioned, is
0.03332; that of gold is found to be 0.03244, etec., ete.
The lmeaning of these numbers will be readily under-
stood.

Relations belween Specific Heat and Atomic Weight.—

T . S :
Now, when the solid elements are examined with reference
L S

¥
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to their specific heats, a very simple relation is found to
exist between the numbers expressing the specific heats
and the atomie weights. This relation will be made clear
by the following examples :—

Element. Specific heat. Atomic weight.
Silver : . . . 0.05750 107.66
Zine . - - . . 0.0955 64.83
Cadmiom . . . .. 0.0567 1107
Copper . - : . 0.0952 63.18
Tine = - . ; . 0.0562 117.4

It will be seen by an examination of this table that the
atomic weights are inversely proportional to the specilic
heats. We have

107.66 : 64.88 : : 0.0955 : 0.0570;
L v 38 v wer 100952 0L 0D 6T
107.66 : 117.4 : : 0.0662 : 0.0570, ete.

These proportions are only approximately correet; but
it must be remembered that the means for the determina-
tion of atomic weights and specific heats are not perfect,
and in both sets of figures there are probably some slight
errors. Hence, such slight variations from absolute agree-
ment in these proportions are not surprising. The agree-
ment is sufficiently close to indicate a close connection
between the two sets of numbers. This connection may
be stated in another way: The product of the atomic
weight by the specific heat is a constant quantity for the
elements examined. Thus, in the above cases:

107.66 x 0.057 = 6.14
64.88 ¢ 0.0955 = 6.20
111.7 ¥ 0.0667 = 6.33
63.18 x 0.0952 = 6.01
117.4 x 0.0562 = 6.51

For the same weights, then, the quantities of heat neces-
sary to elevate the temperature of the elements one degree
vary. The quantity necessary to elevate the temperature
of an atom one degree is, of course, represented by the
variable quantity multiplied by the atomic weight, and
this produet, in the cases cited, is a constant.

Investigations of Dulong and Petit.—In the year 1819
attention was first called to the above relation by Dulong
and Petit, and having examined a large number of ele-
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ments they felt justified in propounding the law: The
atoms of all elements have the same capacily for heat.
This is simply a generalization from the facts stated, and
is another way of stating that, to raise the temperature of
an atom one degree, the same quantity of heat is always
necessary.

If the law propounded is in reality a law, it will readily
be seen that a new method is given for the determination
of the atomic weights of elements of which we can de-
termine the specific heat. If the constant obtained by
multiplying the specific heats by the atomic weights is
6.25, which is about the average of the different values
found, then it is plain that, if this number be divided by
the specific heat of an element, a number will be obtained
which will approximately represent the atomic weight.
If A represent the atomic weight, and H the specific heat,
the following formula expresses the relation :

6.25
H

In order that this might hold good for all the elements
investigated by Dulong and Petit, they found it necessary
to change the atomic weights of four of the metals; just
as it had been necessary to change certain of the atomie
weights in order that Avogadro’s hypothesis might hold
good in all cases. But as these atomic weights rested
upon a questionable basis, there could be no serious ohjee-
tion to the change. Notwithstanding the simplicity of the
law, its validity was not immediately acknowledged.

D

Investigations of Neumann and Regnault.—Twelve
years later (1831) Neumann published investigations on
the specific beat of chemical compounds, and showed that,
for compounds of similar composition, the specific heats
are inversely proportional to the molecular weights of the
compounds, or the molecules of different compounds have
equal capacity for heat; 7. e., for compounds of similar
composition, the product of the molecular weight (M)
by the specific heat (H) is a constant quantity. For
example, the specific heat of lead iodide is 0.0427 ; that of
lead bromide is 0.0533; that of lead chloride is 0.0664 ;
the molecular weights of these compounds are respectively
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459.48, 365.92, and 277.14. The products M x H are as
follows :—

For lead iodide, g . 459.48 w 0.0427 = 19.62
ik bromide, . . 365.92 x 0.0633 = 19.50
L chloride, . . 277.14 x 0.0664 = 18.40

Further, the specific heat of barium chloride is 0.0902:
that of strontinm chloride is 0.1199; that of calcium chlo-
ride is 0.1642. The molecular weights of these compounds
are respectively 207.64, 158.04, and 110.65. The pro-
ducts M X H are:—

For barium chloride, . . 207.64 % 0.0902 = 18.73

‘¢ gtrontinm chloride, . . 158.04 » 0.1199 = 18.95
¢ galcium chloride, . . 110.06 x 0.1642 = 18.07

Subsequently, similar investigations were carried out in
connection with a large number of compounds, and it is
particularly to the labors of Regnault (1840) that the de-
velopment of this branch of the subject is due. The result
attained may be stated concisely thus: The elements pos-
sess essentially the same specific heat, whether they exist
in a free state or in combination.

To show how this conelusion may be drawn from known
facts, let us take again the case of lead iodide. Lead has
the specific heat 0.0307, iodine 0.0541. Multiplying by
the atomic weights, we have 0.0307 x 206.4 = 6.34; and
0.0541 x 126.54 = 6.85; but, as can be determined, there
are two atoms of iodine in the molecule of lead iodide,
hence the atomic heat 6.85 must be multiplied by 2, which
gives 13.70. To raise the constituents of lead iodide one
degree in temperature would then require an amount of
heat represented by the number 6.34 4 13.70 — 20.04, and
we have found that the amount of heat necessary to raise
lead iodide as a compound one degree in temperature is
19 62. As these figures are practically identical, it follows
that the specific heat of the elements in this case is the
same, whether the elements are in combination or in the

free state.

Determination of Atomic Weights by a Study of the
Specific Heat of Compounds.—It thus appears that a
study of the specific heat of compounds may be of assist-
ance in the determination of atomic weights; for the spe-
cific heat of an element can be ascertained, even where this
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cannot be determined directly. It is difficult, for instance,
to ascertain the specific heat of gaseous elements directly,
and yet, as these elements form solid compounds, the spe-
cific heat of the latter can be determined, and thus, in-
directly, that of the gaseous elements.

To illustrate by an example, take the case of chlorine,
Suppose it be required to determine the atomic weight of
this element by means of specific heat determinations. We
cannot determine the specific heat of the element directly.
It forms compounds, however, with other elements, the
specific heats and atomic weights of which can be deter-
mined. It combines with lead. The specific heat of lead
is 0.0307, which, according to the law of Dulong and Petit,
rives the atomic weight 206.4. Now, in lead chloride,
206.4 parts by weight of lead are combined with 70.74
parts by weight of chlorine; or, with 1 atom of lead there
is combined an amount of chlorine weighing 70.74 times
as much as 1 atom of hydrogen. But we do not know
how many atoms of chlorine this weight represents. It
cannot be less than one, but it may be 2, 3, 4, or more
atoms. We determine the specific heat of lead chloride,
and find it to be 0.0664. We have assumed that the mole-
cular heat of a compound (4. e., the product of the molecular
weight by the specific heat) is equal to the sum of the
atomic heats (4. e., the product of the atomic weight by the
specific heat) of the atoms contained in the compound ; or

i E T B B ] e S S VS T 20

But, as the products 4 x H, A’ x H', A’ x H' have been
shown to be constant and equal to about 6.25, this equa-
tion becomes—

Mx H— ?1'[1525;

and from this equation, M and H being known, the value

of n, or the number of atoms contained in the molecule
can be deduced,

In the case under consideration—

277.14 X 0.0664 — n6.25;
18.40 — n6.25;
n — 3.

The conclusion is, therefore, drawn that in the molecule
(277.14 parts) of lead chloride there are contained three
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atoms. But we know that there is one atom of lead;
hence, there must be two atoms of chlorine; and, as two
atoms weigh 70.74, the atomie weight of chlorine is 35.37,
the same as that found by means of Avogadro’s method,
Further, there are other compounds in each of which
70.74 parts of chlorine are combined with a certain quan-
tity of another element, and the molecular heat of which
is the same as that of lead chloride. From the latter fact
we conclude that there are also three atoms contained in
the molecules of these compounds, and, hence, that quan-
tity of an element which, in these compounds, is combined
with 70.74 parts of chlorine, represents the atomie weight.
Thus, the molecular heats of barium, strontium, and cal-
cium chlorides are 18.73, 18.95, and 18.07 respectively,
numbers which are practically identical with 18.40, the
molecular heat of lead chloride; and in these compounds
there are 136.9 parts barium, 87.3 parts strontinm, and
39.91 parts caleium, combined with 70.74 parts chlorine.
The conclusion is, therefore, drawn that 136.9, 87.3, and
39.91 are respectively the atomic weights of barium, stron-
tinum, and ealcium, although direct determinations of the
specific heat have been made in only two of these cases.
The following tables (I.) of elements and (II.) of com-
pounds contain the numbers actually obtained and the
conclusions drawn from them. The numbers under H are
those representing the specific heats of the elements ; those
under A are the atomic weights as determined by analyti-
cal methods, aided by the rule of Avogadro, or that of
Dulong and Petit ; finally, in the last column is the pro-
duet of the atomic weight by the corresponding specific
heat (4 x H), called, for convenience, the atomic heat.
The atomic weights given in this table are those most
commonly used, as for the purposes in view here they
answer as well as the more accurate ones, and for pur-
poses of caleulation they are plainly more convenient.
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H, { A, A X H.
Lithinm . - : 1 0.941 7 6.6
Sodium . . - - . 0.293 23 6.7
Magnesiom . . .« . 0.250 24 6.0
Alomininm . - . . 0.214 27 5.8
Silicon . . . - k 0.173 28 4.8
Phosphorus . . g . 0.174 31 5.4
Sulphur 3 : . . 0.178 32 5.7
Potassinm . . - . 0.166 39 6.5
Calecinm . 5 . . 0.170 40 6.8
Chrominm ; - 5 : 0.100 52.4 5.2
Manganese . . : ; 0.122 55 6.7
Iron : : - : k 0.114 56 6.4
Cobalt . . . . . 0.107 59 6.2
Nickel . : y : . 0.109 59 6.4
Copper . . - s - 0.0952 63.1 6.0
Zine : : A i - 0.0955 65 6.2
Arsenic . 3 5 s . 0.0814 75 6.1
Seleninm . - : : 0.0746 79 5.9
Bromine (solid) . - . 0.0843 80 6.7
Molybdenum . . - e 0.0722 96 6.9
Rutheninm . ; g i 0.0611 103.5 6.3
Rhodinm g g . : 0.0580 104.1 6.0
Palladinm . : . g 0.0593 106.2 6.3
Silver . . : . 2 0.0570 108 6.2
Cadminm . . 5 ; 0.0567 112 6.4
Indinm . . . : . 0.05670 113.4 6.5
Tin . 3 ; . . 0.0562 117.4 6.6
Antimony - - Ll 0.0508 120 6.1
Iodine . ; . . . 0.0541 126.5 6.8
Tellurinm . : - . 0.0474 125 5.9
Tungsten : . : - 0.0334 184 6.1
Gold . ; g . . 0.0324 197 6.4
Platinum L . - e 0.0324 194.3 6.3
Iridium . : : 7 . 0.0326 192.5 6.3
Osmium . - : . - 0.0311 195 6.1
Mercury : 5 . : 0.0317 200 6.3
Thallinm : ‘ ; : 0.0335 204 6.8
Lead : - 2 . : 0.0307 207 6.4
Bismuth ; 2 - . 0.0308 207.3 6.0

The following are some of the compounds that have
been employed for the purpose of determining the atomic
weights of elements, The numbers under H are those
representing the specific heats of the compounds; those
under M are the molecular weights; the products M x H
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are the so-called molecular heats; » represents the number
of atoms in the molecule of the compound :—

X, M, Mx H. n. Mﬁ iil

CoAs, 2 0.0920 209 19.2 3 6.4
Ag.S 3 0.0746 248 18.5 3 6.2
Jaas o 01212 | 158.8| 19.2 [ 3 | 6.4
HgS o 0.052 232 12.1 2 6.1
Nis g 0.1281 91 11.6 2 5.8
PbSs £ 0,053 239 12.7 2 6.4
SnS : 0.0837 150 12.6 2 6.3
Sns, 01193 | 182 | 21% |8 | 7.2
AgCl 0.0911 143.5 13.1 2 6.6
CuCl 0.1383 98.9 13.7 2 6.9
K(Cl 0.1730 4.6 12.9 2 6.5
LiCl 0.2821 42.5 12.0 2 b

NaCl 0.2140 58.5 12.5 2 6.3
BaCl 0.0894 208 18.6 3 6.2
Ca(}], {0.1642 111 18.2 3 6.1
SrCl, 0.1199 | 158.5| 1%.0 | 8 | 6.3
HgCl, 0.0689 271 18.7 3 6.2
MgCl, 0.1946 95 18.5 B 6.2
MnCl, 0.1425 | 126 | 18.0 | 3 | 6.0
PbCl, 0.0664 278 18.5 3 6.2

L xceplions to the Law of Dulong and Petit.—An ex-
amination of these tables shows that the produét, 4 x H, in

Mx H

the first, and the quotient, , in the second—although

assumed to be constant in value—vary considerably from
the mean value, 6.25. Some of the variations are, no
doubt, due to errors of observation in consequence of
the imperfections of the methods employed for the de-
termination of specific heat. Indeed, in all the cases
cited in the above tables the variations are hardly great
enough to lead us to suspect the incorrectness of the
law of Dulong and Petit. The elements carbon, boron,
and silicon, however, give results that are not in harmony
with the law as stated. This will be seen best by means
of the following table, in which # is the specific heat ;
t, the temperature at which the determination was made;
A, the atomic weight; and 4 X H, the atomie heat. As
these three elements form the most marked exceptions
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to the law, all the more reliable determinations of their
specific heats are given :—

M. ] f A, A H,
Carbon :
a. Diamond . . 0.064 —50.5° 12 0.77
L L 0.096 —10.6° 12 1.15
i i B Aioz7e (IS 72 1236
£ SR 0.132 33.4° 12 1.58
2, — e 0.153 58.4° 12 1.84
&k ood 12 0.177 85.5° 12 2.12
£ S 0.222 140° 12 2.66
t S 0.273 | 206.1° 12 3.28
£f 5 0.303 | 247° 12 3.64
L A 0.441 606.7° 12 5.29
6 aliuts 0.449 806.5° 12 5.39
L L 0.459 985° 12 5.51
b. Graphite . .| 0.114 —50.3° 12 1.37
AL A 0.1949 el.a2 " 12 2.30
£ L 0.297 201.6° 12 3.06
. LI 0.445 641.9° 12 H.34
b i 0.467 977.9¢ 12 5.60
¢, Charcoal . . 0.194 | 0° to 99.2° 12 2.33
s Skt 0.239 | 0° to 223.6° 12 2.87
Silicon :
Crystallized . . 0.136 —39.8° 28 3.81
- o M 0.170 +-21.6° 28 4.76
e o 0.183 i o) 1) 28 5.12
s Tt 0.190 86° 28 5.22
s e 0.196 128.'7° 28 5.49
a o s 0.201 184.3° 28 5.63
L L 0.203 232.4° 28 5.68
Boron :
Crystallized®* .| 0.192 —39.6° 11 2.11
‘ st |l 0:238 +26.6° | 11 | 2.62
L N A 0.274 76.7° 11 3.01
L) s 0.307 125,8° 11 3.38
L R 0.338 177.2° 11 3.72
L1 o 0.366 233.2° 11 4.03

—

An examination of the above table shows that at ordi-
nary temperatures the elements carbon, silicon, and horon

* As has been shown by Hampe, crystallized boron, whether the
crystals be of the black or the yellow variety, is not the pure ele-
ment. According to this chemist, the black crystals have the com-
position :?1]3“, and the yellow crystals the composition C,Al,B,..
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do not follow the law of Dulong and Petit, as it bas been
stated. It will be seen, however, that as the temperature
is raised, the specific heat becomes greater until finally, in
the cases of carbon and silicon, a point ig reached beyond
which there is no marked change. Thus at 600° the spe-
cific heat of diamond is 0.441, and at 985° it is 0.449.
That of silicon is 0.201 at 185°, and 0.203 at 332°, At
these temperatures the elements obey the law of Dulong
and Petit. In the case of boron it will be observed that
the highest temperature at which a determination of the
specific heat bas actually been made is 233.2°. Assuming
that the rate of increase above 230° is the same as the
rate between —40° and 230°, the specific heat would be-
come (.50 at about 600°, and this is the figure required by
the law. The above facts may be convenientlv stated in
this form: The specific heats of the elements carbon,
silicon, and boron increase gradually from the lowest tem-
perature to certain points, above which they remain prac-
tically constant. The point for carbon and boron is about
600°; that for silicon about 200°, At these temperatures,
and above them, the elements have the following specific
heats: carbon 0.46; boron 0.50; silicon 0.205. The pro-
ducts obtained by multiplying these figures by the atomic
weights 12, 11, and 28 are 5.5, 5.5, and 5.8; so that car-
bon, boron, and silicon are not exceptions. The law of
Dulong and Petit, however, is a little more complicated
than as stated above, and should have the following form :—

The specific heats of the elements vary with the temper-
ature ; but for every element there iz a point, T’ above
which the variations are very slight. The product of the
atomic weight by the constant value of the specific heat is
nearly a constant, lying between 5.5 and 6.5.

Results similar to those above discussed have been
obtained by Nilson, Pettersson, and Humpidge in the
case of beryllium.

To account for the variations in the specific heats of the
elements, it has been suggested that in most cases we can-
not determine the true specific heat. This is only that
heat which goes to increase the temperature. In measur-
ing specific beats we have to deal with a complex quantity,
viz., that heat which raises the temperature, together with
that which performs internal work and that which performs
external work. In the case of solids and liquids the ex-
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ternal work performed is very small. The internal work
is probably different in different cases, and may amount to
considerable. The fact that the specific heats of so many
elements, when multiplied by the atomic weights of these
elements, give the same product, indicates that in these
cases the internal work, like the specific heat, is inversely
proportional to the atomic weights. It is evident, accord-
ing to this, that, if the amount of internal work varies in
different elements, the specific heat will also vary in such
a way as to seem to conflict with the law. It remains,
then, for the future to show how specific heat determina-
tions can be made which shall be independent of the in- -
ternal and external work. When this can be done, it is
probable that the law of Dulong and Petit will be found
to be a perfeet law without exeeptions.

ISOMORPHISM AS FURNISHING A MEANS FOR DETERMINING
Aromic WEIGHTS.—Another means, once considered valu-
able, for determining atomic weights is found in the phe-
nomena of isomorphism. It has long been known that
some substances of entirely different composition have ap-
proximately the same crystalline form. This was ex-
plained by Mitscherlich (1819) by supposing that an equal
number of atoms in different molecules causes the same
crystalline form. A little later he proposed the following
law of isomorphism:—

An equal number of atoms, united in the same
way, give the same crystalline form; and this erys-
talline form is independent of the chemical nature
of the atoms, being only dependent on their number
and arrangement.

If this law were strictly true, it is plain that we should
in many cases be able to determine atomic weights by its
aid. A few examples will illustrate the method.

The two substances BaCl,+42H,0 and BaBr,-2H,0 are
isomorphous. We may assume, then, that their molecules
contain the same number of atoms, and, if we know the
atomic weights of the constituents of the molecule BaCl,-}
2H,0, we can easily determine the atomic weight of the
constituent bromine in the molecule BaBr,42H,0. Fur-
ther, the compounds CuAgS and CuCuS are isomorphous,
If the molecules of each contain the same number of
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atoms, and the atomic weights of copper and sulphur are
known, the atomic weight of silver can be found.

This method has no doubt been of service in the de-
termination of atomic weights. Nevertheless, it requires
but a few examples to prove that, if to the term isomor-
phism we give the wide meaning implied in the wording of
the law as stated above, the results reached by means of it
are not reliable. The salts BaMn,0,,Na,SO,, and Na,SeO,
have the same crystalline form, and yet the best methods
for determining formulas show that those given are prob-
ably correct. If we were, in these cases, to assume that
the number of atoms in each of the molecules is the same,
we should reach results at variance with those obtained by
the most reliable methods. It will thus be seen that if the
isomorphism of salts be employed as a method for the de-
termination of atomiec weights, the results must be looked
upon as doubtful, unless the sense of the word isomorph-
ism be restricted.

According to Kopp, identity of erystalline form is not a
sufficient basis for designating compounds as isomorphous,
and the term should be used in a much more restricted
sense. If, according to this writer, a crystallized com-
pound has the power of growing in a solution of another
compound, then the two may be regarded as isomorphous.
Thus, as is well known, if a erystal of ordinary alum be
placed in a solution of iron alum, it will grow in the same
way that it would in the original solution. This power
of forming overgrowths should be regarded as the true
criterion of isomorphism. Understood in this sense, the
use of the expression isomorphism becomes much more
restricted than it was when used in the old sense. There
are many compounds which have the same crystalline form
which are not isomorphous in the new sense.

In the foregoing, free use has been made of the expres-
sion Atomic weights. Using the language of the atomic
theory, the methods for determining the Afomic weights
have been considered. It is well, however, before passing
on to the next part of our subject to recall the fact that it
cannot be positively asserted of the figures called atomic
weights that they represent the relative weights of atoms,
Whether they do or do not, they certainly have a close
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relation to certain important facts that lie at the founda-
tion of all cases of chemical action. The laws of definite
and multiple proportions are the fundamental laws of
chemistry. They are as firmly established as any laws
of nature, and they are simply the expressions of facts
observed. We can certainly select for each element a
figure, which itself will represent, or a multiple of which
will represent, the proportion by weight in which this
element enters into chemical action. The difficulty is to
know which one to select. To get over the difficulty we
study certain physical properties of the elements and
their compounds, as the specific gravity of the vapor, the
specific beat, the crystalline form, and determine the
weights of the substances which, on this basis, seem to be
analogous. We thus get fizures which bear to one an-
other relations very similar to those which the so-called
atomic weights, determined by chemical methods, bear to
one another. The similarity of the relations of the fizures
obtained by the different methods suggests a common
cause, and we attempt to satisfy our desire to ascertain
the cause by saying that the figzures represent the relative
weights of atoms. DBut the figures would be just as valu-
able without this theory, and we might deal with all the
facts of chemistry without referring to the possible exist-
ence of atoms. We shall next find that the atomic weights
determined by the methods of Avogadro and Dulong and
Petit are confirmed in a most striking way by an extremely
important discovery, touching the relations which exist
between the atomic weights of the elements and their
properties,

T*
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CHAPTER VL.

PROPERTIES OF THE ELEMENTS AS FUNCTIONS OF THEIR
ATOMIC WEIGHTS—THE PERIODIC LAW.

Natural Groups of Elements.—On examining the list
of elements and their atomie weights, we find that there
are a number of well-marked groups, indicating some con-
nection between the atomic weights and properties of the
elements. Among these may be mentioned chlorine, bro-
mine, and iodine ; sulphur, selenium, and tellurium ; lithium,
sodium, and potassium. Arranging these according to
their atomic weights we have:—

Ol 35.3%7 S 31.98 L - T.0l1
Br 79.76 Se  T8.87 Na 23
I 126.54 Te 125 K 39.03

If in each of these groups the atomic weights of the first
and last members be added together, and the sum divided
Ly 2, very nearly the atomic weights of the middle mem-

35.3 126.54
bers of the series are obtained: 50:81 "E o =80.95,

81,98 =e_nly, i), Es 3903 _ 93.02. Tt will be
observed, also, that the elements, whose atomie weights are
thus closely connected, are themselves very closely allied
in their properties. Considerations of this kind have led
chemists, from time to time, to examine the atomic
weights more closely, and, as a result of these examina-
tions, it has been found that the connection above indi-
cated is much more general than was at first supposed.
Attention was first called to the general character of the
relations between the properties of the elements and their
atomic weights by J. A. R. Newlands, in a number of
papers which appeared in the years 1864-66, but, owing
to some marked inconsistencies in his arrangement of the
elements, the importance of the subject was not generally
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recognized. Shortly afterward, in 1869 and 1870, two
papers appeared, one by 1. Mendelejeff* and the other by
Lothar Meyer,t in which these relations were treated in a
masterly manner, and it was then seen that one of the
most important laws of chemistry had been discovered.
Everything learned since then has only made it appear
more and more certain that the periodic law is a funda-
mental law of chemistry. ‘
Mendelejef’s Tables.—Mendelejeff first calls attention
to the fact that, if all the light elements with atomie
weights from 7 to 361 are arranged in the order of their
atomic weights, the following remarkable table is ob-
tained :— ' _
Li= 7; Be = 9; B =11; C =12; N=14; 0=16; Fl=19;
Na=23; Mg=24; Al=27; Bi=28; P=31; 5 =32; Cl=35b.
In these two series, elements which we recognize as sim-
ilar come to stand together, as lithium and sodium, beryl-
linm and magnesium, carbon and silicon, oxygen and
sulphur, ete. The gradual change in the properties of the
members of the series, as we pass from left to right, is
noticed especially with respect to the compounds which
the elements form. Thus, only the four last members
combine with hydrogen, yielding compounds of the gen-
eral formulas—

RH, RH, RH, RH.

The character of these hydrogen compounds also changes
gradually, according to the position in the series. Hydro-
chloric acid, HCI], is a marked acid of great stability ;
hydrogen sulphide, H,S, is a weak acid decomposable by
heat; phosphine, PH,, is not an acid, and is less stable than
the preceding compounds, and silicon hydride, SiH,, is still
less stable than phosphine, PH,,

The oxides of the members of the second series form
this series—

z :
Na,0, Mg,0,, Al,0, Si,0, P,0,, 8,0, 01,0,
or MgO, or Si0,, or §0,.
* Zeitschrift fiir Chemie, 1869, 405 ; and Annalen der Chemi
8 Suppl., 133. r ’ ’ e
1 Annalen der Chemie, 7 Suppl., 356.

:I_: To avoid unnecessary complications, the ordinary atomic
weights are used in the treatment of this subject.
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From left to right in this series the basie properties grow
weaker and the acid properties stronger. Again, in the
composition of the hydroxides a similar regularity is ob-
gerved—

Na(OH), Mg(OH), Al(OH), Si(OH), PO(OH),
S0,(OH),, ClO,(OH).

Another point to be noted is this: that, in the series with
which we are dealing, the metals are at one end and the
so-called non-metals at the other, while those elements
which are sometimes classed with the metals and some-
times with the non-metals, as, for instance, silicon, come
in the middle. )

But just as the chemical properties undergo gradual
change in the series mentioned, so, also, a corresponding
change is noticed in the physical properties, To illustrate
this, the specific gravities and the atomic volumes of the
members of the second series are given :—

Na Mg Al Bi r 8 Cl
Spec. gr. 097 1.75 2.67 2.49 1.84 2.06 1.33

Atom. vol. 24 14 10 11 16 16 27

Hﬂgﬁ Mggﬂg .a."l.]gﬂg Eig{]i Pg Egﬂ‘ Clg{)]'
Spec.gr. 2.8 3.7 4.0 26 27 1.0 r
Atom. vol. 22 - 22 25 456 6O 82 f

Another series corresponding to the two already given
is the following :—
Ag = 108; Cd = 112; In = 113; Sn = 118; Sb = 120; Te = 125; I = 127
Sp.gr.10.5; B8.6; 7.4; 725 Gt 6.2; 4.9.
All the elements may be arranged in series similar to
the above, and thus a very intimate connection between
the atomic weights and the properties of the elements is
shown to exist. It will be noticed that the changes in the
properties of the elements are periodic. First, these
properties change according to the increasing atomic
weights, then they are repeated in a new period with the
same regularity as in the preceding series. Such series
as those already mentioned are called small periods. If
hydrogen is placed in the first series, then lithium, ete.,
come in the second series, sodium, ete., in the third, efc.
But all the known elements cannot be arranged in the
small periods, and what is much more important, the cor-
responding members of the even (4, 6, etc.) periods, or of
the uneven (5, 17, etc.) resemble one another more closely
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than the members of the even periods resemble those of
the uneven periods. This is seen from the following—

Fourth period: K, Ca, Se, Ti, V, Cr, Mn.
Fifth (NS Znt Ga,* Ge, " A, S Br.
Sixth @it Rby Syt Y, %r Nby Mo, —
Reventh " A @d, | In,  Sn, 8Sb," Te, 1.

The members of the fourth and sixth periods resemble one
another more closely than they resemble the members of
the fifth or seventh periods; and the members of the fifth
and seventh periods resemble one another closely. The
last members of the even periods resemble in many respects
the first members of the succeeding uneven series. Thus
chromium and manganese in their basic oxides are similar
to copper and zinc. On the other hand, between the last
members of the uneven periods and the first members of
the succeeding even periods, there are very marked differ-
ences, as, for instance, between bromine and rubidium.
Further, between the last members of the even periods
and the first members of the uneven periods, all those
elements which cannot be arranged in the small periu{ls
would, according to their atomic weights and properties,

natura]ly come. Thus, between chromium and manganese,

on the one hand, and copper and zinc on the other, iron,

cobalt, and nickel would come ; the following series heing
thus formed :—

Cr =52; Mn = 55; Fe = 56; Co — 58; Ni — 59;
Cu = 63; Zn — 65.

As iron, cobalt, nickel follow the fourth period, so ruthe-
nium, rhodium, palladium follow the sixth period, osmium,
iridium, platinum follow the tenth period. Two small
periods (an even and uneven), together with an interme-
diate series of the elements just mentioned, form a large
period. As the intermediate members mentioned corre-
spond to none of the seven small periods, they form an
independent eighth group :—

Fe — 06 ; Co = 58; Ni = 09,
Ru=1{]1, R;h:]'[]g; Pd = lﬂﬂ
Os =191; Ir =1925; Pt = 194.3.

The members of this group resemble one another in the
same way as the corresponding members of the even
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L I1. IIL IV. V. VL

Ry0 1. Li=7(X 8 |Rb 85 |Cs 188 |[— —]— —
RO 1L Be =18 |Ca 40'| Br 87 |Bads7}— —l— —
R.0; | IOIL B=11|8 44|Y 89 |La139|Yb178|— —
RO, IV. | (HC) |C=12|Ti 48 |Zr 90 |Ce 142|— -—|Th 281
Ry V. | (HgN) | N=14|V 51 |Nb 94 [Di 145 |Ta 182 |— ~—
RO, | VL |(H,0) |[0=16|0Cr 52|20 06— —|w 184U 240
R0y | VAL | (HFy | F=13MaBl— == —=t = =

Fe 56 | Rul0l [— —|0s 191|— —
RO, | VIIL Co 59 | Bh103 (— —|Ir 198} —

Ni 59 |Pa10s |— —|Pti1s|— —
R0 IL |H=1|Na=23 Cu 63 [ Ag108 — —|Aul96/— —
RO 1T Mg 24| Zn 65| Cd112 |— —|Hg200|— —
Rs0; | I Al 27|Ga 70 [In 118 |— —|{Tl 204|]—° —
ROy IV. |(HR) |Si 28| Ge 72 |Bn118|— —|Pbha2o7|— —
Ra0p Y. |(HsR) | P 21| As 75 |8b120|— —|Bi 208|— —
ROy LVE | MR)B 2l Be Wl el —— = —

Bs0; | VIL.L | (HR) | Cl 855 | Br 80 | I 127 — —— —— —

It is not necessary to point out here all the properties of
the elements which have been shown to vary in harmony
with the changes of the atomic weights. What has
already been said will suffice to indicate the prineiple in-
volved in the construction of the tables of Mendelejeff.
Close study of these tables does undoubtedly show that
they contain some imperfections and apparent contradie-
tions ; still, these are not numerous enough nor serious
enough to interfere materially with the value of the tables.
It is evident that the first condition for the construection
of such tables is the correct determination of all the atomie
weights. We have seen with what difficulty this deter-
mination is often attended, and how doubtful some of the
results obtained are. When all the atomic weights shall
have been accurately determined, and when all the pro-
perties, both physical and chemical, of the elements are
known, then a table constructed on the principle of the
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above will, in all probability, show a perfect accordance
between atomic weights and properties. .

Mendelejeff originally proposed to use the periodic law,
as he calls the law governing the variations in the atomic
weights and properties of the elements, for the purpose
of determining the properties of undiscovered elements.
When Table IL. was first constructed, a member was
wanting between calcium and titanium in the fourth
series. The atomic weight of this element should be
about 44, and its properties were also very nearly fore-
told from its position. Its oxide should have the compo-
gition R,0,, and its properties should bear the same rela-
tion to aluminium oxide, A1,0,, that those of calcium oxide,
Ca0, bear to magnesium oxide, MgO, or titanium oxide,
Ti0,, to silicon dioxide, Si0,. Consequently it should be
a more energetic base than aluminium oxide, Al,0,, and
should resemble it in corresponding compounds. Its sul-
phate should not be as easily soluble as aluminium sulphate,
because calcium sulphate is more difficultly soluble than
magnesium sulphate. Thus, throughout the whole list
of properties, such comparisons were made, and the un-
known element was more accurately described than some
of those which have been known for a long time.

The prediction of this element, to which Mendelejeff
gave the name ekaboron, proved to be one of the most
remarkable predictions ever made in the field of chemistry.
Within a few years the metal scandium was discovered,
and was shown to be the predicted ekaboron. Before its
discovery, in a similar way, gallinm was predicted and
described under the name of ekaluminium ; and quite re-
cently germanium has been discovered and shown to be the
element needed to fill the gap between gallium and arsenie,
the properties of which, under the name ekasilicon, were
described by Mendelejeff nearly twenty years ago.

Such speculations are, without doubt, very attractive,
but we must not forget that the tables, which are used as
their foundation, are more or less imperfeet, and hence the
conclusions drawn must necessarily be doubtful. On the
other hand, the time will come when such speculations can
be indulged in without risk of reaching doubtful results.
The approach of this time will be hastened by just such

efforts as those of Mendelejeff to discover the law govern-
8
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ing the connection between the atomic weights and the
properties of the elements.

Lothar Meyer's Arrangement of the KElements.—
Another arrangement of the elements showing the con-
nection between the atomic weights and the properties of
the elements is that of Lothar Meyer, already alluded to.
His table* follows :— ‘

1. II. ITT. IV, 1 VYL VII. VIII.
i
AL o s s
o | S e 0
23 | Mg 14.01 596 (. F
S o 2%&:}4 = = 19.06
39Kn3 Ca —| %59 | 30.96 31893 Cl
' Se . 98| 35 37
39.91 Ti
Cu 43.97 48 "Fl Cr Mn .
63.18 | Zn ol.1 | 50 45 Fe j Co | i
) ﬁ'{;*“g Qoo 54.8 | 55.88 | 58.6 | 58.6
alfibz Sr —| 23 | na9 ':E 7 ?:?fm
: Py : :
318 eatolil b S,
Ag e |11 P 93.7 Mo )
107.66| Cd 95.9 Ru | Rh | Pa
11172 | &n = 98 |101.4 | 102.7 |106.35
S BT 126.54
? S R e 1§1 )
M el e 152
oy e R
196.7 | Hg [T 182 [ygag| P [ 0s [ Ir | Pt
11998 L | Pb — 7| 185 | 191 |192.5|194.3
Sy | T = e =
S A 2?31'{;

This table contains all the elements whose atomic weights
have been determined with any degree of certainty. The

# Die modernen Theorien der Chemie, Fiinfte Auflage. Breslan,
1884.
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essential difference between this arrangement and the first
one of those of Mendelejeff given above consists in this,
that the periods are arranged, not in horizontal lines, but
in lines which are so inclined that, if the table were pasted
on a cylinder of proper size, the table would have the
form of a continuous spiral, beginning at the top with
lithium and ending at the bottom with uranium. Meyer
further points out the connection between the atomic
weights and the following properties of the elements:
specific gravity in the solid condition, as shown by a com-
parison of the atomic volumes; metallic ductility, fusibility,
and volatility ; erystalline form ; influence upon the refrac-
tion of light ; specific beat ; conducting power for heat and
electricity. The connection is shown to be a remarkably
close one. For a further study of this subject the student
is referred to Lothar Meyer’s masterly book, ¢ Die moder-
nen Theorien der Chemie.”
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CHAP T ERS VT,
VALENCY.

Definition.—The methods for the determination of the
molecular formulas of compounds have heen disenssed.
By applying these methods expressions are obtained for
the composition of compounds which, in all probability,
are relatively correct. If the formulas as determined be
now compared, certain regularities will appear. A few
examples among the hydrogen compounds will serve the
purpose.

I 11. I11. Iv.
GiH,° ©OH, NH, 0H,
BrH,  SH,, AsH,  SiH,.
IH, SeH,  SbH,,

FH, TeH, PH,

It will be seen that chlorine, bromine, iodine, and fluo-
rine combine with hydrogen in the proportion of atom to
atom ; oxygen, sulphur, selenium, and tellurium combine
with hydrogen in the proportion of two atoms of hydro-
gen to one atom of the other element; in the compounds
with nitrogen, arsenic, antimony, and phosphorus, three
atoms of hydrogen are in combination with one atom of
the other element; and, lastly, four atoms of hydrogen
are in combination with one atom of earbon and of silicon.
No elements are known which combine with a larger pro-
portion of hydrogen than carbon and silicon. 1t is clear,
therefore, that those elements which combine with hydro-
gen can be divided into four elasses, the differences between
which are shown by the examples given above. With
reference to their power of combining with the halogens,
elements differ from one another in a similar way. The
following examples will make this clear :—

NaCl BaCl, POl ' €Cl, POl W),
KCl CaCl, AsCl, SiCl AsCl, —
LiCl ZnCl, SbCl, SnCl, SbCl, —.
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There is greater diversity among the compounds with
the halogens than among the compounds with hydrogen.
While the largest number of hydrogen atoms with which
any atom can combine is apparently four, the largest num-
ber of chlorine atoms with which any atom can combine is
apparently six. The same is true of the other halogens.
Turning now to the compounds of oxygen still greater
diversity appears, as is seen in the following table :—

Na,0 MgO ALO, Si0, P,0,80, 0©L0, RuO,

(Mg,0,) (81,0,) (5,0) (Ru,0y)
K.0 Ca0' Se0, Ti0, V.0,0r0, Mn 0 050
(Ca,0,) (Ti,0,) (Cr,0,) (08,0,)

The simplest compounds of oxygen are those in which
one atom of this element is in combination with two atoms
of some other elements. From the examples given above
it will be seen that there are eight classes of oxygen com-
pounds in which the oxygen combined with two atoms of
the other elements varies from one to eight atoms.

In general, then, it may be said that the elements differ
from one another as regards the complexity of the com-
pounds which they can form with other elements,

But there must be some reason for the difference. Where
shall we seek for it? If we accept the atomic hypothesis
of Dalton, we must seek for the proximate causes of phe-
nomena presented to us by masses of elements or their
compounds in the atoms composing these masses. Here,
then, we are to find in the atoms themselves the proximate
cause of this new property of elements. As, however, we
can learn nothing of atoms directly, but only of masses of
atoms, 1t is evident that this cause cannot be discovered,
but must finally be imagined, just as the atom itself is still
only imagined to exist. In other words, our conception
of atoms must become enlarged in such a way as to
account for the new property, or a subordinate hypothesis
must be framed to supplement the atomic hypothesis.
Before framing this hypothesis, let us see whether we
can learn anything more in regard to the new property
than we have yet learned.

We have seen above that the molecules of some of the
hydrogen compounds contain only 1 atom of hydrogen to
each atom of the other element; in the molecules of other
compounds we find 2 atoms of hydrogen to 1 atom of the

8*
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other constituent ; in others 3, and in still others 4 atoms
of hydrogen ecombined with 1 atom of some other element
In thus stating the number of atoms present in the mole-
cules, we have, of course, left the domain of facts and have
already entered that of hypothesis; still, the hypothesis
involved in a molecular chemical formula, which has been
determined by the aid of all means at our command, is one
which we are justified in employing, and we consequently
state the knowledge we have gained in terms of the hypo-
thesis. Taking into consideration the sum total of our
knowledge, as thus far stated, the simplest hypothesis
which it is possible to form concerning the cause which
we are striving to find, is the following: Every atem of
an element has an inherent power of holding in combina-
tion a certain number of other atoms, this number being
dependent upon the nature of the atoms held in combi-
nation. The simplest atoms represent the unit of this
power, and we can distinguish between these simplest or
unit-atoms and such as bave the power of holding in com-
bination 2, 3, 4, or more atoms.

Name of the New Property.—The property of the ele-
ments under consideration has, in accordance with the
simple hypothesis just given, been termed atomicity, quan-
tivalence, or only valency.* The elements, which consist
of the unit-atoms, are hence called monatomic or univalent ;
those consisting of atoms which have twice the combining
power of the unit-atoms, are called diatomic or bivalent ;
and, in a similar manner, there are iriatomie or trivalent,
tetratomic or quadrivalent, ete., elements. Further, the

* In regard to the choice between the three expressions given,
it may be said that the word valency seems to be less objectionable
than the others which have been used, because it is the simplest,
and, at the same time, it expresses all that it is desired to express
with reference to the property which it designates. Again, the
word atomicity has been nged in another sense, and hence its use
might lead to confusion, some authors employing it in its first sense,
others in tlie new and entirely different sense. By a monatomie,
diatomic, etec., element is sometimes meant an element whose mole-
cule consists of 1, 2, ete., atoms. As it is necessary to have words
to express this latter sense, it seems desirable to leave the word
atomicity and its adjective derivatives, monatomic, diatomic, etc.,
to serve this purpose, while we adopt the expression valency with
the derivatives univalent, bivalent, trivalent, ete., for the purpose
of designating the property under discussion.
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elements are called respectively monads, dyads, lriads,
tetrads, pentads, hexads, ete. Accordingly, of t]m ele-
ments in the brief table of hydrogen compounds, given at
the beginning of this chapter (p. 88), those in the first
line are univalent; oxygen, sulphur, selenium, and tellu-
rium are bivalent ; nitrogen, arsenic, antimony, and phos-
phorus are trivalent; and carbon and silicon are quadriva-
lent towards hydrogen.

" Distinetion between Valency and A ffinity.—The prop-

erty of valency must not be confounded with that of
affinity. By affinity is usually meant the force with which
one atom attracts another or others. Valeney has appar-
ently no connection with this force. An element may, in II
general terms, have a strong affinity for other elements,
and yet be univalent. Another may possess but a weak '
affinity, and be quadrivalent. Thus, chlorine has a strong
affinity for hydrogen ; the two combine with great energy,
yet they are univalent with reference to each other.
While carbon does not combine with chlorine with nearly
as great energy as hydrogen does, it is, nevertheless, quad-
rivalent towards hydrogen ; itsatom is capable of holding
in combination 4 atoms of hydrogen. The two properties,
valency and affinity, are possessed by every atom, and ex-
hibit themselves every time that atoms act upon each
other, the latter determining the energy of the action, the
former the complexity of the resulting molecule.

Methods for Determining the Valency of the Elements.
—The foundation upon which the conception of valency
rests and the conception itself being thus explained, let us
inquire how the valency of the individual elements is de-
termined. The valency towards hydrogen of those ele-
ments which combine with it may first be determined.
The first general rules to guide us in the measurements
are the following :—

1. Those elements which combine with hydrogen in the
proportion of 1 atom to 1 atom are univalent. Such, for
instance, are chlorine, bromine, ete.

2. Those elements which combine with hydrogen in the
proportion of 1 atom to 2 atoms of hydrogen are bivalent.
Such, for instance, are oxygen, sulphur, ete,

3. Those elements which combine with hydrogen in the
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proportion of 1 atom to 3 atoms of hydrogen are trivalent.
such, for instance, are nitrogen, phosphorus, ete.

4. Those elements which combine with hydrogen in the
proportion of 1 atom to 4 atoms of hydrogen are quadriv-
alent. Such, for instance, are carbon, silicon, ete.

The next question to be answered is whether the valency
of an element towards hydrogen is also its valency to-
ward other elements, as the halogens, oxygen, ete. It re-
quires but a cursory examination to show that this ques-
tion must be answered in the negative, at least for several
of the elements. Thus, while phosphorus forms the hy-
drogen compound, PH,, and does not combine with hy-
drogen in larger proportion, it forms two compounds with
chlorine, the trichloride, PCl,, and the pentachloride, PCI,.
Sulphur forms with hydrogen the componnd SH,, in
which it is bivalent, and it cannot combine with a larger
proportion of hydrogen. On the other hand, it forms the
compounds SCI, and SCI, with chlorine, and the simplest
explanation of these is that in them the sulphur is respect-
ively bivalent and quadrivalent. Taking carbon and sili-
con, however, we find that these elements have the same
valency towards the halogens as toward bydrogen, as is
shown by the compounds CH,, SiH, CCl, and SiCl,.
As regards the valency towards oxygen it can be shown
in the same way that in many cases it is not the same as
the valency towards hydrogen. The fact that water bas
the composition H,O shows that oxygen is bivalent. In
sodium oxide, Na,O, then, we have a compound analogous
to water. In it the oxygen is probably bivalent. In
such compounds as ealcium oxide, Ca0, magnesium oxide,
MgO, in which one atom of oxygen is combined with one
atom of another element, the elements are usually regarded
as bivalent. In the same way when one atom of any ele-
ment holds in combination two atoms of oxygen it is re-
garded as quadrivalent; and when one atom of any ele-
ment holds in combination three atoms of oxygen 1t is
regarded as sexivalent towards oxygen. An examination
of the table of oxygen compounds given on page 89 will
show that the valency of elements towards oxygen varies
from 1 to 8. Sodium is univalent towards oxygen, mag-
nesium is bivalent, aluminium trivalent, silicon gquadriva-
lent, phosphorus quinquivalent, sulphur sexivalent, chlo-
rine septivalent, and ruthenium oectivalent. Other views
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in regard to these oxygen compounds are possible, as will
be shown below, and these other views have been gener-
ally held The above is, however, the most natural infer-
ence from the facts, and, unless it ecan be shown to be un-
tenable, it must have the preference over more complicated
views.

Comparing now the valency of a few elements towards
hydrogen, with the valency of the same elements towards
the halogens and towards oxygen, it will be found that in
those cases in which a difference is observed the valency
towards hydrogen is the lowest, and that towards oxygen
the highest, while that towards chlorine is intermediate |
between these. Thus, sulphur is bivalent towards hydro-
gen, apparently sexivalent towards oxygen, and quadriva-
lent towards chlorine. Todine is univalent towards hydro-
gen, apparently septivalent towards oxygen, as shown by
the compound I,0,, but trivalent towards chlorine, and
quinquivalent towards fluorine, as shown by the com-
pounds ICl, and IF, But just as carbon and silicon are
quadrivalent towards hydrogen and chlorine, so they are
also quadrivalent towards oxygen, as shown in the com-
pounds CO, and Si0,.

While it appears clear from the above considerations
that the power called valency is not the same towards
different elements, it is further true that the valency of
some elements varies towards one and the same element.
Thus, it has been stated that phosphorus is trivalent to-
wards hydrogen and quinquivalent towards chlorine ; but
that it is not always quinquivalent or that it does not
always appear to be so, is shown by the compound PCI..
So, too, while sulphar is bivalent towards hydrogen,
quadrivalent towards chlorine, and sexivalent towards
oxygen, it also appears to be bivalent towards chlorine,
and quadrivalent towards oxygen, as shown by the com-
pounds SCl, and SO,. Chlorine, which is univalent to-
wards hydrogen and septivalent towards oxygen, may also
act as a univalent element towards oxygen, as is shown in
the compound C1,0.

Is Valency Constant or Variable?—From what has
already been said there would appear to be only one
possible answer to this question. Valency is plainly
variable, if we consider the composition of the compounds
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which an element forms as final evidence of the valency of
that element. If we consider valeney as due to something
residing in atoms, it is difficult to conceive of this some-
thing as being variable, any more than we can conceive
of the weight of atoms as variable. How ecan one and
the same atom have at one time the power to combine
with one univalent atom, and at another time three or five
times that power? If it has the power to combine with
five univalent atoms once, it seems most natural to sup-
pose that it will always have that power. Considerations
of this kind have led to various hypotheses which have
for their object the explanation of what appear to be
variations in valency, on the supposition that valeney is a
constant property of atoms. There are two cases to be
distingunished between: (1) Those in which the valency of
an element A varies towards one and the same element
B; and (2) those in which the valency of an element
varies according to the character of the element with
which it combines.

Variation of Valency towards one and the same Ele-
ment.—Examples of this kind of variation of valency have
already been given. Phosphorus appears to be trivalent
and quinquivalent towards chlorine, and also towards
oxygen, as shown by the compounds P,0, and P,0,; sul-
phur is bivalent and quadrivalent towards chlorine ; and
quadrivalent and sexivalent towards oxygen, as shown by
the compounds SO, and SO, Carbon is bivalent and
quadrivalent towards oxygen, as is shown by the com-
pounds CO and CO,. Chlorine is at least univalent and
trivalent towards oxygen, as is shown by the compounds
C1,0 and C1,0,. The chief hypotheses which have been
put forward to account for variations of the kind just
mentioned will now be briefly presented.

Atomic and Molecular Compounds.—One of the first
attempts to explain variations in valency was the hypo-
thesis that there are two kinds of chemical ecompounds,
the atomic and molecular. The former are the only true
chemical compounds, in the sense in which that expres-
sion has been used from the beginning. In these, the
atoms exhibit all the properties which have thus far
been recognized as belonging to them —including valency.
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By virtue of these properties, the compounds bave their
existence. In the molecular compounds, on the other
hand, a new force is supposed to act, this force being dis-
tinet from the interatomic force, and acting in a peculiar
way between molecules. The molecules are supposed to
be first formed by means of chemical affinity, etc., and,
when these have been formed, all that can be effected by
valenev has been effected. But now it is further supposed
that the molecules thus formed have an attractive power
and combining power of their own, by virtue of which
the molecular compounds are formed. The most common
examples of molecular compounds are salts containing
water of crystallization. These are formed by virtue of
the attraction of the molecules of the salt for the molecules
of the water. But, according to the new hypothesis, we
have further examples of molecular compounds in phos-
phorus chloride, PC],, and in ammonium chloride, NH,CL
In the former, a molecule of PCI,, a true atomie compound,
holds in combination a molecule of chlorine Cl,, also an
atomic ecompound. In the latter, a molecule of NH;, an
atomic compound, holds in combination a molecule of hy-
drochloric acid, also an atomic compound.

Foundation for the Distinction between Atomic and
Molecular Compounds.—Of course, in order that such
an hypothesis as that under consideration should be at all
permissible, it must be shown that there are differences
between those compounds which are called molecular, and
those which are called atomic. To a certain extent this
has been supposed to be possible. In the case of salts con-
taining water of crystallization, there is, at least generally,
no difficulty in recognizing that the force holding together
the salt and the water is not as strong as that which holds
the constituents of the salt together, or that which holds
the constituents of the water together. It is only neces-
sary to heat the compounds gently in order to overcome
the attraction and cause the breaking up of the complex
molecule ; in some cases, indeed, the attraction is so weak
that it is only necessary to expose the compound to the
air, when the water passes off in the form of vapor, leav-
ing the molecules of the salt intact. This weakness of |
union is then regarded as a principal characteristic of
molecular combination.
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Now, if the compounds above referred to, viz., PCI
and NH,Cl, be examined, it will be found that they pc-sf
sess this characteristic. Tt has been shown, when con-
sidering the cases of anomalous specific gravities of vapor,
that when phosphorus pentachloride, PCl,, and ammo-
nium chloride, NH Cl, are heated to a sufficient degree to
convert them into vapor, they are broken up into the tri-
chloride, PCI,, and chlorine, Cl,, and ammonia, NH,, and
hydrochloric acid, HCI, just as the erystallized salts lose
their water of crystallization by being heated. So, also,
in a number of other cases, it can be shown to be true that
compounds, which must be considered as molecular in
order to explain their existence and yet retain their hypo-
thesis of constant valency, as above stated, break down
under the influence of heat into simpler molecules,

It will thus be seen that there is some foundation for
assuming the existence of molecular compounds as distinet
from atomic compounds. But how does this help us?

Use of the Distinction.—It is plain that atomie com-
pounds are the only ones which we can employ for the
purpose of determining the valenecy of atoms. Thus, the
only chlorine compound of phosphorus that can be em-
ployed for the purpose of determining the valency of
phosphorus is the trichloride. The other compound, PCl,,
the existence of which would seem to indicate that phos-
phorus is quinquivalent as well as trivalent, being accord-
ing to the new hypothesis a molecular compound, is formed
independently of the valency of phosphorus and does not
at all interfere with the acceptance of the view that valency
is a constant property. So, too, in all similar cases.
Nitrogen is really trivalent, but, owing to the formation

", of molecular compounds, it appears oftentimes to be quin-

quivalent. By a generous applicatiou of this hypothesis,
there is no difficulty in accounting for the anomalous cases,
and the hypothesis of valency may still be retained, unless
it can be shown that there are facts, not yet considered,
which do not harmonize with it.

Difficulties met with.—One difficulty immediately pre-
sents itself. Although the examples above given show that
there are compounds which seem to differ from true chemical
compounds to a sufficient extent to justify the assumption
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that they belong to another class of compounds;, still thereare
cases in which there is no ground whatever for making this
assumption, and which, nevertheless, show plainly that one
and the same element may beat one time trivalent, at another
quinquivalent, unlesstheabove assumption be made without
any experimental basis whatever. The compound, POCI,,
for instance, is not decomposed when converted into vapor, |
and we have just as much right to consider it a true chemical
compound as we have to consider the trichloride, PCl,, as

1 1
such. But in the oxychloride, P(Ba‘]s, phosphorus is ap-
parently quinquivalent, while in the trichloride, PCl,, it is
trivalent, Evidently, here the only ground for considering
the oxychloride, POCI,, a molecular compound is the fact
that its existence cannot be explained by the hypothesis of
constant valency, unless indeed we conceive it to be repre-

(018]]
Az

sented by the formula P—CI, assome have done. This is
\O]

dangerous reasoning, and, if we follow it, we shall soon
be in serious difficulties. It was seen above that ammo-
nium salts can be explained only on the supposition that
the nitrogen in them is quinquivalent, unless they are
assumed to be molecular compounds. Plainly, it would
be next to absurd to make this supposition, as they have
all the characteristics of true chemical compounds, and if
it can be assumed that they are only molecular compounds,
in order to suit our purpose, then we are at liberty to make
the same assumption in regard to almost any compound in
the field of chemistry.

Further, the fact that a compound is easily decomposed
by heat or by any other means is very weak evidence in
favor of the view that it is molecular, for, as is well known,
there are many compounds which must be regarded as
true chemical compounds, and which are, nevertheless,
extremely unstable.

Expervments showing that Nitrogen may be both Triva-
lent and Quinquivalent.—A gain, an experiment has been
performed which appears to show that ammonium chloride,
NH,CI, and analogous compounds of nitrogen, are true

atomic compounds. If ammonium chloride, NH,Cl, be a
9
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molecular compound, then, as was explained above, two
forces are concerned in the formation of its molecule.

Ist. A force holding together the nitrogen atom and three
bydrogen atoms forming the molecule NH, ; and the hydro-
gen atom and chlorine atom forming the molecule HCL

2d. A force holding together the molecule NH, and the
molecule HCI.

If these two forces are distinet in character, the result-
ing molecule may be represented by the formula (NH,+
HCI). Suppose now we add together two other mole-
cules, such that, taken together, their constituent atoms
are the same in number and quantity as those contained
in the compound (NH,4HCI). Then the resulting com-
pound ought not to be identical with that obtained in the
former case. If these new molecules are, for instance,
NH,CI and H,, then the compound will be (NH,C14+HH),
and this should not be identical with (N H,4 HCI), although
its composition is exactly the same.

This method of investigation has been applied to the
study of the problem under consideration, not, indeed, with
the molecules employed in the above explanation, but with
others analogous to them. Instead of ammonia, NH,, the
analogous compound, N(CH,),, was taken, and this was
united with ethyl iodide, C,H,I. Thus, a compound was
obtained which, if it be molecular, should be represented
by the formula (N(CH,),+C,H,I). Again, the compound,
N(CH,),C,H,, was taken, and this was united with methyl
iodide, CH,I, yielding a compound which should be repre-
sented by the formula (N(CH,),C,HH4-(CH,)I). Now
these two new compounds ought not to be identical, if
they are molecular and not atomic. On comparing them,
however, they were found to be in every respect identical.

From this experiment it is concluded that the compounds
studied are atomic compounds, and that in them nitrogen
is quinquivalent. Each group (CH,), (C,H,), and the
element, I, being held by the same kind of force, the iden-
tity of the resulting compounds is readily understood.

As was stated in a previous chapter, the compound,
P(Cl, can be converted into vapor under certain circum-
stances, viz., in the presence of the vapor of the trichloride,
PCl. From this it is concluded that the compound, PClg
is a true chemical or atomic compound ; and, hence, !'urther,
that the phosphorus atom contained in it is quinquivalent.
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The Distinction between Atomic and molecular Com-
pounds unnecessary as far as the Hypothesis of Valency
is concerned.—It appears, therefore, that nitrogen and
phosphorus act in some compounds as trivalent, in other
compounds as quinguivalent, elements. If this be ac-
knowledged, however, then there is no necessity for assum-
ing the existence of molecular compounds for the purpose
of explaining anomalies in the valency of elements. [t is
possible that in some of the so-called double compounds,
in which two or more salts appear to be combined with
each other, as well as in the salts containing water of
crystallization, we have examples of true molecular com-
pounds, in the sense in which this expression has been
used in the present article; but it is evident that, as soon
as the possibility of one and the same element being either
univalent or bivalent is admitted, it is no longer necessary
to assume the existence of these molecular compounds. At
present the hypothesis of molecular compounds does not
play an important part in dealing with the phenomena of
valency. It seems not improbable that when the subject
of valency is thoroughly understood it will be found eom-
petent to explain all compounds that are made up of con-
stituents combined in definite proportions.

Saturated and Unsaturaled Compounds.—As soon as
the quinquivalence of nitrogen was established, a new ex-
planation was offered concerning the nature of nitrogen
compounds. Only those compounds in which the nitrogen
is quinquivalent were looked upon as complete. Those
in which the nitrogen is trivalent were looked upon as
incomplete. For the expressions eomplete and incomplete,
the expressions saturated and unsaturated were employed.
The atom of nitrogen having the power to hold in com-
bination five univalent elements or groups is saturated
when all of its powers are employed, as in the compound
NH,CI; it is unsaturated when only a part of its powers
are employed, as in the compound NH, The power of
the nitrogen atom was expressed by saying that it pos-
sesses five affinities or bonds. 1In the saturated compound
all of these affinities are employed, whereas in the unsat-
urated compound only a part of them are employed.

Mazimum Valency and Apparent Valency.— Accord-
ing to the hypothesis of saturated and unsaturated com-
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pounds, then, each element is conceived to have a certain
maximum valency towards each other element. But an
element may not always exert its maximum valency, and
may appear to have a lower valency than the maximum.
The maximum valency of phosphorus towards chlorine is
that shown in the pentachloride. In the trichloride its
apparent valency is three; nevertheless, the phosphorus is
quinquivalent towards chlorine, as is shown by bringing
chlorine in contact with the unsaturated compound, when
it becomes saturated to form the pentachloride. So also
carbon is regarded as quadrivalent towards oxygen, but its
apparent valency in carbon monoxide, CO, is two.

Maximum Valency s dependent upon Conditions.—
As regards the maximum valency of an element no abso-
lute statement can be made. When the statement is made
that phospborus is quinquivalent, the words, at the ordi-
nary temperature, must be added if we are to confine our
statement to what we know. It has already been shown
that at elevated temperatures phosphorus pentachloride is
decomposed into the trichloride and chlorine. Thus it is
clear that at this elevated temperature phosphorus is triva-
lent towards chlorine. So, too, while nitrogen is quinquiv-
alent at the ordinary temperature towards hydrogen and
chlorine together, it becomes trivalent at a higher tempera-
ture. In general, the complexity of compounds becomes
less and less as their temperature is elevated more and
| more; or, in other words, the valency of the elements de-
creases with increase of temperature.

Are all the Bonds of an Element of the same order?
—This question is suggested by the easy decomposition of
such compounds as phosphorus pentachloride, ammonium
chloride, ete., when heated. To account for the facts it
has been assumed that of the five bonds or affinities of the
nitrogen atom and of the phosphorus atom two are weaker
than the other three. Hence, in a saturated nitrogen com-
pound two atoms or groups have been supposed to be held
less firmly in combination than the other three, and they
are given off more readily. The experiment deseribed
above, however, which proved the identity of the com-
pounds [N(CH,),+ C,H,I]and [N(CH,),(C,H,)-} CH,I],
also appears to show that the affinities of the nitrogen
atom are all of the same kind, and hence it cannot be ad-
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mitted that two of the affinities are weaker than the other
three. While, further, phosphorus pentachloride, PCIl, is
readily decomposed by heat, in accordance with the suppo-
sition that two of the affinities of the phosphorus atom are
weaker than the other three, yet, on the other hand, the
compound, POCI,, gives no evidence of this difference of
the affinities. It can also easily be shown that it is not
necessary to assume this difference in order to explain the
decomposition of phosphorus pentachloride, PCIl,, and am-
monium chloride, NH Cl. It may, for instance, be sup-
posed that the five affinities of the nitrogen atom, or the
phosphorus atom, are all exactly equal in power at the
outset. Should three of these affinities, however, become
saturated, it seems possible that the presence of the satu-
rating atoms or groups may influence the power of the
remaining unsaturated affinities in such a way as to make
them weaker than they were at first; or it may be assumed
that in the saturated compound each atom of chlorine is
held by the phosphorus atom with exactly the same force,
but that this force is less than that exerted between the
phosphorus and each atom of chlorine in the trichloride.

It seems rational to suppose that, in phosphorus trichlo-
ride, for example, all three of the chlorine atoms are in-
luenced in exactly the same way by the phosphorus, and
that the whole atom of phosphorus is brought into play.
Further, that under certain circumstances the same power
of the phosphorus may be distributed uniformly among
five chlorine atoms, but that then the compound is less
stable than the simpler one. On heating the less stable
compound it loses two chlorine atoms, and the more stable
one is formed.

Self-saturation of Atoms.—To account for the existence
of unsaturated compounds it has been suggested that two
affinities of the same atom might in some way act upon
each other, causing saturation. The compound in which
such a combination exists is then a complete compound, not
possessing free affinities. In such compounds, however,
the mutual saturation of like affinities can easily be over-
come, and then other atoms can be held in combination.
This explanation appears probable in the light of the fact
that the number of latent affinities in unsaturated com-
pounds is always, with very few exceptions, an even

e
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number, This would necessarily be the case if the above
assumption were true. There are, however, undoubted
exceptions to this rule, among the most marked being
nitric oxide, NO, and tungsten pentachloride, WCl,, tung-
sten having a maximum valeney of six towards chlorine.
On the other hand, phosphorus and nitrogen are trivalent
or quinquivalent, sulphur bivalent, quadrivalent, or sexiv-
alent, the halogens univalent, trivalent, quinquivalent, or
septivalent. Notwithstanding the exceptions, this rule of
change is suggestive and needs explanation.

Single, Double, and Triple Linkage of Atoms of the
same Kind.—Another explanation of apparent variations
in valency applicable to a number of cases is that atoms of
the same kind may partly saturate each other. somewhat
as they are supposed wholly to saturate each other in the
molecules of polyvalent elements. For example, the mole-
cule of oxygen is regarded as made up of two bivalent
atoms, and is represented by the symbol O=0. Here
the atoms are regarded as united by double linkage, a
condition of things which is also believed to exist in such
compounds as the oxides of ecalcium, magnesium, ete.,
Ca=—0, Mg=0. If, however, these atoms be regarded
as united by single linkage as oxygen and hydrogen are
united in water H—O—H, then the double atom of oxy-
gen, instead of being saturated, will itself be bivalent, as
it is supposed to be in hydrogen peroxide H—0O—0—H.
This explanation is commonly accepted for the compounds
of copper and mercury. These elements are bivalent, as
shown by the compounds CuCl,, HgCl, CuO, HgO, ete.
Nevertheless, as is well known, in the so-called euprous and
mercurous compounds they are apparently univalent. Tt
is suggested, however, that in these latter compounds a
condition of things exists like that above referred to as
probably existing in hydrogen peroxide. Ifinthe cuprous
compounds two copper atoms are in combination by one
bond, the double atom is bivalent or the single atom
would appear to be univalent, and the same remark
applies to the mercurous compounds. This view is ex-
pressed in the formulas:—

Cu

Cl—Cu—Cu—Cl, cuprous chloride; | \U, euprous

Cuw”
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He

o

oxide; Cl—Hg—Hg—C1, mercurous chloride; | >U,
Hg

mercurous oxide. :

But just as atoms of the same kind must in many cases
be regarded as held in combination by single linkage, so
too, in many cases, the assumption that atoms of the same
kind are united by double or Ly triple linkage, affords a
simple explanation of variations in valency. Examples
are furnished by the three chlorides of carbon, C,Cl;, C,Cl,,
and C,Cl,, and the three hydrocarbons C,H,, C,H,, and
C,H,. In all these, carbon is regarded as quadrivalent,
but, while in the chloride C,Cl; the carbon atoms are
believed to be united in the simplest way called single
linkage, in the chloride, C,Cl,, they are believed to be
united by double linkage, and in the chloride, C,Cl,, by
triple linkage. These ideas are expressed in the formu-
las—

Cl Cl Cl Cl

01—$—$~01 ; é:é : = —dl!

b Il

If the question be asked what is meant by these double |
and triple lines, it can only be answered that they are
intended to express the idea that in the case of the doubly |
“linked atoms the condition of single linkage is probably
repeated twice, and that in the case of triply linked atoms '
this condition is repeated three times. In regard to the
nature of single linkage itself we have no elear conception.
As regards experimental evidence in favor of these views
it must be acknowledged that there is very little, and that
is furnished by a study of the compounds of earbon. It
will be presented when these compounds are taken up.

It will be noticed that the above method of explaining
apparent variations in the valency of double atoms implies
that these variations take place by pairs. That is to say,
the valency of a double atom may, according to this, be
two, four, six, eight, ete., but such a double atom would
never have a valency of one, three, five, etc. A similar
explanation can be offered for cases in which groups of
atoms have a valency of one, three, five, ete., but cases of
this kind are not known, and the explanation is therefore



104 PRINCIPLES OF THEORETICAT, CHEMISTRY.

superfluous. This change of valency by pairs in the case
of groups of atoms suggests that possibly some similar
cause may operate in the case of the variations in valency
of what we call single atoms. The connection existing
between the properties of the elements and their atomic
weights, which is clearly recognized in the periodic law,
suggests that what we call elements are in reality not ele-
ments, but compounds of the true elements. If this be
true, and probably very few doubt it, then it follows that
what we call atoms are not atoms, but groups of atoms.
The change in the valency may possibly be due to changes
in the relations of the atomicules of which the atoms them-
selves may be made up. It must be acknowledged that at
present there is no evidence in favor of this view. It is
simply an interesting speculation.

Relative Valency.—It will be clear from what has been
said that the variations in valency are not always supposed
to be due to the same cause. That it varies with the tem-
perature cannot be questioned. Why, we do not know.
Arain, that it apparently varies in consequence of the
union of atoms of the same kind in different ways is a
very plausible hypothesis, which satisfactorily explains a
number of cases. The suggestion that some compounds
are saturated and others unsaturated is in itself not an at-
tempt at an explanation, but is merely a restatement of
the faet that demands explanation. There is no well-
established hypothesis to account for those cases in which
the valency of an atom varies with reference to some other
atom, as in the case of phosphorus and chlorine, carbon
and oxygen, etc. The suggestion that atoms consist of
groups of atomicules, if it could be shown to be well
founded, would bring the cases referred to within the ap-
plications of the hypothesis made use of to account for
variations in the valency of groups of atoms. In the
early part of this chapter it was pointed out that the va-
lency of an element varies according to the character of
the elements with which it combines. In other words,
valency is a relative property. The valency of an element
may be constant towards some elements and variable to-
wards others. Thus, the valency of the members of the
chlorine family towards hydrogen and towards most of
the so-called metals is constant, while towards oxygen,
and towards hydrogen and oxygen together, it apparently
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varies between one and seven, The valency of sulphur
towards hydrogen is constant, but towards oxygen, and
towards hydrogen and oxygen, it varies from four to six,
and towards chlorine from two to four.

At present no satisfactory explanation can be offered
for the fact that valency is relative. It is clear that the
hypothesis adopted to account for variations in valeney
towards one and the same element will not explain why
sulphur should be bivalent towards hydrogen and se_sxiva—
lent towards oxygen. It is true a similar hypothesis has
been put forward to explain some cases of apparently
variable valency. Thus, it has been suggested and long
taught that chlorine is univalent towards oxygen as well
as towards hydrogen, and that in the oxides and oxygen
acids of chlorine the atoms of oxygen are ecombined in
what are called chains. Thus, instead of assuming that

chlorine is trivalent in the compound C1,0, or >
: Cl

it was assumed to be univalent and the compound repre-
sented thus, C1—O0—0—O0—CIl. The only reason for this
was that valency was regarded as necessarily constant;
and, as it is unquestionably univalent in hydrochlorie acid,
it must, therefore, be univalent in all other compounds.
In the same way perchloric acid was considered as made
up as represented in the formula Cl—O—0—0—0—H.
The chief objection to this view is that it is founded upon
the hypothesis of constant valency, which is not tenable.
Another objection to it is that, so far as can be determined,
compounds in which oxygen atoms are linked together
are eharacterized by great instability, as is shown in hy-
drogen peroxide, while the chlorates and perchlorates are
relatively stable substances, and the stability of the oxygen
compounds of chlorine is greater the greater the quantity
of oxygen in them. It will also be shown further on that
many compounds of iodine can be understood only on the
supposition that they contain septivalent iodine, and that
all the oxygen acids of the halogens are easily explained
on the supposition that in them the halogens are either
univalent, trivalent, quinquivalent, or septivalent.
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Periodic Variations in Valency.—The valency of the
elements acquires additional interest when examined in
the light of the periodic law. It will be seen that the
valency varies with the position of the elements in the
periodic system. This is shown to some extent in the
tables on pages 83, 84, and 86. Referring to that on
page 83 it appears that from Group I.to Group VIIL
there is a regular increase in the proportion of oxygen
contained in the oxides represented by the formulas—

R,0" R,0;" R0} “R/0,' R0, R0/ RO "R,0
SUIROY PN SRy (RO DY

As has already been pointed out, it is possible that in
some of these oxides oxygen may be linked to oxygen, in
which case the oxygen valency would not be as great as
appears from the formula. Considering, on the other
hand, the regularity of the increase from one end of the
series to the other, the view that this regular increase in
complexity is due to increased valency for oxygen appears
to be the most rational. It may be said in general, then,
that the oxygen valency of the elements increases regularly
from one to eight from Group L. to Group VIII. The
members of Groups I. to IIL. cannot be spoken of as
having any hydrogen valency, or, perhaps better, our
knowledge of the hydrogen compounds of these elements
is g0 imperfect that no definite statement can be made con-
cerning the hydrogen valency. Beginning with Group
I'V. the highest hydrogen valency is exhibited, and from
this to Group VII. there is a regular decrease in the hydro-
gen valency from four to one. Further, the valency of
an element towards hydrogen is constant.

Similar regularities are observed in the chlorine valeney,
which, like the oxygen valency, varies in one and the same
element. The maximum chlorine valency is six, as in the
compound tungsten hexachloride WCI;. There is a regular
increase in the chlorine valeney from one in Group L. to six
in some members of Group V1., and then a falling off when
Group VII. is reached. There are, further, some irregu-
larities presented by the chlorides which need explanation,
as, for example, the easy transformation of tungsten hexa-
chloride into the pentachloride. Another peculiarity met
with among the chlorine compounds is that some of the
members of Group II1I, as, for example, aluminium, form
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chlorides of the formula M,Cl,, according to which they
appear to be quadrivalent, while their position in the
system and the composition of many of their compounds
indicate that they are trivalent. As regards these cases,
however, it has been suggested that in them the chlorine
may be the linking element. If it be assumed that a
double chlorine atom (Cl,) can take the place of one
oxygen atom, then not only the compounds, like Al CI,
but-all the so-called double chlorides can be easily ex-
plained. This view has been fully discussed in articles
by the author of this book.*

The hydroxides can all be explained most readily by
assuming that the valency of the elements towards oxygen
and hydroxyl (OH) increases regularly from one to seven
from Group I. to Group VII. It will be shown further
upon what grounds the hydroxides are regarded as con-
taining the univalent group hydroxyl (—O—H). The
univalent metals form hydroxides of the general formula
M(OH), the bivalent metals form hydroxides of the general
formula M(OH),, etc. Now, if the table of hydroxides
on p. 81 be examined, it will be seen that up to Group IV.
there is a regular increase in the number of hydroxyl
groups held in combination. The hydroxides of Group
I'V. show a marked tendency to give up the elements of
water, and thus to form compounds with a smaller num-
ber of hydroxyls. Thus the hydroxide of carbon corres-
ponding to the maximum oxygen valency would have the
formula C(OH),; but this compound cannot exist. It
loses water and passes back to the form CO(OH),, and
even this is extremely unstable, breaking down at the
slightest elevation of temperature into water and earbon
dioxide. The maximum hydroxide of silicon ean be pre-
pared, but it changes to the acid SiO(OH),, and this fur-
ther to Si0,, though these changes take place much less
readily than in the case of carbon. The simplest interpre-
tation of the changes referred to is that the valency of the
elements is not changed. Representing the maximum

* Bee American Chemical Journal, Vols. XI., XIV.
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OH DH
hydroxide of silicon by Si < OH or 51{ , the sim-
OH \OH
OH OH
plest view is that, when it loses a molecule of water, it
/0
becomes Si—O—IH, in which the silicon is still quadriva-
NO—H

lent. In the same way the maximum hydroxides of
Group V. would have the formula M(OH),, but these do
not exist. They lose water and form compounds of the
general formulas MO(OH), or MO .(OH), as, for example,
phosphorie acid, PU(DH)S and nitric acid WOE(DH}
But, just as the oxygen valency of the members is variable,
be:ng in some compounds three and in others five, so, too,
the hydroxyl valency varies. There are c-::-mp-::-uudh for
example, derived from the hydroxides M(OH),. Phos-
phorous acid appears to be the phosphmus compound of
this formula ; and nitrous acid is derived from the hy-
droxide ‘\T(OH) by loss of water, much in the same way
that nitric acid is d-::rwed from the h}f-:flmxlde N(OH), It
is accordingly represented by the formula NO(OH).

In Group VII. the maximum hydroxides have the
general formula M(OH),, but these generally break down
by the loss of two molecules of water, forming compounds
MO,(OH),, of which sulphuric acid SO,(OH), and chro-
micacid CrO,(OH), are examples. In these compounds the
sulphur and chromium are regarded as semvulent and this

(}-—-H 0—H
view is thus expressed : >\ and \\\\Gr<
07 NO—H 0_H

Sulphurous acid and similar acids are regarded as derived in
the same way from quadrivalent hydroxides M(OH),. Thus
sulphurous acid is represented hj.r the formula E'JU(U‘H}2
In Group VII., finally, the maximum hydroxides have
the formula M(OH}.‘,, but these generally break down to
////0
292

\\
N

the form MO, (OH) or M— . examples are perchlo-
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ric and periodic acids. Other compounds are deriv;ed from
the hydroxides M(OH),, M(OH),, and M(OH). The first
two, like the hydroxide M(OH),, break down to a hy-
droxide containing but one hydroxyl. Examples are
chloric acid ClO,(OH) and chlorous acid ClO(OH).
Thus it will be observed that the maximum hydroxides of
the members of Groups V., VL., and VII. do not exist, or
are very unstable compounds, but that they break down
by loss of water generally forming compounds in which
the number of hydroxyl groups corresponds to the hydrogen
valency of the members of the group.

Finally, the valency of an element is greater towards
similar elements than towards those of a different kind.
This is shown most strikingly in the case of the members
of Group VII. Towards oxygen, which they resemble
in many respects, their valency is high; towards hydro-
gen and the alkali metals the valency is low. The same
is true, though in a less marked way, of the members of
Groups VI. and V., while the members of Group IV.
have the same valency towards hydrogen, oxygen, and
chlorine.

Classification of the Elements with Reference to their
Valency.—As the valency of the elements varies in many
cases both towards one and the same element, and towards
different elements, it is plain that any attempt to classify
the elements according to the valency, except in some
very broad way, must be unsuccessful. Nor is there much,
if any, value in such attempts at present. We must first
lJearn more about the laws governing the variations, and
we shall aequire the desired knowledge not by assuming
that because an element has a certain valency in one com-
pound it must therefore have it in all others, and then
turning and twisting all the facts so as to avoid giving up
this unwarranted assumption; but by determining inde-
pendently in as many cases as possible what valency the
elements actually exhibit, and then seeing what general
conclusions can be drawn.

Application of the Views concerning Valency to the
Study of Chemical Compounds.—Up to the present the
chief value of the views concerning valency has been in
connection with the study of the constitution of the com-
pounds of carbon, and particularly for the purpose of
expressing the relations between carbon, oxygen, and hy-

10
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CHAPUER VETE
CONSTITUTION OR STRUCTURE OF CHEMICAL COMPOUNDS.

DEFINITION OF CONSTITUTION, ETC.

Definition, etc.—If all chemical compounds could be
converted into vapor without suffering decomposition, and
the truth of Avogadro’s hypothesis could be established
bheyond reasonable doubt, it would be possible to determine
the molecular formulas of these compounds. The steps
involved in determining the formula of a compound are
these :—

1. The compound must be analyzed; the percentages
of its constituents must be determined. This involves no
hypothesis. If, in expressing the results of the analysis,
we say the compound contains a certain percentage of
carbon, a certain percentage of oxygen, and a certain
percentage of hydrogen, we simply state facts.

2. If, however, we express the results by a chemical
formula we then make use of some hypothesis. At the
present day the hypotheses involved in the simplest chem-
ical formulas, such as HCI, H,0, H,N, ete, are (1) the
atomic hypothesis, and (2) Avogadro’s hypothesis. In
writing these formulas we mean to express the composi-
tion of a molecule of each compound. In many cases the
molecular weight cannot be determined. Thus, take
sodium sulphate. We write the formula Na,SO, for the
compound, but we have no means of judging whether this
formula expresses the true molecular weight of the com-
pound or not. It expresses the percentage composition,
and, if we accept the atomic weights as determined by
the rules of Avogadro and of Dulong and Petit, the
formula given is the simplest one possible. This is the
only reason for adopting it. As far as experimental
evidence is concerned, the formulas Na,S,0, or Na S.0,,
are fully as su,tlc,f'artmy, and, indeed, “ there are some
facts known which scem to indicate that these more
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complex formulas are really nearer the truth than the
simple one now in use, This, however, is not a matter of
much importance in the present stage of chemistry. For
most purposes the formula Na,SO, is quite satisfactory.

The formulas which simply express the percentage com-
position of molecules are commonly called empirical for-
mulas. Can anything else be fairly represented by a
chemical formula? It will be observed that the empirical
formulas have nothing whatever to do with the conduct of
the compounds they represent. On studying the action of
chemical compounds upon one another we gain a mass of
knowledge which it is very desirable to express in a con-
cise form. We find that certain compounds resemble one
another very closely in their conduct, though they may
differ markedly in composition ; we learn that the presence
of certain constituents in a compound causes it to act in a
particular way ; we learn that, although the number of
compounds is unlimited, the number of classes of com-
pounds is comparatively small, ete. ete. If formulas can
be devised which will aid us in expressing intelligibly the
results of investigation, they must be of value.

From the earliest periods of chemistry formulas of this
kind have been used. Without going back to the begin-
ning it will be instructive to recall the general character
of these formulas from the time of Lavoisier.

This chemist, as is well known, paid particular attention
to the phenomena of combustion. He regarded all com-
pounds as made up of a combustible and incombustible
part. In his formulas he separated these two parts.

When the electro-chemieal theory held sway every com-
pound was supposed to consist of an electro-positive and
an electro-negative constituent. Hence, every formula
consisted of two parts. To determine the formula accord-
ing to this theory, a compound was subjected to the de-
composing influence of the electric current. It was thus
separated into two parts, and these parts were written
separately in the formula. The old formulas for salts,
such as Na0.80,, KO.NO,, etc., which we see even at
the present day, particularly in works on mineralogy and
analytical chemistry, have come down to us from the
period of the electro-chemical theory. They involve
more speculation than the formulas now in use, and that,
too, of a kind which has been shown to be unfounded.
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The next idea which we find playing an important part
in the construetion of chemical formulas is that used by
Liebig. This chemist, and many others after him, effected
the decomposition of compounds and noticed what pro-
ducts were obtained. In writing the formula of the ori-
ginal compound, they indicated in it the presence of the
products they had obtained from it.

After this came the idea of types, which was developed
by Dumas and became known as the “ theory of types.”
According to this “ theory” all chemical compounds may
be referred to a few fundamental compounds or types.
All compounds belonging to the same type are constructed
on the same plan. The types which have been proposed
up to the present time are:—

1. I1. II1. 1V.
HCI, H,0, H,N, H,C.
Hydrochlorie Acid. Water. Ammonia. Marsh-Gas.

There is something distinctive in each of these com-
pounds, and the traits which characterize it are met with
in the compounds belonging to the same type. On attempt-
ing to make use of the type theory for the purpose of
classifying compounds serious difficulties are met with,
mainly for the reason that many eempounds belong, not
to one type, but to several.

The introduction of the idea of * mixed types’ did much
to overcome these difficulties, but still, without extension,
the idea of types could not furnish a sufficient basis for
formulas which should express the principal facts known
regarding chemical compounds. The “theory’ was, how-
ever, of great importance, as it furnished a rational means
of elassifying chemical compounds, and directed attention
to fundamental differences between the elements.

An examination of the types shows that the elements
chlorine, oxygen, nitrogen, and carbon differ from one
another in their power of holding hydrogen in combina-
tion, and leads to the conclusion that the reason for the
existence of these types must be looked for in the nature
of the elements of which they are composed. This brings
us at once to the valency hypothesis, which has already
been discussed. At the present time chemical formulas
are based upon the atomic hypothesis, the hypothesis of
Avogadro, and the valency hypothesis. As there is a

10%*
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great deal of misunderstanding in regard to these formu-
las, ag by some they are overvalued, and by others under-
valued, a brief statement concerning their exact signifi-
cance is desirable.

I't cannot be denied that we are now in a period of chem-
istry which may fairly be called one of formula worship.
More value is sometimes attached to a formula than to
that which it is intended to represent. In consequence of
this it has happened that a large number of chemists have
regarded the determination of a formula for a compound
as the great object to be accomplished, and they have for-
gotten that what we ought to know, and what is of vastly
greater importance for the science, is the chemical eonduct
of the compound. If, knowing this, we can represent it
by means of a formula, not only are we justified in doing
g0, but the formula becomes an efficient aid in dealing with
the compound. Formulas have been proposed for nearly
all compounds known. Some of these, indeed many of
them, are valuable, but many are not. Before consider-
ing the means at our command for deciding whether a
formula is valuable or not, a few words in regard to the
general methods in use for determining formulas will be
necessary.

A fter the empirieal formula, as above defined, has been
determined, the next thing to be done is to study the com-
pound in every possible way, both by chemical and
physical methods, We must learn exactly how it con-
ducts itself under all eircumstances which we can control.
When this study is finished we shall have in our possession
a mass of facts, We shall know much more than the com-
position, and we ought to be able to express much more
than the composition by our formula. It is, however, by
no means necessary that these facts should be expressed in
the formula, any more than it is necessary that the compo-
gition should be expressed in a formula. Now, how can
we express anything in regard to the conduct of a com-
pound by means of a formula ¥ As a simple example, acetic
acid may be taken. The empirical formula is easily found
to be 0,H,0,. We find that exactly one-fourth of the hy-
drogen contained in the compound can eagily be replaced
by metele Thus, with potassium hydroxide or earbonate
we get C,H,0.K. We cannot replace any more of the
hydrogen b:, metals, so that we are justified in concluding
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that one of the four parts of hydrogen, represented in the
empirical formula, differs from the other three. We may,
hence, write the formula C,H,0,H, which expresses the
difference found by experlmeut

Further, when acetic acid is treated with phosphorus
trichloride, it is converted into a compound of the formula
C,H,0.C1; thatis, the acid loses one atom of hydrogen and
one atom i]f oxygen, and takes up in place of them one atom
of chlorine. When the chlorine compound is treated with
water, acetic acid is regenerated, and hydrochloric acid is
formed :—

0,H,0.01 4 H,0 — C,H,0, H + HOL

This reaction makes it appear probable that, in acetic acid,
one of the oxygen atoms is intimately associated with a
hydrogen atom. The two leave the acid together, and
enter it together. We may express this fact by the for-
mula C,H,0.0H. The chlorine compound, formed by
treatment with phosphorus trichloride, contains no hydro-
gen replaceable by metals, so that it appears extremely
probable that the hvdmgeu which is represented by itself
in the formula C,H,0,H, is the same as that represented
as associated with oxygen in the formula C,H,0.0H. In
a similar way it can be shown that the second oxXygen is
probably associated with carbon in the same way as it
is in carbon monoxide. We, hence, write C0.CH,.OH.
This formula expresses the result of reactions st-udied, and
it may, hence, be called a reaction formula. We can sup-
plement the knowledge gained by the reactions above re-
ferred to by making acetic acid from simpler substances,
that is, by the process of synthesis. Thus, for example,
we may start with marsh-gas, CH,, and earbonyl chloride,
COCI,. These substances, or similar substances, act upon
each other as represented thus:—

CH, 4 C00l, — CH, COC] - HOL

If the product CH,.COCI is found to be identical with
that above mentioned as resulting from the aection of phos-
phorus trichloride on acetic acid, and which was repre-
sented by the formula C,H,0O. GI then, taking into con-
sideration the facts above menlmned we are led to the for-
mula CH, CO.OH for acetic acid. This formula, as far as
it is based upon the synthesis of acetic acid, may be called
a synthesis formula.
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The reaction formula and the synthesis formula go
hand in hand. Both express facts established, and are of
value in enabling us to deal with the facts. Most of that,
which is of value in the formulas in common use, is inde-
pendent of the hypothesis of valency. The formulas of
acetic acid above given have nothing to do with this hypo-
thesis, and if now we bring in the hypothesis to aid us, it
is, at least, questionable whether we gain anything. All
we can accomplish by means of it is to account for the
employment of the hypothetical affinities or bonds of the
elements. We must start with the assumption that earbon
is quadrivalent, oxygen bivalent, and hydrogen univalent,
and then bearing in mind the reactions above described,
we may arrange the formula CH,.CO.OH in such a way
as to satisfy the bonds. We produce thus a formula like

H O

this, H—C—(C—O—H, which is a fair representative of

i

what are known as constitutional or structural formulas.

By a constitutional or structural formula, then, we mean
one which expresses: 1st. The decompositions of the com-
pound ; 2d. The syntheses of the compound; and 3d. The
relations existing between the atoms of the compound, in
terms of the valency hypothesis.

It must be distinctly stated that we cannot use the
valency hypothesis, except to supplement the reaction and
synthesis formulas. We are not justified in going beyond
the facts established. Here lies the danger in the use of
structural formulas. Their wholesale use to express some-
thing about which we know absolutely nothing has tended
to bring them into disrepute, but this fact should not cause
their entire rejection, for they are undoubtedly of the
highest value when rightly used.

In the following parts of this book, the attempt will be
made to show upon what basis the structural formulas of
the principal chemical compounds rest. In using the for-
mulas the student should accustom himself to ask in every
case exactly what is meant. Above all things, he should
not be satisfied because all the hypothetical bonds are
satisfied.
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Linkage of Atoms.—It was stated above that *‘ most of
that which is of value in the formulas in common use 18
independent of the hypothesis of valency.” Thereis, how-
ever, an hypothesis underlying the conception of valency,
which is necessarily involved in all our structural formu-
las, and that is the hypothesis of the linkage of atoms.

It is plain that, considering any complex compound, say,
acetic acid, C,H,0,, there are, at least, two views possible
in regard to the relations of the constituents. Either these
constituents, or, to speak in terms of the atomic hypothesis,
these atoms, are all united, each one with every other one,
or they are not all united thus. We have excellent rea-
sons for believing that the latter is the correct view; that
the atoms are united or linked together in forms which
may be called chains with branches. We are forced to
this view by an overwhelming array of facts, prominent
among which is the existence of the so-called homologous
series. The relations between the members of these series
find their simplest explanation in the assumption that the
carbon atoms are linked together.

We bave the series, CH,, C,H,, C,H, CH,, etec., the
members of which very closely resemble one another.
The second member, C,H, may be made from the first,
by introducing chlorine into it, the produet CH,C1 being
formed. Now, if, under proper circumstances, this sub-
stance be freated with sodium, the chlorine is extracted,
and the substance C H, is formed. The simplest explana-
tion of these reactions is this: The earbon atom in methane,
CH,, holds the four hydrogen atoms, and can do nothing
more, Chlorine cannot be added to this compound, but it
can drive out hydrogen, and oceupy the place thus made
vacant. Now, if the chlorine be removed, union may he
effected between two carbon atoms, and according to this,
the resulting compound must be represented by the for-
mula H,C—CH,, which indicates that the earbon atoms
are linked together, and that the hydrogen atoms are in
combination with the carbon atoms. It may safely be said
that all the facts known to us speak for the correctness of
this view.

To be sure, the hypothesis of valency is also involved in
this explanation, but the main point to be noticed here is,
that we are led to the conclusion that the atoms are linked
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together, that there is some definite arrangement between
them.

Having been led to this view, the problem presents itself
in the case of every compound to determine how the atoms
are linked together. If we can do this we can determine
the constitution of the ecompound, and, if the determina-
tion is properly made, the result is almost entirely inde-
pendent of the hypothesis of valency. As already pointed
out, we can determine these relations only by means of
experiment. The determination is never absolute. All
that we can say is, that the compound condnets itself as ¢f
hydrogen and oxygen were united, or as if two carbon
atoms were linked together, and we then make use of a
formula to recall this to mind. Sueh relations, established
by actual experiment, are about all we can express in the
formula, and, if we then go beyond them, and distribute
the “bonds” so that all are satisfied, we are dealing with
pure hypothesis, and are not gaining any additional in-
sicht into the nature of the compound.

If the question be asked, What is the meaning of the
expression ‘‘linkage of atoms?’” the only answer that can
be properly given is, that it is simply a convenient phrase
to indieate the condition which we believe to exist between
the smallest parts of all chemical compounds. As to ifs
character we know absolutely nothing. If we could tell
exactly what relation the smallest particle of chlorine bears
to that of hydrogen in hydrochloric acid, we could tell
what is meant by “linkage of atoms.” All that we know
is that the chlorine and hydrogen do act upon each other
in some wonderful way, that they both disappear as such,
and that we get something in which both are present.
We believe that the act of union takes place between the
atoms of the elements, and we represent the compound by
the formula HCI, or H.Cl, or H—CIl. It is not at all
probable that a firm union exists between the two parts
in such a way as to render the parts of the molecule im-
movable with reference to each other. Much more likely
is it that, after the union, the atoms perform some kind of
motion with reference to each other, according to the laws
of atomic motion yet to be discovered. For our present
purpose it is sufficient to know that, in whatever manner
the union takes place, the chemical activity of the atoms
is differently oceupied in consegquence.
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In writing a structural formula, we do not commit our-
selves in regard to the character of the union between the
parts, nor, generally, in regard to the position of the parts in
space. All that we can attempt to do at present is to indicate
the probable relation between the parts. Thus, by the for-
mula, H,C—C—N, we mean that the reactions and
methods of formation of the compound represented lead
to the coneclusion that the two carbon atoms are closely
related or linked together, while the three hydrogen atoms
are linked to one of the carbon atoms and the nitrogen to
the other. The reactions of the substance and the methods
of formation lead us to believe that these relations exist in
it. If we go farther and represent the substance by the
formula H,C—C=—N, we are then simply applying the
hypothesis of valency, and we gain little if anything.
We know practically nothing about the relation existing
between the carbon and nitrogen, though the above for-
mula seems to indicate that the relation is a firmer one
than that expressed by the simple line as C—N.

The formulas in use for the various classes of compounds
known to us will now be considered, more particularly with
the object of showing the connection existing between the
facts and the formulas. After the classes have been dis-
cussed, the prineipal compounds of each class will be taken
up and treated in a similar manner. In this section the
proofs made use of will be entirely of a chemical character.
In a subsequent section the question of the relations be-
tween physical properties and constitution will be briefly
discussed.
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CHAPTER IX.
CONSTITUTION OF CLASSES OF COMPOUNDS.

CrEMICAL compounds may be most conveniently classi-
fied according to their chemical properties. No system of
classification which has been proposed up to the present
can, in any sense, be called perfect, and yet the system in
common use 1s convenient, and has a fair foundaticn of
facts.

The compound which has the formula HCI, hydro-
chloric acid, and the compound which has the formula
KOH, potassium hydroxide, differ very markedly from
each other. The former has a taste which we call sour,
the latter has the taste of lye, or an alkaline taste. The
former will turn the color of many organic substances,
while the latter will undo the work done by the former,
restoring the original color. In whatever way we may
consider these two compounds, we shall find that they
have opposite or complementary properties. They are
both chemically active substances, capable of producing
marked changes in large numbers of other compounds.
If they are brought together they neutralize each other ;
that is to say, they destroy each other’s characteristic
properties, and give rise to the formation of a new com-
pound, differing entirely from the two. The two com-
pounds, hydrochloric acid, HCI, and potassium hydroxide,
KOH, are representatives of two great classes of com-
pounds known as acids and bases. Many of the members
of these two classes possess just as marked properties as
do the two which have been mentioned, and for these the
classification into acids and bases is rational and simple.
But there are, further, some compounds which appear to
possess the characteristics of both classes to a certain ex-
tent, and of neither class very markedly. They act like
acids towards some bases, and like bases towards some
acids. The way they aet depends upon the character of
the substances with which they are brought in contact.
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Acids.—The properties which characterize acids are the
following :—

1. They have an acid or sour taste.

9. They change blue litmus red.

3. They act upon metals, hydrogen being evolved, ifs
place being taken by the metals, as, for instance :—

2HCI + Zn =  ZnCl . < 2H
Hydrochloric acid. Zine chloride.
S0 e N Mg O
Sulphuric acid. Manganese sulphate.

4. They act upon metallic hydroxides, forming neutral
substances and water as follows :—

HCI 4+ XOH = KCl + HO
Hydrochlorie Potassium Potassinm
acid. hydroxide. chloride.

HNO, 4+ NaOH — NaNO, + H,0
Nitric acid. Sodinm hydroxide. Sodium nitrate.
H, S0, + UH(UH]E = CE.LSU# + 2H,0.

Sulphuric acid. Calecium hydroxide, Caleium sulphate.

Hydrogen Acids.—All acids contain hydrogen. They
may consist of hydrogen and only one other element, or
of hydrogen and a group of other elements of greater or
less complexity. The constitution of those acids which
consist of hydrogen and only one other element is, of
course, very simple and readily understood. There are
but few examples of this kind, among which are hydro-
chlorie acid, HCI, hydrobromic acid, HBr, sulphydric acid,
H,S, ete. According to our conceptions of the nature of
chemical constitution, compounds of the above formulas
can have only one constitution.

I't is a noticeable fact that acids of this first and simplest
class never contain more than two atoms of hydrogen in
the molecule, or that no element with a higher hydrogen
valency than two forms these simple acids.

Hydroxyl Acids.—By far the greater number of acids
belong to the second class mentioned. 'They consist of
hydrogen and a group of greater or less complexity, as,
for instance, H(NO,), nitrie acid; H(ClO,), chloric acid ;
H,(S0,), sulphuric acid, etc. In most acids of this kind,
oxygen is one of the constituents of the group, with which
the hydrogen is combined.

11
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The hydrogen in these compounds is the changeable con-
stituent. It is readily given up, and metals and groups
are taken upin its place. The first question that suggests
itself, in considering the constitution of acids, is this: In
what manner is the hydrogen in them held in combina-
tion? It is believed that investigations, thus far made,
justify the answer that the hydrogen in these acids is
almost always in combination with oxygen, and, in a very
few cases, with that element which is so similar to oxygen,
viz., sulphur. The proofs for this statement cannot always
he given. In the cases of many acids there exist no inde-
pendent proofs that, in these, the hydrogen is combined
with oxygen. On the other hand, there are so many acids
in which it can be satisfactorily shown that the hydrogen
is thus combined that the above answer seems to be justi-
fied. We accordingly write the formulas of acids in such
a way as to indicate the fact of union between oxygen and
hydrogen thus:—

(HO)NO, (HO)CI0, (HO0),S0,
Nitric acid. Chlorie acid. Sulphuric acid.
Or, these same formulas may be made still more definite
by writing them as follows :—
H—O.
H—0=— Nl 0=—0l0} }so,.
H—0

Ezperimental Evidence.—Under certain circumstances,
an atom of oxygen and an atom of hydrogen can be re-
moved from an acid containing oxygen, and one atom of
chlorine introduced in the place oceupied by the displaced
atoms. Now, the simplest conclusion we can draw is that
the oxygen and hydrogen were present in the compound
as a univalent group, viz., as bydroxyl or —O—H.

Thus,

OH

S0, yields the compounds
NOoH
%) ol
so( and SO,<
\OH ol

Sulphuryl oxichloride. Sulphuryl chloride.
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Cl
OH >
PO—OH yields PO—CI |
N0l ¢l

Phosphoric acid. Phosphorus oxichloride.

C,H,0(0H) yields C,H,0—Cl, ete.
Acetic acid. ‘Acetyl chlorida,
Another reaction, which shows plainly that in these acids
hydrogen is intimately associated with oxygen, is that by
which the group NH, is introduced into them in the place
of an atom of oxygen and an atom of hydrogen. The fact
that the elements, oxygen and hydrogen, ave displaced
together indicates a connection between them in the com-

pound.
We have the following instances:
C,H,O(OH) yields C,H,O(NH,)
Acetie acid, Acetamide.
C,H,0(0H) yields C,H.O(NH,)
Benzoic acid. Benzamide.

These, with other general reactions, furnish the experi-
mental evidence in favor of the statements above made,
that, in most of those acids which contain oxygen, the
characteristic hydrogen is in combination with oxygen
in the form of hydroxyl (OH). In some few cases, as
already mentioned, the oxygen is replaced by sulphur.

Further Experiments necessary in most Cases.—If we
accept the statement that hydroxyl is present in oxygen
acids, we are prepared to take another step. This hydroxyl
may be in combination with only one element or with a
group of elements. Ifitis in combination with only one
element, the constitution of the resulting acid is easily
understood. For instance, in the compound CIOH, hypo-
chlorous acid, only one method of combination suggests
itself, viz., C—O—H. There are very few examples of
this kind.

In those acids in which the hydroxyl is in combination
with a group, the constitution is determined when, in addi-
tion to showing the presence of hydroxyl, the special con-
stitution of the group itself is determined.

In sulphuric acid, for instance, after having determined
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the presence of two hydroxyl groups, we have the formula

OH
50,¢
Notr
constitution of the acid. It remains to be shown in what
manner the atoms are combined in the group S0, and also,
with what atoms the h\?dmx}rl groups are ‘combined.
Under the assumption that in sulphuric acid sulphur is

sexivalent, and oxygen bivalent, the constitution of the
acid is expresscd by the formula,

5/
0/ \0 H

Sulphur Acids.—It has been mentioned that, in some
acids, sulphur plays the part which oxygen plays in the
hydroxyl acids. In these we have the univalent group
(SH). The grounds for assuming the presence of this
group in a compound are similar to those which lead to
the assumption that the group (OH) is present. The two
atoms S and H can both be removed from the compound
and be replaced by one univalent atom, as ehlorine ; and,
further, there is a general tendency on the part of these
two e]cments sulphur and hydrogen, to leave the com-
pound tﬂgether Examples of acids of this kind are

but this formula only partially expresses the

/SH
S0, and CN(SH).
Non
Thiosulphuric acid. Bulphocyanic acid.

The compounds formed when the sulphides of fin,
arsenic and antimony are dissolved in sulphides of the
alkalies are in all probability salts of sulphur acids. There
are, for example, the salts,

K,SnS,, Na,AsS,, Na,Shs,.
These are salts of acids of the formulas :—
H,SnS,, H,AsS,, H,ShS,.

These salts and acids are clearly analogous to the better
known oxygen compounds:—

K,Sn0O,, Na,AsO,, Na,SbO,,
H,Sn0O,, H,AsO,, H,SbO,.
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And probably they have a similar constitution, ex-
pressed by the formulas:—

H—S HE SN H—8\
e N S B T
Hoc A H-8

Nitrogen Acids.— Some compounds of carbon that
owe their acid properties to the presence in them of hy-
drogen in combination with nitrogen have long been
known. Such, for example, are the so-called acid im-
ides, as succinimide, which, as will be shown further

GHQ—CU\
on, has the constitution, | /NH, phthalimide,
CH—CO o
CcO
GEH‘/ \NH, benzoic sulphinide, CEH,< \NH,
oo/ 50,7

etc. Then there are some other similar compounds con-
taining the group NH, which also have acid properties,
CH,.CO CH,.CO
\NH. >
0H.807 CH,CO
it may be said that when two of the hydrogen atoms of
ammonia are replaced by acid residues, the remaining hy-
drogen atom has acid properties, or the compound thus
formed is an acid.
In the compound azoimide, or hydrazoic acid, HN_, we
have the most remarkable example of the acid character

of the group NH. The evidence all goes to show that
the structure of this compound is that represented by the

N
1 SNH.
N

Finally, in one form of cyanic acid it is probable
that this imide group is present, as represented thus:
O=C=N—H; and some facts point clearly to the con-
clusion that this group is also present in hydrocyanic acid,
as shown thus: C=N—H.

Double Hulogen Acids.—Many salts are known that
are derived from complex acids containing the halogens,
fluorine, chlorine, bromine, and iodine. Such, for example,
are the salts potassium chloroplatinate, K,PtCl,, potassium
fluosilicate, K SiF,, sodium chloraurate, NaAuCl,, potas-

11%

such as, NH, ete. In general,

formula
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sium chlorstannate, K,SnCl, ete. These salts are com-
monly called double salts, and no attempt made to explain
them. A careful examination has shown that they are
analogous to the oxygen and sulphur salts in composi-
tion, and in mode of formation, and it seems probable
that they are analogous to these better-known salts also
in structure. This view necessitates the assumption that
a double halogen atom, as Cl, Br,, ete., acts as a bivalent
group, playing the same part as oxygen in the double
halogen salts. The only objection to this view is that it
is based in the polyvalency of the halogen atoms. This
objection does not appear to have much weight in view
of the fact that the polyvalency of the halogens towards
oxygen is now generally accepted. The analogy between
the oxygen, the sulphur, and the double halogen com-
pounds is represented in the table given below :—

K,Sn0, K,SnS, K.SnCl,
K,PtO, —— K,PtClI,
KAlO, — KAICI,
K,As0, K AsS, K,AsClI,
K,SiO, — K,SiF,

As regards the structure of the double halogen atom it
seems probable that it is made up thus, —Cl=Cl—, the
halogen being trivalent. This is made the more probable
by the fact that there are some salts which cannot be
explained by the simple assumption represented thus,
—(1—Cl—, whereas they can be explained by the other
form. The structural formula of a single double halogen
salt will show how the others are to be represented if the
hypothesis above, briefly presented, be true. The analogy
between the oxygen, sulphur, and double halogen salts is
shown by the following formulas :— '

0—K S—K Cl,—K
0=Sn< ; S:Sn/ , {]]!:Sn< 2 N
0—K Ngx 0, —K
Cl Cl=Cl—K
or the last may be written thus, \Sn/

¢ \0l=0l—K
It should be added that several of the double halogens
acids are known in the free state as chlorplatinie acid,
H,PLC1,, chlorauric acid, HAuCl,, ete.
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Classification of Acids.—It will be seen that different
acids contain different numbers of hydroxyl or other
similar groups in their molecules. An acid which con-
tains only one such group in its molecule has, of course,
only one acid hydrogen atom. It is called a monobasic
acid. An acid which contains two such groups in its
molecule is a dibasic acid. We have, further, {ribasic,
tetrabasic acids, ete.

The same distinetions are possible among those acids
which consist of hydrogen combined only with an ele-
ment, and consequently do not contain hydroxyl; but as
of these latter acids we have none which confains more
than two atoms of hydrogen in the moleclule, so we have
among them only monobasic and diabasic acids.

Examples :—

Monobasic acids. Diabasic acids.
HCI, hydrochlorie acid. OH
NO,(OH), nitric acid. 80,¢" , sulphuric acid.
CI(OH), hypochlorous acid. NOH
/DII
CEUE\ , oxalie acid.
OH
Tribasic acids, Tetrabasic acids.
OH P,0,(OH),, pyrophosphoric
PO—OIM , phosphoric acid. aeld.
NoH
OH
AsO—OH , arsenic acid.
NOH

Bases.—Bases have properties which may, in general,
be said to be the opposite of those of acids. They all con-
tain oxygen and hydrogen, and these elements are combined
as hydroxyl, as may be shown in the same way that it was
shown for acids. The most striking characteristic of bases
is their power to act upon acids, forming neutral substances
and water, as is expressed in the following equations :—

KOH 4 HNO, = KNO, 4+ H0;

Potassi um Nitric Potassium
hydroxide, acid, nitrate,
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Ca(OH), + H,80, — 0af0, + 2H:
Caleium ‘Bulphurm Caleinm
hydroxide. acid, sulphate.

Almost all bases consist of a metal combined with
hydroxyl. A few appear to consist of a group of atoms
combined with hydroxyl.

According to the valency of the metals with which the
hydroxyl is combined, there are bases with one, two, three,
ete., hydroxyl groups in the molecule. Examplea of these
ave the following :—

K(OH), potassium hydroxide, Al(OH)y, aluminium hydroxide,
Na{UH sodinm hydroxide, Cr(0OH )y, chrominm hydroxide.
L“-{D][}21 caleium hydroxide, Ti((JH}),, titanium hydroxide.
Ba(OH),, barium hydroxide, Zr(0OH)y, zirconium hydroxide.

Differences between Acids and Bases.—The difference
between acids and bases is dependent upon the nature of
the elements or groups with which the hydroxyl is com-
bined. The hydroxyl compounds of those elements which
have a markedly metallic character are bases. The hy-
droxyl compounds of those elements which have a markedly
non-metallic character are acids. The hydroxyl compounds
of those elements which are neither markedly metallic nor
non-metallic sometimes act as acids and sometimes as bases.
Thus the compound SbhO(OH), antimony hydroxide, is a
weak base and a weak acid, exhibiting one class of proper-
ties or the other, according to the nature of the compound
with which it is brought in contact.

Further, a compound consisting of a metal in combina-
tion with hy{lrngeu and oxygen, and which has basic pro-
perties, may acquire basic prupertles by an increase in the
propﬂrtmn of oxygen in it. This is illustrated by alu-
minium hydroxide, Al(OH), which is basic, but which
acquires acid properties by loss of water. It is thus
transformed into the compound A1O(OH), in which the
proportion of oxygen relatively to hydrogen is greater
than in the basic hydroxide. So, too, while the hydroxide
of the formula Fe(OH), is basic, the compound FeO,(OH),
is acid. A similar fact will be discussed when the carbon
compounds are presented. It will then be seen that com-
pounds in which the group H,C—O—H is present are
basie, but that if the proportion of oxygen in the group
be increased by the introduction of oxygen in place of the
hydrogen the substances thus formed are acid. They con-
tain the group OC—0O—H.
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Complex Bases.—As above stated, there are a few hases
which appear to consist of hydroxyl combined with a group
of atoms. Such, for instance, are

BiO(O1I) UO,(OH), TiO(OH),
Bismuthyl hydroxide. Uranyl hydroxide. Titanyl hydroxide.

These formulas are based upon the assumption that if
one molecule of a base has the power to neutralize one
molecule of a monobasic acid, it must contain one hydroxyl
group; if it can neuatralize two molecules of a monobasic
or one of a dibasic acid, it must contain two hydroxyls,
etec. Now, bismuthyl hydroxide, or the quantity of sub-
stance represented by BiO,H, has the power to neutralize
one molecule of a monobasic acid. It is, as we say, a mon-
acid base, and contains one hydroxyl. Hence the formula
BiO(OH) is given to it. We bhave no means of deciding
how the bismuth and oxygen are combined, or whether the
hydroxyl is in combination with bismuth or with oxygen.
If, however, it be assumed that bismuth is trivalent, and
the formula be constructed on the basis of the valency
hypothesis we have O=Bi—0—H.

Salts.—The neutral substances, to which reference has
been made, formed by the action of acids upon hases, are
called salts. Salts may be considered either as acids in
which the hydrogen has been replaced by a base minus
hydroxyl, or as bases in which the hydrogen has been
replaced by an acid minus hydroxyl. As the base resi-
dues are usually simpler than those of the acids, the former
view is most commonly held, although the two views are,
of eourse, identical.

It is a simple matter to deduce the constitution of a salt
from that of the acid and base or bases from which it is
derived. Usually the hydrogen of the acid is replaced by
one or more metals, the latter, as is believed, being held
in combination by the same force or forces that held the
former. Thus we have

OH (S
sa._,< and 505<
OH OK
Sulphurie acid. Potassium sulphate,
NO,—OH and NO,—ONa

Nitrie acid. Sodinm nitrate,
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Or, a bivalent element may enter into an acid, in which
case two hydrogen atoms will be replaced, thus:

OH 0
SO.‘E< and SOE/ N0 :
OH N0~
Sulphurie acid, Caleium sulphate,
NO,—O
NO,—OH and s Bs,
NO,—0”
Nitrie acid. Barium nitrate.

Further complications are introduced when trivalent and
quadrivalent elements enter into the composition of salts.
From what has been said, however, the constitution of
these salts will be readily understood.

Complex Salts.—Just as there are some bases, which
consist of hydroxyl combined with groups of atoms, so
there are salts which may be considered as derived from
acids by the replacement of hydrogen by groups of atoms.
Thus, a salt obtained from the acid NO—OH, and the
base UO,(OH),, probably has the constitution expressed

N{Jz—(}\

U0, Here the hydrogen of
NO,—0"
the acid is replaced by the group UO,, which is bivalent.

by the formula

Anhydrides —The constituents of water may be ab-
stracted from many acids, and thus a new class of com-
pounds, called anhydrides, is formed. The most striking
characteristic of these compounds is their power to form
acids with water, or to form salts by direct union with
bases. The following are examples of anhydrides: Sul-
phuric anhydride, SO, ; nitric anhydride, N,O_; phosphoric
anhydride, P,0,; acetic anhydride (C,H,0),0, ete.

When an anhydride is formed from a monobasic acid,
two molecules must combine to furnish the bydrogen for
the water. After the abstraction of the water, the two
acid residues remain united, through the instrumentality
of an atom of oxygen, thus:—

NO,—OH) NOS
— H,0 = /'U :
NO,—OH f NO,

2 molecules nitric acid. Nitric anhydride.
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C,H,0—0H C.H0\
C,H,0—OH ,H,0
2 molecules acetic acid. Acetic anhydride

When an anhydride is formed from a dibasie acid, a
molecule of water may be given off from a molecule of
acid, thus:—

/{}H

S0, = BeT = Bo:
NOH

Sulphuric acid. Bulphuric anhydride.
OH

cod G = A0
\OH

Carboniec acid. Carbonie anhydride.

Or, two molecules of a dibasie acid may unite and give off
one molecule of water, forming a compound which is, at
the same time, an acid and an anhydride, thus:—

20 /UH OH
Nom 50,
- — el = ()
on ; o
50 D
o P 0T
2 molecules EllI}Jnhtl ric acid. Pyrosulphuric acid.

When an anbydride is formed from a tribasie acid, sev-
eral possibilities present themselves. 1. One molecule of
the acid may lose one molecule of water, a compound being
. formed which is anhydride and monobasic acid, thus :—

OH

PO_-OH .. - -HO .= PO—0H
NoH

Phosphoric acid. Metaphosphoric acid.

2. Two molecules of the acid may lose one molecule of
water, a compound being formed which is a tetrabasic acid,
and, at the same time, an anhydride :—
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OH

i Ol

PO—OH 7
N PO—OH

o — H,0 = No
: 7 gl PO_OH
ety Non
2 mol. Phosphoric acid. Pyrophosphorie acid.

3. Two molecules of the acid may lose three molecules
of water, a complete anbydride being formed :—

BYEE
PO—OH

Nom PO,

e 0.
v

oM PO,

PO_OII
\oH

-
2 mol. Phosphorie acid. Phosphoric anhydride.

By combining a number of molecules of the acids and
abstracting different numbers of molecules of water, a
great variety of anhydrides might be produced, at least
theoretically. Not many such complicated products are
positively known, however.

From tetrabasic acids and acids with even higher basi-
city, corresponding anhydrides may be derived. With an
increase in the basicity of the acids, the complexity of the .
resulting anhydride is, of course, increased.

Faxperimental Evidence of the Constitution of Anhy-
drides.—In regard to the correciness of the formulas given
for these anhydrides, it can only be said that they are the
simplest conceivable. If it be acknowledged that acetic
anhydride (C,H,0),0, consists of two acid residues united
by means of an oxygen atom, then, by analogy, it would
appear that the other anhydrides, mentioned above, are
constituted as represented by the formulas. DBut can we
assume any other formula for acetic anhydride? The acid
has the constitution C,II,O(0O1); the anhydride has the
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empirical formula, C,H,O,, and is formed by the simple
abstraction of water from the acid; it is known that the
hydroxyl group has the power to separate from the acid
with comparative ease. What, then, is more natural than
to assume that the water which is given off from the acid
is formed from the hydroxyl groups, and that the groups
C,H,0 remain undecomposed ? But this would give us,
besides the water, two groups, C,H,0 and an oxygen atom.
These are all combined in one molecule, and, as we believe,
in such a way that the oxygen atom joins together the two

C,H,O
S| >O
C,H,0

When an anhydride is formed by the abstraction of water
from one molecule of an acid, the simplest conclusion is that
an oxygen atom fills the place before oceupied by two hy-
droxyl groups. There is no proof of this, to be sure; but
it would be gratuitous to offer any other explanation of
the formation of these anhydrides at present.

groups or acid residues, giving the formula

Oxides.—dJust as anhydrides may be obtained from acids
by the extraction of water, so the oxides may be regarded
as anhydrides of the bases. The consideration of the ox-
ides is simpler than that of the anhydrides, because the
bases themselves are generally simpler than the acids.

The simplest oxides are those obtained from the hy-
droxides of univalent elements, examples of which fol-
low :—

KOH K
BT SERgT e NO;
KOH K/
2 n;c;lgigﬁpd?taasium Pﬂga;::ﬁ:m
Na—OH Na
LA e ) R o
Na—OH Na/

Sodium hydroxide. Sodinm oxide,

Of oxides obtained from the hydroxides of bivalent ele-
ments there are, among others, the following :—
12
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/OH
Ca -— H,0O = 4
\DH ; Ca0;
Caleium hydroxide. Calelum oxide,
OH
Sr< - H,0 = Sr().
OH
Strontinm hydroxide. Strontium oxide,

Theoretically, an intermediate anhydride may be formed,
from either of the two preceding oxides, unﬂ,lngnuq to thL

- /
formation of pyrosulphuric acid :>0 from two
S0
Nou
molecules of sulphurie acid, thus :—
OH |
Uad
H\OH C[L<
i L — 0
e
Cﬂ-/ Od\
NoH OH
2 mol. Calcinm hydroxide, Intermediate anhydride,

Some compounds of this kind are known, derived from
copper, iron, ete.

From the hydroxides of trivalent elements more than
one oxide may be formed. If one molecule of the hy-
droxide loses one molecule of water, a substance is formed
which is oxide and hydroxide at the same time. Reference
has been made to these compounds (see ante, p. 128) under
the head of bases. The compound AIO—OH may be re-
garded as derived from the hydroxide Al(OH),, by the
loss of one molecule of water from one molecule of the
hydroxide. It is both oxide and hydroxide, and, as has
been pointed out, it has acid properties,

The most common method of formation of oxides from
hydroxides of trivalent elements consists in the union of
two molecules of the hydroxide, which then loses three
molecules of water, thus:—
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O
Al—ou |
NOH AlO

NV >0
OH AlO

A—0H
\OH |

2 mol. Alominium hydroxide. Alnmininm oxide.

The prineciple of the formation of these oxides is thus
seen to be the same as that of the formation of anhy-
drides. What was said in regard to the constitution of
the latter holds good in regard to the constitution of the
former. The view stated is the simplest which the faects
permit.

Analogy between Salts and Anhydrides and Oxides.—
As was seen above, a salt is either an acid in which the
hydrogen is replaced by a base residue, or a base in which
the hydrogen is replaced by an acid residue. In those
salts which are derived from acids containing hydroxyl,
a base residue and an acid residue are united by means of
oxygen. On the other hand, in many anhydrides two
acid residues are united by means of oxygen, while in
oxides two base residues are united by means of oxygen,
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CHAPTER X,
CONSTITUTION OF CLASSES OF COMPOUNDS OF CARBON,

WE bave thus briefly considered the different classes of
compounds, and have seen upon what foundations our ideas
in regard to the general constitution of these classes of
compounds rest. Among the compounds of carbon there
are many representatives of each of the classes above eon-
sidered, and all that has been said holds good for these
m:mpuumls; but, owing to some peculiarities of carbon
which distinguish it from the other elements, certain
things hold n-ﬂﬂd for the carbon compounds in general,
that do not hold good for the eorresponding compounds
of other elements. In the following paragraphs, there-
fore, the general formulas of the different classes of carbon
compounds will be briefly treated.

Hydrocarbons.—Of the compounds of carbon, those
which it forms with hydrogen or the hydrocarbons are, in
general, the simplest, and of the hydroearbons, marsh-gas,
or methane, CH,, is the simplest one. With our present
ideas in regard to constitution there can be but one for-

H

mula for this ecompound, viz: H—C—H, which indicates

I

H
merely that a quadrivalent atom of carbon is saturated
by four atoms of hydrogen. This is the most rational
supposition that can be made with reference to the com-
pound. The formula is certainly not proved, but it is ex-
ceedingly probable. As marsh-gas is a very 1mpnrtnnt
member of the group of carbon compounds, and onr views
regarding the constitution of other hydroecarbons are hased
very largely upon our conception of marsh-gas, it will be
well to inquire more particularly concer ning the grounds
upon which the above formula is based. The empirical
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formula, CH,, is first established by means of analysis
and the determination of the specific gravity of the vapor
of the compound. This formula is the expression of a
fact and an hypothesis. The fact expressed is that methane
contains 75 per cent. carbon and 25 per cent. hydrogen.
The hypothesis is that the molecules of all chemical com-
pounds, in the form of gas or vapor, have the same volume
as a molecule of hydrogen. This hypothesis tells us the
weights of the atoms contained in the molecule of methane
and the weight of the molecule of methane, and, hence,
further, the number of atoms of carbon and hydrogen con-
tained in the molecule. Knowing the above, it remains
for us to determine in what manner these atoms are united,
or, what is the same thing, to determine how the atoms
are linked together. A study of the various reactions of
marsh-gas shows that in all probability each hydrogen
exists in the compound independently of the others, that
is, not connected with the others. Each one ecan be re-
moved separately and again introduced. Further, there
are no grounds whatever for believing that hydrogen
ever acts in any other way than as a univalent element,
and the relations of the hydrocarbons can be simply rep-
resented only on the assumption that in them the ecarbon
is quadrivalent. Certainly the most plausible hypothesis
in regard to the structure of marsh-gas is that expressed

H

by the formula Hu—-{i"l——H, which means simply that in
H

the molecule of the compound four atoms of hydrogen

are in combination with one carbon atom.

A question which naturally suggests itself in connection
with the compound CH, is this: Are all the hydrogen
atoms combined in the same way in the molecule ? In re-
gard to this point, it can only be said that, as far as inves-
tigations have gone, an affirmative answer to this question
seems justified. If these hydrogen atoms were combined
in different ways, then, by replacing different ones by the
same element or group, products should be obtagmed which
are not identical. No such results have been reached, al-
though the hydrogen atoms in methane have been replaced
in a great variety of wu}ral.ﬁ*It. is, indeed, in these facts
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that the commonly accepted formula for marsh-gas finds

H

its chief support. The formula H—(]J—H, is the only
|
H
one by which each of the four hydrogen atoms can be rep-
resented as bearing the same relation to the carbon atom,
if we accept the general method of representation for which
the reasons have been given in the introductory remarks
on constitution. :

Homologous Series.—Btarting with methane there is a
series of hydrocarbons of the general formula C,H,, 4 ,.
These resemble one another in many respects, and differ
from one another in their formulas in a very simple way.
The difference between the formulas of any two contiguous
members of this series is CH,. Such a series is called an
homologous series. A number of similar series are known.
In the methane series there are: Methane, CH, ; ethane,
C.H,; propane, C,H,; butane, C,H,, etec.

The relation between the members of this series is ex-
pressed in formulas which represent the carbon atoms
combined in what are called open chains. Thus, as has
been shown, if two carbon atoms combine in the simplest
manner possible, viz., by one of their affinities each, a
chain is formed having six free affinities, as follows:

—lll——év—— If three carbon atoms combine in the same
|

way, a chain baving eight free affinities is formed, thus:

—(IJ—(JJ-—J}—- In the same way four carbon atoms com-
hining give a chain having ten affinities, ete., ete. By
saturating these free affinities with hydrogen we should
get compounds of the formulas C,H;, CH, CH,, etc,
ete., which are the formulas of the hydrocarbons above
given.

Experimental Evidence.—Certain experiments have
been performed which furnish strong evidence in favor of
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the views in regard to the nature of the combination in
the methane series of hydrocarbons. '
If methane be treated with chlorine the following reac-

tion takes place :—
H H

' é
H—C—H + (Cl—Cl = H— | —Cl + Cl—H.
|
H H
Methane. Chlormethane.

If the product be treated with sodium the chlorine is ex-
tracted, and a compound of the formula C,H, is obtained
according to the following equation :—

H H H }|I
R |
I-I—(_l“)——EEGI +Gl}—(lj-—H+2Na:H—U-—C—H—|— INaCl.
It E & Il
1§ E HiH
2 molecules Chlormethane. Ethane,

With ethane similar reactions can be realized, and a
product, C,H,, obtained, thus :—

H H H H

1. H—L"—(!;—H 4+ Cl=-C1 - 1-[-&7—&?—!31 +  HC
. o

Ethane, Chlorethane.
H H H H H H

L H—-l{"—‘(J}—u;CI CI—J.‘-—H 2N — II—J:—JJ—&—R 2Nall.
GG ot A

Clorethane. Chlormethane. Propane.

It is plain that, by continuing these reactions with the
new compounds obtained, we have it in our power to build
up a series of hydrocarbons corresponding to the series
given above. If the combination always took place in
the manner described, we should have simple chains, in
which all the carbon atoms except those at the ends would
have two free affinities, while those at the ends would have
three free affinities. The hydrocarbons themselves would
be represented respectively by the formulas

H,C.CH,.CH,.CH,.; H,C.CH,.CH,.CH,.CH,, etc., ete.
These are called normal hydrocarbons to distinguish
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them from others of the same general composition, but of
different constitution, which will be taken up in a later
paragraph.

Alecohols.—Running parallel to the series of hydrocar-
bons, which have just been considered, is a series of com-
pounds which are regarded as derived from the hydro-
carbons by replacing a hydrogen atom in each by the
univalent group OH, or hydroxyl. These compounds are
to organic chemistry what the hydroxides of the metals
are to inorganic ehemistry. They are known as alcohols.
The simplest of these is derived from methane and has

H
l
the formula H—C—0—H.

!

Lvidence.—One of the hydrogen atoms of those aleohols
which contain but one oxygen atom differs from the others.
It is easily replaceable by certain groups, known as acid
groups, which we shall consider hereafter, It is also re-
placeable by some metals. In a compound of the formula
CH,O, we must assume that one hydrogen atom is in
combination with the oxygen atom, while the other three
are not, in order to account for its characteristic behavior.
A gain, if the aleohol be treated with hydrochlorie acid, the
oxygen atom and the peculiar hydrogen atom are given
off together, and their place is taken by a single atom of
chlorine. This shows that the hydrogen and oxygen were
present in the form of a univalent group, or as hydroxyl,
which is the only form that satisfies these conditions.

H,C—OH -+ HO(NO,) = H,(—O(NO,) + H,0.

Methyl alcohol. Nitrie acid. Methyl nitrate. Water.

HC0—0H +  HOl,. = HOE-C 450

Methyl alcohol. H}fﬂrﬂ{_:l:iluric Chlormethane. Water.
acid.

H,C—OH 4 Na = HC—0Na -4 H.

Methyl aleohol. Sodium. Bodinm methylate. Hydrogen.

Further, the hydroxyl group can be introduced into the
hydrocarbons and the aleohols thus obtained. In order to
obtain the aleohol CH,0, we may start with chlormethane,
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CH,C1. If this be treated with the hydroxide of silver,
the following reaction is realized :—
CH,Cl + Ag(OH) = CH,O0H -4 AgCl
Chlormethane. Methyl aleohol.

The above reactions show the correctness of the formula
H

H—C—O0—H for the first member of the series of alco-
i

hols. Having once recognized the presence of hydroxyl

in this alecohol, we should naturally expect to find it in the

other aleohols. It is found in them all, and may be de-

tected in the manner indicated in the case just considered.

Classes of Alcohols.—It has been found that there are
three classes of alcohols, called, respectively, primary, sec-
ondary, and tertiary. These differ very markedly from
one another in their properties.

Primary Alcohols.—The differences in the properties of
the three classes of alcohols are undoubtedly due to differ-
ences in constitution. In all primary aleohols the group

H

CH,OH, or -?——D—H, is present. This was seen in the
H
case of methyl alecohol, which is a compound of this group
H

|
with hydrogen, thus: H—(C—0—H. In ethyl aleohol,
| .
H
the next member of the series, this group is also present.
This follows if the presence of hydroxyl in the aleohols
HiH

]
be accepted; for in the compound H—C—C—TI, it

s il
+ i H
makes no difference which hydrogen atom is replaced by
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hydroxyl, the resulting compound will, in every case, have
the same constitution and will necessarily contain the
group CH,OH. In all primary aleohols the presence of
the group CH,OH can be proved in a similar way.
They are all derived from methyl alcohol by the replace-
ment of a hydrogen atom by hydrocarbon residues of
various eomposition and constitution.

By replacing a hydrogen atom by methyl, CH,, ethyl
alcohol, CH,.CH,.OH, is obtained.

By replacing a hydrogen atom by ethyl, C,H,, propyl
aleohol, C H,.CH, OH, is obtained.

By replacing a hydrogen atom by propyl, C,H,, butyl
aleohol, C,H,.CH, OH, is obtained, ete.

These aleohols may also be represented by the formulas,

]'OHH C,H, C,H,
C ﬁ i 11_1[ and C g or, in general, any
OH | OH OH
R
primary alecohol by the formula C % in which R rep-
OH

resents any univalent group, CH,, C,H,, ete., derived from
a hydrocarbon.

Secondary Alcohols.—If two hydrogen atoms of methyl
alcohol be replaced by hydrocarbon residues, alcohols are
obtained which do not contain the group CH, OH, as is
evident from the following examples :—

H CH, C,H,

H—L"J—O—H, HSU——(B—O-—H; Hy (==

i i

Methyl aleohol. Isopropyl aleohol. Secondary butyl aleohol.

These substances contain the group CH.OH, and are
representatives of secondary aleohols. )

The simplest example of this class of substances is
isopropyl aleohol, the formula of which is given above.

Secondary alcohols may also be represented by such
formulas as the following :—
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[ CH, J CH, C,H,
C EIHE' C ffHﬁ, C EIEHE, ete., or, in general,
OH OH OH
R
!
by the formula C ﬁ . in which R and R’ may be the
OH

same or different univalent hydrocarbon groups.

Evidence in_favor of the General Formula of Secondary
Alcohols.—There are two aleohols of the formula, C;H,0.
One of these conducts itself like the primary alcohn}s and
hence in all probability contains the grounp CH,.OH. An
aleohol isomeric with the primary alecohol cannot contain
the group CH,.OH, but must contain the group CH.OII,
as may be readll',f 'shown. Both of the alcohols are de-

H H H

rived from the same hydrocarbon, H—JJ—A‘—&*—H. In

[
o
this hydrocarbon there appear to be only two kinds of hy-
drogen atoms, viz., those in combination with the central
carbon atom, and those in combination with the terminal
carbon atoms. If any one of the latter be replaced by
hydroxyl, primary propyl alcohol containing the group
CH, OH is formed. Whereas, if one ‘of the former hy-
drUgen atoms be replaced by hg,rdnnyl secondary propyl
alcohol containing the group CH.OH. is obtained. Only
these two cases are possible.

But, again, this secondary aleohol is prepared by
allowing nascent hydrogen to act upon acetone. It will

be shown that acetone must be represented by the for-
CH,

mula &D Now, in its conversion into secondary propyl

b,

alcohol, acetone takes up two atoms of hydrogen, and the
only plau:: where these hydrogen atoms can find entrance
into the above molecule, if the carbon is quadrivalent, is
in combination with the central carbon atom. If the oxy-



144 PRINCIPLES OF THEORETICAL CHEMISTRY.

gen atom is linked to the carbon atom, as in earbon mon-
oxide, a condition which is represented by the formula
C=0, we can conceive of the relation between the carbon
and oxygen being changed by the action of hydrogen, so
that a group HC—O—H may be formed. This is what
is believed to take place. This addition of hydrogen
changes the relation between the carbon and the oxygen
and saturates them :—

C H CH

GRS

H H
Similar considerations, in connection with other second-
ary aleohols, lead to similar results, and hence the conelu-
sion is drawn that all secondary alcohols contain the group
CH.OH, or that they are derived from methyl aleohol by

the replacement of two hydrogen atoms by univalent hy-
drocarbon groups

Tertiary Alcohols.—If three hydrogen atoms of methyl
alcohol be replaced by hydrocarbon residues, alcohols are
obtained which contain neither the group CH, OH, nor
the group CH.OH, as is shown by the following formu-
las :—

H CH, C.H,

I
H—(lj-—(}.—-H* UHFLL__O__I-I, CH,—(0—0—_H.

i i, i,
Methyl alcohol. Tertiary butyl alecohol.  Tertiary amyl alcohol.

These substances contain the group C.OH, and are
representatives of tertiary aleohols.

The simplest example of this elass of alcohols is tertiary
butyl aleohol, C,H,,0, the constitution of which is indi-
cated by the formula given above.

The tertiary alcohols may also be represented by such

CH, [ CH, g’gi
. CH C,H :
formulas as C C]ﬁ.l.’:’ C < 01“:, C U:-”z, ete., or,
OH | OH OH
R

: .
in general, by the formula C IB{” in which R, R’ and
OH
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R/ may be the same or different univalent hydrocarbon
residues.

Experimental Bvidence.—The evidence for the formula
CH,

OH,—C—OH, for the simplest tertiary alcohol is this :—
|
CH, ‘
There is a hydrocarbon, the formula of which can be

1,

shown to be GHB—C—CHE. From this two aleohols are
H ‘

derived, one of which conduets itself as a primary alcohol,

while the other does not. The former must have the for-

CH,

| 8
mula CH,—C—CH,—OH. The only aleohol derived from
|
H
the hydrocarbon which is not a primary aleohol must have
CH,

the formula UIIE—é—CHE, and hence contains the group

X

|
H

—(C—OH, which is trivalent. Further, similar considera-

tions of other tertiary alcohols indicate that in them also
the group C.OH is contained, and, consequently, this is
looked upon as the characteristic group of these compounds,

Very strong confirmatory evidence in favor of the com-
monly accepted views as to the strueture of the three classes
of aleohols is furnished by the study of the changes which
they undergo when treated with oxidizing agents, as will
be shown farther on.

13
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Mercaptans.—If, in place of hydroxyl, in the aleohols
the group HS be introduced, substances called mercaptans
are obtained. These are, in many respects, analogous to
aleohols, though in their reactions they differ from them
somewhat, Their constitution is similar to that of the
alcohols. The principal method for their formation con-
sists in the action of potassium sulphydrate, KSH, on
the chlorides of hydrocarbon residues, the reaction taking
place as follows :—

RCl -+ K—SH = R—SH 4+ KCL

Chloride. Mercaptan,

Theoretically, a mercaptan may be prepared corresponding
to every aleohol. Thus we might have primary, secondary,
and tertiary mercaptans, corresponding to all the known
primary, secondary, and tertiary alcohols. Only such mer-
captans as correspond to the primary alcobols have heen
prepared up to the present.

Acids.—What has already been said concerning acids
in general is true of the acids of carbon. They contain
hydroxyl, and possess the general properties of acids. In
general, they are weaker than other acids, though they
differ in strength between comparatively wide limits.
There are several series of acids of earbon, corresponding
to the series of hydrocarbons and alcohols. The simplest
carbon acid is derived from methane, and has the formula

H

e . It differs from the simplest alcohol in
B—=G=0—H
containing an atom of oxygen in the place of two atoms
of hydrogen. This is clearly shown by writing the for-
mulas of the alcohol and of the acid side by side in this
way i—

H 81
(l) I

H—( 0 OG0T
Alcohnl. Acid.

Just as the alcohol consists of hydrogen combined with the
group CH,.OH, so the acid consists of hydrogen combined
with the group CO.OH. This is the characteristic group
of the acids of carbon.
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Experimental Evidence.—In the first place, the presence
of hydroxylis proved as in the ease of ordinary acids. As-
suming the presence of hydroxyl for reasons already given,
the formula of the acid, H,CO,, becomes HCO—OH. Fur-
ther, the other hydrogen atom contained in the acid does
not conduct itself as if it were in combination with oxy-
oen, but rather like hydrogen atoms, which are in com-
bination with carbon directly. No changes which the acid
undergoes indicate any connection between this hydrogen
and oxygen, and we may therefore conclude that they are
not present as hydroxyl. But, if they are not present as
hydroxyl, they must be united direetly with the earbon

H

D-—(JJ—D—H
reactions, it is possible to replace that hydrogen atom in
the acid which is in direet combination with the ecarbon
by groups such as CH,, C,H,, ete. The compounds thus
obtained must eontain the group CO.OH. They possess
all the properties of acids.

atom, and the formula is Now, by certain

Methods for the Formation of the Acids of Carbon.—
The methods of preparation of the acids of carbon throw
light upon their constitution. Some of these methods are
here briefly described.

1. The simplest acid, above referred to, viz., formic acid,
H,CO,, is obtained by bringing carbon monoxide, CO, to-
gether with potassium hydroxide, KOH. The two sub-
stances combine directly, yielding the potassium salt of
the above acid, thus:—

CO + KOH = HCOK.

From this experiment we conclude that, in the salt, one of
the oxygen atoms is in direct combination with carbon, as
it was in carbon monoxide, while the other oxygen atom
serves the purpose of linking the carbon atom to potassium.

Hence the group
COOK or 0—C—0—K

is present in the salt, and the group
O0—C—0—H in the acid.

This proofis unsatisfactory, for a similar argument might
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be used to show that the hydrogen in the salt, HCO,K, is
in direct combination with oxyeen.

2. When certain h\rdlﬂtalhﬂﬂ‘-} are allowed to act upon
carbonyl chloride, OUG one of the chlorine atoms is re-
placed l;-_*} a IEEI{IHE as ma}r be illustrated thus:—

()] GE, - 0@, — (OH.G06L . Hel

When the produect is treated with water, the second
chlorine atom is replaced by OH, as follows :—

(IT.) CH,COCl + HHO — CH,.CO.0H -+ HCL

Now carbonyl chloride is obtained by the direct addition

of chlorine, Cl,, to carbon monoxide, CO; and hence has
Cl

the constitution UO\ The simplest interpretation of
Cl

reaction (I.) above is that the residue CH, takes the place
occupied by one of the chlorine atoms, which would give

CH,
CD< . Lastly, the simplest interpretation of reac-
Cl

tion (I1.) is that the hydroxyl group enters in the place of

the second chlorine atom, which gives us the constitution
GH

of the product 00/ .

ol

homologue of the simplest acid of carbon. It contains

the group CO.OH.

This product is acetic acid, a

CN
3. The compound cyanogen, L , is converted into an
CN
acid by the action of water. This acid bas the formula
C,H,0,. It is a dibasic acid and hence contains two hy-
dr(}:{}rl groups, which would lead to the formula C O.!::C}Ij{)2
As both the hydroxyl groups conduct themselves in exactly
the same way, it is concluded that they are combined in
exactly the same way. The only formula that satisfies

OH

bo

these conditions is | . In this compound there are two
CcO

I
OH
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groups CO.0OH, and, as we have seen, it is a dibasic acid.
There are a wleut many compounds, C{nltﬂ.m]llﬂ' the group
CN acting as a univalent group. By tmatmg these with
solutions of metallic hydroxides, the nitrogen is given off
in the form of ammonia, NH,, and in its place two atoms
of oxygen and one atom of a univalent element are taken
up. The group, with which the CN is in combination,
remains unchanged. Hence, in accordance with the above
experiment, it is believed that this reaction consists in a
conversion of the group CN into COOH or COOM, in
which M represents one atom of a univalent metal. The
constitution of this group is, of course, expressed as above

by the formula O—C—0H 4y the substances thus

prepared, and containing this group, are derivatives of the
acids; they are salts.

The methods of formation and the reactions of the or-
ganic acids lead then to the conclusion that they are made

R
up as indicated in the general formula CO< orC~<0 |,
OH OH

acmrding to which they are derivatives of carbonic acid,

UU< , being derived from it by the introduction of a
OI

residue R in place of one hydroxyl of the acid. The rela-
tions between a primary alcohol, a cyanide, and an acid,
are shown by the following formulas :—

R R R

C < H, C 02 <[ 0
H N OH
OH

Aldehydes. —Aldchydes are products formed by the
partial ux:datmn of primary alcohols, the group CH,OII
being converted into COH. This group is not identical

with the group —C—O—H of tertiary alcohols, but has

|

the constitution expressed by the formula 0——&‘— It
is univalent, just as the group CH,0H, from which it is
13%*
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derived, is univalent; whereas, the tertiary alcohol group,
'OH, is trivalent. The aldehydes are intermediate pro-
ducts between primary aleohols and the acids which these
yield. It was shown that the acids are formed from these
alcohols by the extraction of hydrogen and addition of
oxygen. If hydrogen is abstracted, and no oxygen added,
the product is an aldehyde, thus :—
R—CH.OH, R—COH, R—COO.

Primary alcohol. Aldehyde. Acid.

Ezperimental Evidence.—The proofs of the general
constitution of aldehydes are similar to those given for the
acids. Take, for instance, the simplest aldehyde. This
has the formula H,CO. The reactions of the substance
show that hydroxyl is not present. If treated with the
chlorides of phosphorus the oxygen of an aldehyde is re-
placed by two chlorine atoms. This shows that the oxy-
gen is held in combination by the carbon atom in quite
a different way from that which is characteristic of hy-
droxyl, and, consequently, it cannot bhe in combination
with hydrogen, forming hydroxyl. This leads to the for-

| H
mula | or | for the above compound.
==K O0=C—H
It eonsists of a hydrogen atom combined with the group

H

‘i . Other aldehydes are derived from this simplest

1
—(0—0

one by replacing one of the hydrogen atoms by a residue
of greater or less complexity. Thus, the group CH, or
C,H, may be introduced, and the compounds CH,—COH,
and C,H—COH, formed, both of which are aldehydes.

The methods for the preparation of aldehydes also fur-
nish evidence in favor of the constitution above aseribed
to them. Some of these are the following :—

1. It has already been seen that, when an acid is treated
with the chloride of phosphorus, its hydroxyl is replaced by
an atom of chlorine. Kach such chloride, as was shown,

Cl

—(E—c{

group could be replaced by hydrogen, the characteristic

contains the group If the chlorine atom in this
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H
aldehyde group '!} would plainly be formed. Such
—0—0

a replacement has been effected in the case of some of the
chlorides, and the resultine compounds have been found
to be the expected aldehydes.

2. When a salt of any acid of carbon is mixed with a
salt of the simplest acid of carbon (formic acid), of the
formula H.CO.OH, and the wixture distilled, an aldehyde
is formed, together with a carbonate. 'The carbonates
are derived from a dibasic acid, and have the formula

OM
00/ . It seems rational to suppose that the groups

oM
OM have passed directly from the compounds in which
they were originally contained to the carbonate, and that
the group CO has also been derived directly from one of
the original acids. If these suppositions be correct, then we
are led to the conclusion that the aldehyde resulting from

H
the described reaction contains the group é . For, let
—0

R—CO.0OM represent the formula of any salt of a earbon
acid, and H.CO.OM a salt of formic acid. On bringing
these two compounds together and heating them, either
one of two things can take place if the above suppositions
be correct. The groups forming the carbonate may he
split off thus:—

R—[CO—OM
= _
g 0— oM
or, thus;
R—CO—|OM
H—Joo—m{'

The remaining groups, uniting in the simplest way, will
H
give, in either case, a compound, é ;
R—C—0

The relation between a primary alcohol, and the corre-
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sponding aldebyde and acid, is shown by the following

formulas ;—
R R £4
O S H C 5 H C 5 O H
(1 (0 (O
O H
Aleohol. Aldehyde. Arid,

Acetones.— Acetones are products of the partial oxida-

tion of secondary aleohols, the group —C—OH being con-

I
H

verted into é{l The aldehydes, too, contain the group

|

[I}O; but it is further charaeteristic of aldehvdes that one
of the affinities of this group is saturated with hydrogen,
giving the complete group é(}. On the other hand, it is

H
characteristic of acetones that both of the affinities of the

group JIO are saturated with hydrocarbon residues. Thus
CH,

the simplest acetone has the formula (]10 , both of the

b,

affinities of the characteristic group being saturated with
residues of the hydroearbon methane, CH,,

Experimental Evidence.—As just stated, the simplest
acetone has the formula C,H,O. If a chloride of phos-
phorus be allowed fo act upon this compound, the result
is similar to that obtained in the same experiment with
aldehydes, viz., the atom of oxygen is abstracted, and two
chlorine atoms take its place. This shows that the oxygen
was not present as hydroxyl, but was combined with the
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carbon atom, as in carbon monoxide, forming the group

|
CoO.

Again, if naseent hydrogen be allowed to act upon this
acetone, E:ﬂLﬂlldﬂ.I_‘f propy] alcohol is the product, and the

CH,

Aj /OH
alcohol has the formula S From this we may con-
| H

clude that in acetone, as w L]l as in secondary propyl alco-
hol, the two groups CH, are present; and we are thus led
CH,

to the formula CO for the simplest acetone. It plainly
|

: CH,

consists of two hydrocarbon residues combined by means

of the bivalent group éO.

The following mnthn}'ds of preparation serve as evidence
of the accepted constitution of acetones:—

1. Just as aldebydes are obtained from acid chlorides
by replacing the chlorine by hydrogen, so acetones are
obtained from the same chlorides by replacing the chlo-
rine by hydrocarbon residues. By treating acetyl chlo-
ride, C,H,0.Cl, with zinc methyl, Zn(CH,), ordinary
acetone, CU{OH,FL, is produced tup;et.her with zine chlo-

ride, ?uC The formula of acetyl chloride is known to
0

be CH,—C—Cl1. The simplest interpretation of the above
reaction is that a methyl group of zinc methyl takes the
place of a chlorine atom in acetyl chloride, thus :—

0
Z

otm—oZ IL /O, C.II,,—O—UI—[H_? .

i AU,

CH—0—lo1 = |N\CH,  om_c—0mH, ’
B N

0
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And this leads clearly to the formula above given for
acetone.

2. When the salts of many acids of carbon are subjected
to dry distillation, acetones are formed, together with a car-
bonate or carbonates. This reaction is analogous to the re-
action for the preparation of aldehydes, by the distillation
of a mixture of the salt of some carbon acid and a salt of
formic acid. What has been said in regard to the latter re-

action, showing that the group éwO must be present

in aldehydes, holds good in regard to the reaction under
consideration, and shows just as conclusively that the

group AJ—O must be present in acetones. Let R.CO.OM

represent a salt of an acid of carbon. Its decomposition
by beat may be represented as follows:

R.[CO.0M
R.CO.|OM

The residues uniting, a compound, R—CO—R, is formed,
which has the general formula of an acetone. Or let
R.COOM represent the salt of one carbon acid and
R’ .COOM the salt of another carbon acid, in which R
and R’ are both hydrocarbon residues. The decomposi-
tion, which takes place when a mixture of these two salts
is heated, is represented as follows:

R..COOM
R’.CO|OM

This gives a compound of the formula R—CO—R'.

It will be seen that one of the first conditions for the
production of an acetone by means of this reaction is that
neither of the salts employed be a formate, H.COOM, as
the use of the latter would lead to the formation of an
aldehyde.

The facts that when a primary aleohol is oxidized it is
first converted into an aldehyde and then into an acid;
that a secondary alcohol first yields acetone and then
breaks down ; and that a tertiary alcohol yields neither
acetone nor aldehyde, but breaks down—these facts are
in perfect accordance with the views held regarding the
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constitution of the compounds, and find a ready inter-
pretation by their aid. To make this clear a few words
of explanation are necessary. It has been found that,

R

when a hydrocarbon of the general formula C < R’ is
1{”
H

treated with an oxidizing agent, the three residues at first
resist the action and the hydrogen atom is changed to
hydroxyl. From a study of a large number of facts it
appears clear that, whenever a compound containing hy-
drogen in combination with carbon is oxidized, the first
change brought about is the change of hydrogen to
hydroxyl. Assuming this to be the case, the first change
of a primary alcohol would be represented thus:

R R

C %H + 0 = C<H .
H OH
OH OH

But the compound thus formed evidently represents an

unstable condition. Compounds contaiping two hy-

droxyls in combination with one carbon give up water

readily, as is seen in the case of ordinary carbonic acid,

/UH

~oH

ously, and is thus converted into carbon dioxide CO,. If

this change should take place in the compound represented
, R

above, the result would be an aldehyde C < H. Now,
(V)

by further oxidation, the remaining ‘hydrogen would be

changed to hydroxyl, and the product would be an acid,

G%OH.
0

As regards the oxidation of secondary alcohols to ace-
tones a similar explanation holds good. The secondary

cO

, which, as is well known, loses water spontane-

R

alecohol, C {]{’, would first be converted into the com-
I
OH
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R
pound C < R’; but this would at once lose the elements of
(}II
OH
R
water, and thus be converted into an acetone C (R". This
0]

could not undergo the second change necessary to the for-
mation of an aecid, but if any further change should take
place it would involve the breaking down of the residues.

Finally, it is clear that neither the formation of an alde-
hyde, of an acid, nor of an acetone is possible in the case
of a tertiary alcohol if the formulas above given are correct.

The first change which we should expect to take place

R

on the oxidation of a tertiary alcohol, C < R/, would be
RH
OH

the breaking down of one of the residues.

Similar changes take place in a number of other cases.
Thus, the phosphines and mercaptans undergo change in
the same general way, but in these cases the phenomena
are complicated by the fact that the valency of phosphorus
and of sulphur is greater towards oxygen than towards
hydrogen. The analogy between the three cases will be
clear from the following considerations :—

H

it OH
Marsh-gas, C e is changed to carbonic acid, C 4 OH;
H o
A derivative of R ( R
marsh-gas, C I is changed to an acid, C < OH;
. o
Phosphine, P T{ H, is changed to phosphorie acid, J[ OH
H 0
A derivative R
of phos- (R ] [-” e
phine, P a H, is changed toa phosphinicacid, P <
H 1 X
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[ OH
Sulphuretted . ¢ BN -
hydrogen, S { g, is changed to sulphuric acid, S < 3 L;
L O
A fL
mereap- .
tan, : S { ﬁ, is changed to a sulphonic acid, S < gTL
0

=

Ethereal Salts.—In general when acids and bases act
upon each other salts are formed, water being eliminated.
So, also, when alecohols and carbon acids act upon each
other, compounds similar to salts are formed, water being
eliminated :

H.COOH + C,H.0H — H.CO.0C,H, | H,0;

Formic acid. Aleohol. New compound.
OH /0.CH,
B0 . 4 90H, 0H — 80 + 211,0.
NoH 0.CH,
Sulphuric acid. Methyl aleohol. New compound.
NO—OH 4 CH—O0H—= NO,—O0C,H, + HO.
Nitrie acid, Aleohol, New compound.

It will be seen that these compounds differ from salts in
that they contain hydrocarbon residues in the place of
metals. Salts were defined as acids in which the hydrogen
of the hyvdroxyl group is replaced by a base residue.
These compounds are acids in which the hydrogen of
the hydroxyl group is replaced by a hydrocarbon resi-
due. All compounds of this kind are called ethereal salts.
The analogy between ethereal salts and ordinary salts is
very close, and, if the nature of the latter is understood,
that of the former will also be clear. There are ethereal
salts derived from monobasic, dibasie, tribasic acids, ete.,
and there are ethereal salts containing univalent, bivalent,
trivalent, ete., hydrocarbon residues; for example,

Ethereal salts of monobasic acids:—

NO,.0.C,H,, CH,.C0O.0CH,, etc.
Ethyl nitrate, Methyl acetate.
Ethereal salts of dibasie acids: —
( OCH, (CO.0C,H
B oomy - S oie @y ot
Methyl sulphate. Ethyl succinate,

14
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Ethereal salts of tribasic aeids :—

(0.CH, C0.0.0,H,
0.0H, CH, < C0.,0.0,H, ete.
0.C.H. C0.0.C.H,

Ethyl phosphate, Ethyl tricarbaliylate,

The above-mentioned ethereal salts all contain univalent
hydrocarbon residues. Among those containing bivalent
residues may be mentioned :—

CH,.C0.0 )
CH,.c0.0 § %

K th}'lcne dincetate,

The ordinary fats are examples of ethereal salts con-
taining a trivalent residue :—

C,H,,.C0.0 C,H,.C0.0
C,E,IIst C0.0 » C,H, and C H ©C0.0 OiH,.
@ He 000 G ]I C() 0
Lr]:, cer:. | tripalmitate, !‘JI} cer}'l tristearate,
or Palmitin, or Stearin.

Experimental Fvidence.—The fact that ethereal salts
are, in many cases, formed by the direct action .of acids
upon alcohols, and that water is formed at the same time,
taken ’mrrethm with the knowledge we possess 1era1t1m"'
the constitution of acids and alwho]u, points Llearly to the
constitution given above for these ethers. But another
method of formation furnishes more decisive evidence.

If the silver salts of acids are treated with the chlorides,
bromides, or iodides of hydrocarbon residues, ethereal
salts are formed in which the residues plainly oceupy the
place which was occupied by the silver in the salts, and
the silver itself is found in combination with the chlorine,
bromine, or iodine which was in combination with the hy-
drocarbon residues. This is seen in the following typical
reactions :—

CH,C0.0Ag + C,HI = OH,CO0.C,H, + Agl

Silver acetate. Ethyl iodide, Ethyl aeetat&
CO.A /CO .OCH,
GH +20H,I = C;HS + 24Agl.
\C0.A; 00.0CT,
Silver succinate. Metlivl iodide. Methyl snccinate,

Ethers.—The ethers are the analogues of the metallic
oxides, They consist of two hydrocarbon residues, united



COMPOUNDS OF CARBON, 159

by means of an oxygen atom, just as the metallic oxides
consist of two basic residues united by means of an oxygen
atom. Examples of these are the following :—

H C,.H C.H
0 5\0’ 3 E\D, ] J5/\/0, ete.
cH,” O, C,H,
Methyl ether. Methyl-ethyl ether. Ethyl ether.

Experimental Euvidence.—The constitution of these
compounds is rendered clear by a consideration of one of
the principal methods for their formation.

When an alcohol is treated with sodium or potassium,
as we have seen, the hydrogen of the hydroxyl is replaced
by the metal. Compounds, such as sodium ethylate,
C,H_ONa, sodium methylate, CH,.ONa, etc., are thus
obtained. If these compounds are further freated with
the iodides of hydrocarbon residues, the iodine combines
with the metal and the residues unite :—

C,H,ONa |+ CHJI = CH,—0—CH, | Nal,
Sodium ethylate. Ethyl iodide. Ethy] other,

CH,ONa + OHJI = CH,—O0—CH, + Nal,
Sodinm methylate. Methyl iodide, Methyl ether.

CH,ONa + C,HI = CH,—0—C,H, + Nal,
Sodium methylate. Ethyl iodide.  Methyl-ethyl ether.

C,H.ONa 4 CHJI = OH—0—CH, + Nal

el L
Englum ethylate, Methyl iodide. Methyl-ethyl ether.

From these reactions it is seen what the constitution of
the ethers formed must be. It appears that in each case
the hydrocarbon residue enters into the new compound in
the place occupied by the metal, and, according to our con-
ceptions concerning alcohols, this metal is united to the
rest of the molecule in which it is contained by means of
an oxygen atom,

Anhydrides.—The anhydrides of carbon compounds are
derived from carbon acids in the same way that anhy-
drides in general are derived from acids; and all the pos-
sibilities which were considered above hold good for these
anhydrides. There are anhydrides derived from mono-
basie, dibasic, tribasic acids, ete. There are partial and
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EHA RTERS X .
CONSTITUTION OF SUBSTITUTION PRODUCTS.

WE have thus far had to deal with the various classes
of chemical compounds which are known to exist, and it
has been shown that each class is characterized by some
peculiarity of constitution which is recognized in each
member of the class. There is in each compound a pecu-
liar grouping of atoms that determines its character, mak-
ing it an acid or an alcohol, an acetone or an aldehyde,
ete. As long as this group remains unchanged, the com-
pound belongs to the same class. If the group is changed,
the compound loses its characteristics and belongs to
another class. On the other hand, the hydrocarbon resi-
dues, with which the class groups are united, may undergo
a variety of changes without interfering with the general
properties of the compounds. The most common of these
echanges are those which are effected by substitution.

Chemical compounds act upon one another, in general,
in two ways: lst. They unite duecthr fmmmg only one
product, as in the following reacti

NH. R o = N NH O
Ammonia. Ammonivin chloride,

G Hy -+ Br, = C,H,Br,
Ethylene, Lth}'IL]IL brﬂmid{.

2d. They exchange certain constituents, forming two or
more new produets, thus:—

CH + 0L, = ¢HCl <+ HCI
Ethane. Ul]ﬂrelslﬂnt
CH,COH + 6C1 = CCIL.COH 4 3HCI
A]{lnhyfle Tr ‘:thuralde]n da,

CH, + HSO0, = CH.S0H + H,0
Benzene, liclwctmmﬂpl::mi:. acid,

C,H, + HNO, = CH/(NO, + H.,0.
Benzene, Iutluhuweuu

14%
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The latter kind of action is by far the most common. Tt
is called substitution. In the above examples, the prin-
cipal products are ecalled substitution products, though,
strictly speaking, both products are substitution products,

While the act of substitution is involved in nearly all
chemical reactions, and hence nearly all chemieal com-
pounds may be considered as substitution products with
reference to some other compounds, still it is customary
to include under this head only those which are formed
by the replacement of hydrogen in carbon compounds,
and the substitutions which are spoken of, are those which
can be actually effected—not imaginary cases.

Substitution Products containing Chlorine, Bromine,
or lodine.—"The simplest examples of substitution pro-
duets are those which are formed by the action of the so-
called halogens (Cl, Br, I) on carbon compounds. The
action consists in the abstraction of one or more atoms
of hydrogen from the compound, and, as is believed, the
filling of the places thus left vacant by a corresponding
number of atoms of the substituting element. The action
is that of displacement. The constitution of the products
is the same as that of the compounds from which they are
derived. Thus when chlorine acts upon acetic acid,
CH,CO.0H, the following reactions take place suceces-
sively :—

OH,.C0.0H + €], — OH,Cl.CO.0H - HCI.
CH,Cl.CO.0H + Ol — CHC],.CO.0H 4 HOL
CHC,.C0.0H 4 Cl, — CC1.C0.0H - HOL

The constitution of the three products is the same as
that of the acid from which they are derived.

Among the simple substitution products, however, dif-
ferences are possible, and are actually observed, whieh are
not possible in the original compounds. Take, for exam-
ple, the compound propane, C;H,. The eonstitution of

H«H H

I é |
this hydrocarbon is H—C—C—C—H . According to
L]
H s H _
our fundamental conceptions in regard to constitution, the
hydrogen atoms cannot be arranged in any other way
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with reference to the carbon atoms. There is only one
hydrocarbon of this composition possible. But the carbon
atoms in the compound differ from one another. The two,
which are represented in the formula as ending the u::lmiln,
are alike, while the central atom differs from them. T he
first are in combination with carbon by means of only one
affinity each, while the central atom is joined to carbon by
means of two affinities. We should naturally expect, then,
that the difference between these two kinds of carbon atoms
would cause a difference between the hydrogen atoms com-
bined. with them. If such a difference exists, then dif-
ferent products must be obtained according as a hydrogen
atom attached to one of the terminal carbon atoms is re-
placed, or another hydrogen atom attached to the central
carbon atom. Thus, if in a compound of the following
formula,

T
2 FE T 4

)

1 1[—&—0—-0—1{ 6
[
H

|
H H 5
8

any one of the hydrogen atoms, numbered 1, 2, 3, 4,5, 6,
be replaced by some other element, such as chlorine, the
resulting compound should in each case be the same.

If however, one of the hydrogen atoms numbered T or
8 be replaced by the same element as in the first case, a
compound of the same composition, but of different con-
stitution, should be obtained. The formulas of the two
compounds would be respectively

CH,CLCH,.CH, and CH, CHCLCH,

Thus, it is seen that the position of a substituting ele-
ment must be taken into consideration in studying the
constitvtion of compounds. In connection with the indi-
vidual eompounds, which will be briefly considered in a
subsequent chapter, the methods will be described which
make the determination of the "position of substituting
atoms and groups possible.

3

Complex Substitution Products.—Under this head are
included all those produects which are formed by replacing
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the hydrogen of a carbon compound either partially or
wholly by groups of atoms. In aeccordance with what
has just been said concerning the simple substitution pro-
duets, it is plain that, in studying the constitution of the
complex substitution produets, two things must be taken
into consideration :—

Ist. The constitution of the substituting group itself,
and,

2d. The position of the group in the molecule of the
substitution produet.

Only the first part of the problem will be taken up here.

Constitution of Substituting Groups.—The groups which
we shall have to consider are the following: The eyano-
gen group CN, and an isomeric group; the sulphonic acid
group SOH; the nitro group NO,; the nitroso group
NO; the amido group NH,; the imido group NH; and
a few other groups intimately connected with those men-
tioned.

Constitution of the Group CN.—That acid of carbon,
which consists of a nitrogen atom and a hydrogen atom,
united with a ecarbon atom, viz., hydroeyanic acid, has
already been referred to. By appropriate reactions it is
possible to transfer the group CN, contained in hydro-
cyanic acid, to other compounds in such a way that it
takes the place of hydrogen, forming a substitution pro-
duct. It is expressed by the formula —C—N. We have

the following reactions :—

CH,Cl.COOH + KCN = CH,(CN).COOH + KCI;

Monochloracetic Fotassinm Cyanacetic acid.
acid. cyanide.
OHBr, + 2KON = CH,(CN), 4 2KCL

Ethylene bromide. Potassium cyanide, Ethylene cyanide.

Those substitution produets which consist only of the
group —C—N combined with a hydrocarbon residue, are
called cyanides or nitriles.

Other compounds are known, which have the same com-
position as the nitriles, but a different constitution. They
are known as i{sonitriles, tsocyanides, or carbamines. The
difference between the cyanides and carbamines is believed
to consist in the fact that in the former the carbon of the
group CN is the linking atom, while in the latter the nitro-
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gen performs this function. This difference is expressed,
in the case of the ethyl compounds, by the formulas
C,H,—C—N for the cyanide, and C,H,—N—C for the
isoevanide. These formulas are based upon the reactions
of the two classes of compounds. The reactions are as
follows :— ' :

Ethyl eyanide, C,H,.CN, when treated with an alkali,
yields propionic acid C,H,.CO.OH. The nitrogen 1s given
off, and oxygen and-hydrogen take its place. The carbon
remains united to the residme C,H,. The conclusion is
therefore drawn that in the eyanide the carbon atom of
the group CN is directly united with the hydrocarbon
residue. For, if it had not been, the removal of the
nitrogen ought to have caused the formation of a product
containing a smaller number of carbon atoms than the
cyanide itself. The reaction which does take place is
the one considered above, which gives rise to the forma-
tion of acids from the cyanides, viz:—

CHON 4+ 2H0 = CH,CO0H. 4 NH,

Ethyl cyanide. Propionic aecid.

If the group CN were in combination with the bhydro-
carbon residue by means of the nitrogen atom, we should
expect the nitrogen atom to remain in combination with
the hydrocarbon residue, in case of decomposition, or we
should expect the nitrogen atom to take with it the ecarbon
atom, with which it is most intimately combined. In
either case, a separation of the carbon atoms would be the
result, and we should obtain products containing a smaller
number of carbon atoms than the original compound con-
tained. This is exactly what takes place when the earba-
mines are decomposed. When treated with hydrochlorie
acid, they yield two products; one of these is formie acid,
a compound containing one atom of carbon; the other
consists of the hydrocarbon residue of the original com-
pound combined with the nitrogen atom and hydrogen.
Thus in the case of ethyl isocyanide, the decomposition is
represented as follows :(—

CEH&
CH—N—C 4+ 2H0 = H N 4 H.COOH
H

Ethylearbamine. Ethylamine, Formic acid.
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C,H
The fact that the compound N 5y E, in which the
H
nitrogen atom is evidently in combination with the hy-
drocarbon residue, is so readily formed, leads to the con-
clusion that the same kind of union exists in the isocy-
anide. The faect, further, that one carbon atom is given
off so readily from the molecule, indicates clearly that it
was held in combination in some manner different from
that in which the other carbon atoms of the molecule are
held in combination.

In the terms of the valency Lhiypothesis, the difference be-
tween the cyanides and carbamines is expressed by the gen-
eral formulas R—C=N for the cyanides, and R—N=C
for the isocyanides. In the one case the nitrogen is be-
lieved to act as a triad, in the other as a pentad.

Clonstitution of the Group SO,H.—By the action of con-
centrated sulphuric acid upon hydrocarbons and various
other compounds containing hydrogen, derivatives are ob-
tained, which differ from the original compounds in con-
taining the group SO,H in the place of hydrogen. The
reaction consists in the formation of water and the new
derivative, thus:—

OH C,H,
O,H g0l .= 80l H,0.
68 + 2\0 e E\D T + 2
Benzene, Benzenesulphonic acid.

These products all act like acids in every way, so that we
are justified in assuming the presence of hydroxyl in them.
As they are formed so readily from sulphuric acid, it is
also fair to assume that the group SO,0H is a residue of
sulphuric acid. Then, if the constitution of sulphuric acid
is known, the constitution of this group may be inferred.
The fact that it is a residue of sulphurie acid is shown also
in the following way: By replacing one of the hydroxyl
groups of sulphuric acid by an atom of chlorine, a com-

Cl
pound of the formula SD!/\’: is obtained, which, by
OH _
simple treatment with water, is reconverted into sulphuric
acid. There can be little doubt that the group SO,0H
of this chloride has exactly the same constitution as the
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corresponding group of the acid. But, if this chloride be
allowed to act upon benzene, benzenesulphonic acid and
hydrochlorie acid are the products, the former having all
the properties possessed by the benzenesulphonic acid
formed by the action of sulphuric acid on benzene. The
reaction takes place thus:—

Cl
OH. 4. 20,/ 1 — 0H 50O ‘. HOI
NoH

Here, evidently, the group SO, OH of the chloride takes
the place of an atom of hydrogen in benzene.

Assuming then the general formula SO, OH for the
group, it remains to decide in what manner the atoms of
the sub-group SO, are united. 'The first question to be
answered, and perhaps the only one that can be answered
by experimental methods at present, is, whether in the
compound containing the group SO, as, for example,
C,H..S0,.0H, the sulphur is in direct combination with
the hydrocarbon or not.

When the sulphonic acids are reduced, they yield, as
final products, the corresponding sulphydrates. Thus,
C;H.SO,H yields C;H,SH. Further, when the sulphy-
drates are oxidized, they yield sulphonic acids: C,H..SH
yields C,H_ SO,H, ete. The simplest interpretation of
these facts is found in the assumption that the sulphur is
in direet combination with the hydrocarbon, as represented
in the formulas:—

¢,H—S—H, C,H,—S—0,—0H, C,H—S—H and
O H -S=0-~0TH:

It is impossible to determine with any degree of cer-
tainty whether the two oxygen atoms (0,) are both in
direct combination with sulphur or not, though the opinion
1s now commonly held that in the sulphonic acids the sul-
phur acts as a hexad and that the constitution is expressed

0 -
|
by the general formula R—S—O0—H. This question is

|
- - U
intimately connected with that in regard to the constitu-
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tion of sulphurie acid, and this will be discussed further
on.

Constitution of the Group NO,—When concentrated
nitric acid acts upon hydrocarbons, ete., hydrogen is fre-
quently replaced by the group NO,, thus:—

CcH, + NOOH = CH/,NO, 4+ H,0

Benzene. Nitric acid. Nitrobenzene.
The reaction, as will be noticed, is similar to that which
takes place when sulphuric instead of nitric acid is used.
Just as in the former case it may be assumed that the group
SO, H is a residue of sulphuric acid, so in the latter case it
may be assumed that the group NO, is a residue of nitric
acid. The formula that we accept for nitric acid will show
us the constitution of the group NO,. Again, nitro com-
pounds are formed by treating a chloride, bromide, or
iodide of a hydrocarbon residue with silver nitrite, AgNO,,
the reaction taking place as follows :—

GEHLL - o AN, — CH (NGO - Al

El,h}?l indide. Nitroethane,

It would appear from the latter reaction that the group
N O, has the same constitution in the nitro derivatives that
it has in nitrous acid; but this is not the case, or, at least,
certain facts seem to indicate clearly a difference between
the groups.

There are two series of compounds of the same compo-
sition, but of different constitution, both of which contain
the group NO,. The members of one of these series are
ethereal salts of nitrous acid. If nitrous acid contains
hydroxyl, then the ethereal salts have the general consti-
tution R—0O—NO, in which R represents a hydrocarbon
residue. The characteristic feature in the constitution of
these ethereal salts is the same as that which we find in
all ethereal salts, viz., the acid group is combined with
the hydrocarbon residue by means of an atom of oxygen.
That this is true of the ethereal salts of nitrous aecid is
shown by the fact that, when nascent hydrogen acts upon
them, they yield the alcohols corresponding to the hydro-
carbon residues which they contain, and at the same time
ammonia. If the nitrogen atom were directly united with
the hydrocarbon residue, we should probably find it in
combination with this residue after the above reduction.
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The decomposition which actually takes place is repre-
sented thus:— .
Ether, R—O—NO, yields—

0
O and HoNZ
\H

Aleohol, Ammonia.

With the constitution assumed for the ethereal salt, it is
evident that the formation of an aleohol by the addition of
hydrogen would necessitate the splitting off of the group
containing nitrogen.

On the other hand, the second series of compounds are
not ethereal salts, but true substitution produets. They
consist of hydrocarbon residues combined with the group
NO, by means of the nitrogen atom. Their general con-
stitution is expressed by the formula R—NO,.

This conclusion is reached by a study of the produets
of the reduction of nitro compounds. When treated with
nascent hydrogen, they yiéld products known as amine
bases, which have been shown to be ammonia in which
one hydrogen atom has been replaced by a hydrocarbon
residue. The decomposition is represented as follows:—

R—NO, 4+ 6H = R—NH, -+ 2H,0.
Nitro product. Amine base,

In the product obtained in this case, it is evident that
the nitrogen atom is in direct combination with the hy-
drocarbon residue, and hence we may assume that this
kind of combination also existed in the original nitro com-
pound.

Accepting the above formula for nitro compounds, it is
difficult to see how they can be formed by the reaction
with silver nitrite. For, if the hydroearbon residue took
the place occupied by the silver in the salt, it is plain that
the product would be an ethereal salt, which, according
to what has already been said, must have the formula
R—O—NO. The product, however, is not an ethereal
salt. Consequently, some other change besides that of an
interchange of places by the silver atom and the hydro-
carbon residue must be accomplished at the same time.

Consequently, further, the group NO, in nitrous acid has
15 |
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a constitution differing from that of the group NO, of
nitro compounds.*

As regards the constitution of these two groups, in
nitrous acid there is, in the first place, in all probability
one hydroxyl. This gives one oxygen atom combined
with hydrogen on the one hand, and, on the other, with
nitrogen, thus: H—O—N—. The only thing additional
that is present in the molecule is an atom of oxygen, which
it is safe to suppose is combined with nitrogen; whence
we have the group—O0—N—0 or (—O0—N=0)as the char-
acteristic group of the acid and its derivatives. But the
group of nitro compounds unites with residues by means
of its nitrogen atom, as has been seen. Hence we can

0
conceive of two formulas for the group NO,, viz.,—N<$ )

0
in which the nitrogen is trivalent, and —N< , in which
0

the nitrogen is quinquivalent.” It has not been found pos-

sible to decide which of these two formulas is the correct
0

one. The latter, —N< , is now more commonly ac-
0

cepted than the former. The essential difference between
these formulas is that in one the two oxygen atoms are
represented as united with each other, and in the other
they are represented as only in combination with nitrogen.
Our experimental methods of investigation are not subtle
enough to cope with this question.

Constitution of the Group NO.—There are two classes

* It has been suggested that when an iodide, as, for example,
ethyl iodide, C,H,I, acts upon silver nitrite, AgNO,, the reaction
takes place in two stages. First, an addition-product is formed as

represented in the equation :
Ag—0—N=0 < GCH]I = Ag—0—N—0

I:J:,HﬁlI'
Second, this addition-product breaks down into a nitro compound

and silver iodide :
ﬂg——ﬁ—N—ﬂ = [D=N=0 + ﬁ.gl.

[0 [
C,H,I C,H,
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of compounds, both of which contain a group NO. They
are the nitroso and the isonitroso compounds. The former
can be prepared by treating with nitrous acid compounds
which contain the so-called imido group NH, or those
which contain the group CH. If, on the other hand,
compounds which contain the group CH, are treated with
nitrous acid, isonitroso compounds are formed. The fact
that the nitroso compounds are converted into nitro com-
pounds by oxidation, and into amido compounds containing
NH,, points to an analogy with these substances. They
are hence represented by the general formula R—NO.

The isonitroso compounds are made by treating with
hydroxylamine, NH,O, compounds which contain the ace-
tone or aldebyde group, CO. The reaction may be repre-
sented in two ways, according as we assume the presence
of hydroxyl in hydroxylamine, or not :(—

:' H
X+ =100 = HHENO — X—G/\/
: NO 4 H,0

X — 00 + HNOH = X—C—N—0H + H,0.

The results of experiments on the subject indicate that
in the isonitroso compounds the relations between the
elements are expressed by the formula X—C—N—OH,
or X=(C=N—OH. A simple example of the isonitroso
compounds is furnished by acetoxime, which is formed by
the action of hydroxylamine on acetone, as represented
in the equation :—

CH, CH,

I
(%0 + HNOH = 'C=N—0—J 4 HO0
CH, CH,

The aldoximes which are formed by the action of hy-

* X simply represents whatever the carbonyl CO group is in
combination with.
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droxylamine on aldehydes are also isonitroso compounds.
A simple example is that formed from ordinary aldehyde :—

CH, C,

| I :

€0 + HNOH = (=N—0—H -+ H0.
I |

H H

Constitution of the Group N H,—Compounds containing
the group NH, are called amido compounds, or primary
amines, The group is plainly a residue of ammonia and

H
is univalent, bhaving the constitution CoNi
\H
compounds are readily obtained by the action of nascent
hydrogen on nitro derivatives, the group NO, being con-
verted into NH,. Amido substitution products have prop-
erties similar to those of ammonia, which fact furnishes
further evidence of a similarity in the constitution of the
two. They have basic properties in the same sense that
ammonia has basic properties, 7. ¢., they unite directly
with all acids, forming salts. In addition to the above
method of formation, there is also the action of aqueous
ammonia upon chlorides, bromides, or iodides of hydro-
carbon residues :—

UHBr == NH, S—= (0 Ho (NI ) S =S H B T
El;h]r:i bromide. Ethylamine,
This latter method indicates very clearly the intimate
connection between amido compounds and ammonia.

These

Constitution of the Group NH.—Finally, there is a
class of compounds called ¥mido compounds, or secondary
amines. These contain the group NI, which is bivalent,
and hence occupies the place of two hydrogen atoms. Like
amido compounds, they may be considered as derived from
ammonia by the replacement of two hydrogen atoms by
hydrocarbon residues. The constitution of the group and
of the compounds is readily understood. We have:—

C,H Br C.H,

. AN == OO N SR,
C,H,Br H)
2 mol. Ethyl Diethylamine,

bromide.
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TJust as there are primary, secondary, and tertiary alco-
hols derived from methyl alecohol by the replacement of
one, two, or three hydrogen atoms by hyqumbnn resi-
dues, so there are primary, secondary, and tertiary amines
derived from ammonia by the replacement of one, two, or
three atoms of hydrogen by hydrocarbon residues. The
gencral formulas of the three classes of amines are:—

R ( R g R
N{H, N AR+ and - NLRL

H (1 (R
Primary Secondary Tertiary
amine, amine. amine,

Constitution of the Groups N,H, and N,H,—The hy-
drazine compounds are closely allied to the amines. They
bear the same relation to hydrazine,® N,H,, that the
amines bear to ammonia. Diethylhydrazine (C,H,),N,H,,
is prepared by starting from diethylamine (C,H;),NH.
When this is treated with nitrous acid a nitroso compound
(C,H,),N(NO), is formed. By reduction the nitroso com-
pound is converted into the corresponding amido com-
pound (C,H,),N—NH,, which is diethylhydrazine.

The various classes of chemical compounds which have
thus been studied are the prinecipal classes with which we
have to deal. There are a few other classes, among which
are the so-called mustard oils, the diazo compounds, and
the guinones. These will be taken up later, in connection
with better known compounds with which they are most
closely allied.

In classifying compounds we have distinguished between
general classes and their substitution products. This dis-
tinction is generally justified, though, in a certain sense,
even those compounds which belong to the general classes
are substitution produets, or, at least, may be considered
as such. This is particularly the case with the compounds
of carbon, all of which may be considered as derived from
certain hydrocarbons by the introduetion of various groups.

* This compound, or rather a hydrate of it of the composition,
N,H,.H,0, has recently been prepared. This hydrate is a gas
which acts in many respects like ammonia.

15%
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GECAP T B X T

SPECIAL STUDY OF THE CONSTITUTION OF CHEMICAL
COMPOUNDS.

From what has been said in the preceding chapters the
constitution of the majority of compounds will be under-
stood. In this chapter the constitution of individual com-
pounds will be treated so far as they require separate
treatment. In this section the compounds of carbon will
demand our prinecipal attention, hecause more is known
concerning their constitution than is known concerning
other cumpﬂundf; and indeed all our ideas regarding the
constitution of the so-called inorganic cumpnunda are for
the most part applications of ideas gained in the study
of the compounds of carbon.

COMPOUNDS NOT CONTAINING CARBON, OR INORGANIC
COMPOUNDS.

The compounds which the univalent elements, hydrogen,
chlorine, bromine, iodine, fluorine, sodium, potassium, lith-
ium, emsium, rubidium, silver, form with one another ap-
pear to have the simplest constitution of which we have
any conception. They require no study here.

Compounds of Chlorine, ete., with Oxzygen, and with
Oxygen and Hydrogen.—Hydrogen peroxide has the em-
pirical formula H,0, If in this compound the oxygen is
bivalent, the simplest arrangement of the atoms is that
represented in the formula H—O—0—H. There is indeed
no independent evidence of the correctness of this formula,
but no other formula expresses the constitution at all sat-
isfactorily, and hence this is accepted as correct.

The acids which chlorine forms with oxygen and hydro-
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gen have already been treated incidentally in connection

with the subject of valeney. It was then shown that

the most probable view is that in all these acids except

hypochlorous acid, HOCI, the chlovine is polyvalent.

Thus, chlorous acid is believed to be correctly represented

by the formula O=Cl—O—H in- which the chlorine is
0

trivalent, chloriec acid by Cl—O-—H in which the chlorine

|
O
i8 quinquivalent, and perchloric acid by the formula
O

I
0=Cl—0—H, in which the chlorine is septivalent. As

|

0
has been pointed out, these acids are regarded as derived
from hydroxyl compounds by the elimination of water.
A large number of salts of periodic acids are known which
cannot readily be explained on any other assumption but
that they are derived from a number of acids which in
turn are derivatives of the acid I(OH),, mainly of the
acid OI(OH), or O=I(OH), in which the iodine appears
to be septivalent.

Compounds of Sulphur, efc., with Oxygen, and with
Oxygen and Hydrogen.—Sulphur forms a number of eom-
pounds with oxygen and hydrogen, some of which have
been carefully studied. The compounds with oxygen alone
are sulphur dioxide, 80,, and sulphur trioxide, SO, With-
out indulging in any unnecessary speculation, the simplest
view in regard to these compounds is that in them sulphur
is respectively quadrivalent and sexivalent. This view is
represented in the following formulas: O=S=0 and

0

0O=8S=0. For this there is just as good reason as for
the view that in carbon dioxide the carbon is quadrivalent
as represented by the formula O=C=0. If it could be
shown that in these oxides of sulphur the oxygen atoms
are in combination with one another, the above formulas
would of course have to be abandoned. But this has not
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been shown, nor is there the slightest reason for making
the assumption. The periodicity of valency which has
been discussed makes the view that sulphur is sexivalent
towards oxygen appear highly probable.

The acids of sulphur are the following :—

H,S0,, sulphurous acid.
H,S0,, sulphurie acid.
0., pyrosulphuric acid.

H182 T

H_S,0,, thiosulphurie acid.
H,S,0,, dithionic acid.
H,8,0,, trithionic acid.
H,S,0,, tetrathionic acid.
H,S,0,, pentathionic acid.

Sulphurous Acid, H,SO,—This acid is not known
except in water solution, though a large number of its
metallic and ethereal salts have been made. From a
study of these derivatives conclusions have been drawn
concerning the constitution of the acid itself. It is pos-
sible to conceive of two arrangements of the atoms com-
posing sulphurous acid, both representing dibasic acids.

H

One of these arrangements is this, 0=S—0—H, in
|
O

which the sulphur is represented as sexivalent; the other

0O

I

is this, H—0—S—O0—H, in which the sulphur is repre-
sented as quadrivalent. The evidence points clearly to
the first formula. Iirst, the acid forms two different salts
of the formula NaKSO0, This would not be possible if
it had the constitution represented by the second formula,
in which plainly each of the two hydrogen atoms bears
the same relation to the molecule. Again, the sulphonie
acids are easily made by treating salts of sulphurous acid
with halogen substitution-products of the hydroearbons,
as, for example ;—

GHIENNGOH — OH.SOH I Nar

Further, it has already been shown (see Sulphonic
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Acids, ante), that in the sulphonie acids the sulphur is in
all probability in direet combination with the hydrocarbon
residues. This makes it, in turn, appear probable that in
the sulphite used in the above reaction the metal is in
direct combination with sulphur. Finally, starting with
a salt of a sulphonic acid, as C,H,.S0,.ONa, the metal can
be replaced by ethyl, and thus a compound obtained which
C,H,

probably has the constitution Dzé—O—CEHE; and, on
I
O

Cl

the other hand, starting with the oxy-chloride 0—_-S< ;

Cl

and treating this with ethyl alcohol, a product is obtained

0—C H,

which probably has the constitution U=S< :

O—0C H_

This is isomeric with the product obtained from the sul-

phonic acid. The evidence is therefore in favor of the
view that sulphurous acid has the constitution—

H

| H
SO o S SH .
I
0 0

Sulphuric Acid, H,SO,—Reactions which have been
discussed make the presence of two hydroxyl groups
in sulphuric acid appear probable, We thus have the

0
formula 802/ . We cannot, however, by experi-
N\OH _
ment determine the constitution of the group SO, It is
now commonly believed to have the constitution expressed
by the formula O=8=0, and sulphuric acid itself is re-
O0—H

garded as 0=S=0, in which the sulphur is sexivalent.

|
0—H
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This formula can be tested with reference to one point,
and that is as to whether both hydroxyl groups bear the
same relation to the molecule. If they do, it should not
be possible to prepare two isomeric ethereal salts contain-
ing two different hydrocarbon residues. If two ethereal

CH,
salts of the composition SOE< , for example, could
C.H,
be prepared, this would furnish evidence in favor of the
view that sulphuric acid is unsymmetrical, or that the two
hydroxyls bear different relations to the molecnle. This
view would be expressed in a formula of this kind,
OH OH
s¢ or 0=S< . When sulphurie
N0—0—OH 0—OH
acid is treated with phosphorus pentachloride under proper
conditions one hydroxyl is replaced by chlorine and a
Cl
compound of the formula SOQ/ is formed. When this
" Now
is treated with alcohols ethereal salts are formed. With
methyl aleohol and ethyl alcohol, for example, the reaec-
tions represented in the following equations take place :—

) 0CH
suz< 4 OHOH = S0 . - HWOL;
OH NoH
%) 0C,H
and S0 + CHOHE — 80 " uwlEe
E\CIH B 9\011 +

When the compounds thus formed are treated with
phosphorus pentachloride the hydroxyl is replaced by
chlorine, and the products are represented by the formulas

/OG‘H, /DGEHS
SDE\\ and SO, . Finally, when these are
cl ol

treated with alcohols, neutral ethereal salts of sulphuric
acid are formed. If the former be treated with ethyl
alcohol and the latter with methyl aleohol the reactions
represented in the following equations take place :—

~OCH, 00T,
suﬂ< 4 CHOH — so,< + HOI;
cl OC,H,
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0C,H, - 00,1,
and soﬂ< + CHOH = so,< + HCL
ol OCH,

It may fairly be assumed that the methyl and ethyl
groups in one of these compounds oceupy the same places
relatively to the molecule that the ethyl and methyl
groups do in the other; or the group OCH, in the first
compound and the group OC,H, in the second occupy the
place of the same hydroxyl of sulphuric acid; and the
same is probably true of the group OC,H, in the first
compound and the group OCH, in the second. If, then,
there is any difference between the two hydroxyls of sul-
phurie acid, the two compounds should be isomeric; where-
as, if there is no difference, the two hydroxyls bear the
same relation to the molecule, and the two compounds
should beidentical.

Experiment has shown that there is no difference be-
tween the ethereal salts prepared as above deseribed, and
hence the conclusion is drawn that the constitution of
sulphurie acid should be represented by the formula :—

= 0—OH
O\S/U or S/ :
07 N\o—H NO0—O0H

The question whether the hydroxyls are in combination
with sulphur or with oxygen can be answered with a fair
degree of certainty by the following considerations: By
replacing the two hydroxyls by chlorine the compound
(1—S0,—C1 is formed. When this compound is treated
* with hydrocarbons under certain conditions the chlorine
is replaced by residues forming compounds called sul-
phones, which are represented by formulas like these,
CH,—S0,—C,H,, C.H—S0,—CH, By reduction these
compounds lose all their oxygen and are converted into
sulphides, of which the following are examples :—

CH = SO o O =8 =0,

It cannot be doubted that in the sulphides the hydro-
carbon residues are in combination with sulphur. When
these sulphides are oxidized they are transformed into the
sulphones. It appears, therefore, that in the compound
(1—S0,—C1, the two chlorine atoms are in combination
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with the sulphur, and from this the conclusion appears to

be justified that in sulphuric acid the two hydroxyls are in

combination with sulphur. This leads to the formula
0—H

0=8=0, in which the sulphur is represented as sexiva-
1

b—n
0\ /OI
lent. As between this formula and this ]/5\ '
0 OH

in which the sulphur is represented as quadrivalent, we
have no means of deciding. The fact that sulphur ap-
pears to be sexivalent towards oxygen, as shown in the
compound SO,, makes the formula for sulphuric aecid, in
which the sulphur is represented as sexivalent, the most
probable.

The simplest view in regard to sulphuric acid is that
it is derived from the maximum hydroxide S(OH), by
elimination of water. The stable form of the acid is that
in which two atoms of hydrogen are contained. On the
other hand, there are a number of salts of sulphuric acid
known which are derived from a more complicated acid
than ordinary sulphuric acid. Examples are the follow-
ing: K.HS,0, KH,;SO0, and KH,S,0,. The first and
third may be regarded as derived from the acid S,0,(OH),,
the second from an acid S,0,(OH),. The first acid is re-
lated to the maximum hydroxide of sulphur, as shown in
this formula :—

0 .
7N
,(HO;-OS\O S0(0m),.

If the hexahydroxide loses one molecule of water the re-
sult is a compound SO(OH),. From this the above acid
may be formed as represented by this formula :—

O[H_HO|\
NojH HO|”

_ The relation between sulphurous and sulphurie acids is
similar to that between formic and carbonic acids, as is
shown by the formulas here given :—

16

L,(HO)OS SO(OT),.
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H OH H OH

C<{O0H C<{0H S < O0H S <0H
0 (0 0, 0,

Formie acid. Carbonic acid. Sulphurous Bulphurie
acid. acid.

Pyrosulphuric Acid, H,8,0..—Pyrosulphurie acid is
formed from sulphuric acid by the abstraction of one mole-
cule of water from two molecules of the acid :—

OH
504 HO
"NoH 80
o e 0 >0,
H S0,
30, “\HO
\OH |
2 mol. sulphuric aecid. Pyrosulphuric acid.

Of course, the groups SO, contained in this compound
must be regarded as having the same constitution as in
sulphuric acid.

Thiosulphuric Acid, H,S,0,—This acid is usually con-
sidered as sulphuric acid in which one of the hydroxyl
groups has been replaced by the group SH, thus:—

OH SH

80, ROV,

NOI NoH
Sulphuric acid. Thiosulphuric acid.

This formula is rendered probable by the fact that the
acid can be obtained from sulphuric acid by treating the
latter with phosphorus sulphide. The action of the latter
reagent consists in replacing oxygen by sulphur. And
the oxygen of the hydroxyl group is, in general, more
susceptible to the influence of reagents than that con-
tained in the group SO,.

Further, thiosulphuric acid is obtained by allowing
bydrogen sulphide to act upon sulphur trioxide, just as
sulphurie acid is obtained by allowing water to act upon
sulphur trioxide :
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OK
50, 0K
\SAg S(J;\/\
= S + Ag,S.
SAg 80,
S0, oK
\OK

When potassium trithionate is boiled with potassium
sulphide, potassium thiosulphate is formed :—

K80, + KBS = 2KS8,0,
This reaction also indieates an intimate relation between
thiosulphurie and trithionie acids.
 Tetrathionic Acid, H,S,0,, is obtained by the action of
1odine on sodium thiosulphate, thus:—

Na,S,0, NHSEOH\
Na,S.0, NaS,0,
2 mol. dodinm Sodium tetrathionate.
thiosulphate.
ONa ) ONa
80, 50,
\SNa g
. . gL I, = | 4+ 2Nal.
Na S
Sog< 50,
ONa | \ONa

Hence, the formula of the aecid from which the latter salt
is derived is accepted for tetrathionic acid.

Pentathionic Acid, H,S.0, is obtained by treating
barium thiosulphate with sulphur dichloride, SCl,, The
latter compound has the constitution C1—S—~CI; conse-
quently, the reaction is most readily interpreted as fol-
lows :(—

OH
50,{ ! OH
\SH 502\/\
el g ), 8 - 9H{l
SH S0
s0( NoH
NoH
2 mol. Thiosul- Pentathionic acid.

phuric acid.
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The corresponding acids of selenium and tellurium, as
far as they are known, are represented by similar formulas,
except selenious acid, which appears to be symmetrical as

0—H

represented in the formula 0:Se< :
0—H

Compounds of Nitrogen with Ozygen, and with Ozy-
gen and Hydrogen.—Nitrogen forms with oxygen the fol-
lowing compounds :—

N,O, nitrous oxide or nitrogen monoxide.
NO or N,0,, nitric oxide.

N,O,, nitrogen trioxide.

NO, or N,0,, nitrogen peroxide.

N,O,, nitrogen pentoxide.

Practically nothing is known about the arrangement of
the atoms in these compounds.

Nitrous oxide is usually represented by the formula
N—N
Y . Possibly it is analogous to chlorine monoxide

C1L,0 in which the chlorine is regarded as univalent. The
formula above given is not an expression of any fact
known to us, except the general one that nitrogen fre-
quently acts as a trivalent element, and rarvely, if ever, as
a univalent element.

If nitrogen is trivalent, it is plain that nitric oxide is
unsaturated. The ease with which it takes up oxygen
and chlorine is in accordance with the view that it is un-
saturated.

There is little if any experimental evidence in regard
to the constitution of nitrous and nitric acids except of a
general kind. Nitrous acid probably contains hydroxyl,
and its constitution is expressed by the formula

—=N—0—H in which the nitrogen is trivalent. The
acid may be regarded as derived from the hydroxide
I']IJ(OH)E by loss of one molecule of water, as represented
thus :(—

OH 0
NJOH = N. i ARy
OH OH

16*
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In the same way nitric acid is regarded as derived from
the maximum hydroxide, N(OH),, as represented thus :—

OH
O 0
N {OH  — szo 4 + SH,0.
OH OH
OH

While most salts of nitric acid are derived from the acid
HO.NO,, there are some which can only be explained on
the assumption that they are derived from the acid

0
N[OH d the maximum hydroxide or i
O’ ™ e maximum hydroxide or normal acid.
OH
The probabilities for c:-rdmmy nitric acid are decidedly in
favor of the formula in which the nitrogen is represented
as quinquivalent.

Hydroxylamine, HN O —This substance conducts itself
in many respects like ammonia, and hence is regarded as
a substituted ammonia. It is probable that its constitu-

H
tion is properly expressed by the formula N < H . The

OH
formation of the aldoximes and acetoximes by treating
aldehydes and acetones with hydroxylamine is fairly
strong evidence in favor of the view that hydroxylamine
contains hydroxyl, for these products contain hydroxyl,
as has already been stated.

Compounds of Phosphorus with Oxygen, and with
Oxzygen and Hydrogen.—Phosphorus forms two oxides,
viz i—

e 0 phosphorus trioxide.
IO phosphorus pentoxide.

In the former the phosphorus is regarded as trivalent,
and in the latter as quinquivalent.
There are several acids of phosphorus, viz:—

H PO, hypophosphorous acid.
H PO, phosphorous acid.
H.PO,, phosphoric acid.

. P, U-, pyrophosphoric acid.

Hbo metaphosphorie aeid.
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Hypophosphorous Acid, H P 0,, is monobasic, and hence
only one hydroxyl group is assumned as present in its mole-

H

cule. This gives the formula H,PO.OH or O=P—0—H

|
H

in which the phosphorus atom is quinquivalent.

Phosphorous Aeid, H,PO,—In regard to the constitu-
tion of this acid, two views are held. According to the
OH

first, the formula of the acid is P{-OH , the phos-
NOH

phorus being trivalent. According to the second, the for-
O0—H

!
mula is O=P—H , the phosphorus being quinquivalent.

d—n

If the former formula is correct, the acid ought to be tri-
basic. In most of its salts, however, it is only dibasie.
Still, ethereal salts are known which are evidently derived
from a tribasic acid, as, for instance, PO,(C,H,),; and if
hasg, further, recently been shown that a salt of the acid
exists in which there are three atoms of a univalent
metal to the molecule. These facts lead to the formula
P(OH), The fact, also, that phosphorous acid is produced
by simply treating phosphorus trichloride with water, is
in accordance with this formula. We have

s Cl HHO /OII
P—jCl -+ HHO = P—0H -4 3HCL
Noai H HO NOH
On the other hand, the following facts speak for the
O—H

formula Uzll’—H f—

o1

When benzene is treated with phosphorus trichloride,
u;]der appropriate conditions, the following reaction takes
place :—

PCl, + CH, = PCL(CH) + HCL
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When the main produet, phosphenyl chloride, is treated
with water, the chlorine is eliminated, and a compound of
the composition PO,H,(C,H,) is formed. The formula of
this compound may be either

o i

1 P/—-\:OH s or 2, O=P—H
C.H, é

ot

If the latter is the formula, then we may conclude that
the constitution of phosphorous acid is similar, 7. e.,

0—H
I
0=P—H .
| :
O0—H

If formula 1 is correct, then, by the action of phos-
phorus pentachloride upon the compound, the following
reaction ought to take place :—

I. P(OH),C,H, 4+ 2PCl, = PCL(CH, -
2(POCL) + 2HCL

I'f, however, formula 2 is correct, then, under the same
conditions, the following reaction would take place :—
I1. _OPH(UH)UBHE_ + 2PCL, = OPCL(CH,) -+

POC]l, + POl + 2HCL

In the former case, phosphenyl chloride, PCI(C.H,),
would be formed; in the latter, phosphenyl oxychloride,
POCL(CH,). Direct experiments showed that phos-
phenyl oxychloride, phosphorus oxyehloride, and phos-
phorus ftrichloride are formed, and consequently the

formula OPH (OH)C H, appears to be correct ; and phos-
0—H

|
phorous acid by analogy is OPH(OH), or O=P—H .

—H
The evidence in regard to the constitution of phosphorous
acid is conflicting.

Phosphoric Acid, H,PO,.—This acid is fribasic, and
hence three hydroxyl groups are assumed to be present
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in it. From this the formula PO(OH), follows directly.
The question still remains whether the phosphorus is
quinquivalent or trivalent in the acid. In the former

O

OH
be P< : in the latter,
| MNOH
OH

case, the formula would

/D—OH .
POH . Phosphoric acid is obtained by treating
NOH
phosphorus oxychloride with water. If the oxychloride is
O

|8t
B < , then we should expect phosphoric acid to have
é Cl

I

the first of the two formulas given. If the oxyehloride

/U-—C]
5 PT\GI , then the acid has probably the latter of the
Cl

0 0

| OH | ,Cl
two formulas given. The formulas P and P
| NOH ),
OH 1

are usually accepted, though without positive proofs of
their correctness. Just as the acids of sulphur, nitrogen,
and chlorine are best understood if regarded as derived
from hydroxides, so phosphorie acid is to be regarded as
derived from the maximum hydroxide P(OH),, The
change necessary is represented in the equation :—

P(OE), = PO(OH), 4 HO, o
OH 0
OF o OH

Pilom: — Fyom -t OHOLC
OH Ol
OH

The maximum hydroxide or normal aeid of phosphorus
breaks down by loss of water until a compound is obtained
in which the number of hydrogen atoms present corre-
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sponds to the hydrogen valeney of phosphorus. By similar
processes pyrophosphoric and metaphosphorie acids are
obtained from the ordinary acid.

The formation of pyrophosphoric acid is represented
thus :—

= 5
p ] OH P JOH
O o
O
= NPT 0] or
COH -
of ~ (om
Py 0 P om
| 0
GHPO, — HPO. - HO.

The relations between hypophosphorous, phosphorous,
and phosphoric acids are apparently like those between
formie and carbonic aeids, and those between sulphurous
and sulphuric acids :(—

H H OH
O0=P < H O=P 0H O=P<O0H
OH OH OH

Hypophosphorous Fhosphorous Phosphoric
Acid. Acid. Aeid.

Pyrophosphoric Acid, H,P,0,.—This is a partial anhy-
dride of phosphorie acid formed by abstracting one mole-
cule of water from two molecules of the acid, thus:—

0 3
4
pZOH 0
\on P<on
OH
{ 0, >0 .
OH OH
/o P<om
Flom No
N0

2 mol. Phosphorie acid.

Pyrophosphoric acid.

The constitution is readily understood by the aid of the
reneral remarks on the subject of anhydrides.



CONSTITUTION OF CHEMICAL COMPOUNDS. 191

Metaphosphorie Acid, HPO,—The composition of this
acid is similar to that of nitric acid, HNO, It is, like
pyrophosphoric acid, a partial anhydride of phosphoric
acid, formed by abstracting one molecule of water from
one molecule of the acid, thus:—

/OH
POl = HO" = PO=O0OIE
\OH .
Phosphoric acid. Metaphosphorie acid,

The formation of metaphosphoric acid from ordinary
phosphorie aeid is represented thus:—

13 LB, = HPO, + H,0, or
) 0

B ol pn S o
OH o5
OH

Metaphosphoric acid bears the same relation to phos-
phorus that nitrie acid bears to nitrogen.

Arsenic, antimony, and bismuth form compounds anal-
ogous to those of phosphorus here deseribed. Much that
has been said in regard to the latter probably holds good
for the former.

Compounds of Boron with Oxygen and with Ozygen
and Hydrogen.—Boron forms only one oxide, viz., B,O,,
known as boron trioxide. The acid to which it corre-
sponds is the maximum hydroxide or normal acid, B(OH),.
When normal borie acid, B(OH),, is heated for some time
at 100°, it loses a molecule of water, and the compound
BO,H is formed thus:—

OH
B—O0H = BO—0H 4+ H.
NoH
When this compound is heated to a much higher tem-
perature it is converted into the oxide, B,0,, thus:—

BO—OH BO
“\\
BO~

—
i

O L O
BO—OH
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Other forms of boric acid are obtained by similar pro-
cesses. Thus, the acid from which the most common salt
of boric acid, borax, is derived has the formula H,B,0,.
I'ts relation to normal borie acid is indicated by this equa-
tion :—

4B(OH), = H,B,0, 4 5H,0, or structurally,

gou

BJOH (

O 1319\
OII 0

B OH B lon
OH B
On S0 4+ 50

B OH B{OH
OH s
OH B (i

B < OH 19
OH

Compounds of Silicon with Oxygen and with Oxygen
and Hydrogen.—Silicon bears a close analogy to carbon
in some respects. It usually acts as a quadrivalent ele-
ment, as is seen in the compounds SiH,, SCIl,, SiO,, ete.
When the chloride is treated with water, we should expect
as a product Si(OH),, which may be considered as normal
silicic acid. It appears to be possible to obtain this acid,
but it is very unstable. It loses water easily, and yields
an acid, SiO,H,, thus:—

Si(OH), = SiOH, 4 HO.

This compound is usually called silicie acid, as many
of the silicates are derived from it.

If heated, this acid yields complicated polysilicic acids.
They are formed by the union of two or more molecules
of silicic acid and the abstraction of varying amounts of
water. Examples of such polysilicic acids are :—

Sitox{DH)n: Si30+(DH)¢* Siaoﬁ(GH)w Si10:(DH)2= ete.

Some of them are found in nature, as opal, hydrophane,
ete. The final produet of the action of heat on silicie acid
is silicon dioxide, Si0,.
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General Remarks on the Relations of ordinary Acids
to the so-called Normal Acids.—In studying the common
inorganic acids one cannot fail to be struck by the rela-
tions that exist between the various acids formed by each
element and the hydroxides of the element; and although
in many cases the hydroxides from which the acids appear
to be derived are either unknown or extremely unstable,
there are, nevertheless, many facts which speak in favor
of the reality of these relations. To repeat briefly, the
view held is that the acids are all derived from hydroxides
of the elements. The hydroxides which an element can
form generally correspond to the oxides; their composi-
tion being determined by the oxygen valency of the ele-
ment. Thus, the hypothetical hydroxides of the members
of the nitrogen family have the general formulas M(OH),
and M(OH), The general tendency on the part of the
hydroxides is to give up water enough to reduce the num-
ber of hydrogen atoms in the molecule to that which cor-
responds to the hydrogen valency of the group. Some-
times this goes further, as is seen in the case of carbon
and nitrogen, the acids of which contain two atoms and
one atom of hydrogen respectively. Both of these ele-
ments, it will be observed, belong in the first series in which
oxygen and fluorine belong. The members of the next
series obey the law, as well as the members of the fourth
and sixth short periods.

The hydroxides from which the acids are derived are
called normal acids. Thus, normal carbonie acid is
C(OH),; normal sulphuric acid S(OH),; normal silicic
acid Si(OH),; normal nitric acid N(OH),; normal peri-
odic acid I(OH),, ete. In very few of these normal acids
are all the hydrogen atoms replaceable by metals. Salts
of the order S(OM),, N(OM),, ete., are not known exeept
in the case of a few normal acids. Many salts of sul-
phuric acid, however, appear to be formed by the replace-
ment of two atoms of hydrogen in the normal acid. The
remaining hydroxyls are commonly represented as “ water
of erystallization,” and the acid from which the salts are

: ; /Ul-[
derived is represented by the formula SO, ;
Mot
have no means of deciding whether that part of the com-
pound which is represented as water of erystallization is
17

We
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properly represented in this way, and we have just as
much right to represent it, or a part of it, as present in
the form of hydroxyl in the compound. Thus, for ex-
ample, a sulphate with two molecules of water of crys-
tallization may with equal right be represented thus,

S {Egiﬁ* , Which indicates, of course, the same compo-
2

sition as the common formula, SO,(OM), 4+ 2H,0. Fur-
ther, there are many double salts of sulphuric acid which
cannot be explained at all by the usual method, but which
are easily understood, if they be regarded as derived from
the acid SO(OH),. Many sulphates, too, give up a part
of their so-called water of crystallization less readily than
the rest. The formation of the salt which is commonly
called the double sulphate of magnesium and potassium,
(850,),MgK,, can be explained by assuming that magne-
_ (OH),
; | .
ium sulphate has the formula SO {8>Mg . The action
GIE potassium sulphate upon it would then be represented
thus :—

{'UH): 0.
S0 { O, g o+ SO { Eg}g;: = (Mg0,)S0< >SO0(0K), + 2H,0.

That all the hydrogen in the normal acids is not re-
placed by metals is not entirely without analogy. Ordi-
nary phosphoric acid which in all probability contains
three hydroxyl groups, is only dibasic towards sodium.
The periodates, which until recently have been regarded
as inexplicable, are easily understood if referred to the
normal acid I(OH),. Most of the periodates are derived
from the acid IO(OH), which is I(OH)—H,0. The
sodium salt is 10 {(DNQE)?,which isanalogous to sodium
phosphate PO {Eggi) . The erystallized acid has the

2
composition IO(OH),, usually represented by the formula
HIO, 4+ 2H,0. The silver salt is IO(OAg),, Many
periodates of more complicated composition are known,
but they can all be understood on the assumption that
they are derived from acids which bear to ordinary
periodic aeid relations similar to those which pyrophos-
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phoric acid hears to ordinary phosphoric acid, and the
polysilicic acid to ordinary silicic acid.

Salts.—The constitution of the most important acids
having been explained, that of the salts, in general, re-
quires no special consideration, for the salts are, as a rule,
very simple derivatives of the acids. There are a few
metals and groups, however, which have the property of
forming peculiar salts, and these require brief consideration.

Ammonium Salts.—When ammonia, NH,, aets upon
an acid, a salt is formed by direct addition, thus:—

NE O = N e
Ammonium chloride.
NH, <+ HNO, = (NH)NO,
Ammonium nitrate,
oNH, + H,80, = (NH,),S0,

Ammoninm sulphate,

The salts thus formed are similar to the salts of potas-
sium, sodinm, ete.,, KCl, KNO,, K,SO,, etec. They con-
duect themselves like true metallic salts. Hence, that part
of these compounds which corresponds to the metal in
metallic salts, viz., the group NH,, plays the part of a
metal, and to it the name ammonium is given. Accord-
ingly, the salts are called ammonium salts. These have
been referred to incidentally under the head of valency.
It was shown that in them the nitrogen is probably quin-
quivalent. The formulas of the above salts are, accord-
ingly :—

H H

[ H

N<H ; NZH ete.
] e | \(NO,)

Salts of Copper and Mercury.—Copper and mercury
form two series of salts, of which the following are ex-
amples :—

CuCl CuCl, HgCl HgCl,
CuBr CuBr, HgNO, Hg(NO,),
Hg,SO, HgSO0,
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The specific gravity of the vapors of the two chlorides of
mercury leads to the formulas HgCl and HgCl,. According
to these formulas, mercury is bivalent, and the compound
HgCl is unsaturated. It has been suggested, however,
that the formula of the chloride HgCl in the solid condi-

HgCl
tion is Hg,Cl,, and that it has the constitution : :
HgCl
Hg -
The group | , as well as the mercury atom itself, is bi-

valent, and thus the above two series of salts are explained.
The same explanation is given for the corresponding salts
of copper. It is impossible to decide this point with the
present evidence.

A large number of compounds are known which are
derived from salts of ammonium and contain copper and
mercury. They seem to consist of ammonium salts, in
which a portion of the hydrogen of the ammonium groups
has been replaced by copper or mercury, thus:—

Cl
[t
HRNE <He e o
, NO,—ONH,, GIN i etc
EHeN—"TE> | =
| Hg,
Cl

The first of these is formed by passing dry ammonia
over dry mercurous chloride Hg,Cl,; the second, known
as dimercuryamine nitrate, or mercurius solubilis Hahne-
mannt, is the black powder which is formed by adding
ammonia to a solution of merecurous nitrate; the third,
mercuryamido chloride, or infusible white precipitate, is
formed by adding an excess of ammonia to a solution of
mercuric chloride.

Similar compounds are formed with other metals, par-
ticularly with cobalt, which furnishes a very large number
of interesting substances of this kind. These are too com-
plicated and too little understood to permit the drawing
of positive conclusions concerning their constitution.
Their study promises interesting results,
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Salts of Iron and Chromium.—Iron and chromium
form two series of salts in regard to the relations between
which but little is known. In the ferrous salts the iron
appears to be bivalent, while in the ferric salts it is triva-
lent :—

FeCl, FeCl,
Fe(NO,), Fe(NO,),
FeSO, Fe,(SO,),

Specific gravity determinations have been made in the
case of the two chlorides, and they appear to have the
molecular formulas Fe,Cl, and Fe,Cl;, but as to their con-
stitution nothing is known.

The same general statements hold good for the two
series of echromium salts.

Metal Acids.—The four metals, iron, chromium, man-
ganese, and aluminium, form hydroxides of the general
formula MO.OH, which conduct themselves like weak
acids, forming salts with some metals. Thus, we have
Al0.0K and Al0.0Na, salts of the hydroxide A10.0H.
These are derived from the hydroxides of the general for-
mula M(OH), by elimination of one molecule of water,
just as the common inorganic acids are derived from the
normal acids.

Iron, manganese, and chromium yield acids of the gene-
ral formula MO H, Thus, we have FeOH, MnOH,,
and CrO,H, These acids are analogous to sulphurie acid,
H,S0,, and a close resemblance is noticed between the salts
of sulphuric acid and those of chromie acid, which is the
best known of the three acids named.

In the absence of satisfactory evidence regarding the
constitution of these acids, the only formulas which we are
at all justified in using are those which have the general

./DH

“Nown
pear probable that they have an analogous constitution.

A very important salt of chromium is that known as
potassinm bichromate or pyrochromate. The formula of
this salt is Cr,0,K,. It may be regarded as the salt of an
acid which is analogous to pyrosulphuric acid, and derived
from chromie acid by the ahs;uractiun of water, thus:—
1T#*

The analogy to sulphuric makes it ap-
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OH ]

Cr{).;< O
OH cr0

B == GHO = \'“'U

OH cr0

01'02< NoH
OH |

2 mol. Chromic acid. Pyrochromic acid.

Neither chromie acid itself nor pyrochromie acid can be
prepared in the free condition, The group CrO, does not
appear to be capable of holding hydroxyl in combination,

OH
so that salts of the formula CrO,“~OM are not known,

An acid of manganese furnishes salts of the general for-
mula MnO,M. No positive assertion can be made in regard
to the constitution of this acid, execept that it is monobasie,
and hence probably contains one hydroxyl group. This
gives the formula MnO,—OH, but the group MnO, re-
mains unexplained. As manganese belongs in Group
VII. it is probable that this acid is analogous to perchlo-
ric and periodic acids, and, according to this view, the
manganese 15 septivalent.

Compounds of Urantwm.—In connection with the sub-
jeet of bases it was mentioned that uranium forms a pecu-
liar set of salts in which the bivalent group UO, is re-
garded as taking the place of the hydrogen of the acids.
Thus, we have the {ollowing compounds, UO,CI,
UO,(NO,),, UO,80,), ete., which can be most readily
explained by assuming that in them the group UO, acts
like a bivalent metal. This is readily understood, if ura-
nium he considered sexivalent, which would be in accord-
ance with its position in the periodic system.

Uranium, further, forms salts of the general formula
U,0.M,, which may be regarded as derived from an acid,

AT0,)0H
\(U0,)01

pyrosulphuric and pyrochromic acid.

U,0H,= 0 , that appears to be analogous to
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CHAPTER XTI,
CONSTITUTION OF CARBON COMPOUNDS.

As has already been stated, a great deal more is known
concerning the constitution of carbon compounds than of
those compounds which do notv contain carbon. Having
considered the general constitution of the classes of com-
pounds which are met with, it remains to study those
changes which the members of the different classes undergo
without losing their characteristic properties. It will be
found that the compounds of carbon may be divided into a
few distinct groups; that each of these groups may be
referred to some fundamental substance of which all the
other members of the group are to be regarded as deriva-
tives. The principal groups are: The Marsh-gas, or
Methane compounds, also called Fatty compounds; the
Benzene compounds, also called Aromatic compounds ;
the Naphthalene compounds; and the Anthracene eom-
pounds. The first two groups comprise by far the largest
number of carbon compounds.

METHANE DERIVATIVES. (FA1ry CoMPOUNDS.)

Compounds derived from the Hydrocarbons C,H,,,.

The constitution of methane has been discussed above
(see ante, p. 136). It was shown that by the linking of
carbon atoms to one another the possibility is given of
the formation of an homologous series, the members of
which differ from one another by CH,, or a multiple of
this. The following members of the series have been
particularly well studied.

Methane, CH,. Pentane, C.H,,.
Ethane, C.H,. Hexane, CiH
Propane, CH.. * Heptane, Gl

Butane, Gl Octane, CHL.
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In speaking of substitution products it was stated that,
according to the views now held concerning constitution,
only one mono-substitution produet of methane can exist,
The same thing is true of the other substitution produets
of methane in which more than one substituting group is
present. Further, we can conceive of only one variety
of methane itself, and only one variety has ever been
observed.

Derivatives of Ethane, C,H,—According to the pre-
vailing views, only one variety of this hydrocarbon can
exist, and only one variety has been ohserved. Of its
mono-substitation products, also, only one variety can
exist, and only one variety has been observed.

Of the di-substitution products, however, two varieties
are possible, as will be seen on comparing the following
formulas :—

1817 M8l H X
X—(]J—{!?—X and H—é—J}‘—K g
-] | 1]1

B H

In the first, the substituting groups are in combination
with different carbon atoms: in the second, both substitu-
ting groups are in combination with the same carbon atom.

A number of compounds are known belonging to the
classes of which these are the general formulas. X may
represent any of the substituting groups with which we
have had to deal ; or the class groups CH,OH,COH,COOH,
efe. :

The simplest of these are the dichlorine derivatives, one
of which is CHCI,CH,, and the other CH,ClL.CH,CI
The first is called ethylidene chloride, the second ethylene
chloride. The constitution of these compounds is de-
duced from the following facts: —

Ethylidene chloride is formed by the action of phos-

phorus pentachloride on aldehyde. It has been shown
H

that an aldehyde contains the group —C—O . Ordinary
H .

aldehyde is CH,—C—O . Asin the reaction with phos-
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phorus chloride, the oxygen is simply replaced by chlorine,
the constitution CH,—CHCI, follows for ethylidene chlo-
ride. It follows, further, that CH,CLCH,Cl must be the
formula of ethylene chloride.

Other compounds closely related to these two chlorides
will be treated under the heads of ethylene, dibasic acids,
ete.

ITsomerism.—Two or more substances that have the
same composition, but different properties, are said to be
isomeric. The existence of isomeric compounds is one
of the most interesting as well as important facts which
we have to deal with in the field of organic chemistry.
Much of the work that has been done in chemistry during
the last half century has had for its immediate object
the explanation of cases of isomerism. And one of the
strongest arguments in favor of the general correctness
of the views at present held in regard to the structure of
the compounds of earbon is found in the ease with which
the innumerable phenomena of isomerism are explained
by them.

There are in general two ways in which compounds
may contain the same elements in the same proportion by
weight, and still have different properties: —

1. The atoms or groups entering into the composition
of the compound may be arranged differently in the mole-
cule. Thus there is the compound ammonium cyanate,
CN(ONH,), and the isomeric compound urea CO(NH),),.
These formulas may also be written thus: N—C—0—NH,

NH,
and 0:O< . Compounds which bear such relations
NH,

to one another are said to be metameric.

2. Compounds may have the same percentage composi-
tion, but different molecular weights. Thus acetylene
C,H,, benzene, C;H,, and styrene, C,H,, bear this rela-
tion to one another. Such compounds are said to be
polymeric.

Derivatives of Propane, C,H,—Propane may be re-
garded as a mono-substitution product of ethane, derived
from the latter by replacing an atom of hydrogen by CH,.
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From what was said above, it will be seen that only one
variety of propane can exist.

Under the head of substitution produets, it has been
shown that there are two kinds of carbon atoms, and con-
sequently two kinds of hydrogen atoms in propane; and
hence, further, that two different mono-substitution pro-
ducts can be obtained from this hydrocarbon. These have
the general formulas :—

{5 BN B s H X H

A e
N i

The compounds represented by the first formula are
known as propyl compounds ; those represented by the
second formula as isopropyl or pseudopropyl compounds.

The two aleohols, normal propyl aleohol,
CH,.CH,.CH,OH, and isopropyl or pseuadopropyl alcohol,
CH,CHOH.CH,, are the starting-points for the prepara-
tion of the two series of isomeric propyl compounds. As
the former is a primary alcohol, it follows, from what has
been said concerning these alecohols, that it must contain
the group CH,OH. This can only be the case if the hy-
droxyl group is in combination with one of the terminal
carbon atoms. Consequently, the above constitution is
assigned to it. By replacing the hydroxyl by chlorine,
bromine, iodine, eyanogen, ete., corresponding derivatives
are obtained.

Isopropyl aleohol is obtained from acetone, and, being
a secondary alcohol, contains the group CH.OH. TIts hy-
droxyl is in combination with the central earbon atom of
propane. By replacing the hydroxyl, chlorine, bromine,
iodine, cyanogen, ete , corresponding isopropyl derivatives
are obtained.

Derivatives of Butane, C H,.—Butane may be regarded
as a mono-substitution produect of propane ; eonsequently,
two varieties must be possible, one of which would have
the formula :(— :
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H-H H H
|
17 II—A‘,-—U—JJ— —H ;
il II
H H H E
while the other would have the formula:—
H H H
('; i
LE: H—C—C—C—H.
| sl
] B |
7z
HHH

As a matter of fact, two varieties of butane are known,
viz., normal butane and isobutane or trimethyl-methane.*
The former has the constitution represented by formula I.,
above; the latter that represented by formula II.

Experimental Evidence.—The evidence in favor of the
formula of normal butane is the same in nature as that
given for ethane. The compound is formed by the action
of zine or sodium on iodo-ethane, according to the equa-
tion :—

H H H H H H 1|-1 H
II—J‘—EI‘—I + 1—G—dm + Zn = Hbb o n + Znl,.
I W o d s

Iodo-ethane, Normal butane,

Of course it is here assumed that the formula of iodo-
ethane is known, but good grounds for this assumption

* The simplest names for the members of the methane series
of hydrocarbons are those in which the members are all regarded
as derivatives of methane. Thus, ethane is called methyl-me-

CH, C.H,
thane, C E ; propane is ethyl-methane, C E ; normal
H H
GEH'I
butane is propyl-methane, C g ; isobutane iz trimethyl-
H
CH,
CH

methane C {,u“, ete.
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have been presented. Starting with this formula, we are
led very easily to the above formula of normal butane.
Trimethylmethane is obtained from psendobutyl iodide,
the constitution of which is known to be
CHE\
/‘SI—'I'JH3 . When the iodine is replaced by hydro-
CH '

gen, the hydrocarbon is the product. (See Pseudobutyl
Alcohol.)

Of normal butane, two kinds of simple substitution pro-
ducts are possible of the general formulas :—

H H HH "B X H
| | I
I H——A)—é— —(C—X and II Hmc—(l,‘ C—G'IJ—II.
1 A )
*H H H H H HHH

Of trimethylmethane, there are also two kinds possible,
of the formulas:—

i CE H = e ol
| B | J} é
TIT (G andl TV (g
iy Dt | (IJ |
H e H I 51
| s
H/Ii\H 10 0T

Representatives of all four kinds of substitution pro-
ducts are known. The principal of these are the alcohols.

1. Normal butyl aleohol (propyl earbinol),*
CH,.CH, CH,.CH,.OH.

¥ The simplest names for the alcohols are those according to
which they are regarded as derivatives of methyl alcohol or car-

CH,
binol. Thus ethyl alcohol is methyl carbinol, C 4 ;; ; mormal
OH
C,H,
propyl aleohol is ethyl carbinol, C E ; secondary propyl aleo-
OH

CH,

hol is dimethyl carbinol, C { ﬁ”"" ; ete.

OH
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9. Secondary butyl aleohol (methyl-ethyl carbinol),
CH,.CH.OH.CH, CH,.
3. Isobutyl alcohol (isopropyl cmbmal)

"\OH.CH, OH.
oH,”
4. Tertiary butyl alcohol (trimethyl carbinol),
/GH

\CH,

From each of these alcohols the corresponding chlorides,
bromides, etc., can easily be obtained.

CH, C.0H

Eaperimental Evidence.—Normal butyl alecohol is ob-
tained indirectly from normal butyric acid, the constitu-
tion of which is known.

Secondary butyl aleohol is converted by oxidation into
ethyl-methyl ketone, C,H—CO—CH,. It is, hence, a
secondary alcohol, and its constitution is that expressed
above.

Isobutyl alcohol is converted into isobutyric acid by
oxidation. The constitution of the acid is known, and
hence also that of the aleohol.

Tertiary butyl alecohol is a tertiary alcohol, and hence,
from what has been said regarding these alcohols, it fol-
lows that it contains the group —C—O—H. It is pre-
pared by treating acetyl chloride, CH,.COCI, with zinc
methyl, Zn (CH,),, and hence contains three methyl groups.
The only formula which is in accordance with these facts
is that above assigned to the aleohol.

Deriwvatives of Pentane, C,H,,—Three varieties of pen-
tane are possible, according to the theory. These have
the formulas :—

L. B,0.0H,OH,CH, CH,_.

2. H,C.CH, on/
\OH

\/

H {J/ \Gu
18
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All three of these compounds are known., The first is
normal pentane; the second is dimethyl-ethyl methane ;
and the third fetramethyl-methane.

Dimethyl-ethyl methane is derived from ordinary amyl
aleohol, and hence has the same general constitution. The
evidence for the constitution of this aleohol will be given
below.

Tetramethyl-methane is derived from the iodide of ter-
tiary butyl alcohol by the action of zine methyl. The
reaction is believed fo take place as follows :—

_/CH,
CH, I CH. O
CH, CH, N /O H
+ Zn = C -+ ZnlI,.
CH CH
OH, I < ; s CH,” \CH,
CH
Iodide of tuearti:arrjr3 Tetramethyl-methane,
butyl aleohol.

A great variety of substitution products can be obtained
from the isomeric butanes. Theory indicates the possible
existence of eight alcohols, of which seven are known.
These are :—

1. Normal amyl alcohol (butyl carbinol),
CH,.CH,.CH,.CH,.CH,.OH.
2. Methyl-propyl carbinol,
CH,.CH, CH,,CHOH.CH,.
3. Diethyl earbinol,
CH,.CH,.CHOH.CH,.CH,.
4, Isoamyl alcohol (isobutyl earbinol),

GHE\

cH/
5. Active amyl aleohol (secondary butyl carbinol),
/1‘.3]5[3

NOH,0H

CH.CH, CH,0H.

CH, CH, CH
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6. Methyl-isopropyl carbinol,
¥ propy CH,
UHTGHOH.GH< :
CH
7. Dimethyl-ethyl carbinol,
CH,
GH,.GH,.COH< |
CH

These alcohols form the starting-points for the prepara-
tion of corresponding substitution products.

Experimental Evidence.— Normal amyl alcohol is ob-
tained from normal valerie acid, and yields this acid by
oxidation. The constitution of the acid follows from its
method of preparation. (See Normal Valeric Acid.)

Methyl-propyl carbinol yields methyl-propyl ketone,
CH,—CO—C,H,, by oxidation, and is formed by reduc-
tion of this compound.

Diethyl carbinol yieldsdiethyl ketone, C,H—CO0—C_H,,
by oxidation.

Secondary Butyl Carbinol.—For reasons that will be
considered further on, it has been suggested that in com-
pounds which are optically active, there is a earbon atom
linked to four different kinds of atoms or groups. Such an
atom is called asymmetrical. Now, as secondary butyl
carbinol is an optically active compound, it is believed to
contain an asymmetrical carbon atom. Further, it is a
primary alcohol, and hence probably contains the group
CH,OH. The only formula in accordance with these

CH,

facts is CHEO]I—(IJ——C,HE, which is identical with the

i

one above given.
Methyl-isopropyl carbinol is formed by reduction of
CH
methyl-isopropyl ketone, CH,—CO—CH{ .
\CH,
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Dimethyl-ethyl carbinol acts like a tertiary alcohol, and
is bence believed to contain the group COH. The for-
mula above given is the only one possible for a tertiary
amyl alcohol.

_Derivatives of Hexane, C;H, .—Five hexanes are pos-
sible according to the theory, and all of them are known.
These are :—

1. Normal hexane, CH, CH,.CH,.CH,.CH,.CH,,
CH
9. Dimethyl-propyl-methane, UHE.GHE,UHTGH< z
CH

_CH,.CH,

3. Methyl-diethyl-methane, CH,.CH ]
CH,.CH,
4. Di-isuprupy{l} E{Tetrameth}*l-ethglr_lle),
LOH—OH.
cH,” \(H,
CH,

5. Trimethyl-ethyl-methane, CHE—é—GH,.UHE.

i,

Faperimental Evidence.— Normal hexane is formed
when normal propyl iodide is heated with sodinm :—

H,0.CH,.CH,I + ICH,CH,CH, + Na, =
CH,.CH, CH, CH, CH,.CH, + 2Nal.

Dimethyl-propyl methane is formed from ethyl iodide
and isobutyl iodide by treating the mixture with sodium :—

CH,

\CH,
O,

CH,CH,I + 1CH,CH + Na, =

0H3.0H2.0H2.0H<
CH,
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Methyl-diethyl methane is formed by treating a mixture
of methyl iodide and active amyl iodide with sodium :—

ICH
CE\

CI.CH,.CH, 4 2Na =
cH,”

CH,.CH,

CH.I -|-

\CH.CH,.CH, + 2Nal.
cH,”

Di-isopropyl (tetramethyl ethane) is formed by treating
isopropyl iodide with sodium :—

CH CH
L G 101—1< " oM —
cH,” CH,
CH CH
NoH—HCOC 4 2Nal.
cH,” N\,

Trimethyl-ethyl methane is obtained by the action of
zine ethyl on tertiary butyl iodide :—

OH
S "NOLOH, b + Zn(CH,), =

9.
0oi: v
CH C.H
gl A
cH,/” \CH,
Derivatives of Heptane, C.H .—Of the nine hydro-

carbons of the formula C.H,, the existence of which is in-
dicated by the theory, five are known up to the present:—

1. Normal heptane, CH,.CH,.CH,.CH,.CH,.CH,.CH,.

2. Isoheptane (dimethyl-butyl methane),
OHS\

CH.CH, CH, CH,CH,
CH,

CH,.CH,
3. Triethyl methane, CH,.CH,—CH

I
CH,.CIH,
18+
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GHAPTER XIV:
MONOBASIC ACIDS, C,H,,0, ETC.

THE acids of this series may be regarded as substitu-
tion products of the hydroecarbons, formed by replacing a
hydrogen atom of the latter by carboxyl (COOH); or as

OH

o
has been replaced by a hvdrocarbon residue, as represented

carbonic acid, CO , in which one of the hydroxyls

R
in the formula O = G/ . The two views are identical.
NoH

In most cases these acids have been prepared by convert-
ing the group CN of the cyanides of hydrocarbon residues
into COOH. If the constitution of the cyanide is known,
the constitution of the acid is readily deduced.

The principal members of the series are:—

Formie acid, H.COOH.

A cetic acid, CH,.COOH.
Propionic acid, C,H,.COOH.
Butyric acid, C,H, COOH.
Valerie acid, C . H, COOH.
Caproic acid, C.H,.COOH.

Of formic acid and its substitution products only one
variety is known.

Of acetic acid and its substitution products, also, only
one variety is known.

Propionic Acid. With propionic acid the case is dif-
ferent. Of the acid itself only one variety is known,
but of the mono-substitution products two varieties are

knﬂﬁﬁ]. HThe constitution of the acid is represented thus :

H—JJ—JI—GUOH. Now it is plain that, in this com-

[
H O
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pound, aside from the hydrogen of the carboxyl group,
there are two kinds of hydrogen atoms—those combined
with a carbon atom, which in its turn is in combination
with the group CH, and those in combination with a
carbon atom, which in its turn is in combination with
two carbon atoms. The case is gimilar to that of pro-
pane, of which two varieties of substitution produets
are possible. The two possibilities are expressed by the
formulas :—

15 Bl H H
# L)
H—(C—(C—CO0O0OH and X—C—(C—COOH.

i I

Those which have the first formula are called a-substitu-
tion produets; those which bave the second are called
p-substitution products.®* The best known representatives
of these two classes are two lactic acids. The lactic acids
are derived from propionie acid by substituting hydroxyl
for a hydrogen atom. pg-iodo-propionic acid is econverted
into hydracrylic acid (one of the lactic acids) when boiled
with water. The change consists in substituting hydroxyl
(OH) for the iodine. Hydracrylic acid is formed from
ethylene, which will be shown to have the formula
CH, CH,

é orll] by the following reactions:—

H. CH

Ethylene takes up hypochlorous acid, HCIO, and becomes
CH,0H

, ethylene-chlorhydrin. This product is easily
CH.CI

CH,0H

: é} , and this
H, CN

transformed into ethylene-cyanhydrin

* In naming the isomeric substitution products of the acids, that
one in which the substituting atom or group takes the place of a
hydrogen in combination with the carbon atom with which the
carboxyl is united is designated as the a-product; that one in
which a hydrogen of the next carbon is replaced is called the
Aproduct, ete. In the case of an acid of the formula H,C.CH,.CH,.
COOH, for example, the a-product is represented by the formula
H,C.CH,CHXCOOH, the &-product by H,C.CHXCH,.COOH, and the
y-product by H,XC.CH,.CH.COOH.
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UHIOH

('H, COOTT

The constitution of hydracrylic acid is easily deduced
from these reactions. As g-iodo-propionie acid is con-
verted into hydracrylic acid by boiling water, it further
follows that g-iodo-propionic acid has the constitution—

H H

CH.I | J}

é or [—C—C—COOH .
H,COOH i &l
H H

All mono-gubstitution-produets of propionie acid which
have been converted into or formed by simple reactions
from g-iodo-propionic acid are called B-compounds, and
they are all assumed to have the same general constitution.

Having determined the constitution of the g-compounds,
that of the a-compounds follows. It must be represented
by the other possible general formula.

in turn into hydracrylie acid,

Butyric Acids.—Two acids of the formula C;H..COOH
are theoretically possible and two are known. These are
nﬂmaégutyriﬂ acid, CH,.CH,.CH, COOH, and zsobutyric

H
acid, ‘"’>01—1+000u :
CH,

Ezperimental Evidence.—Normal butyric acid is pre-
pared by introducing the group C,H, into acetic acid by a
reaction the essential part of which is represented by the
equation :—

CH,Na.COOH + C,H,I = C,H, CH,.COOH + Nal.

Further, by reduction, normal butyric acid yields one of
the two possible primary butyl aleohols. It has been
shown that the other possible primary butyl aleohol is
not a derivative of normal butane, consequently normal
butyric acid must have a constitution like that of normal
butane, and it has the formula above assigned to it.

Isobutyric acid is obtained from isopropyl cyanide,
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Trimethylacetic acid is made from tertiary butyl iodide
CH,

CHE—(]J—I , through the cyanide.
H

4

Caproic Acids.—Six acids of the formula CH,,0, are
known. These are:—

1. Normal caproic acid, CH,.CH,.CH,.CH,.CH,.COOH.

CH,\
UH.OH,0H, COOH .

CH,

CH,CH

2. Isobutylacetic acid,

3. Diethylacetic acid, ”>GH.000H .
CH,.CH,
OHS\
. Methylpropylacetic acid, /OH.COOH.
CH,.CH,.CH,
CH,CH,

-

CH
5. Dimethylethylacetic acid, T U< :
CH,” \COOH

6. Isocaproie acid, CH*\GH COOT
Methylisopropylacetic acid, (CH,) OHZ ik ;
3,9

L xzperimental Evidence.— Normal caproic acid is ob-
tained by oxidizing normal hexyl aleohol, and from nor-
mal amyl iodide through the cyanide.

Isobutylacetic acid has been prepared by introducing
isobutyl into acetic acid :—

CH,Na CHE\
| O CH F—
COOH CH,”
Ol |
DCH.CH,CH,COOH + Nal.
T,

Diethylacetic acid is obtained by introducing two ethyl
groups into acetic acid :—
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CHNa, C.H,
4 BORT — CH.CO.0H + 2Nal.
éoou g

Dimethylethylacetic acid is prepared indirectly from
GHH\ C,H,

dimethylethyl earbinol, < , by introducing

OH/ \OH

iodine in the place of hydrn*-:}rl then substituting the
cyanogen group for the iodine and converting the eyano-
gen into carboxyl.

The other acids of this series are not very well known.
By the aid of the foregoing examples, the method of deter-
mining the constitution of the acids will be readily under-
stood.

Aldehydes.—Corresponding to every primary alecohol
and to every acid an aldehyde is possible. The constitu-
tion of each of these aldehydes is given if the constitution
of the alcohol or of the acid from which it is obtained is
known.

The aldehydes are produced from the primary alcohols
by partial oxidation; and from the acids by subjecting a
mixture of a salt of the acid and a salt of formie acid to
dry distillation.

Acetones or Ketones.—The ketones are obtained by dis-
tilling mixtures of two acids. If the constitution of the
acid or acids is known, that of the ketone obtained in each
case is also known.

Diacid Alcohols, C,H,,4+,0,—The aleohols thus far
considered are the simplest. They act like mon-aeid bases,
such as potassium and sodium hydroxides, KOH and
NaOH, ete. Corresponding to diacid bases there are also
diacid alecohols. The simplest substance of this kind known
is ethylene alcohol or glyeol, C,H,0,. This substance is
found to act like an aleohol, and not in any respect like
acids, aldehydes, ketones, ete. Between it and ordinary
alcohol there is, however, one marked difference. The
reactions characteristic of ordinary alcoliol can be carried
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further with this substance. Thus, while from the former
only one metallic derivative, C,H,OK, can be obtained
with any one metal, from ethylene alcohol two such de-
rivatives ecan be obtained, viz., C,H,0,K and C,H O,K..
One hydrogen and all the oxygen of ordinary aleohol are
replaced by chlorine under the influence of the chlorides
of phosphorus, the product C,H,Cl being formed ; while,
according to the relative quantity of the chloride of phos-
phorus brought into aetion, two different chlorides can be
obtained from ethylene alcohol, viz., C,H,0Cl and C,H,Cl,.
By oxidation ordinary alcohol yields but one acid, and that
is monobasic. By oxidation of ethylene aleohol two dif-
ferent acids can be obtained. One of these, of the formula
C,H,0,, is monobasic, and has the peculiarity that it com-
bines in itself the properties of an acid and an aleohol; the
other, of the formula C,H,0O,, is dibasic.

These facts can be best explained by assuming that in
ethylene alcohol there are two hydroxyls, or, in other
words, that the characteristic grouping of the hydrogen
and oxygen in ordinary aleohol is twice repeated in ethy-
lene alcohol.

This conception of the nature of ethylene alcohol finds

OH
expression in the formula GzHi< :
OH

This formula has been verified by a synthesis, the prin-
ciple of which is shown by the equation :—

| OH
C,HBr, + 2Ag(OH) — UEH*<O 4 2AgBr.
H

Accepting the formula, the reactions referred to can be
interpreted thus:— ”

On OK
(3112 1 M e < C,H H;
NoH ‘<0H i
0K
Cqns T iR
NoH

OK
01H4< - el
OK

OH Cl1 Cl
C,HS gives CH ¢ and C.H

i
NOH Non TN
19
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/UH COOH COOH
C.J]E[‘\ gives and (IJ ,
OH CH,OH O0OH

Hydroxy-acetic or Oxalic acid..
glycolic acid.

Considering the oxidation products, and recalling what
has already been said concerning the transformation of
alecohols into acids, we are led to the belief that in ethylene
alcohol there are two primary alecohol groups, CH,OH,
and that each of these in turn can be converted into car-
boxyl. In the light of these considerations, the formula
CH,0H

A for ethylene alcohol becomes extremely probable.
H,0H
Monohydroxy-monobasic Acids, C,H,,0,—The simple
fatty acids bave the general formula C,H,,0,. There is
a series of monobasic acids, clearly related to these, which
have the formula C,H,,0,, The simplest of these is
identical with the first product of oxidation of ethylene
alcohol. It is known as glycolic or hydroxyacetic acid,
and has the formula C,H,0,. It has the properties of an
CH,0H
alecohol as well as an acid. The formula | is in
COOH
accordance with the facts. The presence of the alcobolie
hydroxyl is shown in the same way as in the case of
simple alcohols, The formula suggests the possibility of
converting the compound into a dibasic acid of the formula
COOH

éODH
actually be effected.

The synthesis of the acid furnishes further proof of the
correctness of the view expressed by the formula. It has
heen prepared by treating chlor- or bromacetic acid with
silver hydroxide :—

, a transformation which, as we have seen, can

CH,Br CH,0H
[ 4+ AgOH = 4} + AgBr.
COOH O0OH
Bromacetic acid. Glycolic acid.

All acids which, like glycolie acid, can be regarded as
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simple acids in which hydroxyl takes the place of hydro-
gen, are known as hydrozy-acids. .

0
Hydrozypropionic Acids, C,H a4 .—These acids
Y yprop 2 ‘\GDOH

are monohydroxyl derivatives of propionic acid. It has
been pointed out that of the mono-substitution-products of
propionic acid there are two varieties, known as the a- and
g-compounds. Accordingly, we should expect the exist-
ence of two hydroxy-propionic acids of the formulas:—

H OH 5L st

JEesl
ZE[-ll‘J—LlJ——UO.{}H and HO—C—C—CO.0H.

S ]
H I H H

These are the only ones the existence of which is fore-
told by the theory. Nevertheless, no less than four com-
pounds have been described as hydroxy-propionic acids.
These are :—

1. o Hydrozy-propionic acid, or inactive ethylidene-
lactic acid. This is ordinary lactic acid, obtained by fer-
mentation of milk.

2. Paralactic acid, or sarcolactic acid, also called ethyli-
denelactic acid.

3. Leevo-lactic acid.

4. Hydracrylic acid.

a-Hydroxy-propionic acid is obtained by substituting
hydroxyl for chlorine in a-chlorpropionic acid. It is also

Cl
made from the compound GHH,GH< (obtained from
Cl

aldehyde by treatment with phosphorus pentachloride) by
substituting hydroxyl for one and earboxyl for the other
chlorine atom. It is optically inactive, that is, has no
perceptible effect on polarized light.

Paralactic acid acts towards reagents like ordinary lactic
acid, and is hence shown to belong to the a-series. Unlike
the ordinary acid, however, it exerts a decided influence
on polarized light. Lewvo-lactic acid also conducts itself
like an g-acid, but it turns the plane of polarization to
the left, while paralactiec acid turns the plane to the right.

The isomerism of these three acids cannot be explained
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by our ordinary formulas. A suggestion made by LeBel
and by van’t Hoff furnishes an entirely safisfactory expla-
nation. This suggestion has reference to a possible new
kind of isomerism in the case of optically active substances.
It will be briefly treated in the last section. Attention
may, however, here be directed to the fact that ethylidene-
lactic acid contains what has been called (see p. 207) an
OH '

asymmetrical carbon atom, H,(}—é—ﬁ OOH. Tt isupon
_ i

this fact that the explanation of this peculiar kind of iso-

merism is based.

Hydracrylie acid is made from pg-iodo-propionic acid,
and is hence a g-compound. It is also made from ethylene
by adding hypochlorous acid and substituting carboxyl for
the chlorine in the resulting compound, as has been ex-
plained (see p. 212).

Lactones.—The y- and §-hydroxy acids are extremely
unstable. When set free from their salts they lose the
elements of water and are thus transformed into neutral
compounds called lactones. As these have neither alco-
holic nor acid properties, it is believed that they should
be represented by such formulas as the following :—

1. 9. 3.
OH,.0H,CH,, CH,CH, CH,CH,, CH,CH, CH,.CH,

I J) ‘JJ | |
(I) CO O O0———-C0
Formulas 1 and 3 represent y-lactones, and formula 2 a
-lactone.

The relation between a lactone and the corresponding
hydroxy acid is shown as follows :—

CH,.CH,.CH, CH,.CH,CH,
I é = | (11 L HO.
OH 00H 0 0O
}wﬂyﬂmx;rd-‘hutyrin Butyro-lactone.

acid.

Dibasic Acids, C,H,, ,0,—O0zalic acid, C,H,0, or
COOH

A‘ODH

, is the simplest representative of these acids.
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It is dibasic, and the same reactions by which we are
led to conclude that earboxyl, COOH, is present in the
monobasic acid lead also to the conclusion that, in the
dibasic acids, there are two carboxyls present.

The second member of this series is malonic acid,

COOH
o . Of each of these acids only one variety

“NcoomH
is possible.
COOH

The third member is succinic acid, 011:1,_/ :

NCOOH

Of this there should be two varieties corresponding to the
two lactic acids, or the two series of mono-substitution-
products of propionic acid. For suceinic acid may plainly
be considered as propionic acid in which a hydrogen atom
has been replaced by a carboxyl group. The two succinie
acids should have the following formulas :—

H CO0.0H L E
1. H—é_LI‘—GD.OH and 2. UO.OH—&—(J)—OO.OH
M i

The second formula is that of ordinary suceinic acid,
and the first that of isosuceinic acid.

Experimental Evidence.—Ordinary suceinie acid is ob-
tained from g-cyanpropionie acid, the constitution of which

H H
: |
is known to be ONWD—(TL—UO.UH; and from ethylene
|
HE H
CH,.CN
cyanide, llj , Which is obtained by treating ethylene
H, ON

bromide with potassium cyanide.
Isosuccinic acid is obtained from a-cyanpropionic aeid,
H CN

o)
which is H—C—C—COOH . S,
1![ 1[1
19%
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Triacid Alcohols and Tribasic Acids.

Glycerin.—Only one aleohol is well known which con-
tains three hydroxyl groups. This is glycerin. Such aleo-
hols are known as triacid alcohols. The formula of gly-

CH,0H

cerin is (SHGH . This formula is very probable, because,

J]H,U'H

as a result of a large number of observations on carbon
compounds, 1t seems to be a law that one carbon atom
cannot, except under peculiar conditions, hold in combina-
tion more than one hydroxyl group. If this be true, the
above formula is the only one possible for glycerin. But,
again, by oxidation, glycerin yields a monobasic acid con-
taining the same number of carbon atoms; and, by further
oxidation, a dibasic acid also containing the same number
of carbon atoms. These facts show that the group CH,OH
occurs twice in glycerin. But if there are two groups
CH,OH present in glycerin, then the formula above aec-
cepted must be correct. ,

Glyceric Acid is obtained by partially oxidizing gly-
cerin. As the acid contains the same number of earbon
atoms as glycerin contains, it is assumed that the oxida-
tion consists in a transformation of the primary aleohol
group CH,0H into COOH; hence, the formula of glyceric

CH,0H

acid is éHOH. According to this, a dibasic acid,

I
COOH
COOH

{.lTHOH , ought to be obtained by oxidizing glyceric acid,
|
COOH

just as this dibasic acid is obtained by oxidizing glycerin,
This transformation has been effected.
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More Complex Alcohols and Acids.

Among the best known substances of greater com-
plexity analogous to those thus far considered are tartaric
acid and citric acid. The former is a dibasic acid con-
taining, in addition to the two carboxyl groups, two alco-
holic hydroxyl groups. It is hence a dibasic tetratomic
acid. It is dioxysuccinic acid, and must have the for-

CH.OH.COOH
mula é . It is obtained from dibromsuec-
H.OH.COOH .
cinic acid by treating the latter with water, thus—
CHBr.COOH CH.OH.COOH
é + 2H,0 = | -+ 2HBr.
HBr.COOH CH.OH.COOH
Dibromsueeinic acid. Tartaric acid,

As in the case of the hydroxy-propionic acids, there are
substances isomerie with tartaric acid, for which the com-
monly accepted theories of constitution do not account.
It is highly probable that we have here to deal with con-
ditions of structure similar to those met with in conneec-
tion with the hydroxy-propionic acids. Tartaric acid, like
a-hydroxy-propionic acid, contains an asymmetrical car-

bon atom, H—C—COOH, or, rather, it contains two such

b

(iiric acid is ftribasie, containing, in addition to its

three carboxyl groups, one alcoholic hydroxyl. These
COOH

facts are represented in the formula C,H,(OH) {GOOH :
COOH

atoms.

In addition to the compounds treated, there are others
still more complex, and derived from the marsh-gas hydro-
carbons by the substitution of five and six aleoholic hy-
droxyls, etc., for hydrogen. Of those containing five
hydroxyls, there is only one representative known. Of
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those containing six substituting groups, however, a large
number are known. Among these are the different varieties
of sugars, cellulose, and starch; and the acids which are
derived from them. Of late, much progress has been made
in the study particularly of those sugars that belong to the
same class as grape-sugar or glucose. Many new sugars
have been prepared and the relations between them estab-
lished by the aid of the conceptions of stereo-chemistry as
advanced by van’t Hoff.

An examination of the aleohols referred to in the pre-
ceding pages reveals the fact that the simplest mon-acid
aleohol, CH,O, contains only one carbon atom ; the sim-
plest di-acid aleohol, C,H O,, contains two; the simplest
tri-acid aleohol, C,H,O,, contains three; the simplest
tetracid aleohol, C H,0,, contains four; and the simplest
hex-acid aleohol contains six. This is another illustration
of the truth that, except under peculiar conditions, one
carbon atom can hold in combination but one hydroxyl.

Cyanogen Compounds.

In speaking of the group CN, under the head of sub-
stitution, it was shown that in the eyanides, the arrange-
ment is probably R—C—N (see p. 164). Cyanogen itself
is commonly represented by the formula

C—N C=N

e

The simplest compound of ecyanogen is hydroeyanic acid,
which probably consists of the group —C—N united with
hydrogen, viz., H—C—N or H—C=N, though some
facts indicate that there is an isomeric acid of the formula
C—N—H or C=N—H.

The hydrogen atom of this acid can be replaced by a
variety of groups or other elements, as, for instance,
OH, SH, NH,, ete. Thus, a large number of derivatives
are obtained which have a constitution similar to that of
the acid. Thus we have eyanic acid, HO—C—N ; sulpho-
cyanic acid, HS—C—N ; cyanamide, H,N—C—N, ete.

It has already been shown that there are compounds
containing the group C—N— (or C=N—) called isocy-
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anides, which are isomeric with the hydrocarbon cyanides,
and evidence for the formula C—N— has also been given

(see ante, p. 165).

Mustard 0ils.— Sulphocyanic acid, HS—C—N or
HS—(=N, like other acids, yields salts and ethereal salts
by exchanging its hydrogen for metals or hydrocarbon resi-
dues. Examples are potassium sulphocyanate, KS—
C—N; methyl sulphoeyanate, CH—S—C—N, ete. Run-
ning parallel to the salts of sulphocyanic acid is a series
of compounds known as mustard oils. These have the
same composition, but entirely different properties and
constitution.

The simplest representative of this series is methyl mus-
tard oil, which has the constitution expressed by the for-
mula S—C—N—CH, or S=C=N—CH,. A number of
corresponding compounds are known, one of which is
allyl mustard oil, S—C—N—C,H,. This is the oil ob-
tained from black mustard seed.

The evidence in favor of the constitution assigned to
the mustard oils is as follows :—

FEthyl mustard oil is formed by the action of thiocar-
bonyl chloride on ethylamine, thus : —

CS0l, + NH—C,H, = SC=N—C,H, + 2HCL

It is also formed by a somewhat circuitous method.
When carbon disulphide, CS,, is brought in contact with

/GEHE
ethylamine, ’iﬁ , the ethylamine salt of ethylsulpho-
H
carbamic acid is formed, thus:—
NH.C,H,
08, + 2(NH,C,H) — 08¢ .
\SH.NH,.C,H,

By appropriate reactions this salt is resolved into ethyl-
amine, hydrogen sulphide, and ethyl mustard oil. The
decomposition can be best interpreted as follows :—

oS N H|.C,H,
\\[SH|.NH,.C,H,
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Hence the resulting mustard oil apparently retains an
atom of sulphur united with earbon alone, and the earbon
in turn is probably also united directly with the residue
of ethylamine, —N.C,H,. A study of the decomposition
of ethyl mustard oil also leads to the formula above given.
With water or hydroehlorie acid it yields ethylamine, car-
bon dioxide, and hydrogen sulphide ; with nascent hydrogen
it yields ethylamine, formic thioaldehyde, and hydrogen
sulphide. The production of ethylamine indicates clearly
that in the mustard oil the ethyl group is in eombination
with the nitrogen atom; and the production of formie thio-
aldehyde, which differs from formie aldehyde, H.COH, only
in containing sulphur in the place of oxygen, also indicates
that in ethyl mustard oil the sulphur atom is in combina-
tion with carbon. These results are embodied in the for-
mula accepted for the mustard oil.

The ethereal salt of sulphoeyanie acid, which is isomerie
with ethyl mustard oil, conduets itself towards reagents in
an entirely different manner. It never yields ethylamine,
but always a compound in which the ethyl group is in com-
bination with sulphur, as ethyl sulphide or ethyl-sulphonie
acid ; while the nitrogen is split off in combination with
hydrogen alone, or with carbon, hydrogen, and oxygen.

Derivatives of Carbonic Aeid.

The salts of carbonic acid have the general formula
M,CO,. They are derived from a dibasic acid, H,CO,.
This acid being dibasic probably contains two hyrln::é;,}r]lE

groups, and hence we are led to the formula CD<DT{

for carbonic acid. This acid is not known except in solu-
tion in water. If the attempt is made to prepare it from
its salts, the compound CO, is always obtained. It has
already been stated that it appears to be a law that one
carbon atom cannot hold in combination more than one
hydroxyl group. This breaking down of carbonic acid
into water and the oxide is an indication of the truth of
the law. The acid appears to be formed when the oxide
is conducted into water,
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Though earbonie acid itself is praectically unknown, a
large number of its derivatives are well known, These
are obtained, 1, by replacing the hydrogen of the acid by
elements or groups; 2, by replacing one or both of the
hydroxyl groups in the same way; 3, by replacing the
oxygen by sulphur. Thus we obtain first salts and ethe-
real salts; then compounds, such as carbonyl chloride,

/Cl /S
U——\-O , carbon sulphoxide, C'\ , carbon disulphide,
Cl O

- %)
C< ; and finally such compounds as sulphocarbonic
S

SH 0.C,H
acid, OS< , xanthogenic acid, GS/ e , ete.
SH \sH
Among the most important derivatives of carbonic acid
is the amide, urea or carbamide, which has the constitu-
NH,
tion expressed by the formula col ;
\NH,
The evidence in favor of this formula is as follows :—
It is formed by the action of carbonyl chloride on
ammonia, thus :—

_NH,
cocl, + oNH, = 00 + 2HCI;
NH,

a;]s-;u by the action of ammonia upon ethyl carbonate,
thus :—

_/OC,H, _NH,
GG\DCH + oNH, = CO\NH + 2(C,H,0).
g="yg 1

The latter is a general reaction used for the preparation
of acid amides from the ethereal salts.

Urea has the power of uniting with bases, acids, and
salts, and forming with them crystallized compounds.
Instead of the ammonia residue NH, it may contain resi-
dues of the amine bases, as NH.CH,, NH.C.H_ ete. Or,
again, one or more of the hydrogen atoms of urea may
be replaced by acid residues, such as C,H,0, C,H,0, ete.
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G HART R XV,

UNSATURATED COMPOUNDS ALLIED TO THE MARSH-GAS
DERIVATIVES,

Tae hydrocarbons and their derivatives which have
thus far been treated have the peculiarity in common that
nothing ean be added directly to them. In order to change
them sumethmg must first be removed from them. W hen
treated with strong reagents, the first kind of action that
takes place is substitution. Thus, marsh-gas, CH,, and
chlorine yield CH,C1, CH,CI,, ete., and not CH,C], CH,CI,.
Compounds that act in this way are called saturated com-
pounds. The condition of saturation is undoubtedly de-
pendent upon the valency of the elements, and, in the terms
~ of the valeney hypothesis, it is explained by saying that
in the saturated compounds all the bonds or affinities of
the elements are satisfied.

There are many compounds that do not act in the man-
ner described. When treated with strong reagents, such
as chlorine, bromine, ete., they take these elements up
directly. In many cases substitution does not take place
until a definite quantity of the element has been added.
Addition is the first kind of action. Thus, ammonia and
all the substituted ammonias take up acids and other com-
pounds and form addition-products:—

NH, + HC(I = NH,CL
NH,CH, 4+ HBr = NH,.CH,.Br.
NH,CH, 4+ CHBr = NH/(CH,),Br

The cyanides are unsaturated, as is shown by their power
to take up hydrogen directly :— '

HON - 4= 4H
CH,CN 4 4H
20

NH,.CH,,
NH,.C,H..
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Aldehydes and ketones are also unsaturated, as is shown
by their power to take up hydrogen :—

OH.COH -1 DoH CH,.CH,0H
CH,C0.CH, + 2%H = CH,CH(OH).CH,

Further, there are many hydrocarbons which are un-
saturated, taking up chlorine, bromine, iodine, hydro-
chloric acid, hydrogen, ete., and forming addition-pro-
ducts. The simplest example of this kind is ethylene,
which has the composition C,H,. When this is treated
with bromine this reaction takes place :—

O.H, - ZBr =i ((.H Br,.
With hydrobromie acid this reaction takes place :—
CH, - HBr — CHBr;
and with hydrogen this:—
OCH, - 2H =R H

If bromine is allowed to act further upon the compound
C,H Br,, no more bromine is added, but hydrogen dis-
placed, and the first result is a reaction of this kind :—

C,HBr, + 2Br = .CHBr, 4+ HBr.

What is the difference between saturated and unsatu-
rated compounds? This question has already been dis-
cussed in a general way (see ante, pp. 99 and 101). The
commonly accepted explanation of most unsaturated com-
pounds is that in them certain elements are combined by
more than one affinity, while in the saturated compounds
only single affinities exist; or, in other words, double or
triple linkage of atoms is believed to exist in most unsatu-
rated compounds, while only the condition of single link-
age is found in saturated compounds. This explanation
is not, of course, applicable to the case of ammonia and its
derivatives, though the phenomenon of addition in this
case appears to be of the same character as the phenome-
non of addition in the other cases referred to. In the
cyanides it is assumed that between nitrogen and carbon
there is triple linkage, as indicated in the formula
CH,—C=—N. When hydrogen is taken up this triple
linkage is changed to single linkage as represented thus:—

CH—O0=N + 4H = H,0—H,0—NH,,

|
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and the carbon and nitrogen, which were triply linked,

ench takes up two atoms of hydrogen.
In the aldehydes and ketones it is assumed that the

oxygen is united to carbor by double linkage, as repre-

sented in the formulas, CHs—é‘:U ; GHE#E—GHE :
ete. When saturation takes place, the double linkage is

broken and single linkage takes its place, as represented
in the following equations:—

H 181
| &
CH—C=0 + 2H = CHE—ul—-O—H,
H
0H—C—CH, + 2H = CH,—CH—CH,.
I
EJ) OH

In these cases the carbon and oxygen, which are united
by double linkage, each takes up one atom of hydrogen.

A similar explanation is sometimes offered for the satu-
ration of ferrous chloride and similar compounds. The
view is expressed in this equation :—

cl «l ol @l
| Juity il
1+Le=Fe 4+ 201 = Ol—Fe—Fe—Cl.

b b b b

Now, turning to ethylene, the unsaturated condition of
this compound can be explained in the same way, and the
addition of hydrogen, bromine, ete., to it appears to be a
phenomenon of the same kind as those just considered.
The reactions with hydrogen, hydrobromic acid, and bro-
mine are represented thus : —

CH, H CH,
||, 1 R R (1)
CH, H L
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CH, H CH,

[l e e ,

CH, Br CT,Br
CH, Br CH,Br
| e | :
CH, Br é‘-HﬂBr

There is independent evidence that when bromine is
added to ethylene one atom of bromine combines with
each carbon atom and not both with one; therefore it ap-
pears probable that in the other additions the action takes
place in the same way.

It is clear that a satisfactory explanation of what is
meant by double linkage eannot be given until it is known
what single linkage is. The condition of double linkage is
generally admitted in such compounds as the oxides of poly-

O

valent elements, as Ca=—0, Ba=—0, Cu=0, C=0, C’/’ ;

N0

ete., and many familiar reactions are explained in the same

way as the cases above discussed. Thus, for example, the

action of water on calcium oxide is a reaction of the same

kind as that which takes place when hydrobromic acid,
ete., act upon ethylene:

Ca O—H Ca—O0—H

S e == e
O H 0—H

A ccording to this, caleium oxide is an unsaturated com-
pound in the same sense in which ethylene is unsaturated.
While, then, we cannot say that the condition of double
or triple linkage does, as a matter of fact, exist in unsatu-
rated compounds, still the hypothesis is convenient and
helpful, and may be held tentatively in dealing with the
phenomena of unsaturation.

The chief arguments in favor of the view as applied to
carbon compounds are the following :—

1. Among carbon compounds the condition of unsatu-
ration does not generally occur except in cases in which
there is the possibility of double or triple linkage between
carbon atoms. There is, for example, no compound CH,
and none of the composition CCI, or CBr,

On the other hand, there is the compound CO, which

S
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cannot be explained by the hypothesis under discussion.
It cannot be assumed that in this ecompound the oxygen
is quadrivalent without doing violence to nearly all facts
known to us in regard to oxygen. Nor can we assume
that carbon is bivalent towards oxygen, for it has the
power of taking up additional oxygen and thus becoming
saturated. It is unsaturated, but apparently in a different
way from ethylene. The existence of two oxides of car-
bon and only one hydrogen compound with one ecarbon
atom in the molecule is a fact of the same kind as that
noticed in connection with sulphur, phosphorus, nitrogen,
chlorine, and many other elements, each of which forms
but one eompound with hydrogen, but more than one with
oXygen. ik

2. The second argument in favor of the double and
triple linkage hypothesis is that, when the unsaturated
compound becomes saturated, an equal number of atoms
or groups is added to each of the atoms between which
the complex linkage is assumed. This indicates that there
is some condition between these atoms that affects both in
the same way.

It is held by some that, in using the signs indicating
double and triple linkage, we go further than we are justi-
fied in going by what we actually know. This is undoubt-
edly true. We do not know that anything which can
fairly be called double linkage ever occurs in a eompound.,
At the same time, taking all the facts into consideration,
the hypothesis seems justified, but the sign must not be
interpreted literally. Whether double linkage exists in
ethylene or not, this hydrocarbon and a large number of
related compounds have a certain property in common
which may conveniently be expressed by the same sign
in them all.

The common property is their power to take up two
atoms of hydrogen, bromine, etc., or a moleeule of hydro-
chlorie, hydrobromic acid, ete. The double line = be-
tween carbon atoms may then be used as a sign of the
ethylene condition, whatever that may be, and it indicates
the power on the part of the compound represented to
take up two additional univalent atoms,*

* For an instructive discussion of this subject see particularly

Lossen, Annalen der Chemie, vol. 204, p. 265.
20%*
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Lithylene and Derivalives.—In connection with ethane
derivatives it was stated that two chlorides are known,
both of which have the formula C,H,C],. One of these is
obtained from aldehyde by replacing the oxygen atom by
two chlorine atoms ; hence its formula was assumed to be

CHCI,.CH,. The isomeric compound has the formula
CH,CI

I
CH,C1
The latter is obtained from ethylene by direct addition
of chlorine. Hence it is concluded that ethylene itself is
symmetrieal, 4. e., that each carbon atom in it holds in
combination two hydrogen atoms, giving the constitution
expressed by the formula H ,C—=CH,,

Propylene, etc.—The remaining hydrocarbons of this
series are obtained for the most part by treating the chlo-
rides, bromides, or iodides of the hydrocarbons of the
methane series with alcoholic potassa, by which means
the molecule C1H, BrH, or IH is abstracted from the com-
pound. Thus, from C,H.I is obtained C,H,; from C H_I
is obtained C H,, ete.

In many cases the method of formation of the hydro-
carbon shows at once what its constitution is. In some
cases a doubt exists even after all the methods of forma-
tion and the products of decomposition are taken into
consideration. 4

Aleohols.—Theoretically a series of alecohols is poessible,
derived from the hydrocarbons of the ethylene series by
the replacement of one hydrogen atom by one hydroxyl
group. Only one such alcohol is well known, This is
allyl aleohol, C,H,.OH, or CH,— CH.CH,.OH.

Evidence.—Allyl aleohol differs from propyl aleohol in
containing two hydrogen atoms less. Now, by treating allyl
alcohol with nascent hydrogen, it is converted into normal
propyl alecohol, which, as we have seen, has the constitution

| I 5 B |

54
H_E—G—U—OI'L Hence it is assumed that in allyl

L]
[N
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alcohol, as well as in propyl aleohol, the hydroxyl is in
combination with one of the terminal ecarbon atoms, and,
accordingly, it must be either CH,—=CH—CH,.OH or
CH,—CH—=CH.OH.

Acrylic acid, which is obtained from allyl alcohol by
oxidation, is formed from g-iodo-propionic acid by the ab-
straction of hydriodic acid. g-Iodo-propionic acid, further,
is formed from acrylic acid by the addition of hydriodic
acid. If the formula for g-iodo-propionic acid CH,I—
CH,—COOH is correct, it follows that the formula
CH,—CH—COOH for acrylic acid is more probable than
CH,—CH=COOH. Indeed, according to the valency
hypothesis, the latter formula represents an impossible
compound. If the formula CH,—CH—COOH for acrylic
acid is correct, then the first of the two formulas above
given for allyl alecohol is probably correct.

Acids.—Acrylic acid apparently bears the same relation
to allyl alcohol that acetic acid bears to ordinary aleohol.
Still, ordinary oxidizing agents do not convert the alcohol
into the acid. This is probably due to the instability of
the unsaturated compound. Chromic acid converts allyl
alcohol into the corresponding aldehyde, acrolein, but con-
tinued action of the oxidizing agent leads to the formation
of formie acid. On the other hand, acrolein is converted
into aerylic acid by means of a less active agent than
chromic acid, as, for example, silver oxide. Further, if
the alcohol be first converted into a saturated compound
by the addition of bromine, the resulting dibrompropyl
aleohol conducts itself towards oxidizing agents the same
as normal propyl aleohol. It yields a dibrompropionie
acid, and this, when treated with zine, loses bromine and
yields acrylic acid. The reactions are :—

CH, CH,Br
| J}

1. OH e B = HBr
| |
CH,0H CH,OH
CH,Br CH,Br

2. {lj’HBr by oxidation yields &HBI‘
CH,0H éOUH
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CH,Br CH,
|
3. (IJHBI:' + Zn = CH < ZnBr,.
éJOOH é‘OU].—I
CH

2

These changes lead to the formula CH  for aerylic

1

COOH
acid. This acid is the first of a series, each member of
which differs from the corresponding member of the series
C,H,,0, by containing two hydrogen atoms less.

Acetylene.— By treating symmetrical dibromethane,
CH,_Br
A , with an aleoholie solution of potassium hydroxide,

JH,Br
h}'ﬂi‘ﬂ])l‘ﬂmiﬂ acid is abstracted, and acytelene, a hydro-
carbon of the formula C,H, is formed :—

C,HBr, — 2HBr = C,H,.

This compound is a representative of a class of unsatu-
rated compounds, differing from the ethylene derivatives
in composition the same as the latter differ from the marsh-
gas derivatives. The acetylene compounds have the power
of taking up four atoms of chlorine or bromine or two mole-
cules of hydrochloric or hydrobromiec acid. The reactions
with acetylene are illustrated by the following examples : —

CH, 4Br C,H,Br, ;
¢H, 4+ 2HBr = CHB:r, .

In regard to the condition existing between the carbon
atoms in acetylene and its analogues our knowledge is in
much the same state as in regard to the condition hetween
the carbon atoms in ethylene. The arguments advanced
in support of the double linkage hypothesis for ethylene
and its derivatives may be used in modified form in sup-
port of the triple linkage hypothesis for acetylene. When-
ever saturation of a compound in which triple linkage is
believed to occur takes place, two atoms or groups are
added to each of the atoms between which the triple link-
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age occurs. This is illustrated by the following reac-
tions :—

H,0=CH, + 4Br Br,H,C—CH,Br, ;
H—C=N + 4H H,C—NH, .

Just as the sign for double linkage is intended mainly
to call to mind the fact that the compound in which it
occurs has certain properties which are found in ethylene,
and may, therefore, be called the sign of the ethylene con-
dition ; so the sign for triple linkage should be regarded as
the sign of the acetylene condition, and when it is found
in a formula it indicates, on the part of the compound
represented, the power to take up four atoms or groups
and thus to become saturated.

|

Compounds Containing a Smaller Proportion of Hy-
drogen.—There are several hydrocarbons known which
in some respects seem to be analogous to those already
considered, but which differ from them in containing a
smaller proportion of hydrogen. The prinecipal of these
are valylene, C.H,, and dipropargyl, C,H,. These take
up bromine in larger proportion than the hydrocarbons,
which contain more hydrogen. Thus, valylene forms
C,H,Br,, and dipropargyl forms C,H,Br, The pro-
ducts, it will be noticed, belong to the saturated com-
pounds, the former being a substitution product of pen-
tane, C,H,,, and the latter bearing a similar relation to
hexane, C;H,,., Not enough is known about these sub-
stances to lead to a definite opinion in regard to their
structure. It seems probable, however, that they are simi-
lar to ethylene and acetylene. Val?lenu may be repre-
sented by the formula CH,—C—C=—CH, and dipropargyl

|

CH '
by CH=C—CH,—CH,—C=CH. The formulas should,
however, be rewarded as tentative,
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CHAPTER X VI
BENZENE DERIVATIVES. (AROMATIC COMPOUNDS.)

A TLARGE class of compounds exists, the members of
which possess the property in common that, when decom-
posed in a number of ways, they yield benzene as one of
the products. Benzene itself has the formula C,H,. Just
as the members of this class of compounds yield benzene
as a decomposition product, so, also, they may be built up
from benzene by the introduction of a variety of groups
or elements in the place of hydrogen. All these com-
pounds bear relations to benzene similar to those which
the fatty compounds bear to marsh-gas. In studying the
aromatic compounds then, it is of first importance to de-
termine the constitution of benzene itself, as the constitu-
tion of the derivatives cannot be understood until that of
benzene is known.

Constilution of Benzene.— Whatever view may be
entertained regarding the structure of benzene, the fol-
lowing facts must be accounted for :—

1. Of the substitution products of benzene which con-
tain one substituting group, only one variety is known.

2. Of the substitution products of henzene which con-
tain two substituting groups, three varieties are known,
and only three.

3. Of the substitution products of benzene which con-
tain three substituting groups, more than three varieties
are known, except in case the substituting groups are all
of the same kind, in which case only three varieties are
known.

4. Six, and only six atoms of bromine, chlorine, ete.,
can be added directly to benzene.

A great deal of ingenious experimenting has been gone
through with for the purpose of testing the first of these
statements. The method adopted may be briefly deseribed.
Starting with benzene, C ,H,, one atom of hydrogen was
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replaced by bromine, a product C ,H Br, being thus formed.
Now a second hydrogen was replaced by some other group,
Br

say NO,, the produet CHH'< being the result. It is

NO,
plain that the group NO, must occupy a place in the mole-
cule different from that which the bromine occupies. Now
the bromine was replaced by hydrogen, leaving the com-

pound C,H,(NO,) with the group NO, presumably occupy-
! Br

I-/ 2]
\No,
Finally, the group NO, was replaced by bromine, and a
compound, C H Br, was obtained in which the bromine
replaced a different hydrogen atom from that replaced in
the first compound. The two compounds were found to
be identical, and the conclusion is drawn that two of the
hydrogen atoms bear the same relation to the molecule.
In a similar way the examination has been extended to
all six of the hydrogen atoms, and the result reached is
in accordance with the first general statement. It seems,
hence, that all six hydrogen atoms in benzene bear the
same relation to the molecule. From this it follows that
the molecule of benzene is symmetrically formed. Each
one of the hydrogen atoms must be in combination with
a single carbon atom, and what is true of one of them
must be true of all the others If the attempt is made
to represent these ideas by a formula, itis plain that the
formula must differ in some way from all those with which
we have thus far had to deal. No one of these, represent-
ing a molecule with more carbon atoms, is strictly sym-
metrical. They represent the atoms as arranged in chains
open at both ends. The simplest way in which the sym-
metrical character of benzene can be represented is by
means of a circle,. We may suppose the six atoms of
carbon arranged at equal distances in a circle, and the
six hydrogen atoms in combination with them, thus:—

ing the same place that it did in the compound C H
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it is plain that there are three kinds of relations which
any one hydrogen atom bears to the others considered
individually. Thus, the relation of 1 to 2 is different from
that of 1 to 3 or 1 to 4. The relation of 1 to 5 is identical
with that of 1 to 3, and that of 1 to 6 is identical with that
of 1 to 2. Hence, if X be substituted for H.1, and another
X for another hydrogen, three different products ought to
result according as the second X takes the place of H.2,
H.3, or H.4. The same statements hold good, whether
we start with H.1 or H.2, or any of the other hydrogen
atoms.

It will thus be seen that the formula is in strict harmony
with the observed fact that there are but three classes of
di-substitution products of benzene,

In a similar way it can be shown that the formula is
in harmony with the fact that of the tri-substitution pro-
ducts containing different substituting groups there are
more than three wvarieties, while of those in which all
three substituting groups are the same, there are only
three varieties; though not much weight can be attached
to this as yet, as the subject has not been investigated to
a sufficient extent to furnish a sufficient basis of faets.

There is another fact which, if interpreted by the aid
of the valency hypothesis, also speaks in favor of the
above formula. This formula does not account for all
the bonds of carbon. It is not known what relation
exists between these carbon atoms. Various formulas
have been suggested with the object of showing how the
bonds are disposed of, but they are all open to the serious
objection that they try to express relations about which
we know practically nothing. At the present stage of our
knowledge it makes but little difference whether we write
the formula :—

H H
¢ 5
neZ N\ oH o | NoH
B i e oo
N H0<i SOH
| L
I C

both of which are in use. It is better not to write either,

but to use the simple ficure above given, which does not
21
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attempt to tell the entire story, but simply to express by
a symbol certain ideas to which we are led by a considera-

tion of the facts known to us. Using, then, the simplest
formula,

though for the argument it is immaterial which one of the
three we use, the idea suggests itself that this hydrocarbon
ought to be able to take up bromine; it appears to be un-
saturated. If each carbon atom has the power to hold
four atoms, then plainly each one ought to be able to take
up one atom of bromine. By treatment with bromine,
benzene ought to yield an addition-product C,H,Br,, or

HBr
0
SR
BrHC,  \CHBr
BrIIC‘ ‘UHB[‘

N A
\U/

HBr

In accordance with this is the fact that, when benzene
is treated with bromine in the sunlight, a produet, C,H Br,,
is actually formed, and not C,H Br,, as in the case of the
isomeric hydrocarbon dipropargyl

Taking all the facts together then, it is clear that the
formula given for benzene represents to the properly
trained mind some facts of fundamental importance for
the compound. No one claims that this formula, any more
than any other in use, represents the actual arrangement
of the atoms in space, or that the formula has anything
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whatever to do with facts of this order. But it undoubt-
edly does represent certain truths.

Although our knowledge will not permit us at present
to express with any confidence more in regard to the struc-
ture of benzene than is expressed by the simple formula,
still the question as to the way in which the ecarbon atoms
are united in benzene is one that may legitimately be

made the subject of investigation, and it has received a
H

e N
great deal of attention. The formula H
CH

HC\\\\C/

H
represents the presence of the ethylene condition three
times repeated. So far as the formation of addition pro-
ducts is concerned, this formula is satisfactory. On the
other hand, it does not represent a perfectly symmetrical
compound and the first fact in regard to benzene which
must be represented is symmetry. Considering any car-
bon atom represented in this formula, it is plain that on
one side it is united with a earbon atom by single linkage,
and, on the other, it is united to a carbon atom by double
linkage. Apparently two di-substitution products of the
formulas :—

X X
C C
FON AN
xc’ \“01':“[ ] HoZ T}x
an
HC\\\/ Jom HU\\ P
¥ .
H H

are possible in such a compound. But experiment has
shown that the two compounds with the substituting
groups in the relations represented in these formulas are
identical. In view of the facts several efforts have heen
made to represent the constitution of benzene by a per-
fectly symmetrical formula which should at the same time
be in accordance with the general notions regarding struc-
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determining the constitution of benzene. One of them
15 based upon the determination of the heat evolved in
the complete combustion of benzene; and another upon
observations on the refracting power of benzene. As the
former method leads to the conclusion that there are nine
single linkages in benzene; and the latter method leads
to the conclusion that the formula with three double link-
ages and three single linkages is correct, it is clear that

one of the methods must be defective, and further investi-
gation is necessary.

Substitution Products of Benzene.—Of mono-substitu-
tion products there is only one variety. There is only one
monochlorbenzene, C,H,Cl; only one hydroxybenzene, or
phenol, C.HOH ; only one benzoic acid, C;H,.COOH ;
only one toluene, C.H.CH,, etc., etc. The constitution
of most of these derivatives is very simple. There is a
peculiarity, however, connected with those which are
formed by replacing one hydrogen atom of benzene by a
hydrocarbon residue. The simplest compound formed in
this way is toluene, which consists of benzene in which
a hydrogen atom has been replaced by the methane resi-
due, methyl, CH,; if, instead of the residue CH,, ethyl,
C,H,, is introduced, ethylbenzene, C,;H,C,H; which is
plainly a homologue of toluene, is obtained; so, also, the
residues C,;H,, C H,, C,H,, etc. may be introduced, and
thus an homologous series of aromatic hydrocarbons is
obtained, all of which are mono-substitution products of
benzene. These may, further, all be regarded as substi-
tution products of the hydrocarbons of the methane series.
Accordingly, of toluene and ethylbenzene, which are mono-
substitution products, of methane and ethane respectively,
only one variety is possible; while of the next homologue,
or propylbenzene, C,H, C,H,, two varieties are possible,
corresponding to the a- and g-mono-substitution produocts
of propyl, or to the propyl and isopropyl compounds
(which see). The principal members of the series of
hydrocarbons thus referred to are:—

Benzene, C.H,.

Toluene or methylbenzene, C.H, or C;H_.CH,
Ethylbenzene, CH, or CH,.C,H,.
Propylbenzene, CH, or CH,.C,H..
Butylbenzene, C,,H,, or C.H,.C H,.

Amylbenzene, C H,or CH,.CH,.
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Of these hydrocarbons two classes of mono-substitution
products are possible, viz., those in which the substituting
group or element is situated in the benzene ring, and those
in which the substituting group or element is situated in
the other residue. These other residues, however they
may be constituted, are known as side chains. It is plain
that substitution-products of the latter kind correspond
closely to those of the hydrocarbons of the methane series,
and hence they need no special consideration here. If a
substituting group or element enters into the benzene ring
of any of these hydrocarbons, of course we have no longer
to deal with mono-substitution products of benzene.

Di-substitution Products.—The three classes of di-deri-
vatives of benzene, which we have above recognized as
possible, have been designated respectively as ortho, meta,
and para compounds, or, by others, as 1.2, 1.3, and 1.4
compounds. The former expressions are to be preferred,
for they are independent of any hypothesis concerning
the positions of the substituting groups. It is usual to
consider the expressions ortho and 1.2, meta and 1.3, para
and 1.4, as identical, but this implies that the following
formulas have been proved, while they have not been,
although they have been rendered extremely probable.

X X X
C\ C C
i AN
110‘/ Nox ' Ho/ \‘CH HC o
HC rGH HC 0X ‘ y
\\// \\//Cl HC\ /(;H
¢ ¢ e
H H X
Ortho compound. Meta compound. Para compound,

What we really know is that there are three classes of
these di-substitution products, and that the members of
any one of these classes can be converted into one another,
thus showing that they are allied. Any three varieties of
a di-substitution product of benzene may be taken as the
basis of classification of all the di-substitution products.
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Thus, the three isomerie, dicarbonic acids of henzene,
COOH

OEH‘< , viz., phthalie, isophthalic, and terephthalic
COOH

acids may be taken for this purpose. All di-substitu-

tion products that can be converted into phthalic acid are

known as ortho compounds, all that ecan be converted into

isophthalic acid are known as meta compounds, and all

that can be converted into terephthalic acid are known as

para compounds.

The conversion into these acids need not always be
direct. If it is possible to convert a compound into
another, which, in its turn, can be converted into one
of the above acids, the same conclusion is drawn as in
the case of a direct conversion. Of course, the accuracy
of the conclusions drawn with reference to the constitution
of di-substitution produets depends upon the trustworthi-
ness of the reactions employed in effecting the conversions.
Some reactions employed for this purpose have been found
to give inaccurate results, that is to say, the produects re-
sulting from an application of these reactions belong to
different series from those to which the original compounds
belonged. It is probable that some compounds now classi-
fied with one series, in consequence of some transforma-
tions, may be found by future investigations to belong to
a different series.

The formulas given above as representing the relative
positions of the substituting groups in ortho-, meta-, and
para compounds are based upon the following facts :—

It will be shown that naphthalene (which see) prob-
ably has the formula :—

1
H H
C

C
i o
HU/ \C/ \CH

on

HO .
SR A
N A N
C C
1l H

2
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By oxidation naphthalene yields phthalic acid It seems
probable, therefore, that the carboxyl groups in the acid
have the same relative position as that of the groups num-
bered 1 and 2 in this formula. Consequently, ortho-com-
pounds, or those which can be converted into phthalic acid,
are assumed to have their substituting groups in the posi-
tions marked 1.2 in the benzene; or, what is the same
thing, the substituting groups in ortho-compounds are
combined with carbon atoms which are adjacent in the
formula.

It will also be shown that mesitylene (which see) prob-
ably has the formula :—

By partially oxidizing this hydrocarbon one methyl is
chulngud to carboxyl, and an acid is obtained of the for-
mula :—

~When this acid is heated with lime, carbon dioxide is
given off, and a hydrocarbon is obtained of the formula :—
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There are three hydrocarbons that are known to be
dimethyl derivatives of benzene. The benzene hypothesis
furnishes three formulas, but we cannot determine by in-
tuition which one of the formulas to give to one particular
hydrocarbon, and yet, if the benzene hypothesis is of
value, only one of the three formulas is assignable to any
particular hydrocarbon.

An examination of formula III. will show that each of
the four hydrogen atoms belonging to the benzene bears
exactly the same relation to the molecule. Interpreting
this formula in the simplest way, we are led to the conelu-
sion that the compound which it represents ought to yield
but one mono-substitution produet with any one agent,
for it should make no difference which one of the four hy-
drogen atoms is replaced. This is not true of the other two
formulas I. and II. The compound represented by formula
I. ought to yield two different mono-sabstitution products
with any one reagent, and the compound represented by
formula II. ought to yield three, thus:—

CH, CH,

\ ¢
Y AN
HO \G-—cu HOZ f NC2GH]

‘UH
\/ b

"‘"-..______J-_'
Form. 1.

e 0

N N AN
HOC oii SOX HC’/ NGE B G

]ICI ’C_ ‘ | prntpal ‘ e 1
oo, HO\ _JC—CH, X0 _/0—CH,
b 7 s
C C C
H R H
_-"""--..____J—— e ———
Form, II.
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It has been shown that from one of the three xylenes
only one variety of mono-substitution products can be ob-
tained, and the conclusion is drawn that to this one, for-
mula ITI. should be assigned. This is paraxylene, so that
we are led by this method of proof to exactly the same
conclusion as by the methods already considered. This
method has not been fully applied in the case of the two
other hydrocarbons, but sufficient is known in connection
with other di-substitution products of benzene to show
that some of them yield two, and only two, kinds of de-
rivatives by the introduction of one more substituting
group, while others yield three. The former are the ortho-,
the latter the meta-compounds.

The above will give a fair idea of the basis upon which
the expressions 1.2, 1.3, and 1.4 rest. Some of the prin-
cipal di-substitution products of benzene are given in the
following table, which shows also to which series the com-
pounds belong :—

Ortho, Meta. Para.
Phthalic acid, Isoplithalic acid, Terephthalic acid,
Orthoxylene, Isoxylene, Paraxylene,
Salicylic acid, Oxybenzoic acid, Paroxybenzoic acid,
Pyrocatechin, Resorein, Hydroguinone,

Orthodinitrobenzene, Metadinitrobenzene, Paradinitrobenzene,
Orthodibrombenzene, Metadibrombenzene, Paradibrombenzene.

Tri-Substitution Products.—One of the most important
of the tri-substitution produets of benzene is mesitylene.
The formula of this hydrocarbon is C,H,,. By oxidation
it yields, according to the extent to which the action is
allowed to proceed, three different products. The first,
mesitylenic acid, C,H,,COOH, is monobasic; the second,
uvitic acid, C.H,.(COOH),, is dibasic; and the third,
trimesitic acid, C,H,.(COOH),, is tribasic. All of these
acids, when heated with lime, yield either benzene itself
or derivatives of benzene. Hence, it is concluded that
mesitylene is benzene in which three hydrogen atoms are
replaced by three methyl groups, as expressed in the for-
mula C,H,(CH,),. By oxidation each one of these groups
in turn is converted into carboxyl, yielding thus the three
acids above mentioned. It still remains, however, to
decide what positions these three substituting groups in
benzene occupy.
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The following considerations lead to the formula for
mesitylene given on page 251.

When acetone is treated with concentrated sulphuric
acid, water is abstracted, and the residues of three mole-
cules unite to form mesitylene. It seems fair to assume
that the three residues have the same constitution, as they
are formed under exactly the same conditions, from the
same compound. If they are the same, each must be
C,H,. Three such residues might be formed from acetone,
thus :—

Acetone is CH,—CO—CH,. Three molecules may be
arranged :—

If water is abstracted in the manner indicated by the
lines, there are left three residues, O,H,, and, if these unite,
they will form a compound of the constitution represented
by the following formula :—

CH,

¢

A
HC( N

CH,—C\_ /ro—cns
N

C
H

This is the formula accepted for mesitylene ; and from
thlif the conclusion is drawn that meta-compounds have
their substituting groups in the positions 1.3.

If this formula is examined, it will be seen that each

one of ;ge three hydrogen atoms remaining in the ben-
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zene occupies a position like that occupied by the other
two. Accordingly, if this formula is correct, we should
expect to find that, by the introduction of one substituting
group into mesitylene, only one product would be formed.
This has been found to be frue.

Besides mesitylene there are many tri-substitution pro-
ducts of benzene known, containing such elements as Cl,
Br, I, and such groups as NO,, NH,, SO,0H, ete. The
‘method by which the position of the substituting groups
in these compounds is determined is this: One of the
groups is split off, and the constitution of the resulting di-
substitution produet is determined as above; then, from
the original compound some other group is split off, and
the constitution of the di-substitution product resulting in
this case also determined. TIf is thus possible to judge of
the positions of the three groups with reference to one
another. There are not many compounds, however, that
can be subjected to this kind of examination with satisfac-
tory results, so that the constitution of the tri-derivatives
18 not as well known as that of the di-derivatives,

Peculiar Benzene Derivatives.—Among benzene deriv-
atives there are three classes which are not represented,
or not as well represented, among the fatty compounds,
and hence they require some attention here. These are
the phenols, quinones, and azo-compounds.

Phenols.—Phenols are the hydroxyl derivatives of ben-
zene and its homologues, formed by the introduction of
hydroxyl in the place of hydrogen in benzene. The cor-
responding compounds of the hydroearbons of the methane
series are all alcohols, either primary, secondary, or ter-
tiary. The phenols are, however, not alecohols in the sense
in which that term has been used up to the present. By
oxidation they yield neither aldehydes, acids, nor ketones.
If, however, by the expression tertiary alcohol is meant
any compound which contains the grouping C(OH), then
the phenols are all tertiary alecobols. It is, perhaps, better
to restrict the use of the name alcohol to the hydroxyl
derivatives of the marsh-gas hydrocarbons,

The presence of hydroxyl in phenols can be proved in
the same way that it was proved for other compounds
containing hydroxyl
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There are monacid phenols, containing only one hy-
droxyl ; diacid phenols, containing two hydroxyls ; triacid
phenols, containing three hydroxyls, ete.

Quinones.—The quinones are derived from benzene and
its homologues by the introduoetion of two atoms of
oxygen in the place of two hydrogen atoms in benzene,
Thus, the simplest quinone has the formula C,H,O,.
Whether the two oxygen atoms form a bivalent group,
—0—0—, by combining with each other by means of one
of their affinities each, or are in combination with carbon
in the carbonyl condition C=0), it has thus far been im-
possible to decide. The quinones are derived from para-
compounds by oxidation, as from hydrogquinone, and hence
it is concluded that the hydrogen atoms replaced by
oxygen in the formation of quinones occupy the para-po-
sition with reference to each other. Accordingly, if the
para-position is 1.4 the formula of ordinary quinone is either

O

O I

I/F\ /{j
HOY \[:UH HC‘/ \OH
| or - f .

a i | 1 . | |
Ho\ | gom | HOl  JeH
N Nz

¢ s

0 |

0

Azo- and Diazo-compounds.—These compounds, as their
names imply, are nitrogen derivatives. They are derived
from benzene and its homologues by the substitution of
nitrogen for hydrogen. We need only consider those
which are derived from benzene, as the others are very
closely related to them. The diazo-derivatives of benzene
are obtained from the salts of aniline or amidobenzene,
CH,.NH,, by the action of nitrous acid. Thus, aniline
nitrate, C;H . NH,HNO,, yields diazobenzene nitrate;
aniline sulphate, (C,H,.NH,).H,SO,, yields diazobenzene
sulphate, ete.
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If we consider simply the empirical formulas of the salts
of diazobenzene thus obtained, we find that they differ
from the aniline salts in containing C,H N, in the place of
C.,H,NH, The salts consist of the acids plus this group.
Thus, the nitrate is C,H/N,HNO,; the sulphate is
C,HN,H,SO,, ete. These formulas do not, however,
represent the constitution of the salts. If the group
C,H,N, actually existed in these diazo-compounds, it is
plain that they would be di-substitution-products, that is
to say, two hydrogen atoms of benzene would be replaced
by two nitrogen atoms. It was at first supposed that each
of these nitrogen atoms played the part of a univalent
element, and the diazo-compounds were looked upon as
analogous to dichlorbenzene, dinitrobenzene, ete., thus :—

N Cl
C C
2B 74
]—IG‘/ \‘GN ao/ - neol
HC\  ,CH HO\ ~ /CH
N b
C C
H H
IHazobenzene, Dichlorbenzene.

It was soon found, however, that, when the diazo-com-
pounds are decomposed, they generally yield derivatives
of benzene in which the group C/H; is undoubtedly
present. Thus, the following decompositions of diazo-
benzene sulphate yield, in each case, a derivative contain-
o € H i —

When boiled with alcohol the products are ethyl-phenyl
ether, C,H, 0.C,H,, nitrogen and sulphuric acid :—

CH, N, H80, 5 C.H; N, HSO,
}FIE *
(B2 (0 G C,H.0 H
When boiled with water the products are phenol, nitro-
gen, and sulphuric acid :—

C,H,. N, HSO, C,H,
yield
OH H O

N, | HSO,

H
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When treated with hydriodic acid the products are iodo-
benzene, nitrogen, and sulphuric acid :—

0.H,. N,.HSO, C,H, N, HSO,
yield :

1 H I H

Other reactions indicate as well that the group C H, is
present in the diazo-compounds. But, if this group is
present, the two nitrogen atoms must be so combined that
they can take the place of one hydrogen atom. Now, if
two nitrogen atoms, which have the same valency, be
combined, they must either form a neutral group with all
its affinities satisfied, or a group which is at least bivalent.
Such a bivalent group will be formed, for instance, if two
nitrogen atoms are united by means of two affinities each,
thus, —N=N—. If this group should replace one hydro-
gen atom of benzene, the constitution of the resulting com-
pound would be CH—N=N—. Such a compound would
be unsaturated. No compound of the formula C._H.N, has
been obtained, but all the derivatives of diazobenzene ean
be explained on the supposition that they are derived from
the compound C,H—N=N.

Accepting the group C;H—N=N— as the foundation
of the diazo-compounds, these may be formulated as fol-
lows:—

C,H—N=N—Br, diazobenzene hromide,
C.H,—N=N—NO,, diazobenzene nitrate,
C,H—N=N—HSO,, diazobenzene sulphate,
C,H—N=N—OK, diazohenzene potassium,
C,H,—N=N-—NH(C,H,), diazobenzene diamidobenzene.

Azobenzene is formed by the reduction of nitrobenzene.
Its formula is C,H, N, As nitrobenzene contains the
group C.H, combined with nitrogen, we may assume that
azobenzene consists of two such groups C,H—N=. If
these combine in the simplest manner, we should have

CH—N
the formula | , expressing the constitution of
C.H—N
azobenzene. This is the formula now generally accepted.
According to this, the azo-compounds are very closely

related to the diazo-compounds. Both contain the group
29%



208 PRINCIPLES OF THEORETIOATL CHEMISTRY.

—N=N— in combination with C,H,. In reality, the azo-
compounds differ very much in their chemical conduct
from the diazo-compounds. The decompositions which
they undergo take place in a manner entirely different
from that already noticed as characterizing the decompo-
sition of diazo-compounds,

This difference has led some chemists to abandon the
formulas above given for the diazo-compounds, and to pro-
pose others in their place. The compounds are supposed
to be ammonium compounds of the general formula
R—N—R/

lIlIl They contain one quinquivalent and one
trivalent nitrogen atom. The relation between aniline
nitrate and diazobenzene nitrate is shown thus:—

GEHE ?I}Hﬁ

1%—0?1\7 0, N—O—NO,.

Il Il]

Aniline nitrate, Diazobenzene nitrate.

Against the latter view the following facts speak:
When diazobenzene nitrate is treated with neutral potas-
sium sulphate, a salt of the formula C.H—N,—SO,K is
formed according to this equation :—

CH,—N,—NO, }+ SO,KK = C,;H—N,—SO,KNO,K.
When the salt thus obtained is reduced it yields a
phenylhdyrazine derivative :—
C,;H—N,—SO0,K+H, = C,H—N,H—SO,K ;
and, finally, when this produect is treated with hydrochlorie
acid, the hydrochloride of phenylhydrazine is formed :—
C.H,—N,H,—S0,K4-HCl =
C,H—N,H,—HCI|HKSO,,
But the constitution of phenylhydrazine is represented
by the formula C;H—HN-—NH,. Its formula is easily
understood if the constitution of diazobenzene nitrate is
C,H,—N=N—NO,. In this case the change from the
nitrate to phenylhydrazine consists simply in the replace-
ment of the NO, group by hydrogen and the saturation
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of the compound by hydrogen. In the other case the suc-
cessive products must be represented in this way :—

C,H,—N—NO, CH,—N—S0,K C,H,—NH—S0,K C¢H,—NH,
| ] " H
N ' N \ : NH
The formula to which we are thus led for phenylbydrazine
is not correct.

Azoxy- and Hydrazo-compounds—Among other nitro-
gen compounds which are related to the diazo- and azo-
compounds are the azoxy-and hydrazo-compounds. These
as well as the diazo- and azo-compounds are to be regarded
as products of the incomplete reduction of nitro-compounds.
When nitrobenzene is treated with nascent hydrogen the
final produet of the action is aniline, the process being
similar to the reduction of nitrie acid to hydroxylamine :—

C,H, C,H,
NJ@O- -+ 6H = N<H L JHO:
0 H ;
OH OH
N{0 4+ 6H = N{H 4+ 2HO.
0 H

But just as intermediate products are obtained in the
reduction of nitric acid, viz., N,O, NO, N,0, and N,, so
intermediate produets are obtained in the reduction of the
nitro-compounds. The relations between the end products
an];*l the intermediate products are shown in the following
table :—

Nitro-compound, R.NO,.
R—N
A zoxy-compound, | No.
R—N/
Azo-compound, R—N=N—R.
Hydrazo-compound, R—N H—NH—R.
Amido-compound, R—NTH,.

PHENYLMETHANES.

The homologues of benzene are of two kinds, as has
been shown. They are obtained either by introducing
one, two, or more methyl groups into henzene, or by
infroducing homologous residues of marsh-gas hydrocar-
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bons into benzene. Just as methyl groups can be intro-
duced into benzene, so also the group phenyl, O,;H,, can
be introduced into methane. Thus, the hydrocarbons are
formed : —

Phenyl-methane, CH,.C H, (identical with toluene) ;
Diphenyl-methane,  CH,(C,H,),;

Triphenyl-methane, CH(C.H,),; and
Tetraphenyl-methane, C(C H,),.

Of the last three members, triphenyl-methane has been
most carefully studied. It is the mother-substance of two
important groups of compounds, the aniline dyes and the
phthaleins.

The hydrocarbon is easily obtained by bringing chloro-
form, CHCI,, and benzene, C,H,, together in the presence
of aluminium chloride (reaction of Friedel and Crafts).
In some way not understood, the ehloride causes the two
to act upon each other as represented in the equation

CHCl, + 3CH, = CH(CH,), + 38HCL

Rosaniline and Pararosaniline.—The aniline dyes are
for the most part comparatively simple derivatives of
rosaniline or pararosaniline. Pararosaniline is formed by
oxidizing a mixture of aniline, C,H. N H,, and paratoluidine,

CH,

C,H, :
\NHE (»)

9C,H,N + OCHN + 30 = C,H,N,0 + 2H,0.

Aniline. Toluidine. Pararosaniline.

Rosaniline is formed in a similar way :—
¢cHN 4+ 2C,HN 4 30 = C,H, N,O 4+ 2H,0.

Aniline. Toluidine. Rosaniline.

Pararosaniline has been made from triphenyl-methane
by the following reactions which show the relations be-
tween the two compounds:— ;

By treatment with nitrie acid the hydrocarbon yields a
trinitro-derivative  The same produet is formed by bring-
ing chloroform and nitro-benzene together in the presence
of aluminium chloride, thus :—

CHCI, + 3C,H(NO,) = CH(C,H.NO,), + 3HCL

Trinitro-triphenyl-methane.

as represented, thus :—
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By reduction the trinitro-product is converted into the
CH,NH,
corresponding triamido-derivative, CH 3 CH,.NH, =
CH . NH,
C,H, N, By gentle oxidation this compound, known as
paraleucaniline, is converted into pararosaniline. Para-
rosaniline has the constitution represented by the formula
C.H, NH, _
C(OH) <{ C,H.NH,; or it is triamido-triphenyl carbinol.
C,H,.NH,
The salts of this compound are formed by addition of one
molecule of the acid and elimination of one molecule of
water. Thus the hydrochloric acid salt is formed accord-
ing to this equation :—

C,H,NH, C,H,NH,
C(0H) ! C.H.NH, 4+ HCl = € - ¢H,.NH,
C,H, NH, | ( CH NH.HCI

| |

Similarly, rosaniline is represented by the formula

CH
GEHS{NIIZ
C,.H,NH,
CH.NH,

Its salts are analogous to those of pararosaniline.

C(OH)

Phthaleins.—The phthaleins are formed by treating a
mixture of phthalic anhydride, C;H,0,, and some phenol
with a dehydrating agent. The simplest representative
of the class is phenol-phthalein, which is made by heating
a mixture of ordinary phenol and phthalic anhydride with
sulphurie acid :—

gﬂﬁHﬁo S GUHIOIE = SO OF =k O
FPoen ... FPhthalie Phenol-phthalein,
anhydride.

The phthaleing are derivatives of triphenyl-methane, as
has been shown by the following transformations:—

The chloride of phthalic acid, C,H,0,Cl,, when treated
with benzene in the presence of aluminium chloride, yields
a product known as diphenyl-phthalide :—

CH,0,Cl, + 2CH, = CH,O0,(C,H,), + 2HCI.

Phihalyl ehloride, Diphenyl-phthalide.
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When boiled with sodium hydroxide, diphenyl-phthalide
is transformed into an acid, tl|p]n.nv]mrhmol-carhumc
geid :—

C,H,0,(C,H,), + H,0=0,H,0,(C,H,), or C,H,0 { CO0H

U(CH,),
When treated with zine dust, this acid loses oxygen :—

(CcooH (COOH
C H.O - H— m EE
Hs0 2 (0.1, == G H. L(C, H_,,}i+ H,0.
The product, triphenylmethane-carbonic acid, when dis-
tilled with baryta, loses carbon dioxide and y ields tr iphenyl-
methane. It is hence to be regarded as a simple carboxyl
C.H;
derivative of triphenylmethane, CH < C H
C II COOH
In accordance with this conclusion, the other sub-
stances in the series must be 1epw=1+:=nte£l by the fol-
lowing formulas: Triphenylearbinol-carbonie acid,

C,H, C H
C(OH) G H ; diphenyl-phthalide, C |
C' H COOH U H CO

Phenol-phthalein is derived from the last cumpﬂund by

the introduction of two hydroxyls, and is represented by
SC H,.OH

the formula C < C T[ OH = C,H,0,.

Phenylethylene.—Ethylbenzene or phenylethane, C,H,.
C,H,, can be converted into hydrocarbons eantmmng two
or four hydrogen atoms less, by means of the same reac-
tions as those made use of for converting ethane into
ethylene and acetylene. Thus, from ethane, bromethane
is made, C,H_Br, and this, when treated with an aleoholic
solution of putaqqmm h‘j’dl oxide, loses hydrobromic aeid,
yielding ethylene, C,H, Br— HBr =(C,H,; and when di-
bromethane, C,H, Br,, is “treated in a similar way, it yields
acetylene ; C, HBr — 9HBr= C,H,. In like manner
bmmphenylethane, UBHE.CEH,‘BI', yields phenylethylene,
C,H,.C,H, :—

C,H,.C,H,Br—HBr = C,H,.C,H,,



BENZENE DERIVATIVES. 263

Phenylethylene is commonly called styrene. It 1s the
mother-substance of the compounds of the indigo group.
The relation of indigo-blue to this hydmmrhnlj has been
established through the labors of Von Baeyer. Some of the
derivatives are simpler and can be explained more easily.

Cinnamic acid has been shown to be phenylacrylic acid,
¢,H—CH=CH.COOH, that is, it is the simple carboxyl
derivative of phenylethylene, C,H,—CH=CH,. When
treated with nitric acid cinnamic acid yields two mono-
nitroderivatives, one of which belongs to the ortho-series,

/C?HE.GOOH
CEH‘.,\ :
NO,

This compound can easily be changed to indigo-blue, but
the intermediate reactions are complicated. .

W hen indigo-blue is oxidized it is converted into isatine,
C,HNO, A simple synthesis of isatine has been effected,
which shows clearly what its constitution is.

- Speay s fCOOH

Orthoamidobenzoic acid, C,H, \NH, ° yields a chlo-

!

ride, C,H, : g%ﬁl. The chlorine in this compound can
be replaced by the cyanogen group, and the latter then

(CO.COOH

converted into carboxyl. Thus, an acid, C H, INH :
2

is obtained. This loses water very readily, and the anhy-
dride thus formed, which is represented by the formula

Qs B O 3 e
C.H, - NH—‘ , is isatine.

Furfuran.—Furfuran is formed from brompyromucie
acid. It has the composition expressed by the formula
C,H,0. Like benzene it forms addition products, and is
therefore probably not saturated, just as ethylene and
acetylene and their derivatives are unsaturated. It is
not an aleohol nor an aldehyde nor a ketone. Taking all
the facts known in regard to it into consideration, the
most probable hypothesis suggested concerning its consti-

CH—CH

[T
tution is that expressed by the formula CH CH. This

\0/
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represents a compound similar to benzene in respect to
the ring structure. It is benzene in which two of the
CH groups have been replaced by an oxygen atom. Per-
fectly satisfactory proof of the correctness of this view has
not been furnished, though the analogy between furfuran,
pyrrol, and thiophene, the structure of which has been more
thoroughly investigated, renders the view highly probable.

There are a number of derivatives of furfuran known,
among which are furfural, C H,0.COH, which is formed
by the dry distillation of several of the carbohydrates, and
pyromucic acid, C, H,0.COOH, which is formed by the
dry distillation of mucic acid.

Pyrrol.—This compound with some of its homologues
is found in bone oil and coal-tar oil. It is formed by the
distillation of the ammonium salts of mueic and saccharic
acids and by reduction of succinimide with zine dust.
One hydrogen in the compound evidently differs from the
others, as only one is replaced by potassinm when pyrrol
is treated with this metal. Further, only one hydrogen
is replaced by acetyl. These facts make it probable that
pyrrol contains the imide group, and its formation by re-

CH,.CO

‘5 \"TH suggests the for-
H, 00"

duetion of sueeinimide,

CH—CH

I
mula CH CH, according to which furfuran and pyrrol

NH
are analogous compounds, bearing to each other the same
relation that suceinic anhydride bears to succinimide :—

CH,—CH, UHZ—(|}H5,
|
{13 0 CO é ()\/G 0
\0/ NH
Succinic anhydride. Buccinimide.
CH—CH CH—CH
||
fg H {L,laH CH OH
N
\}J/ NH

dyuqs
Furfuran. Pyrrol.
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Thiophene.—In the benzene obtained from coal-tar oil
there is contained a substance of the composition C /H,S,
which is remarkably like benzene in all its properties;
and its derivatives also exhibit the same resemblance to
those of benzene. This is thiophene. The resemblance
to benzene suggests at once that it probably has a similar

CH—CH
[
constitution as represented in this formula, CH CH.

N
S

According to this, thiophene is not only related to ben-
zene, but to furfuran and pyrrol. The relation to furfuran
and pyrrol is clearly shown by a number of reactions,
There is a substance which, when treated with dehydrat-
ing agents, yields a furfuran derivative; when this same
substance is treated with an aleoholie solution of ammonia
it yields a pyrrol derivative: and when treated with phos-
phorus pentasulphide it yields a thiopbene derivative.
Further, thiophene is formed when succinic anhydride is
treated with phosphorus pentasulphide; while, as was
stated above, pyrrol is formed from succinimide by redue-
tion. The study of the isomeric substitution produects
obtained from thiophene has only tended to confirm the
formula above given. The existence of two isomeric
mono-substitution produets is indicated, and only two have
been obtained, although many efforts have been made to
make a third.

N APHTHATLENE.

The hydrocarbon naphthalene has the formula ¢, ,H,. It
is considered to be formed by the union of two benzene
residues in such a way that, while the compound contains
the two residues, two of the carbon atoms are common to
both residues. This is the fundamental idea in the pre-
vailing view regarding the constitution of naphthalene.
It is expressed thus :(—

23
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I H
C C

SOl AN T O
e
H H

Assuming the formula for benzene to be correet, this is
the only pmblble formula for naphthalene. It is based on
the following facts: There is a derivative of naphthalene
known as din::hlt:rrnuphthﬂqninnne, which has the formula
C,H,Cl,0,, When this substance is oxidized, it yields
phthalic acid, which is a di-substitution product of ben-
zene. We see thus that those carbon atoms in dichlor-
naphthoquinone which are not in combination with chlo-
rine form a benzene nucleus, so that we might write the
formula of the compound C H,.C,CL0O, This formula
does not tell us in what manner the atoms C,ClLO, are
united; but by the aid of another experiment this can be
determined.

When i:lichlc}rnﬂ])hthnquinnne (the substance used in the
preceding experiment) is treated with phosphorus penta-
chloride, it is converted into pentachlornaphthalene, the
formula of which, according to what was said above, is
C,H,C1.C,Cl,. Bv aﬂﬂIGU‘}T we should expect this GD]H-
]mund hy oxidation. to vield monochlorphthalic acid ;
however, yields tetr achlﬂrphtlmllc acid. This shows t}mt
the four carbon atoms which are in combination with the
four chlorine atoms form part of a benzene ring, as well
as the other carbon atoms of naphthalene. It is thus
proved that in naphthalene there are two benzene rings.
The only formula that agrees with this fact is the one
above given.

The following facts lead to the same eonelusion : Nitro-
naphthalene when oxidized yields nitro-phthalic acid.
Therefore the part of the componnd in which the nitro-
group is contained is a benzene ring. When the nitro-
compound is reduced amido-naphthalene is formed, and
this by oxidation is converted into phthalic acid. It ap-
pears from this that there must be another benzene ring
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in naphthalene besides that in which the nitro- or amido-
group is eontained.

The derivatives of naphthalene resemble those of ben-
zene, and much that has been said concerning the latter
holds good in regard to the former. All the hydrogen
atoms of naphthalene may be replaced by substituting
groups or elements, and thus, as will readily be seen, a
large number of substitution products can be obtained.
The possibilities of isomerism are greater in the case of
naphthalene than in the case of benzene, but the prinei-
ples underlying the isomerism are euwutmlly the same as
those which have already been considered in connection
with the isomeric substitution products of benzene.

According to recent researches of Bamberger, naphtha-
lene does not consist of two benzene rings, but it is so
constituted that when addition to either of the rings takes
place the other ring becomes a benzene ring. This con-
elusion is based upon elaborate investigations ‘of the hydro-
gen addition produets of uaphl,ha,lnne and its derivatives.
Bamhezger suggests that the constitution may be expressed
by this formula :—

CH CH
>G/>
"H .
C ' < ’CH
CH <
S | om
CH CH

It will be seen that some of the bonds of the carbon atoms
are directed towards the centre of the ring, but are not
connected with the others which aet in the same direction,
It may fairly be asked whether the facts known warrant
a distinetion between the above formula and this -

CH CH
C

CH CH

CH CH

CH CH
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And to this question only a negative answer can be given.
Taking the second form then, how does it explain the fact
brought out by a study of the addition products of naph-
thalene? In the first place, it represents a compound con-
sisting of two rvings of the same constitution; second,
these rings are not benzene rings; third, should addition
take place to either ring the other ring would become a
benzene ring, as shown in the formula below ;

CH CH,
0
CH CH,

CH ClI,
o
CH CH

In this, the ring to the left has plainly the constitution of
a benzene ring, as represented by Claus, and shown to be
the most probable by Von Baeyer.

2

Pyridine and Quinoline.—A number of bases of the
general formula C,H,,_ N have been isolated from bone
oil and made in other ways. The simplest one is pyridine,
C,H,N. The others are homologous with it. Pyridine is
a very stable compound, differing markedly in its chemi-
cal conduet from the common ammonium bases. By oxida-
tion, its methyl derivatives yield corresponding earhonie.
acids, just as the analogouns derivatives of benzene yield
earbonic acids. For example: toluene or methyl benzene,
C;H,.CH,, yields benzoic acid, C;H,.COOH. So, also,
picoline or methyl-pyridine, C,H,(CH,)N, yields pyridine-
carbonie acid, C.H N.COOH, etc. W hile the facts known
concerning pyridine are not sufficient to justify the expres-
sion of a very decided opinion regarding its structure,
they nevertheless speak in favor of a structure similar
to that of benzene. If one of the CH groups of benzene
be replaced by a nitrogen atom, the resulting compound

would have the forumla
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H
C
N
HC CH

[ — O,HN.
HC\ /CH

L

This formula represents the working hypothesis regard-
ing the structure of pyridine. Thus far, the cases of
isomerism studied are in accordance with this formula.
There are, for example, three mono-methyl derivatives of

pyridine, and three corresponding mono-earhonic acids. c4

The formula suggests the existence of these three varie-
ties. The three methyl derivatives are represented thus:—

H H CH,
(BN C C
7 \ 2 o \
110|/ ‘OH He,  \C—CH, HC‘/ ‘CH
HC. = | )
C\ /O CH, HU\ /LH HC\ /CH
\l( N7 N
I\ N
Ortho-picoline, Meta-picoline, Para-picoline.

Quinoline, C;H N, is the first member of a series of
bases of the general formula C,H,, ,,N, which somewhat
resemble the pyridine bases. Quinoline is believed to
bear a relation to naphthalene, similar to that which pyri-

dine bears to benzene—a conception represented by the
formula

H H
C C

PN e
HOE - NaL O

|
HGL C CH
o
%

N

= C,N.

H
23
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The method of preparation which perbaps most easily
admits of interpretation is the following :—

Cinnamic aldebyde has the constitution represented by
the formula C;H,— CH = CH—COH. The ortho-amido
derivative of this aldehyde has the formula

H H
/U\ C -
i
RO r \IGH
B0 ety o
S ey
¥ N
H H

This loses water easily and yields quinoline. As will
easily be seen, the loss of water in the simplest way would
lead to a substance of the formula

CH CH

2

The question as to the structure of pyridine and of
quinoline is intimately connected with the question as to
the structure of benzene and of naphthalene. It is highly
probable that, if the Claus formula for benzene is correet,
all the other substances mentioned have a similar structure,
though this does not necessarily follow.

ANTHRACENE.

Anthracene, like naphthalene and benzene, is the mother-
substance of a large group of compounds. Its formula is
C,H,. Inregard toits constitution, the view is held that
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This reaction not only throws light upon the general
character of anthracene, but it shows further that the link-
ing groups CH are connected with the benzene residues in
the ortho-position.

The formula given shows the relation between an-
thracene and anthragquinone, which appears to be

CoO
CEH{/ \,G H,. The latter formula best explains the
\CU’/ 674

formation of anthraquinone from benzoic acid, and the
formation of benzoicacid from anthraquinone. The former
transformation is represented thus:—

C,H,[H €O [0H]

CcO
> - CEH4\CD>05H‘ +9H,0.
C,H,/H| CO [OH]|
2 molecules Benzoic acid. Anthraquinone,

The formation of anthraquinone from anthracene should
then be represented thus:—

CH CcO
C;HC | >CH,4+80=CH, OH,+ H,O .
\GH/ 64 ] \00/

According to these interpretations, anthraquinone is a
double ketone. It has been suggested, further, that all
quinones are double ketones. (See Quinones.)

Other hydrocarbons allied to naphthalene are pyrene,
chrysene, and phenanthrene. These have not been investi-
gated very fully as compared with naphthalene and anthra-
cene themselves. All of these three undoubtedly contain
benzene residues as essential parts of their molecules, but
there is still some doubt in regard to the manner in which
these residues are united.

RETROSPECT.

A study of the preceding chapters on constitution will
show that no absolute meaning is to be attached to the
word. Constitutional formulas are those which suggest cer-
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PHYSICAL METHODS FOR THE DETERMINATION OF THE
CONSTITUTION OF CHEMICAL COMPOUNDS.

General.—The study of chemical reactions makes it
possible to determine the constitution of compounds in the
sense in which the word constitution has been explained ;
that is, it makes it possible to draw conclusions in regard
to the connections existing between the different atoms in
molecules. The formulas expressing the results of the
study are based upon a few fundamental conceptions in
regard to the way in which molecules are made up. For
example, the formulas of all the hydrocarbons of the me-
thane series are based upon the conception that in the mole-
cule of marsh-gas four atoms of hydrogen are combined
in the same way with an atom of carbon, and the further
conception that in ethane the two carbon atoms are in com-
bination with each other and also with three hydrogen
atoms each. Given these conceptions, and the theory of
the whole series follows. The formulas of the members
of the series are then the expressions in terms of the
theory of the facts learned. Further, we find the same
ideas underlying the prevailing views regarding the strue-
ture of all carbon compounds. So, too, when a number
of compounds are represented by formulas in which double
and triple lines oceur, all that is meant by them is that
those in which the double lines occur are like ethylene or
carbon monoxide, and those in which the triple lines oceur
are like a{:et}f]ene or the cyanides ; and the question as to
what the actual condition between the atoms is thus repre-
sented remains an open one. The same thing is true in
regard to the benzene derivatives. By a thorough study
of benzene a conception is formed in regard to the consti-
tution of this compound. This EDI’ICEI}UDI] is a result of
an extension of the ideas already formed in studying the
methane derivatives. Whenever a formula like that of
benzene is seen it is recognized at once as the sign of the
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benzene condition and the record of certain reactions.
With the question of the physical structure of the mole-
cules the views in regard to chemical constitution have
nothing directly to do. Indeed, it does not appear prob-
able that the study of chemical reactions alone, that is, of
the decompositions and methods of formation of com-
pounds, can ever lead to definite views in regard to the
physieal structure, if by physical structure be meant the
arrangement, of the atoms in space and the relations which
they bear to one another in general. The only hope of
gaining views upon this subject lies in a study of the phy-
sical phenomena attending chemical reactions, in an appli-
cation of phvsical methods to the study of chemical prob-
lems. But the application of physical methods to the
study of chemical problems will not necessarily touch the
question of physical structure ; and, indeed, the chief re-
sults thus far obtained in this field have simply had refer-
ence to the determination of a few points in connection
with the chemical constitution. It has been found that in
certain physical properties saturated compounds differ
from unsaturated, and that, of the unsaturated compounds,
those with double linkage differ from those with triple
linkage. Therefore, by taking these differences into ac-
count, it is possible in some cases to determine whether a
substance is saturated or unsaturated. Beyond this the
application of physical methods bhas not advanced so far as
the determination of constitution is concerned, except in a
very few cases which will be referred to under thermal
methods.

Specific Volume.— By the specific volume or molecular
volume of a substance is meant a figure obtained by di-
viding the specific gravity of the substance in the form of
liquid into the molecular weight. Thus, the specific gravity
of ordinary alcohol at the boiling temperature is 0.736 ;
the molecular weight is 24 4+ 6 + 16 — 46 ; the specific

volume is . 4_ — (515

0.736
A study of the specific volumes of a large number of
substances has shown that a close connection exists be-
tween the figures and the constitution of the substances.
The specific gravities must be determined under strictly
analogous conditions, in order that they may be compara-
ble. The figures used are those found at the boiling-points
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of the liquids. Kopp first pointed out that the following
definite relations exist :—

1. In many instances differences in specific volume are
proportional to differences in corresponding chemical
Jormulas. Thus a difference of CH, in an homologous
series corresponds to a difference of about 22 in the specific
volume, or (CH,) # =22 . On comparing the specific
volumes of haloid compounds of similar constitution, it
is seen that the substitution of n atoms of bromine for
an equal number of chlorine atoms increases the specific
volume by 5n.

2. Metameric liquids have, as a rule, the same specific
volume. Exceptions are exhibited by eertain oxygen and
sulphur ecompounds.

3. The substitution of an alom of ecarbon for two of
hydrogen makes no alteration in the specific volume of
members of certain groups of organic liquids.

On the basis of his observations Kopp was able to cal-
culate certain fundamental values for the specific volumes
of the elements in combination. These values are, as a
rule, constant for any particular element : thus, carbon has
invariably the value 11 ; hydrogen, that of 5.5. Excep-
tions are observed in the case of the chemical analogues
oxygen and sulphur. Each of these elements has two
values, depending, it would seem, on its mode of combi-
nation, or on its relation to the remaining atoms in the
molecule. For example: acetone and allyl aleohol have
the empirical formula, C,H O, but the specific volume of
acetone is 78.2, whilst that of allyl aleohol is 73.8. As
expressed in the ordinary formulas the affinities of the
oxygen in acetone are wholly satisfied by the carbon,
whereas in allyl alcohol a moiety of the combining value
would seem to be satisfied by carbon, and the remainder
by hydrogen. It appears, then, that when oxygen is
united to an element by both its affinities its specific
volume is 12.2; when it is attached by only one combin-
ing unit its specific volume is 7.8. The corresponding
values for sulphur are 28.6 and 22.6.%*

Assuming the conclusions of Kopp to be correct, a
method is given for determining in what condition oxygen
is present in a compound. An illustration will make the

* See Thorpe, Journal of the Chemical Society, xxxvii. 141.
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application of the method clear. Suppose a compound
of the formula C,H,0 has the specific gravity 0.773. The
specific volume is zi%4 = 56.9. Calculating the specific
volume according to Kopp’s rule, and accepting his values
for earbon and hydrogen, viz.,, C =11 ; H=5.5, we have
V(C,HO0)=2 x 11+ 4 X 5.5 + x, in which z represents
the specific volume of the oxygen. Baf the specific volume
of the compound found by experiment is 56.9 ; hence we
have 2 X 11 4 4 X 5.5 + = = 56.9; x = 12.9.

The specific volume of oxygen in the compound under
consideration is thus shown to be 12.9, or approximately
the value assigned to oxygen combined with earbon by
both affinities. Thus the presence of the group—CO—is
proved by this method.

A thorough examination of all the facts on record bear-
ing upon the subject of speeific volumes has led Lossen to
conclude that the rule of Kopp is not strictly true ; that the
gpecific volumes of the elements vary somewhat according
to the class to which the compound into which they enter
belongs. He considers it probable that certain figures will
be found to express the specific volumes of the elements as
they oceur in different elasses of compounds, and that these
figures will be very similar to those given by Kopp. The
whole subject of specific volumes iz now under investi-
gation.

Molecular Refraction.—The study of the refracting
power of different organic liquids has led to results of
interest, which show that there is a close connection be-
tween this power and the constitution of the compounds.
In order that the results may be comparable the refrac-
tion-equivalent is determined. This is represented by the
expression P (%), in which P is the molecular weight of

the compound, n the index of refraction, and d the density of
the compound. The index is determined for four different
lines of the spectrum obtained from the sodium light, and
from the light emitted by hydrogen in a Geissler’s tube.
Landolt has shown that, in general, substances of the
same composition have the same refraction equivalent, the
value of this equivalent being dependent upon the number
and kinds of atoms present in a molecule, rather than upon
the arrangement of these atoms. Each atom must then
have its own refraction-equivalent, and, if this is known,

the equivalent for a substance of any given composition
24
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can be calculated. In order to determine the values for
carbon, hydrogen, and oxygen, Landolt made use of several
methods, the principle of which will appear from the fol-
lowing illustrations. Two compounds were compared with
each other, the composition of which differed by one atom
of carbon, two atoms of hydrogen, or one of oxygen, the
difference in the molecular refraction of the two bodies giv-
ing the refraction-equivalent of the element. Thus, the
refraction-equivalent (P*') of methyl aleohol is 13.17;

that of aldehyde is 18.58. The difference in composition
is one carbon atom. It is hence concluded that the differ-
ence in the molecular refraction of the two compounds is
due to the one carbon atom, or that the atomie refraction
of carbon is 5.41. In the same way aldebyde and ethyl
alcohol, which differ in composition by two hydrogen
atoms, show a difference in molecular refraction of 2,12 ;
and it is concluded that the atomic refraction of hydrogen
is half of 2.12. By comparing aldehyde and acetic acid,
which differ by one atom of oxygen, the atomic refraction
of oxygen is found to be 2.53.

z = 3 1 .
Difference in Composition C,. P(ﬂ;—) LDifference.

Methyl alecohol, CH, O, y 130T ) ey
Aldehyde, C,I : . 18.68 :

4

R

Difference in Composition H,.

0
Aldehyde, OO A it ahR
0 3 ’

- L 919
Ethyl aleohol, C,H,O, 20.70 §
Difference in Composition O,.
Aldehyde, GHO, = . . 1858 1 o4
Acetic acid, ULHLO;, ¥ 2L

As a mean of a large number of observations, the fol-
lowing values were obtained for the atomic refraction of
the three elements :—

C=5; H=13; 0=3.

By means of these figures, then, the refraction equiva-
lent of any given compound composed of these three ele:
ments can be calculated. On comparing the calculated
values with those determined by experiment, Briihl found
that the two are equal in a large number of cases, but
that, in a number of other cases, the values found by ex-
periment are greater than those calculated. More care-
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fal examination of the subject showed that all the com-
pounds that form exceptions to the ceneral rule belong to
the class of unsaturated compounds, and that all saturated
compounds give results in harmony with the rule.

It was shown that :— _

1. Univalent elements have a constant atomic refraction.

9. The oceurrence in a compound of the condition
known as double linkage between carbon atoms (see pp.
102 and 232) causes an increase of 2 in the value of the
molecular refraction above that obtained by calculation.

3. The presence of carbonyl, CO, causes an increase in
the molecular refraction above the value calculated for
oxygen in the singly linked condition, as in C—O—H.

It is plain that, if- these rules are well founded, a method
is given for determining whether double linkage between
carbon atoms, or between carbon and oxygen, exists in
compounds under examination.

An application of this method to the study of the con-
stitution of benzene led Briihl to the conclusion that there
are three double bonds in this compound. He found that
the molecular refraction is greater by 6 than that calcu-
lated with the use of Landolt’s figures.

Methods dependent upon Determinations of the Amount
of Heat Evolved in Chemical Reactions or Thermal
Methods.—A fact which constantly impresses the observer
of chemical phenomena is that every chemical change is
accompanied by a change in temperature. In general the
direct chemical combination of substances causes a rise in
temperature, while decomposition involves an absorption
of heat. For a long time chemists have been engaged in
the study of the heat changes cansed by chemical changes.
The principal workers in this field have been Hess, Favre,
and Silbermann, Berthelot, and J. Thomsen., The method
of work consists in allowing known weights of substances
to act upon each other in carefully constructed vessels called
calorimeters, so that all the heat evolved or absorbed can
be measured. 'The heat unit is the amount of heat nec-
essary to raise the temperature of one gram of water one
degree centigrade, This is called a calorie and is repre-
sented by the letter ¢. In stating the results of the
thermo-chemical study of a ‘reaction, the weights of sub-
stances taken into consideration are the number of grams
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of each that correspond to their atomic or molecular
weights. Thus the formation of water from hydrogen
and oxygen is expressed by the equation :—

[H,0] = 68,360 c.

This means that when 2 grams of hydrogen combine
with 16 grams of oxygen the amount of heat evolved is
68,360 calories. It isobvious that observations on thermo-
chemical reactions must be beset with difficulties. Generally
other changes besides the chemical changes take place,
and these cause thermal changes, and it is by no means a
simple matter to decide what part of the total change is
to be ascribed to the chemical changes. When, for example,
two gaseous substances in combining give a liquid or a
solid, the change from the gasedus to the liquid or solid
state causes an evolution of heat, which is of course meas-
ured with that caused by the chemical combination, and,
unless by special measurements the amount of heat thus
evolved is determined, the thermo-chemical change proper
is not known. Ingenious methods have been devised for
getting over the difficulties, and for a large number of
chemical reactions figures have been obtained of which it
may be stated that they express analogous facts. While
thermo-chemical studies have unquestionably been of bene-
fit to chemistry and promise to be of greater benefit in the
future, the generalizations reached in this line of work
are not as yet of such character as to have a direct bear-
ing upon most studies of chemical phenomena. This is
partly, perhaps mostly, due to the fact that the prevailing
hypothesis in regard to the constitution of chemical com-
pounds and the nature of chemical reactions, although
they are of the highest value and have been incaleulably
helpful to the science, are extremely erude when regarded
from the mechanical point of view.

Heat of Formation.—Among the thermo-chemical meas-
urements which have been made in largest number is that
which is called the heat of formation. DBy this is meant
the heat evolved in the formation of a compound. This
heat of formation eannot, however, in most cases be meas-
ured directly, and must therefore be measured indirectly.
Thus, for example, the heat of formation of marsh-gas can-
not be measured directly. In such a case the measurement
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is made as follows: The heat generated by the combustion
of carbon is measured; then that generated by the com-
bustion of hydrogen, and the two are added. 1t has been
found that
[C,0,]
and 2 [H,,0]

96,960 c.,
186,720 c.

Therefore 233,680 c. is the heat of combustion of
the constituents of a molecule of marsh-gas. Now the heat
of combustion of marsh-gas itself is determined. As, in
this operation, some of the heat evolved is used in sepa-
rating the carbon and hydrogen, the heat of combustion
of marsh-gas is less than that of its constituents. The
following equation expresses the result of experiments :—

[CH,0,] = 211,930 c.

The difference between 233,680 c. and 211,930 e¢., which
is 21,750 e., represents the amount of heat absorbed in
separating the carbon from the hydrogen. But, as a result
of a great many measurements the law has been established
that the heat absorbed in the decomposition of a substance
s equal to the heal evolved in ifs formation ; and this law
is also included in the general laws of the conservation of
energy. Therefore, the heat of formation of marsh-gas
is 21,750 .

Thomsen has determined the heat of formation of a large
number of hydrocarbons, and has attempted to interpret
the results in terms of the valency-atomie hypothesis. It
would lead too far to discuss here Thomsen’s results in
detail. Suflice it to say, he believes that by a study of
the heat of formation of various hydrocarbons such as me-
thane, CH,, ethane, C,H,, ethylene, C,H,, acetylene, C,H,,
propane, C,H,, and propylene, C,H,, it is possible, first, to
draw a econclusion in regard to the heat evolved when a
molecule of gaseous carbon C=C is formed, assuming that
this molecule contains two atoms This is reached by a
consideration of the heats of formation of—

9[C,H,] = [C,H,)
[G-.'!Hﬁ
[C..H,]
[Gml[z]
Between the thermal values of these reactions there is a
24
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constant difference, and, assuming that the same difference
holds good in passing to the next number of the series, viz.,
C,, the heat of formation of this last member follows.
Starting with these data and with the known heat of com-
bustion of carbon and of carbon monoxide, values are
obtained for the heat evolved when two carbon atoms unite
by single linkage (v,), by double linkage (v,), and by triple
linkage (v,); and, further, a general formula is deduced for
the heat of formation of hydrocarbons. In this formula
the term = v enters. This represents the sum of the values
V., V,, V,. This term is the unknown quantity. Knowing
then the number of single, double, and triple linkages that
occur in a hydrocarbon, it is possible to caleulate the heat
of formation ; or, knowing the heat of formation, it is pos-
sible to determine the number of single, double, and triple
linkages in the hydrocarbon. It is by an application of
this method to benzene that Thomsen reached the conelu-
sion that in this hydrocarbon there is no double linkage,
but only single linkage, a conclusion which is in harmony
CH

o

CH
with the formula ’
CH

CH
| The fact that

CH

CH
this conclusion is directly opposed to that reached by a
study of the refracting power of benzene admonishes us
not to aceept either without further investigation.

It will be observed that, even though this method were
fully established, nothing material would be added to our
knowledge of the structure of chemical compounds. The
method would merely supplement the chemical methods
already discussed, and enable us to classify hydrocarbons,
and perhaps other carbon compounds, according to the
prevailing chemical hypotheses.

Heat of Neutralization.—Studies on the heaf of neutral-
ization of acids and bases have led to some conclusions
which may eventually prove of importance in connection
with questions of structure. For example, Thomsen found
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that the heat of neutralization of the first third of the
hydrogen in phosphoric acid with caustic soda, and that
of the second third are nearly equal, while that of the last
third is much less. He, therefore, concluded that phos-
phorie acid is not, strictly speaking, a tribasic acid. If
this conclusion is accepted, it ought to be taken into con-
sideration in framing our views regarding the constitution
of phosphoric acid. It may possibly be that the constitu-
g 0—0—H

OH

OH
Up to the present, however, the conclusions regarding
structure reached by thermo-chemical studies are not
generally accepted, when they conflict with those reached
" by purely chemical studies.

tion should be represented by the formula P

Other Conclusions.—Among other conclusions reached
by Thomsen as a result of his thermo-chemical researches
the following may be mentioned :—

1. The four affinities or bonds of the carbon atom are
equivalent.

2. Pyridine and thiophene have no double linkages be-
tween the carbon atoms.

3. The so-called nitro-compounds of the paraffins, as nitro- .
methane and nitro-ethane, do not contain the group NO,.

4. The heat of formation of the amines indicates that the
amines of the fatty series and those of the aromatic series
have not the same constitution.

- 5. The aldehydes contain the group —C—O—H, and
|

are represented by the general formula R—C—O0—H,

being unsaturated. :

It will be seen that there is a general lack of harmony
between the results obtained by thermo-chemical methods
and those obtained by strictly chemical methods  Of
course, the difficulty is simply in the interpretation of the
facts. The facts themselves cannot be disturbed.

 Magnetic Rotary Polarization in Relation to Chemical
Constitution.—The faet that when polarized light passes
through a substance placed in a magnetic field its plane is
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rotated was discovered by Faraday. Recently W. H.
Perkin* has shown that there is a definite relationship
between the magnetic rotary power of substances and
their chemical constitution. 'The effect upon polarized
light in a magnetic field produced by lengths of columns
of liquids related to each other in proportion to their mole-
cular weights was measured, and this effect compared with
the effect produced by water; thus fizures were obtained
that could be compared with one another. The result
r-+ Mw

for each case is represented by the simple formula

in which » is the rotation observed, Mw the molecular
weight, and d the specific gravity. By dividing the result
in the case of the substance under examination with that
in the case of water, the figure called the ““ molecular co-
efficient of magnetic rotation,” or the ““molecular rotary
power,” is obtained.

Among the results thus reached bearing upon the ques-
tion of chemical constitution the following may be men-
tioned :—

The effect of an addition of CH, to a compound is to
increase its molecular magnetic rotation by 1.023. With
this result it is possible to calculate the molecular rotation
of any member of an homologous series, if that of one
member is known. Take enanthylic acid, C.H,,0,, as an
example. Subtract 7 x 1.023 from its molecular rotation,
and there is left a residue in excess of that which the pro-
duet would give if it consisted of CH, only, thus:—

Molecular rotation of enanthylic acid . . 1.552
IERE S . ’ : : - . T1.161
Difference . - : : . 0.391

This residual number is called the series constant, and
is designated by s. Thus a formula for the acids of this
series may be constructed: C,H,,0,= 0.391 4 n(1.023).

Similarly, formulas for the magnetic rotary power of
other classes of compounds ean be constructed, as for
ethereal salts, paraffins, aldehydes, ete.

The normal and isomeric compounds of a series give
different figures. The isoparaflins may be regarded as

* For details see Perkin's Mewmoir in the Joarnal of the Chemical
Society (London), 1884, p. 421.
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normal paraffins in which an atom of hydrogen in the CH,
aroup already associated with methyl has been displaced
by methyl, thus:—

CH,.CH,.CH,.CH,, (CH,),CH.CH,.CH,.
Butane, Methyl-butane or isopentane.
OH,.CH,.CH,CH,CH,. (CH,),CH.CH,.CH, CH,
Pentane. Methyl-pentane or isohexane,

The influence of the introduction of methyl on the mole-
cular rotation is very marked, as it increases the rotation
to a greater extent than would result from the change in
composition caused by the introduction of CH,.

Again, it was found that the introduction of earboxyl
causes a reduction in the magnetic rotation of alcohol
radicals when associated with it, although the rotation of
the group itself is evidently high.

As regards the effect of hydroxyl it was found that,
both in the series of the paraffins and the aldehydes, the
introduction of hydroxyl in place of hydrogen increases
the molecular rotation.

On comparing the molecular rotation of a paraffin with
that of the eorresponding aldehyde and acid, it was found
that oxygen, when displacing two hydrogens on the same
carbon, has nearly double the influence that it has when
simultaneously combined with hydrogen and carbon.

Unsaturated compounds show a larger molecular rota-
tion than the corresponding saturated compounds.

It will be seen from the above that, by making observa-
tions on the magnetic rotation of substances, it is possible
to draw certain conclusions regarding their chemical con-
stitution.

The Shape of Molecules.—The methods of study thus
far discussed do not touch the question as to the shape of
molecules and the arrangement of the atoms in space. In
the common language of chemistry we speak of chain-
shaped molecules, of chains with branches, of rings and
double rings, and we make constant use of the hexagon
in representing the structure of benzene and its deriva-
tives. But. as bas been repeatedly stated, these expres-
sions refer to the formulas, and the formulas refer to facts
that have no necessary connection with space relations.
While we represent the symmetry of benzene by means
of a circle or a regular hexagon, we know that the atoms
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in the molecule of benzene cannot be arranged in a plane.
But, as we know nothing or very little concerning the ar-
rangement in space, we wisely refrain from attempting to
express anything concerning it in our formulas. When
the physicist says let the line A— B represent a
force be can hardly be accused of thinking that the line is
a picture of the force. He knows that he represents cer-
tain properties of the force, viz., magnitude and direction,
in regard to which he has knowledgze, and the use of this
sign is of great assistance in enabling him to deal with a
certain order of facts. So, too, the chemist ean fairly
represent the facts with which he has to deal by means of
symbols, and, if rightly used, they are of great assistance
to him. Still, though the consideration of space relations
may be postponed because of a lack of facts upon whieh
to base a plausible hypothesis, the problem nevertheless
remains to be solved. Some efforts have been made to
reach conclusions regarding the subject, and of late these
have produced a marked effect upon the seience.

One of the results reached may be stated thus: It is
shown that the boiling points, densities, and indices of
refraction vary in the same way ; that for isomerie com-
pounds the constants of that one are largest which consist
of an uninterrupted chain of hydroearbon residues, and
that the constants become smaller the more the structure
of the molecule is branched, and deviates from one direc-
tion. The data thus far established seem to show that
the shorter the molecule of isomeric compounds, 2. e., the
more they approach the spherical form, the larger is the
molecular volume.*

The words ““shorter,” “branched,” ete., used in the
above statements, have primarily, of course, reference to
the appearance of the formulas in common use. Assum-
ing that these formulas do in a erude way represent the
actual shapes of the molecules, there probably exists a
direct connection between the variations in the physical
constants of isomeric compounds and the actual shape of
the molecules.

Thus, the specific gravity of compounds with long mole-
cules would necessarily be greater than that of compounds
with branched or spherical molecules, for the same reason

% Briihl, Annalen der Chemie, Vol. 203, p. 363.
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that we can get more rods in a given space than spheres
of the same weight. So, also, with reference to the boil-
ing point. The rod-shaped molecules offer the most points
of contact, the spherical the least. The adhesion between
molecules of the first kind will hence be the greatest, and
the conversion of the substances into vapor will be more
difficult than is the case with other substances, or the boil-
ing points will be higher. Similar considerations indicate
that the facts observed in connection with the time of
transpiration of vapors are in harmony with the view that
the usual formulas represent to some extent the general
shape of the molecules,

The most important speculations bearing upon the ques-
tion of the space-relations of atoms are bazed upon the ex-
istence of such cases of isomerism as those exhibited by
the lactic and tartaric acids and some other similar ones.

A study of the effects produced upon polarized light
when it passes through certain chemical compounds has
led Le Bel and van’t Hoff to propose an hypothesis in
regard to the arrangement of atoms in the molecules of
these compounds. Reference has already been made to
this hypothesis (see ante, p. 220) to account for some eases
of isomerism which cannot otherwise be explained. Thus
there are three lactic acids, which, according to all we know
regarding their methods of formation and their chemical
transformations, must be represented by the same ordinary

H
chemical formula GHE—J}—COOH. While these sub-

o

stances are very similar in all other respects, they differ
in their effects upon polarized light. One, ordinary lactic
acid, has no perceptible effect upon polarized light; another,
paralactic acid, turns the plane of polarization to the right,
while the third turns it to the left. Further, there are
three acids, dextro-tartaric and lmvo-tartaric acids, and
racemic acid, all of which appear to have the same strue-
ture, as far as our formulas express structure. One of
these turns the plane of polarization to the right, another
turns it to the left, while racemic acid is optically inactive.
These facts can be explained according to the hypothesis
as follows: Let it be supposed that in a carbon compound
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one carbon atom is situated at the centre of a tetrahedron,
and that the four atoms or groups which it holds in com-
bination are at the angles of the tetrahedron, as repre-
sented in Fig. 1. If all these groups are different in kind,
and only in this case, it is possible to arrange them in two
ways with reference to the carbon atom. The difference
between the two arrangements is that which is observed
between either one and its reflection in a mirror. Tmper-
feet]',r 'LhL second arrangement of the ficure is represented
in Fig. 2

Fig. 1.
Rl

A carbon atom, in combination with four different kinds
of atoms or groups, is called an asymmetrical carbon atom.
Whenever, therefore, a compound contains an asymmet-
rical carbon atom, there are two possible arrangements of
its parts in space which correspond to the complementary
tetrahedrons, viz., the right-handed and the left-handed
tetrahedron. The third, optically inactive modification ofa
substance, is believed to be a molecular compound of the
other two. In the lactic acids and in the tartarie acids the
asymmetrical earbon atom is present, as is shown by the
formulas :(—

I H
CH.J—(E—U O0OH HO—-&——CODH
‘!)II HU—%H.CO{}H
Lactic acid. Tartaric acid.

In lactie aeid the central ecarbon 18 in combination with
1)OI ; 2)COO0M ; 3)H ; and 4)CH,. In tartaric acid the
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four different groups and atoms are 1)H ; 2)COOIL; 3)
CH.COOH ; and 4)OH.

While a great deal more work is necessary before this
hypothesis can be regarded as completely established, our
knowledge on the point at present may he fairly summed
up in the following sentences :—

1. Optieally active substances always contain one or
more asymmetrical carbon atoms.

9. Substances which do nof contain asymmetrical ear-
bon atoms have no rotary power.

According to this hypothesis, the affinities of an atom
are exerted in definite directions, 7. e., towards the angles
of a tetrahedron at the centre of which the carbon atom is
supposed to be. Von Baeyer has attempted to show that,
on this assumption, the fact that rings of six earbon atoms
are easily formed and are stable, finds a plausible explana-
tion. This will be easily understood if we conceive the
affinities to be lines extending from the carbon atoms in
the direction indicated. When six carbon atoms are
brought together they can combine if the direction of
their lines be changed only very slightly ; while, in the
casge of four or five carbon atoms, the displacement would be
considerable, and, as Von Baeyer expresses it, the tension
would be so great that the compound would be unstable.
What value to attach to such considerations at present it
is difficult to say. In this, as in so many other ecases in
which our knowledge is imperfect, we can only wait until
further work shall have furnished us with more facts.

That branch of chemistry which has to deal with the
phenomena of space relations is known as stereochemistry.
Within the last few years there has been great activity in
this branch, and it seems highly probable that more and
more aftention will be given to it, as the results already
reached are of great interest.

25
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O HEAVPAT B R XA
THE STUDY OF CHEMICAL AFFINITY.

Introduction.—Our study thus far has been confined to
questions of composition and constitution, and, indeed, as
already stated, originally the main object of this book was
to discuss the facts upon which the prevailing views re-
garding constitution are based. One cannot, indeed, over-
estimate the value of the work that has been done in the
way of investigating chemical constitution. The wide-
spread applicability of the prevailing views to the inter-
pretation of chemical phenomena, the brilliant sucecesses
that have been achieved in the building up of complex
compounds by methods suggested by these views, furnish
overwhelming evidence of the truth there is in them. A
complete study of chemistry, however, involves not only
the subject of constitution, but that of the nature of chem-
ical action itself. We should not be satisfied with study-
ing chemical compounds after they are formed, but we
must, if possible, make observations during the act of form-
ation, and thus get as much insight as possible into the
nature of the act. For various reasons there are serious
difficulties in the way of such observations, and, although
a great deal of work of the kind indicated has been done,
the results up to quite recently have not heen of special
importance.

The Nature of the Problem.—We know that when hy-
drogen and chlorine are brought together they combine
with great evolution of heat. The act is generally in-
stantaneous and it is therefore practically impossible to
make any observations during its consummation. In the
smallest particle of the resulting gas both hydrogen and
chlorine are found in definite proportions; and in order to
separate them or to decompose the compound, an expen-
diture of energy is necessary. The phenomenon suggests
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such phenomena of attraction as those of gravitation, elec-
tricity, and magnetism. We, therefore, picture to our-
selves the atoms of hydrogen and chlorine as drawn fo-
gether by an attractive force, much as the stone thrown
upwards is drawn to the earth or as the electrified body is
attracted by other bodies. In each case to separate the
attracted substances an expenditure of energy Is necessary.
Without any coneeption in regard to the nature of this
chemical force we may for convenience call it chemical
affinity. The first object in view in the study of this
force is to measure its intensity in different cases. What
is the difference between the attraction exerted between
hydrogen and chlorine and that exerted between hydrogen
and oxygen, ete. ete.? Is it dependent on the nature of
the substance, or is it independent of the nature and only
dependent on the mass? Such are some of the questions
that suggest themselves. What we want 1s a measure-
ment of the attractive force exerted between the atoms of
all the elements under different conditions. It is plain
that with this knowledge we should be in a position to
predict in every case the exact character of the reaction
or reactions between any substances. Let us see what
progress has been made in this line.

Rough Measurements of Affinities.—It has long been
known that some elements combine with ease, and form
stable compounds, while others combine with difficulty
and form unstable compounds, and others still do not com-
bine at all, and of these elements it has been said that
those of the first class have a strong affinity for one
another, those of the second class have a weak affinity for
one another, and those of the third class have no affinity
for one another. Thus hydrogen and oxygen, phosphorus
and oxygen, potassium and oxygen, ete. ete., have a strong
affinity for each other; nitrozen and hydrogen, carbon
and bydrogen, chlorine and iodine, ete. ete., have a weak
affinity for each other, and fluorine and oxygen, chromium
and hydrogen, ete. ete., have no affinity for each other.
Further, in certain natural groups of elements a gradation
in affinity in accordance with the gradations in the atomie
weights is easily recognized, as, for example, in the group
of the so-called halogens, chlorine is said to be a stronger
element than bromine, and bromine a stronger element



292 PRINCIPLES OF THEORETICATL CHEMISTRY,

than iodine. These statements are based upon ohserva-
tions on the action of chlorine on compounds of bromine
and iodine. As chlorine decomposes the compounds of
these two elements, it is said to be a stronger element,
by which is meant that it has a stronger affinity towards
other elements. THosts of similar observations have heen
made, and it is generally recognized that chemical reac-
tions take place in consequence of differences in the affini-
ties of the elements for one another. If, for example, the
elements A and B have for each other the same affinity
as C and D, and this is the same as the affinity of A for D,
A for C, B for C, and B for D, then, on bringing the com-
pounds AB and CD together, no change takes place; but
if the affinity of A for C is greater than that of A for B,
and that of C for D greater than that of B for C, then the
change represented in the equation,

AR s e e )

will take place.

By careful observations of chemical reactions, then, it is
possible to get some idea regarding the relative strength
of the affinities of the elements, but much more refined
methods are necessary.

Disturbing Influences.—A serious difficulty in the way
of measuring affinity by chemical observations is found in
the fact that decompositions do not always take place in
accordance simply with the strength of the affinities of
the elements which take part in the reaction; and, indeed,
this is markedly true of those reactions which we most
frequently have to deal with. The most common disturb-
ing causes are changes in the state of aggregation of the
forms of matter. Thus, when by adding a substance A
to a substance B, a substance C, which is a gas at the
temperature employed, can be formed, then in general
the gas will be formed, each particle escaping as soon
as formed, and thus being removed from the sphere of
action. An example of this kind is furnished by the de-
composition of a chloride or a nitrate by sulphurie acid.
In each case with the aid of slight elevation of tempera-
ture there is decomposition, and finally there is complete
replacement of the hydrochloric or nitrie acid by sulphuric
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acid. From this the conclusion is frequently drawn that
sulphuric aecid is a stronger acid than the other two.
But all methods Df' comparing these acids under the
same conditions show that hydrochloric and nitric acids
are, as a matter of fact, much stronger acids than sul-

hurie acid, and the cause of decomposition of the nitrates
and chlorides by sulphurie acid is to be found in the faet that
volatile products are formed. Again, when a product of the
reaction of two substances in solution is an insoluble solid,
the decomposition will generally take place and be complete,
independently of the strength of the affinities. The affinity
of chlorine for sodium is greater than that of chlorine for
lead ; but, if to a solution of sodium chloride a solution of
lead acetﬂ,te be added, lead chloride is thrown down, though
not completely. Here, as in the case of the formation of
a volatile product, the produet is removed from the sphere
of action as soon as formed, and this causes an entire
change of the process.

From these examples it will be clear that the simple fact
that one substance, 4, decomposes another, B, and unites
with € to form AC, is not sufficient evidence that the
affinity of 4 for C is greater than that of B for C. This
is especially the case when the produet, 4, is a gas or
an insoluble solid.,

Attempts to measure Affinity by Observations on the
Heat evolved in Chemical Reactions.—If a mass of hy-
drogen and a mass of chlorine consisted of isolated atoms
at rest, and, after the combination, the molecules as well
as their constituent atoms were at rest, then the heat
evolved in the act of combination would be the result of
the transformation of the potential energy of the atoms
into kinetic energy, and it would be a measure of the
affinity exerted hctu een the atoms. DBut not one of these
conditions can be assumed with any confidence, and most
of them are undoubtedly not true. We have abundant
evidence to show that the mass of bydrogen and that of
chlorine do not consist of isolated atoms. Taking then
the reaction between hydrogen and chlorine, it is clear
that it is not simply a combination of atoms, but that the
act of combination between the atoms 111nbt be preceded

by the decomposition of the molecules of hydrogen and
9%k
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those of chlorine. According to our present views, the
reactions must be represented in this way :—

(1) H,+Cl,= H+H+014Cl;
(2) H+H4-C14-Cl= HCOI4+HOI.

The heat which is evolved in the reaction is therefore
not simply the result of the combination of hydrogen and
chlorine, but it is this heat less that which is used in de-
composing the molecules of hydrogen and of chlorine into
atoms. The heat measured is the difference between two
quantities ; and we have no way of estimating the value
of these quantities. This is true of every chemical reac-
tion. The heat evolved or absorbed in the reaction is the
difference between two or more guantities, and it is not,
therefore, a measure of affinity.

\Tevmthelc,ss some knowledge regarding the relations
which the affinities of elements bear to one another can be
gained by a study of the heat evolved in their reactions.
Thus, the following results have been obtained in the study
of chlorine, bromine, and iodine :—

[H,Cl,] = 2[H,Cl] — [H,H] — [C1,01] = 44,000c.
H, Br,] = 2[H,Br] — [H,H] — [Br,Br] = 16,880 c.
[H,I] =2[HI] —[HH]—[II] =—12,012¢c

The figures thus obtained are not proportional to the
affinities of chlorine, bromine, and iodine to hydrogen, but,
nevertheless, the affinities in all pmbablht} vary in the
same order.

The difficulties are much inereased in more complicated
cases, and it will therefore be seen that it is impossible to
measure the affinity between atoms by means of the heat
evolved in reactions.

Resultant Affinity.—While affinity in the strictest sense
must be regarded as a simple force acting between atoms,
yet we may speak of the affinity of one molecule for
another, meaning by the expression the resultant of the
various atomic affinities which are brought into play when
the two molecules combine. This resultant affinity is of
course a complex quantity, as has been pointed out.
Nevertheless, it is desirable to make as many measure-
ments of it as possible. The meaning of the term will be
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clear by a reference to the cases of chlorine, bromine, and
iodine. The measurementis recorded in the last paragraph
represent the resultant affinities of these elements to hy-
drogen in terms of heat units. In a similar way we may
speak of the resultant affinities of acids and bases towards
one another. Thus the resultant affinity of hydrochlorie
acid towards caustic soda involves the following reac-
tions :—

(1) H—Cl+-Na—O0—H H+4-Cl-+Na+(0—H).
(2) H+Cl4+Nat(0—H) = Na—OlH-H—O0—H.

Notwithstanding the complex character of measure-
ments made in such cases they are of service in dealing
with chemical questions.

|

Heat of Neutralization.—Avidity of Acids.—Among
the measurements that bave proved of value in connec-
tion with the study of the general problem of affinity are
those furnished by the heat of neutralization of acids and
bases. This subject has been investigated very extensively
by Thomsen. The general method of work consisted in
determining the heat evolved when equivalent quantities
of different acids are neutralized by the same base, and
equivalent quantities of different bases are neutralized by
the same acid. Knowing the heat evolved in the reactions
between the various acids and bases, it is possible to learn
something in regard to what takes place when acids act
upon salts in those cases in which decomposition is not
evident. Thus, when nitric acid acts upon sodium sul-
phate in solution, several changes are possible, as repre-
sented in the equations :—

(1) Na,S0, + HNO,
(2) Na,S0, 4+ 2HNO,

(3) 2Na,S0, 4+ 4HNO, =
Na,S0, + 2NaNO, + H,80, + 2HNO,.

As all the substances involved in these reactions are
soluble in water, and the reactions are studied in water
solution, it is clear that by ordinary methods it would be
impossible to tell which of them take place. By thermo-
chemical methods, however, it has been shown that in
this and in all similar cases the base is divided between

I

NaHSO0, 4+ NaNO,;
HS0, H-2NaNO,;
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the two acids and generally more goes to one acid than
to the other. Further, it is possible to measure the
division of the base between the acids, and in this way
measurements of the relative strengths of the acids are
obtained. The figures representing the strengths of the
acids measured in this way are called by Thomsen the
avidities of the acids. In the case taken as an illustra-
tion it was found that in dilute aqueous solution two-
thirds of the soda combines with the nitric acid and one-
third with the sulphurie acid. Therefore, it appears that
the avidity of nitrie acid is twice as great as that of sul-
phuric acid. Of all acids investigated nitric and hydro-
chloric acids were found to have the greatest avidity.
Calling this 1.00, the avidities of some other acids are
represented in the following table :—

Acids. Avidity.
1 Mol. Nitric acid . - : ; ; . 1.00
1 *‘ Hydrochloric acid g : - . 1.00
1 ‘¢ Hydrobromic ¢ . . . . . 0.89
1 * Hydriodic AR g - : . 0.79
4+ ‘¢ Sulphauarie S . - . . .49
+ f Selenie LAt . . - . 045
1 * Trichloracetic ** . - : 8 2 088
1 * Orthophosphoric acid . ; - = 0525
3 ‘' Ozxalic acid . : - - - . 0,24
1 ¢ DMonochloracetic acid . - : . 0,09
1 ¢ Hydroflunoric bt 2 : 2 - 0:h
4+ ¢ Tartaric acid 2 . . . . 0.05
& - Gnfriehsioks T R e L TR )
1. % Acetic . : . - : - 0.03
3 ¢ DBoric 4 2 : g e o 000!
+ ‘¢ Bilicie 3 - £ - : . 0.00
1 * Hydrocyanic acid . - - . 0.00

It is impossible to give an exact interpretation of these
results, but it appears that the figures given represent the
numerical relations between some common property pos-
sessed by acids, a property which we have vaguely in
mind when we speak of the strength of acids. This ap-
pears more clearly when acids and bases are studied by
other methods.

Mass-Action.— At the beginning of this century ap-
peared C. L. Berthollet’'s Fssai de statique chimigue.
The author took the ground that chemical affinity is essen-
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tially the same as gravitation. If this be true, however,
chemical action must be proportional to the masses of the
substances acting upon each other, This carries with it
another conelusion, viz: That when a substance AB is de-
composed by CD with the formation of AC and BD, the
action will grow less and less, as the masses of the origi-
nal substances decrease, and, finally, a stage will be reached
before the decomposition is complete when no further ac-
tion will take place, or a state of equilibrium will be es-
tablished between the four substances. Berthollet’s funda-
mental proposition is this:—

““ Every substance which tends to enter into combina-
tion acts in proportion to its affinity and its mass.”

Not much attention was paid to the work of Berthollet
until recently. Now, especially through the labors of
Guldberg and Waage and of Ostwald, the truth of this
fundamental proposition has been established and the
study of affinity has been materially advanced.

In 1852 Rose published a paper on the action of water
on various chemical compounds and showed that there is
some connection between the quantity of water used and
the extent of the decomposition. A little later Bunsen
showed that, when to a mixture of hydrogen and carbon
monoxide not enough oxygen is added to oxidize the gases
completely, the oxygen is divided between the two gases
not in proportion to their quantities, but so that the quan-
tities of carbon dioxide and water produced stand in sim-
ple rational ratio to each other. This result was afterward
shown to be erroneous by Horstmann. Many observa-
tions made since have shown that the extent of a chemical
reaction is unquestionably influenced by the mass of the
substances brought into action,

The important papers of Guldberg and Waage appeared
in 1867 and later. The starting-point of their investiga-
tions will appear from the following quotation :—

“When two substances 4 and B are transformed into
two new substances, 4’ and B’, the chemical force with
which 4 and B act upon each other is measured by the
quantity of the new substances formed in unit time.”

“The quantity of a substance in unit volume of the
compound in which the chemiecal change takes place we
call the aclive mass of the substance.”

**The chemical force with which two substances, 4 and
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B, act upon each other is equal to the produet of their ac-
tive masses, multiplied by the coefficients of affinity.”

“By coeflicient of aflinity a coefficient is understood
which is dependent upon the chemical nature of the two
substances and upon the temperature. If the active
masses of 4 and B are represented by p and g and the
coeflicient of affinity by %, then the force acting between
A and B is expressed by kpg. . . ¥

“When in a chemical process 4 and B are transformed
into 4" and B/, and A’ and B’ can at the same time be
transformed into 4 and B, equilibrium will be established
when the force acting between 4 and B is equal to the
force acting between A’ and B'.”

“ If the active masses of 4’ and B’ be represented by p’
and q" and their coeflicient of affinity by 4/, the chemical
force acting between A’ and B’ is expressed by Z/p/q’.”

** The condition of equilibrium is therefore expressed by
the equation kpg = k'p'q’.”

The above statements taken together form the law of
mass-action. The law as thus stated can be tested and
has been tested by the authors in a number of ways and
found to hold true.

Measurement of Coefficients of Affinity.—The law of
mass-action as stated makes it possible to measure what
Guldberg and Waage call the coefficients of affinity in
cases where reversible reactions of the kind above referred
to take place, or at least to measure the ratio between the
two coeflicients involved. Thus, in the equation

kpg = k'p'q,

p, q, p' q' represent the number of equivalents of the four
substances which take part in a reversible reaction. If
these are known, it is clear that the ratio W is also known.

An example of the application of this method is fur-
nished by the case of the action of alcohol on acetic acid
studied by Berthe,]\ut and St. Gilles. When these sub-
stances are brought together the formation of acetic ether
begins, but after a time stops. At first the reaction

CH, COOH + C,HOH = CH,CO0C,H, 4+ H,0
takes place. But the substances formed also act upon
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each other to some extent in the reverse way. It was
found that when

acid 4 aleohol = 1 (ether -+ water)
the action stopped or equilibrium was established, or, in

ke -

this case, T 1. It was further found that by changing

the proportions of the substances the quantity of ether

formed was changed, and the quantity formed agreed with

that calculated by means of the equation of equilibrium
ke

when e 1.

Later it was shown that the results obtained hy Thom-
sen in his studies on neutralization are in perfect accord-
ance with the theory of Guldberg and Waage; what
Thomsen calls the avidity of acids and bases being the
same as the coefficient of affinity.

Velocity of Chemical Change as a Means of Measur-
ing Coefficients of Affinity.—The coeflicient of affinity
may, according to Guldberg and Waage, be measured by
determining the velocity of chemical changes. Their first
proposition (see ante) is:—

“ When two substances, 4 and B, are transformed into
two new substances, 4’ and B’, the chemical force with
which 4 and B act upon each other is measured by the
quantity of the new substances formed in unit time.”

The force tending to bring about the reaction is repre-
sented by % p ¢, and since the velocity is proportional to
the active force we have

v = ¢(kpg)
in which ¢ is the coefficient of velocity. This equation
holds for reactions which proceed in one direction only.
When the reaction is reversible the total velocity will be
equal to the difference between the velocities in opposite
directions, or
v = olkpg—Fkpq).

This conception has been tested in a number of reac-
tions. Among them that of the action of water on acet-
amide, and that of water on methyl acetate have been
studied by Ostwald, with the result of showing it to be
well founded.
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Volume-chemical Method.—Ostwald has tested the law
of mass-action by means of observations on gpecific gravi-
ties of solutions, and has in this way reached conclusions
regarding the relative affinities of some acids. The method
depends upon the fact that chemical processes which take
place in homogeneous liquids generally cause changes in
volume. ‘“ Thus, the specific gravity of a normal caustic
soda solution was found to be 1.04051, that of an equiva-
lent solution of sulphurie acid 1.02970, that of an equiva-
lent of nitric acid 1.03089. When equal volumes of soda
solution were mixed with each of the acids, the specific
gravity of the sodium sulphate solution was 1.02959, and
that of the nitric solution 1.02633. Finally, when to
the solution of sodium sulphate (2 vol.) one equivalent
(1 vol.) of nitric acid was added the specific gravity be-
came 1.02781.7* By means of these figures it is possible
to determine to what extent the nitric acid acts upon the
sulphate, and thus to draw conclusions regarding the dis-
tribution of the base between the acids. This, it will be
observed, is another method of solving the problem which
was attacked by Thomsen by thermo-chemical methods.
The results reached by the volume-chemical method agree
in general with those reached by the thermo-chemical
method.

Specific coefficient of Affinity.—According to- Guld-
berg and Waage the coefficient of affinity, £, in the equa-
tions already explained, is a coefficient dependent upon
the chemical nature of the two substances that enter into
action .and upon the temperature. But this coefficient
must be the product of two specific coefficients of affinity,
one belonging to one substance and the other to the second
substance. By investigating the action of a number of
bases on one acid, and of a number of acids on one base
by different methods, Ostwald found that the relative
affinity of acids is independent of the nature of the base,
and that the relative affinity of the base is independent of
the nature of the acid. Each acid and each base has a
specific coefficient of affinity, and the affinity of any acid
for a base is the produet of the specific coeflicient of affinity
of the acid and the specific coefficient of affinity of the base.
On comparing the figures representing the specific coefli-

* See Ostwald, Allgemeine Chemie.
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cients of affinity of the acids with the figures obtained by
Thomsen, and called by him the avidities of the acids, the
two are found to bear approximately the same relation to
one another.

Methods for Determining Specific Coefficients of Affi-
nity.—The volume-chemical method was supplemented by
Ostwald by several other methods which enabled him to
determine the relative influences exerted by a number of
acids under a variety of circumstances. Among other
methods may be mentioned the optical, the action of acids
on insoluble salts, contact action, the electrical method,
and the inverting action of acids on sugar. The object in
view was in all cases practically the same—to compare the
influence exerted by different acids under the same cirecum-
stances, and thus to measure their specific coefficient of
affinity.

(1) In the optical method the coefficient of refraction
of various solutions is determined, and the change pro-
duced by mixing these solutions in certain ways, and thus
it is possible to draw conclusions in regard to the character
of reactions which take place in solutions.

(2) An illustration of the method involving the action
of acids on insoluble salts will make the method clear. A
weighed quantity of ealeium oxalate is treated with equiva-
lent quantities of different acids in dilute solutions, and
the quantity of the salt dissolved then determined. From
this it is possible to caleulate the specific coeflicients of
affinity of the acids.

(3) The simplest method of all is the eleetrical. This
consists in determining the condueting power of solutions
of different dilutions. In this way fizures are obtained
which bear to one another the same relations as those ex-
pressing the coefficients of affinity.

For details in regard to these and the other methods
used by Ostwald in his studies of affinity the student is
referred to the original papers of this chemist, and to his
masterly book “ Allgemeine Chemie.” 1Tt is sufficient for
the present purpose to call attention to the general result
that, when acids and bases are compared in many different
ways, they are found to differ markedly from one another,
and the order in which they are arranged by the results
of the different methods is always practically the same.

26
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@GHEATR IV R KTX,

CONNECTION BETWEEN THE CHEMICAL CONSTITUTION
AND PROPERTIES OF COMPOUNDS.

General.—In the chapter on constitution frequent refer-
ence was made to the fact that a certain constitution always
carries with it certain properties. Thus all alcohols have
certain common properties, and they have the same general
constitution ; and this is true of every other class of com-
pounds. Besides this general connection, there are more
special kinds which have not thus far been treated. These
special kinds of connection may be conveniently considered
under a few heads:—

(1) Change of character in certain parts of a compound
caused by the introduction of some atom or group ;

(2) Teuﬂene;,r on the part of certain compounds to break
down in certain ways;

(3) Influence exerted by certain atoms or groups already
in a compound on the constitution of the products formed
by further acts of substitution ;

(4) Relative ease with which isomeric compounds enter
into action,

1. Change of Character in Certain Parts of a Compound
caused by the Introduction of some atom or Group,

Bases, Alcohols, Acids.—These three classes of com-
pounds illustrate very well the marked changes in proper-
ties which one part of a compound can undergo in conse-
quence of changes in some other part. In the primary
alcohol, R—C—0O—H, hydrogen is in combination with

the carbon atnm with which the hydroxyl is combined, and
the substance has basic properties. When, hﬁwcvcl the
two hydrogen atoms of the group —C— are 1'eplaced by

|
H,



PROPERTIES OF COMPOUNDS. 303

oxygen, the hydroxyl hydrogen acquires entirely different
properties. The compound R—C—O—H is an acid.

Ii

Here, apparently, the hydroxyl remains in the compound
as it was, but the earbon with which it is in eombination,
instead of being linked to hydrogen, as in the alcohol, is
linked to oxygen. This power of oxygen to give acid
properties to hydroxyl is also seen in aluminic acid,
OAl(OH), ferric acid, O,Fe(OH), and chromic acid,
0,Cr(OH),; and, mdeed in nearly all the common mineral
acids, as OP{DH} 0,1 ,N(OH), 0,8(0H), OCI(OH),
0,CI(OH), OEC](DH), etc. In the case of any element it
is true, with a very few exceptions, that that acid deriva-
tive which contains the largest proportion of oxygen has
the most marked acid character.

Influence of Acid Groups like NO,—An influence
similar to that referred to in the last paragraph is exerted
in some cases by the acid residue, NO,. This is seen in
the acid character of the nitro-phenols and similar eom-
pounds. Phenol itself has very weak acid properties. It
forms salts when treated with the caustic alkalies, but it
has not the power to decompose carbonates. When,
however, the hydrogen of the benzene ring is partly re-
placed lw the nitro group the products formed have acid
properties which are much more marked than those of
phenol.  Tri-nitro-phenol, C,H(NO,),OH, is a strong
acid. A similar influence though less.marked is exerted
by chlorine and bromine,

The influence of the nitro-group on the hydroxyl group
of the aleohols proper is not known, as nitro derivatives
of these alcohols are not known. A remarkable influence
is exerted by this group on hydrogen in direct combination

with carbon. This is seen in some of the nitro-paraffins.
H

| I
The compound CH,—C—NO, has acid properties. The

i

acid character is strengthened by the introduction of
bromine in the position indicated in the formula
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Br

GHE—J]—-NOT On the other hand, the compound

i

CH,
NO, —A]—UH 18 not an acid, and this is probably to be

G,

explained l}v the fact that there is no hydrogen in direct
combination with the carbon with which the nitro-group
is combined. Again isonitro-propane, CH,—CH(NO,)—
CH,, has acid pmpmtles while bromisonitro-propane,
which has been shown to have the constitution CH,—
CBr(NO,)—CH,, has no acid properties.

Change in the Chemical Character of Ammonia.—The
hydrogen atoms of ammonia can be replaced by hydro-
carbon residues without any serious change in the charac-
ter of the compound. To be sure, it makes a difference
what groups are introduced. T hubmetlnlamme CH,.NH,,
ethylamine, C,H_NH,, and other amines Luntmnmrr ]mr-
affin residues are stmngly basie, while aniline, C H N,
and similar amines mntmnmg residues of the henzene
hydrocarhons are much weaker bases. If, instead of
hydrocarbon residues, those of acids be introduced, the
change in the character of the ammonia is much more
marked. Thus acetamide, C,H,0.NH,, is a neufral sub-
stance. If, further, a second hydrogen of the ammonia
be replaced by an acid group the third becomes distinetly
acid, in some cases even strongly so. Thus diacetamide,
(C,H,0),NH, has acid properties. This is alzo true of the

CH,.CO
imides of dibasic acids, like succinimide, | >NH,
CH.,. UO

\1\11' benzoie sulphinide,
00/

coO
‘/ \\}TH and many similar compounds. If in
INRO

aniline a pﬂrt of the hydrogen of the benzene be replaced

phthalimide, C,H <
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by acid atoms or groups the basic character of the com-
pound is changed, and the extent of the change is depend-
ent upon the position occupied by the substituting atom
or group. Thus, of the three chlor-anilines, the para-
modification is a stronger base than the ortho- or meta-
modification.

Influence of the Nitro-Group on Chlorine.—Chlor
benzene is a comparatively stable compound. When
treated with aleoholic ammonia it undergoes no change.
If, however, nitro-groups be introduced into i, the chlorine
is easily replaced by the amido-group by simply treating
with aleoholic ammonia. Thus the compound

Cl
C.H, ;NDE{:n} . is converted into the compound
NO,(p)

NH,
C,H, < NO,(0) .
NO,(p)

Substitution in Hydrocarbons.—In general the hydro-
gen of the paraffins is replaced with diffieulty and that of
the benzene hydrocarbons with ease. Here evidently the
ring form of combination has a decided influence on the
stability of the compounds. The substitution produets
obtained from the benzene hydrocarbons are more stable
than those obtained from the paraffins. Substitution takes
place more easily in a benzene hydrocarbon which con-
tains one or more paraffin residues than in benzene itself.
Thus, while, when nitrie acid aets directly upon benzene,
only two nitro groups are introduced except with great
difficulty, there is no difficulty in making tri-nitroxylene,
C,H(NO,),(CH,),,and tri-nitromesitylene C, (N O,),(CH,),.
So also tri-nitrophenol is made with ease. :

A most memarkable difference is noticed between the con-
duet of chlorine towards a homologue of benzene in the light
and in the dark. In the case of toluene, C;H,.CH,, for
example, it has been shown that, when chlorine acts upon
this hydroearbon in the direct sunlight, substitution takes
place in the paraffin residue or methyl, CH,, while, if the
action takes place in the dark, the substitution is confined

26%*
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to the benzene residve. So, too, there iz a similar differ-
ence observed between the results obtained when the action
takes place at the boiling temperature and at the ordinary
temperature. In the former case the substitution is in the
paraflin residue ; in the latter it is in the benzene residue.

Ozidation Phenomena.—In general the paraffins are
more easily broken down by oxidizing agents than the
benzene hydrocarbons. If the residues of hoth these
classes of hydroearbons be combined in one compound, the
paraffin portion is broken down by oxidizing agents, while
the benzene portion is not affected. If a paraffin be oxi-
dized alone the products are carbon dioxide and water.
The simplest case is that of marsh-gas, CH, The changes
involved in the conversion of this substance into earbon
dioxide and water have already been treated (see ante,

155):
: If a stable benzene residue be combined with methyl or
any other paraffin residue, the latter breaks down tending
to form ecarbonic acid, but as the benzene residue is not
broken down the product of the oxidation is earbonic acid
in which the group, C H,, or phenyl is present in place of
one of the hydroxyls:—

C.H,

S s : CH,
C is converted into {0 :
H OH
H .
If a second atom or group be introduced into benzene

forming a compound of the general formula C H, 4 E:Hﬂ [
the resistance of the paraffin residue to the influence of
oxidizing agents depends upon the constitution of the
product. It has been shown that when the group X is
in the ortho-position relatively to the methyl an acid oxi-
dizing agent like chromic acid does not change the methyl,
this residue becoming under these conditions as stable as
the benzene residue On the other band, potassium per-
manganate oxidizes such a group without difficulty. If
two paraffin residues are in a benzene compound and a sub-
stituting atom or group be in the ortho-position to one
and not to the other, the latter is oxidized by chromic
acid and the former is not. Potassium permanganate
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oxidizes both. If the compound be treated with fusing
caustic potash, the ortho-methyl is, however, first oxidized.

9. Tendency on the Part of Certain Compounds to break
down in Certain Ways.

Anhydrides —The phenomena included under this head
are illustrated by the formation of anhydrides of acids of
certain constitution. The simplest cases are those of car-
bonie acid and sulphurous acid; and the formation of am-
monia from ammonium hydroxide is a reaction of the
same kind. In the case of the formation of carbonic an-
hydride, it is said that one carbon atom cannot hold in
combination more than one hydroxyl group. While most
facts are in accordance with this statement, some are not.
Thus it appears that in mesoxalic acid there is a carbon
atom in combination with two hydroxyls, as represented
in the formula C(OH), { ggiﬁ So, too, echloral hydrate

u 2
probably has the constitution CCl,—CH(OH),. From
these facts it would appear that carbon, whieh is in com-
bination with certain acid groups, can hold two hydroxyls
in combination. The breaking down of sulphurous acid

S0, {](‘}IH into sulphur dioxide and water is similar to

the breaking down of carbonic acid. But that sulphur
can hold two and perbaps a larger number of hydroxyl
groups in combination is shown in sulphurie acid, H,SO,
and in the acid H,SO, 4 2H,0 = S(OH),. Indeed, the
two hydroxyls in the acid H,SO, are, as is well known,
held very firmly. So, too, nitrous acid, ON.OH, loses
water, spontaneously forming the anhydride, N,O,, but
nitric acid, O,N.OH, does not break down by loss of water,
the addition of oxygen in this case as in the case of sul-
phurie aeid increasing the stability of the product. Faets
of the same order, are noticed in the seventh group of ele-
ments, and particularly clearly among the acids of iodine.

The loss of water and formation of acid anhydrides by
the interaction of two hydroxyl groups not in eombina-
tion with the same atom are illustrated in the case of pyro-
sulphuric acid and pyrochromic acid. The change in the
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latter case takes place spontaneously, and, indeed, unless
basic compounds be present, it is carried to the formation
of chromic anhydride. Among the acids of silicon such
changes are of special interest, as they give rise to the
many forms of polysilicic acids. Among carbon com-
pounds a connection has been established between the con-
stitution of certain acids and the ease with which they
give up water. The generalization which has been reached
is this: When two ecarboxyl groups are in combination
with carbon atoms which are in combination with each
other, water is given off easily and an anhydride formed.
CH,.COOH

This is illustrated by the case of succinic acid, é
H, 000

which, when heated, loses water and is converted into suc-
CH CO
cinic anhydride, | >0 - In the aromatic series
CH,.CO
this phenomenon is of special interest. It is noticed
that the ortho-dicarbonic acids, like phthalic acid,
COOH
CBH,< , in which, according to the commonly
COOH
accepted hypothesis concerning the structure of benzene,
the two carboxyl groups are in combination with carbon
atoms which are linked together, it is noticed that such
acids lose water easily, while the isomeric acids do not
form anhydrides. Thus ortho-phthalic acid yields the

anhydride C—EH‘/ > while isophthalic and tereph-
N\co

thalie acids do not yield anhydrides.

Lactones.—The formation of lactones (see ante, p. 220)
by loss of water from the hydroxy-acids is an illustration
of the same kind of action as that of the formation of
acid anhydrides. It has been shown that the - and
§-hydroxy-acids are extremely unstable, breaking down into
lactones and water when set free from their salts. Here,
it will be observed, the position of the hydroxyl with
reference to the carboxyl is of marked influence on the
stability of the compounds.
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Lactams and Lactims.—LFAmong] aromatie compounds
containing the amido group Those n which this group is
in the ortho position It]‘ltl‘u ely to a group cn:mta,lnm,;r Car-
hoxyl give up water in two ways as indicated in the two

equutmlm —

oocoom <o 0.C 0 i
H, = 64 = g 3
\NH, N
00.00.0I
o0 = / \0 OH 1 HO:
\NH, N7

* The product of the first reaction is called a lactam and
that of the second reaction is called a lactim. A condi-
tion of the formation of compounds like these is that the
amido group must be in the ortho position relatively to
the group containing the carboxyl.

Other Anhydro Compounds.—There are several other
classes of compounds formed by loss of water in much the
same way that anhydrides, lactones, lactams, and lactims
are formed. Among these are the sulphinides which are
formed by loss of water from ortho-sulphamine acids of
the aromatic series. The simplest case is that of benzoic
CO

¢
850,/

sulphinide, CﬁHi\ NH, which is formed from ortho-
COOH
sulphamine benzoic acid, C H4/ .
\SO,NH,
bases are formed whenever an acid residue is intro-
duced into an ortho-diamido compound. Thus, when
ortho-diamido-benzene is treated with glacial acetic
acid, the product is a compound of the constitution
NH\
\ C CH,. The formation is due to a loss of

The anhydro

NH.CO.CH,
water from the compound C _H < , Which in

all probability is the first product Uf the reaction.
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Elimination of Carbon Dioxide.—A change similar to
that referred to in the last paragraph is the loss of earbon
dioxide. This change is not nearly as common as the loss
of water. From the facts known it appears that an ac-
cumulation of carboxyl groups in combination with one
carbon atom gives rise to an unstable condition. One il-
lustration will suffice. Tso-suceinic acid, which has the

CH(COOH),
constitution | , easily loses carbon dioxide
CH,
when heated, and is thus converted into propionic acid,
CH,.COOH

I
CH,

Conclusions Warranted by the Facts just Presented.—
The fact that ortho-compounds in general give up the ele-
ments of water more easily than the compounds of the
meta- and para-series has led some to conclude that in the
ortho-compounds the substituting groups are nearer to-
gether than in the meta- and para-compounds. This ar-
gument is evidently not valid. Proximity of two groups
containing the elements of water is not the main condition
for the reaction. This is shown by the fact that ortho-
/COOH

amido-benzoic acid, CﬁHi\
NH,

, does mot easily

CO.COOH
lose water, while the compounds OEHJ/
\NH

CIL,.CH,.COOH

r

CH,.COOH ,
ﬂH‘< ; and CEH‘/

NH, \NEH,
water spontaneously. According to our formulas, the car-
boxyl and the amido group are in closer proximity in
ortho-amido-benzoic acid than in the other three acids, the
formulas of which are given. So, too, in the formation of
lactones proximity is not favorable to the reaction. It

does not take place in « and g-hydroxy acids like
CH,—CH—COOH and CH,—CH,—COOH, but does

(!}}I (!!H

ee-acid, M-neid.
take place in y- and s-acids like

C , lose
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CH, CH,CH,COOH  CH,.CH,CH,CH,COOH.

|
(I}H OH
}-ncill. doagid,

It appears rather that, in order that the reaction may
take place, it is necessary that a number of atoms should
intervene between the two hydroxyls. That this number
is not-constant is clear from the above cases. The expla-
nation of facts of the kind mentioned is found in the study
of the space-relations.

Breaking down of Unsaturated Carbon Compounds.—
The prineipal fact to be noted under this head is that when
an unsaturated compound breaks down the separation of
carbon atoms generally takes place first where the double
or triple linkages are assumed to exist. Thus, when treated
with fusing caustic potash, crotonic acid, CH,—CH=—CH
—(COOH, yields only acetic acid; methaerylic acid,
CH,

CH—0{
NCooH

, however, yields propionic acid; tiglie

/CH,

NCooH
acids; hydrosorbic acid, CH—CH=CH—CH,—CH,—
COOH, yields normal butyric acid and acetic acid. These
reactions are clear, if it be assumed that the double link-
age is the first to give way, and that the parts just formed
are converted into saturated monobasie acids of the fatty
acid series.

acid, CH,—CH=C , yields propionic and acetie

3. Influence exerted by certain Atoms or Groups in a
Compound on the Constitution of the Products formed
by further Acts of Substitution.

Substitution in Symmetrical Compounds.—When sub-
stitution of one hydrogen in a symmetrical compound
takes place, but one product can be formed. In the fore-
going it has been pointed out that some of our fundamental
views regarding the structure of the compounds of carbon
are based upon this proposition. The fact that marsh-gas,
ethane, and benzene each gives but one variety of mono-
substitution products is the strongest argument in favor
of the view that these compounds are symmetrical, or that
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the hydrogen atoms in each of them bear the same relation
to the molecule. The moment substitution has tuken place
in a symmetrical compound and a mono-substitution pro-
duct is formed, the symmetry is destroyed, and, in all eases
except that of marsh-gas, the second substituting atom or
group may enter in more than one place. Thus when
hydrogen in ethane has been replaced by chlorine, the
unsymmetrical compound CH,—CH,Cl is formed. A
second chlorine may enter either in the position indicated
in the formula CH,—CHCI, or in that indicated in the
formula CH,CI—CH,Cl. 1n mono-chlorbenzene chlorine
may enter in three positions indicated by the formulas :—

I 1. I11.

ol 506) CC]

N N N
o’ \‘001 ]-_[{‘J‘/ \‘CH i (ol \‘OH
on CH CH col T CII

Bl DRt s o

N N

ch oh a0

Some progress has been made in the investigation of
these phenomena, and a few generalizations have been
reached.

Influence of Acid or Negative Groups on Groups of
the same Kind.—The most common case is that in which
an acid atom or group enters a compound in which there
is already an atom or group of the same kind. So far as
this subject has been investigated in the paraffin series it
appears that a second aeid atom entering a compound tends
to combine with the same carbon as that with which the
first is combined. The same rule appears also to apply to
the entrance of a third acid atom. Thus, by the action of
chlorine, chlor-ethane, CH,—CH,CI, is converted succes-
gively into CH,—CHCI,, CH,—CCl,, CH,C1—CCl,, ete.
The following are some of the general laws that have
been found to govern substitution in the aromatic series:—

(a) When chlorine or bromine is present in benzene a
second atom of either of these elements takes mainly the
para-position, though there is always substitution to a
slicht extent in the ortho-position.

(b) A second nitro-group takes mainly the meta-posi-
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tion with reference to the first, though to some extent 1t
takes the ortho- and para-positions. :

(¢) A second sulphonic acid group (SO,H) takes mainly
the para-position, but to some extent the ortho-position.

(d) Towards hydrocarbon residues 11!-::._3 CH,, C,H,, ete.,
acid groups tend to take the para-position. Ortho-com-
pounds are formed in smaller quantity. \ ;

(e) Hydroxyl exerts in general the same kind of influ-
ence as methyl and other iydrocarbon residues.

(f) Carboxyl tends to make acid groups take the meta-
position mainly, though in some cases the ortho- and para-
positions may be occupied to some extent. When chlorine
acts upon benzoic acid, meta-chlor-benzoic acid 1s appa-
rently the only mono-substitution product formed; when
sulphuric acid acts upon benzoic acid meta-sulpho-benzoic
acid is the principal product, but there is formed at the
same time a small quantity of the para-acid ; and, finally,
when nitric acid is the substituting agent the meta-acid is
the chief product, and the ortho- and para-acids are formed
in smaller quantity.

Influence of Basic or Positive Groups.—The ammonia
residue NH, is the most common example of such groups.
The influence of this group is such as to make an acid
group take mainly the para- and meta-positions, and, to
a subordinate extent, the ortho-position.

Other regularities besides those above mentioned have
been observed, and the general subject of such regularities
is under investigation. Still, we are only at the beginning
of our knowledge in this direction, and much is to be hoped
from a more careful study of substitution-phenomena from
this point of view. The above statements are not all abso-
lutely true, for in some cases the nature of the substitution
products is found to differ according to the conditions
under which they are formed. Thus, though, at ordinary
temperatures the chief product of the aetion of sulphurie
acid on phenol is the ortho-sulphonic acid, the para-acid
being formed in small quantity ; at a higher temperature
only the para-acid is formed.

Regularities in the Addition of Negative or Acid Atoms
to Unsaturated Compounds.—A kind of action similar to

that treated in the last paragraph, though at the same time
27
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different from it, is that of the formation of substitution
products of saturated hydrocarbons by the addition of
negative atoms. Thus, as bas been shown (see anfe, p.
230), when ethylene is treated with bromine, ethylene bro-
mide, C,H Br,, is formed ; when it is treated with hydro-
bromic acid, bromethane C,H,Br is formed. Whenever
action of this kind takes place, one atom or univalent
group is added to each of the carbom atoms which are
doubly linked together. Taking now such cases as pro-
pylene, CH,—CH=CH,, and butylene, CH,—CH,—CH
=CH,, it will be seen that the addition of a halogen acid
may take place in two ways represented by these equa-
tions :—

(1) CH,—CH = CH, + HBr = CH,—CH,—CH,Br;
(2) CH,—CH = CH, + HBr = CH,—CHBr—CH, ;
(3) CH,—CH,—CH = OH, + HBr —
CH,—CH,—CH,—CH,Br;
(4) CH,—CH,—CH = CH, + HBr —
COH,—CH,—CHBr—CH,,

As a matter of fact, the addition takes place according
to the equations (2) and (4); or, when a halogen acid is
added to an unsaturated compound, the hydrogen is added
to that one of the doubly linked carbon atoms which
already is in combination with the most hydrogen. This
suggests the action in the case of chlorine. It was found
that chlorine enters into combination with that carbon
which already is in ecombination with chlorine.

4. Relative Fase with which Isomeric Compounds enter
into Action.

Velocity of the formation of Ethereal Salts.—The ac-
tion of alcobols upon acids has already been referred to as
furnishing a method of studying the velocity of chemi-
cal changes. Menschutkin has investigated this subject
with reference to the connection between constitution and
velocity of chemical change. He treated equivalent quan-
tities of various alcohols of the methyl alecohol series with
acetic acid at 155° and determined (1) the extent of change
at the end of the first hour; and (2) the limit of change
when equilibrinm was reached. The first result expressed



PROPERTIES OF COMPOUNDS. 3l1b

in percentages he called velocity, the second the limit. As
illustrations of the results the following are given :—

Velocity. Limit.

" Ethyl alcohol 46.8 69.6

Primary | Propyl “ 46.5 69.9
Aleohols Butyl 46.9 67.3
L Getiyl & 8 46.6 12.3

" Dimethyl-carbinol 26.5 60.5

Secotidass Ethyl-methyl-carbinol 29.6 09.3
T e Hexyl methvl carbinol 21.2 62.0
Isopropyl-methyl-carbinol 19.0 59.3

| Diethyl-carbinol 16.9 58.6

The figures express (1) the percentage of the acid trans-
formed in one hour; (2) the percentage of the acid trans- .
formed when action ceases, or when equilibrium is estab-
lished. It will be observed that there is a marked difference
between the figures obtained with the primary aleohols
and those obtained with the secondary alcohols. The ter-
tiary alcohols were found to have a very small velocity.
Similar differences were observed between tertiary acids

CH,

|
like trimethyl-acetic acid CH,—C —COOH, and primary
]
CH,
and secondary acids, while between the primary and sec-
ondary acids themselves, very slight differences were ob-
served.

Decomposition of Halogen Derivatives.—Some rough
observations have been made on the time required to effect
complete decomposition of certain halogen derivatives of
the paraffins. The reaction made use of was that which
takes place when the sodium compound of aceto-acetic

3
bo

ether, (JJHNH. , 18 treated with a halogen compound like
{jL'Q,CEHE
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methyl iodide, and represented thus:—

CH, CH,

{JJD éo

LlJHNa, + ICH, = é‘HﬂIIs 4+ Nal.
tljozcjﬂﬁ (L,{)._!c._;nﬁ

The reaction was tried with methyl iodide, ethyl iodide,
ethyl bromide, propyl iodide, and isopropyl iodide. The
time required to effect complete transformation of mole-
cular weights of these compounds in grams was :—

Methyl iodide, 4 minutes.
Ethyl iodide, B
Ethyl bromide, 460 «
Propyl iodide, iR 2 S
Isopropyl iodide, 445 ¢

Similar experiments have been made with some of the
same halogen derivatives and nascent hydrogen from
different sources, with silver nitrate and with caustic alka-
lies. While the results cannot be stated quantitatively
with any degree of confidence, one general result is of
interest. It appears that: In acid solution ethyl and
normal propyl bromides are most stable, and isopropyl bro-
mide least so. In alkaline solutions, on the contrary, the
reverse is true, that is to say, ethyl and normal propyl
bromides are least stable, and isopropyl bromide most
stable.
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Acid—

malonic, 221
mesitylenic, 252
metaphosphorie, 191
methylethylacetic, 214
methylpropylacetie, 215
nitrie, 185
nitrous, 185
normal borie, 191
caproic, 215
silicie, 192
valeric, 214
orthoamidobenzoic, 265
oxalic, 220
oxybenzoic, 252
paralactic, 219
paroxybenzoic, 252
pentathionic, 184
perchlorie, 176
periodie, 176
phosphorie, 188
phosphorous, 187
phthalic, 248, 252
propionie, 211
pyrochromie, 198
pyromucic, 264
pyrophosphoric, 130
pyrosulphurie, 182
salicylie, 2562
silicie, 192
suceinic, 221
sulphocarbonic, 227
sulphocyanic, 224
sulphuric, 178
sulphurous, 177
tartaric, 223
terephthalie, 248, 250, 252
tetrathionie, 177, 184
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Acid—
thiosulphurie, 182
trimesitic, 252
trimethylacetic, 214
triphenylcarbinol-carbonie,
262
trithionie, 183
nuric, 228
uvitie, 252
valeric, 211, 214
xanthogenie, 227
Acids, 121, 146
avidity of, 295
classification of, 127
dibasic, 127
double halogen, 125
hydrogen, 121
hydroxyl, 121
metal, 197
methods of formation, 147
monobasic, 127
monohydroxy-monobasie,
218
nitrogen, 125
normal, 193
polysilicie, 192
sulphur, 124
tetrabasic, 127
tribasie, 127
unsaturated, 235
Acrolein, 235
Affinity, chemical, 17, 291
co-efficients of, 298
distinetion between, and va-
leney, 91
measurements of, by obser-
vations on heat phenom-
ena, 293
resultant, 294
rough measurements of, 291
specific co-efficient of, 300
Alcohol, active amyl, 206, 207
allyl, 234
ethylene, 216
isoamyl, 206
isobutyl, 205
isopropyl, 202
normal amyl, 206
normal butyl, 204
propyl, 202
psendopropyl, 202
secondary butyl, 205
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Aleohol—
tertiary butyl, 205
Aleohols, 140
diacid, 216
primary, 141
secondary, 142
tertiary, 144
triacid, 222
unsaturated, 234
Aldehydes, 149
Aldoximes, 171
Alloy, 31, 32
Allyl mustard oil, 225
Amido compounds, 172
Amines, 283
Ammoniom, 195 i
chloride, specific gravity of
vapor, 26
salts, 195
Ampere’s hypothesis, 36
Amylbenzene, 246
Anhydrides, 130, 159, 307
Anhydro-bases, 309
Anhydro-compounds, 309
Anthracene, 270
Anthraguninone, 272
Arrhenius, 63, 64
Atomic hypothesis, 14
theory, 21
weights, determination of, 22
by analysis, 22
chemical decom-
positions, 29
substitution, 28
determined by iso-
: morphism, 75
Atoms, 21, 38
linkage of, 117
number of, in molecules of
elements, 41
Avidity of acids, 295
Avogadro’s hypothesis, 37, 38
law, 39
views, 36
Azobenzene, 257
Azo-compounds, 255
Azoimide, 125
Azoxy-compounds, 259

BaeveER's views on benzene, 245
on ring compounds, 289
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Bamberger, on naphthalene, 267
Bases, 127
complex, 129
Benzene, 238
prism formula of, 244
substitution products of, 246
Berthelot, 279
and St. Gilles, 298
Berthollet, 19, 206
Berzelius, determination of
atomic weights by, 26
rules of, 27
Bonds of carbon atom, 283
Boyle’s law, 38
Briihl, 278, 279, 286
Bunsen, on mass-action, 297
Butane, derivatives of, 202
normal, 203
Butylbenzene, 246
Butylearbinol, 206
secondary, 206
Butyro-lactone, 220

CARBAMIDE, 227
Carbamines, 164
Carbon, asymmetrical, 207, 220,
288
Carbon, sulphoxide, 227
Carbonyl chloride, 227
Chemical affinity, 17, 291
Chromium salts, 197
Chrysene, 272
Claus, on constitution of benzene,
245
Clausins, 63
Co-efficients of affinity, 298
Combining numbers, 21
Compound, chemical, 31
Compounds, 31
atomic, 94
molecular, 94
saturated, 99
unsaturated, 99
Constitution, definition of, 111
Copper salts, 195
Crafts, investigations on the spe-
cific gravity of the vapor of
iodine, 47
Cyanamide, 224
Cyanides, 164
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Cyanogen, 224
compounds, 224

Davrtox, investigations of, 19
De Vries, on osmotic pressure,
63
Diazo-compounds, 255
Dichlornaphthoguinone, 266
Diethyl-carbinol, 206, 207
Diisopropyl, 208
Dimethyl-butyl-methane, 209
-diethyl-methane, 219
-ethyl carbinol, 207, 208
methane, 206
Diphenyl-methane, 260
phthalide, 261
Dipropargyl, 237
Dissociation in solutions, 63, 64
Dulong and Petit, investigations
of, 66

EremEx~TS, 30
Equivalents, 24
Ethane, derivatives of, 200
Ethereal salts, 157
Ethers, 158
Ethylbenzene, 246
Ethylene, 234
chloride, 200

FArApAY, on magnetic rotary
polarization, 284
Fatty compounds, 199
Favre and Silbermann, 43, 279
Formula, constitutional, 116
empirical, 112
molecular, of gaseous com-
pounds, 55
reaction, 115
structural, 116
synthesis, 115
Freezing-point of solutions, 61
Furfural, 264
Furfuman, 263

Gay Lussac, investigations of, 34
Glycerin, 222
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Glycol, 216
Gravity, specific, of compounds
in the form of vapor, 48-52
specific, abnormal, 55
Guldberg and Waage, 297, 298,
299, 300

Hear, molecular, 72
of formation, 280
of neutralization, 282, 295
specific, 65
of boron, 73
of carbon, 73
of silicon, 73
of vapor of mercury, 45
Heptane, derivatives of, 209
normal, 209
Hess, 279
Hexane, derivatives of, 208
normal, 208
Homologons series, 138
Homology, 138
Horstmann on mass-action, 297
Humpidge, 74
Hydrazine, 173
Hydrazines, 173
Hydrazo-compounds, 259
Hydrocarbons, constitution of,
136
normal, 139
Hydroguinone, 252
Hydroxylamine, 186
Hypothesis, 14
of Le Bel and van’t Hoff, 220,
287

Imino-coMmPoUNDs, 172

Indigo-blue, 263

Iodine, changes by heat, 47

Iron salts, 197

Isatine, 263

Isobutane, 203

Isobutyl carbinol, 206

Isocyanide, 164

Isoheptane, 209

Isomerism, 201

Isomorphism, determination of
atomic weights by means of,
Th

Isonitriles, 164
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Isonitrogo-compounds, 171
I[sopropyl carbinol, 205
Isoxylene, 252

Keroxes, 216

Kopp on isomorphism, 76

Kundt on specific heat of mer-
cury vapor, 40

Lacranms, 309
Lactims, 309
Lactones, 220, 308
Le Bel, hypothesis of, 220, 287
Law : '
of combination by volume,
34
of ]céeﬁnite proportions, 14,
of indestructibility of mat-
ter, 14
of multiple proportions, 14,
19
periodic, 78
Linkage of atoms, 117
double, 102, 231
single, 102
triple, 102, 231

MAGNETIC ROTARY POLARIZATION,
283

Mariotte's law, 40

Mass-action, 296

Matter, constitution of, 21

Mechanical mixture, 31, 32

Meier and Victor Meyer on spe-
cific gravity of vapor of iodine,

Meier, F., and Crafts on specific

gravity of vapor of iodine, 47
Mendelejeff on periodie law, 79
Menschutkin, 314
Mercaptans, 146
Mercury salts, 195

specific heat of vapor, 45

Mesitylene, 249, 253
Meta-compounds, 247
Metadibrombenzene, 252
Metadinitrobenzene, 252
Metamerism, 201
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Metapicoline, 269
Methane, constitution of, 136
derivatives of, 199
Methylbenzene, 246
Methyldiethyl methane, 208, 200
ethyl carbinol, 205
propyl methane, 210
isopropyl carbinol, 207
mustard oil, 225
propyl carbinol, 206
Meyer, Lothar on periodic law,
86
Meyer, Victor, on specific gravity
of vapor of iodine, 47
Mitscherlich, law of isomorph-
ism, 75
Mixture, mechanical, 31, 32
Molecular rotary power, 284
weights,
39
Molecules, 37, 38
of elements with more or less
than two atoms, 45
shape, of, 285
Mustard oils, 225

NarurHALENE, 248, 267

Nascent state, 54

Neumann on specific heat of com-
pounds, 67

Neutralization, heat of, 282, 295

Newlands ou periodic law, 78

Nilson, 74

Nitriles, 164

Nitro-compounds, 168

Nitrogen peroxide, specific grav-
ity, 58

Nitroso-compounds, 171

Nitrous oxide, 185

Numbers, combining, 21

O1ns, MmusTARD, 225
Ortho-compounds, 247
Orthodibrombenzene, 252
Orthodinitrobenzene, 252
Ortho-picoline, 269
Ortho-xylene, 252

Osmotic pressure, 61
Ostwald, 207, 299, 300, 301
Oxidation phenomena, 306

determination of, |
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| Oxides, 133
| Ozone, proof that its molecule
contains three atoms, 54

Para-compounps, 247
Paradibrombenzene, 252

| Paradinitrobenzene, 252

Paraleucaniline, 261

Parapicoline, 269

Pararosaniline, 260

Paraxylene, 252

Pentane, derivatives of, 205

normal, 206

Periodates, 194

Periodie law, 78

Perkin on magnetic rotation, 284

Petit, See Dulong.

Petterson. See Nilson.

Pfeffer on osmotic pressure, G0,
62, 63

Phenanthrens, 272

Phenol-phthalein, 261

Phenols, 254

Phenylethylene, 262

Phenylmethane, 260

Phenylmethanes, 259

Phosphorus pentachloride, spe-
cific gravity of vapor, 57

Phthaleins, 261

Physical methods for determin-
ing constitution, 274

Physical structure, 275

Polarization, magnetic rotary,
283

Polymerism, 201

Propane, derivatives of, 201

Propylbenzene, 246

Propyl-carbinol, 204

Propylene, 234

Proust, investigations of, 19

Pyrene, 272

Pyridine, 268, 283

Pyrocatechin, 252

Pyrrol, 264

QuisoniNg, 268, 269
Quinones, 255

Raovnr, on solutions, 60
Refraction equivalent, 277
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Refraction—
molecular, 277

Regnault, on specific heat of
compounds, 67

Resorcin, 252

Ring-compounds, Von Baeyer’s
views on, 289

Rosaniline, 260

Rose on mass-action, 207

SarTs, 129
complex, 130
ethereal, 157

Selenium, varying number of|

atoms in molecule, 46

Silbermann. See Favre.

Solution, 31, 33

Solutions, laws of, 60, 61, 62

Stereochemistry, 289

St. Gilles. See Berthelot.

Structure, definition of, 111

Styrene, 263

Substituting groups, constitution

of, 164
Substitution, 161
atomiec in  determining
weights, 28
products complex, 163
containing chlorine,
bromine, or iodine,
162

Suceinic anhydride, 264, 308

Suceinimide, 264

Sulphur dioxide, 176
trioxide, 176
varying number of atoms in

molecule, 46

TETRAMETHYLETHANE, 208

methane, 206
Tetraphenylmethane, 260
Theory, 14

atomic, 21
of Guldberg and Waage, 271

Theory—

of types, 113
Thermal methods, 279
Thiophene, 265, 283
Thomsen, J., 279, 281, 282, 283,
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Toluene, 246
Triethylmethane, 209
Trimethyl carbinol, 205

ethylmethane, 208

methane, 204
Triphenylmethane, 260
Types, 113

mixed, 113

theory of, 113

Uraxiom-compousns, 198
Urea, 227

Vax't Horr, hypothesis of, 220,
287
on solutions, 60, 62, 63
Valency, 88-110
apparent, 99
determination, 91
maximum, 99
periodic, variations in, 106
relative, 104
variations in, 94
Valylene, 237
Vapor-pressure of solutions, 60
Velocity of chemical change, 299
of formation of ethereal salts,
314
Volume, molecular, 275
specific, 275

Waage. BSee Guldberg.
Warburg. See Kundt.
Wollaston, 24, 25
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Abdominal Surgery. beletemy, Iu;numei Lumbar or Transverse ;
for Cancer or Stricture with Ulceration of the large Intestine.
By HEreerT W, ALLINGHAM, F.R.C.S., Surgeon to the Great
Northern Hospital, Assistant Surgeon to St. Mark’s Hospital
for Diseases of the Rectum, Surgical Registrar to St. George’s
Hospital. With six plates and numerous illustrations. Price 6s.

Abdominal Surgery. The Surgical Diseases and Injuries of the
Stomach and Intestines. By F. BowrEMAN JEesserT, F.R.C.S.

Eng., Surgeon to the Cancer Hospital. Copiously illustrated.
Price 7s. 6d.

Africa. A Contribution to the Medical History of our West
African Campaigns. By Surgeon-Major ALBERT A. GORE, M.D.,
Sanitary Officer on the Staff. Price 10s. 6d.

Africa. Life on the Gold Coast. A Description of the Inhabitants,
their Modes and Habits of Life ; Hints to Travellersand others
in Western Africa. By Surgeon-General Gorpon, M.D., C.B,,
Hon. Physician to the Queen. Price 2s. 6d.

Alcohol, in some Clinical Aspects: A Remedy, a Poison. By
GopwiN Tmms, M.D., M.R.C.P. Lond., Senior Physician to
the North London Consumption Hospital. Price 1s.

Alcoholism and its Treatment. By JoserH FrANCIS USSHER,
M.D., L.A.H. Dub. [In the Press.

Ambulance Work. Questions and Answers on “ First Aid to the
Injured.” By JouN W. MARTIN, M.D., and JOHN MARTIN,
F. R C.S. Seventeenth thousand. Price 1s. net.

Angsthetics. The Dangers of Chloroform and the Safety and
Efficiency of Ether in burrrleel Operations, By JoHN MORGAN,

M.D., F.R.C.S. Second theueen{l price 2s.
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Anzesthetics. Selected Methods in the Administration of Nitrous
Oxide and Ether. By Freperic Hewrrt, M.A., M.D. Cantab.,
Lecturer on Anmsthetics at the London Hospital. Price 2s. 6d.

Angsthetics : Ancient and Modern. Their Physiological Action,
Therapeutic Use, and Mode of Action. By GEORGE FoY,
F.R.C.S., Surgeon to the Richmond Hospital. Price 3s. 6d. net.

Anatomography; or, Graphic Apatomy. A new method of
grasping and committing to memory the most difficult points
required of the student. By W. DArLING, M.D., F.R.C.S. Eng.,
Professor of Anatomy in the University of New York. Price 1s.

Anatomy. Aidsto Anatomy. By Georce Brown, ML.R.C.S., Gold
Medallist, Charing Cross Hosp. Price 1s. 6d. cloth, 1s. sewn.

Anatomy. Text-Book of Naked-Eye Anatomy. With 113 Steel
Plates, designed under the direction of Professor MASSE. Text by
JAs. CAnTLIE, M.B., C.M. (Honours), F.R.C.S,, Charing Cros
Hospital. Third edition. Plain, 25s., coloured, 50s., half calf,

Anatomy. The Fssentials of Anatomy. A Text-book for Students
and a book of easy reference to the Practitioner. By W.
DaArLiNGg, M.D., F.R.C.S,, and A. L. RANNEY, M.D. 12s. 6d.

Anatomy. The Pocket Gray, or Anatomist’s Vade-Mecum. Com-
piled from the works of Gray, Ellis, Holden, and Leonard.

By E. CorrereLy, LR.C.P., M.R.C.S. Enlarged edition, 3s. 6d.

'* A marvellous amount of information condensed into a remarkably small space.” — Med. Press.

Anatomy. The Pocket Anatomist. By H. LronNarp, M.D.
Enlarged Edition, illustrated. Price 3s. 6d.

Anatomy, Schematic Anatomy ; or Diagrams, Tables and Notes
treating of the Association and Systematic arrangement of
Structural Details of Human Anatomy. By WiLLiam P.
MEARS, M.B., Professor and Examiner in Anatomy at the
University of Durham. Profusely illustrated. Price 7s. 6d.

Anatomy. Anatomy of the Child. With 14 coloured plates and
33 woodcuts. By JomNson Symineron, M.D., F.RS.E.,
F.R.C.8.E., Lecturer on Anatomy, Edinburgh., Price 42s.

Anatomy of the Inguinal and Femoral Regions in Relation
to Hernia. By E. LepwicH, Lecturer on Anatomy in the
Ledwich School of Medicine, Dublin. Price 3s.
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 Anatomy. Human Anatomy and Physiology, illustrated by a

series of Movable Atlasses of the Human ody, showing the
relative positions of the several parts, by means of Superposed
Coloured Plates, from the designs of Prof. G. J. Wirkowsk,
M.D. Each part complete in itself.

Part I.—Neck and Trunk. With Text Descriptive and Ex-
planatory of the physiology and functions of the several parts.
By RoBERT HUNTER SEMPLE, M.D., F.R.C.P, Lond. Price Ts. 6d.

The same enlarged to Life Size. Price £2 2s,

Part II.—Throat and Tongue, showing the Mechanism of
Voice, Speech, and Taste. Text by LuNNox BrowNE, F.R.C.S.
Ed. Price 7s. 6d.

Part I11.—The Female Organs of Generation and Reproduc-
tion. Text by JAMES PALFREY, M.D., M.R.C.P. Lond., late
Senior Obstetric Physician, London Hospital. Price 7s. 6d.

Part IV.—The Eye and the Apparatus of Vision. Text by
Hexry Power, F.R.C.S,, Senior Ophthalmic Surgeon to St.
Bartholomew’s Hospital. Price 7s. 6d.

Part V.—The Ear and Teeth. The Mechanism of Hearing,
and of Mastication. Text of the Ear by LENN0X BROWNE,
F.R.CS.E. The Teeth by H. SEwitL, M.R.C.S. Price 7s. 6d.

Part VI.—The Brain and Skull. (Cerebrum, Cerebellum,
and Medulla Oblongata.) Text by T. StrRETcH DowsEg, M.D.,
F.R.C.P. Ed. Price 7s. 6d.

Part VII.—The Male Organs of Generation. Text by D.
CampBELL BLACK, M.D., Physician to the Glasgow Royal
Infirmary. Price 7s. 6d.

Part VIII.—The Skeleton and its Articulations, showing the
Bones and Ligaments of the Human Body and Limbs, Text
by A. T. NorroN, F.R.C.S. Price 7s. 6d.

Part IX.—The Hand ; its Bones, Muscles and Attachments.
Text by JAs. CANTLIE, M.B,, F.R.C.S. Price 7s. 6d.

Part X.—The Foot; its Bones, Muscles and Attachments,
Text by STANLEY Boyp, M.B., B.S. Lond., F.R.C.S., Assistant
Surgeon, Charing Cross Hospital. Price 7s. 6d.

Part XI.—Progress of Gestation. A Synopsis of Practical

Obstetrics. Text by R. MiLNE MuRrraAy, F.R.C.P. Edin., M.B.
Edin. Price 7s. 6d.

The Set of Eleven Parts, complete in cloth-covered Box, with lock and key, £4 nel.

* * No such simple, reliable, and comprehensive method of learning the
several parts, positions, and functions of the body has hitherto been attempted;
the entire Series being unique, will be most valuable to the Teacher, the
Student, and to all who wish to become acquainted with the anatomy and
physiology of the human economy,
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Apoplexy. On Stertor, Apoplexy, and the Management of the
Apoplectic State. By Roperr L. Bowwes, M.D,, F.R.C.P.
Lond., Consulting Physician to the Victoria Hospital, and to
the St. Andrew’s Convalescent Hospital, Folkestone. With 13
Illustrations. Price 4s. 6d,

“The informution is both practical and useful, and based on extensive clinical and experi-
mental investigation. The principles advocated by the anthor deserve to be more widely
known and acted on than they are at present."—British Medical Journal,

“ The author has produced a book which is ab present the only authority on the subject.”—
Medical Press.

Apoplexy. Diagnosis and Treatment of Apoplexy. By T.STRETCH
Dowsg, M.D., F.R.C.P.E., formerly Medical Superintendent,
Central London Sick Asylum. Price 1s.

Army Hygiene. Lessons in Military Hygiene and Surgery. By
Surgeon-General GorpoN, M.D., C.B., Hon, Physician to H.M.
the Queen. Illustrated, Price 10s. 6.

Artistic Anatomy. Anatomy of the External Forms of Man, for
the use of Artists, Sculptors, ete. By Dr. J. FAu. Used at the
Government School of Art, South Kensington. Twenty-nine
plates. Folio. New edition. 30s. coloured, 15s. plain.

Artistic Anatomy. FElementary Anatomical Studies of the Bones
and Muscles, for Students and Schools, from the drawings of
J. Fraxman, R.A. Lately used as a Text-book in the Art
Schools at South Kensington. = 20 plates, with Text, price 2s.

Artistic Anatomy. The Student’s Manual of Artistic Anatomy.
With 25 etched plates of the bones and surface muscles of
the human figure. By W. J. MuckLEY. Used at the Govern-
ment School, South Kensington. Second edition. Price 5s. 6d.

Artistic Anatomy. Elementary Artistic Anatomy of the Human
Body. From the French of Dr. FAu. With English Text. Used

at the Government School of Art, South Kensington. Price 5s.

Artistic Anatomy. Description of the Bones and Muscles that
influence the External Form of Man. With 43 plates. By
JOHN C. L. SPARKES, Principal of the National Art Training
School, South Kensington. Adopted as a text-book at the
Government Art Schools. Price 7s. 6d.

Artistic Drawing. Second Grade Perspective (Theory and Prac-
tice), containing 21 block illustrations, 20 plates, and many
examination exercises. Used at the Government Science and
Art Schools, By H. J. DexNis, Art Master, Lambeth School of
Art, Dulwich College, ete. Price 2s. 6d.

e —
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Artistic Drawing. Third Grade Perspective, for the use of Art
Students. By H. J. DENNIS. Used at the Science and Art
Schools. In two parts, 7s. 6d. each. Part 1, Angular and Oblique
Perspective. Part 2, Shadows and Ileflections ; or, half-bound
leather in one vol., price 15s.

Artistic Drawing. Tune Prototype of Man, giving the natural laws
of Human proportion in both sexes. A manual for artists and
professors of drawing. By CHAS. RocHET, of Paris. Price 1s.

Artists’ Colours. Their Preparation, Uses, ete. (See Colours.)

Artistic Drawing. A Manual of the Proportions of the Human
Body for Artists. By Berrram C. A. Winprr, M.A., M.D.,
D.Sc., Queen’s Professor of Anatomy in the Mason’s College,
Professor of Anatomy to the Royal College of Artists, and
Lecturer in the Municipal School of Birmingham. [In the Press.

Asthma. On Bronchial Asthma—its Causes, Pathology and Treat-
ment. Lettsomian Lectures. By J. C. THOROWGOOD, M.D.,
F.R.C.P. London, Senior Physician to the City of London
Hospital for Diseases of the Chest. Third edition. Price 3s.

Astronomy. The Stars and the Earth; or, Thoughts on Time
Space, and Eternity. With Notes by R. A. PRoCTOR, B.A.,
Fourteenth thousand. Price 1s.

Ataxia.  Nervous Affections associated with the Initial or Curative
Stage of Locomotor Ataxy. By T. StrercH Dowsg, M.D.,
FR.C.P.E. Second Edition. Price 2s.

Aural Diseases. (See Ear.)

Bacteriology. Researches in Micro-Organisms, including recent
Experimentsin the Destruction of Microbes in Infectious Diseases,
etc. By A. B, Grirrires, Ph.D,, F.C.S, F.R.S.E. With 52

Illustrations. Price 6s.

i Ay enormous amount of material the author has taken great trouble to collect a large
number of the references bearing on the points he mentions."—Lancet. g

““The work . .. may be recommended to those who wish to have in a convenient form
a very large number of facts and references relating to bacteria.”—British Medical Journal.

Bacteriology. The Germ Theories of Infectious Diseases. By
JouN Drvyspare, M.D., F.R.M.S,, President of the Liverpool
Microscopical Society. Price 1s.

Bacteriology A Parasitic or Germ Theory of Disease: the
Skin, Eye, and other affections. By JaBez Hoac, M.R.C.S.,
Consulting Surgeon to the Royal Westminster Ophthalmic
Hospital, Second edition, price 2s. 6d.

Bacteriology. Guide to the Demonstration of Bacteria in the Tissues.
By Dr. H. KtnNE, of Wiesbaden. Translated and Edited by
VincenT Dormer HArris, M.D. Lond., F.R.C.P., Demonstrator
of Physiology at St. Bartholomew’s Hospital. Price 2s. 6d.

R e
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Bacteriology. Microbes in Fermentation, Putrefaction, and
Disease. By CHARLES CAMERON, M.D., LL.D. M.P. Price ls.

Professor Tyndall, F.R.8., writes : ** Matthew Arnold himself could not find fault with its
Incidity, while as regards knowledge and grasp of the subject 1 have rarely met its equal.”

Bandaging. A Manual for Self-instruction. By C. H. LEONARD,
M.A,, %[ D., Professor of Diseases of Women in the State College,
Michigan. With 139 illustrations. Price 3s. 6d.

Bladder. On Diseases of the Bladder, Prostate Gland, and Urethra.
By F. J. Gant, F.R.C.S., Senior Surgeon to the Royal Free
Hospital. Fifth Edition. Price 12s. 6d.

Botany. A Dictionary of British Plants and Flowers ; their names,
pronunciation, origin, etc. By H. P. FirzcEraLD. Price 2s. 6d.

Botany. Aidsto Botany. Outlines of the Elementary Facts, includ-
ing a Description of some of the most important Natural Orders.
By C. E. ArmMaNnDp SEMPLE, B.A.,, M.B. Cantab., M.R.C.P.
Lond. Price 2s. 6d. cloth ; 2s. paper wrapper.

Botany. The Student’s Botany. Encyclopedic Glossary. By E.
MacDoweL CosGrave, M.D,, Lecturer on Botany, Carmichael
College. Price 2s. 6d.

Brain. The Building of a Brain. By E. H. CLARKE, M.D. (author
of “Sex in Education”). Price 5s.
" Carefully and elegantly written, and full of sound physiology."' —ZILancet.

Brain. On Irritable Brain in Children. By W. H. DAy, M.D,,
M.R.C.P. Lond., Physician to the Samaritan Hospital for Women
and Children, Price 1s. 6d.

Brain. The Physiological and Chemical Constitution of the Brain,

based throughout on original researches. By J. L. W. THUDI-
cHUM, M.D., F.R.C.P. Lond. Price 10s. 6d.

Brain. Syphilis of the Brain and Spinal Cord, showing the part
which this agent plays in the production of Paralysis, Epilepsy,
Insanity, Headache, Neuralgia, Hysteria, and other Mental
and Nervous Derangements. By T. Strerca Dowsk, M.D.,
F.R.C.P. Ed. Second edition, illustrated. Price 5s.

Brain. On Brain and Nerve Exhaustion (Neurasthenia), and on
the Exhaustions of Influenza. By the same author. Price 2s. 6d.

Bronchitis. Chronic Bronchitis : its Forms and Treatment. By J.
MiLNErR Formerciur, M.D. Ed., M.R.C.P. Lond. Second
Edition. Price 4s. 6d.

** 1t bristles with valuable hints for treatment.”"—British Medical Journal.
" The pages teem with suggestions of value."—Philadelphio Medical Tines.
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Burmah. Our Trip to Burmah, with Notes on the Ethuology,
Geography, Botany, Habits and Customs of that Country, by
Surgeon-General GorDON, C.B., M.D., Physician to the Queen.
Illustrated with numerous Photographs, Maps, Coloured Plates,

and Sketches in gold by native Artists. Price 21s.

““We lay down this book, impressed with its many beanties, its amusing sketches and
anecdotes, and its useful and instructive information,”=—The Tintes.

Cancer and its Complications. The Local Origin of Cancer from
the Various Parts of the Body, Preventive and Curative Treat-
ment, ete. By C, E, JENNINGS, F.R.C.S. Eng., M.S., M.B. 3s. 6d.

Cancer of the Mouth, Tongue and (Esophagus. By F. Bowre-
MAN JESSETT, F.R.C.S. Eng., Surgeon to the Cancer Hospital.

Case Books. A Pocket Case-book for Practitioners and Students.
With diagrams, charts, and suggestions for note-taking. By
A1LEX. THEODORE BRAND, M.D., C.M. Bound in limp leather
cover. Price 4s. Loose sheets per doz. 1s., 50 3s. 6d. 100 6s.

Case Taking. Cardiac Outlines for Clinical Clerks and Practitioners;
and First Principles in the Physical Examination of the Heart
for the Beginner. By W. Ewart, M.D., F.R.C.P. Lond.,
Physician to St. George’s Hospital, London. With fifty illus-
trations. Intended as a Pocket Companion at the Bedside.
The outlines are designed to illustrate the methods and the
results of the physical examination of the heart in health and
in disease, and to assist the student in recording his clinical
observations.

*.* A supply of thoracic and cardiac outlines (4} by 3% inches), on

gummed paper, will be included in each copy. Price 5s. 6d.

Case Taking. Symptoms and Physical Signs, a formulary for
medical note-taking, withexamples. By the sameauthor. Price 1s.

Case Books. Student’s Case-book. For recording cases as seen,
with full instructions for methodizing clinical study. By GEORGE
Brown, M.R.C.S., Gold Medallist, Charing Cross Hospital.
Fourth thousand, cloth. Price 1s. net.

Case-book. Suggestions for a plan of taking notes in medical cases.
By Gro. F. Durrey, M.D. Dublin. Price 6d.

Chemistry. Aids to Chemistry, By C. E. ARMAND SEMPLE, B.A,
~ M.B. Cantab., M.R.C.P. Lond.
Part I.—Inorganic. The Non-metallic Elements. Price 2s. 6d.,
cloth ; 2s. paper wrapper.
Part II.—Inorganic. The Metals. Price 2s. 6d. cloth ; 2s. paper,
Part IIT.—Organic. Cloth, 2s. 6d. ; paper, 2s.
Part IV.—Tablets of Chemical Analysis. Price 1s. 6d. and 1s.

“‘Btudents preparing for Matriculation at the London University, and other Examinations,
will find it simply invaluable.” —Students’ Jowrnal.
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Chemistry. A Manual of Chemistry ; acomplete guide to Lectures
and Laboratory work for beginners in Chemistry, and a text-
book for students in Medicine and Pharmacy. By W. SimoN,
Ph.D., M.D., Professor of Chemistry. Sixteen woodcuts and
coloured plates representing 56 Chemical reactions. Price 15s

Chemistry. Plant Analysis, Quantitative and Qualitative. By G.
DRAGENDORFF, Professor of Chemistry and Pharmacy in the
University of Dorpat. Translated by Hy. G. GREENISH, A.I.C.
Price 7s. 6d.

Chemistry. The Principles of Theoretical Chemistry, with special
reference to the Constitution of Chemical Compounds. By IrA
ReEmMSEN, M.D., Ph.D., Professor of Chemistry in the John
Hopkins University. Fourth Edition. [In the Press.

Chemistry. The Student’s Hand-book, with Tables and Chemical
Calculations. By H. Leicester GrEVILLE, F.1.C., F.C.S.
Second Edition. Price 6s.

Chemistry. Chemical Notes for Pharmaceutical Students. By
A. Rivers WiLLson. Second Edition. Price 3s. 6d.
U 0Of execeeding value to students gpoing up for examination."—Phormaceutical Jouwrnal,

Chemistry. A Short Manual of Analytical Chemistry for Labora-
tory Use. By Joun Muter, Ph.D., M.A., F.C.S. Second
Edition, [In the Press.

Children. The Diseases of Children: their History, Causes and
Treatment. By C. E. ArRMAND SempLE, B.A., M.B. Cantab.,
M.R.C.P. Lond., Physician to the North-Eastern Iospital for
Children. Price 6s.

Children. Confidential Chats with Mothers on the healthy rearing
of Children. By Mrs. BowpicH. Price 2s.

Children. On Tetany in Young Children. By J. ABERCROMBIE,
M.D., M.\R.C.P. Lond. Price 2s.

China. Reports of the Medical Officers of the Chinese Imperial
Maritime Customs Service, from 1871 to 1882, with the History
of Medicine in China. Compiled by Surgeon-General GoRDON,
M.D., C.B., Physician to Her Majesty the Queen. Price 21s.

Cholera: How to Prevent and Resist it, By Professor VoN PETTEN-
KOFER and T. WaiTEsSIDE Hime, A.B., M.B. Seccond edition,
Illustrated. Price 3s. 6d.

Chnler&.‘ The Cholera Microbe and How to Meet It. Read at
the Congress of the British Medical Association, By CHARLES
CAMERON, M.D., LL.D., M.P. Price 1s.

—_— - —
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Glima.tﬂll}%’j[f. Ventnor and the Underclifft. By J, M. WiLLIAMSON,
M.D., M.B. Ed., Hon. Surgeon to the National Hospital for Con-
sumption. Second edition, price Is,

Climatology. The Demography of South Australia. By THos.
Borrawick, M.D. Ed., Medical Officer of Health for South
Australian District. With three plates. Price 2s. 6d. 1891,

Climatology. The Book of Climates in all Lands, A Handbook
for Travellers, Invalids, and others in search of Health and
Recreation. By D. H. CurrmMore, M.D,, M.R.C.P. Lond.,
Surgeon in H.M. Indian Army (retired). With a chapter on
the Climate of Africa as it affects Europeans by Surgeon PARKE,

D.C.L. Second edition, cloth limp. Price 4s. 6d.
“ A very useful book."—The Graphic.
i There is much which entitles it to a large cireulation."— Westninster Beview,
" A work of supreme interest to the traveller in search of health."— Freeman's Jowrnal,

Coca. The Coca of Peru, its Remedial Principles, and Healing
Powers. By J. L. W. Taubpicaum, M.D., F.R.C.P. Price 1s.

Colours. A Hand-book for Painters and Art Students, on the use
of Colours, Vehicles, etc. By W. J. MuckrLeEy. Price 3s. 6d.

Consumption. Consumption as a Contagious Disease ; the Merits
of the Air of Mountains and Plains. By D. H. CULLIMORE,
M.D., M.R.C.P. Lond., formerly H.M. Indian Army. Price 5s.

Consumption. Censumption and its Treatment by the Hypophos-
phites. By Joux C. Trorowcoop, M.D., F.R.C.P. Lond.,
Physician to the City of London Hospital for Diseases of the
Chest, Victoria Park. Third edition, price 2s. 6d.

Consumption. A Re-investigation of its Causes. By C. W. DE
Lacy Evans, M.R.C.S. Eng. Price 2s. 6d.

Consumption. How to Prevent and Treat Consumption. By G.
Rurrcanp HowAr, B.A. Lond. Price 2s. 6d.

Consumption. An Essay on Consumption: Its True Nature and
Successful Treatment. By GopwiNn W. Tmums, M.D. Lond.
Second edition, revised and enlarged, price 10s. 6d.

Consumption. Tuberculosis from a Sanitary and Pathological
Point of View. By G. FLeEmiNG, C.B., F.R.C.V.S., President of
the Royal College of Veterinary Surgeons. Price 1s.

Consumption. The Pathology of Tuberculosis (Pulmonary Tuber-
culosis and Tubercular Phthisis). A course of Past Graduate
Lectures delivered at Queen’s Hospital, Birmingham, 1891. By
GEo. F. CrRookE, M.D., Physician and Pathologist to Queen’s
Hospital, and Lecturer on Pathology in Queen’s College.
Price 2s. 6d.
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Deafness. (See Ear.)

Deafmutism. On the Education of Deafmutes by Lip-Reading
and Articulation. By Professor HARTMANN. Translated by
Dr. PATTERSON CASSELLS. Price 7s. 6d.

“The instruetion of deaf-mutes ishere rendered easy."—Atkenceim.
“We can honestly recommend it to anyone seeking for knowledge."—The Lancet,

Deformities. The Nature and Treatment of Deformities of the
Human Body. By LaMBERT, H. OrMsBY, M.B. Dub., Surgeon
to the Meath Hospital and Dublin Infirmary. Price s,

Dental Surgery. A Manual of Dental Surgery : Including Special
Anatomy and Pathology. For Students and Practitioners.
By Henry SeEwiLy, M.R.C.S, L.D.S. Eng. Third edition,
with upwards of 200 illustrations, chiefly original, price 10s. 6d.

Dental. Dental Caries and the Prevention of Dental Caries. By
Hexry SEwiny, M.R.C.S. and L.D.S. Eng, Second edition.
Price 2s. 6d.

Dental. Aids to Dental Surgery. By ArTHUR S. UNDERWOOD,
M.R.C.S., L.D.S. Eng. Price 2s. 6d. cloth; 2s. paper.

Dental. Aidsto Dental Histology. By the same Author. Illus-
trated. Price 2s. 6d. cloth ; 2s. paper wrapper. 1892,

Dental. Journal of the British Dental Association. Monthly,
price 6d.

Dental. Manual for the Dental Laboratory. A Practical Guide
to its Management, Economy, and Methods of Manipulation,
By CHARLES HUNTER, Author of “ A Treatise on Mechanical
Dentistry.” Price 35s.

Dermatology. (See Skin.)

Dermoids. A Course of Lectures delivered at the Royal College of
Surgeons, England, 1889, on “Evolution in Pathology.” By
J. BLAND Surron, F.R.C.S., Hunterian Professor, Royal College
of Surgeons, Price 3s., profusely illustrated.

* We commend the study of this book to all interested in the elucidation of pathological
problems.”— The Lancet,

Diagnosis. The Physiological Factor in Diagnosis. By J. MILNER
fi.:DTé{dERGILL, M.D., M.R.C.P. Lond. Second edition. Price
5. 6d.

** An exceedingly clever and well-written book, put together in : 7 plai f
taking way."—Edinbwrgh Medical Journal. 2 = Rl L e
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Diagnosis, Aids to. Three Parts. Price 1s. and 1s. 6d. each.
Part I. —Semeiological. By J. MiLNER FornERGILL, M.D.
Part II.—Physical. By J. C. THorROWGOOD, M.D., F.R.C.P.
Part IIL.—What to Ask the Patient. By J. MILNER
ForHERGILL, M,D.
** A mine of valuable information."—Edinburgh Medical Journal.
New edition. Containing the three parts. Edited by Dr.
THOROWGOOD. In one volume. Price 3s. 6d. cloth.

Diphtheria. Diphtheria, its Causes, Pathology, Diagnosis, and
Treatment. By R. Hunter SemprLE, M.D., F.R.C.P. Lond.
Second edition, price 2s. 6d.

Diseases. The Classification and Nomenclature of Diseases. By A.
RaABaGuiATI, M.A., M.D.,, Senior Surgeon Bradford Infirmary,
Surgeon to the Children’s Hospital. Price 2s. 6d.

Domestic Medicine. Handbook of Popular Medicine for family
instruction, colonists and others out of reach of medical aid.
By G. H. NapHEYS, A M., M.D. With movable plate and
100 illustrations. Price Ts. 6d.

Diet. How to Prolong Life. Showing the Diet and Agents besb
adapted for a lengthened prolongation of existence. By C. W.
DE LAacy Evans, M. R.C.8. Second edition. Price 5s.
(See also Food.)

Diseases of Women. (See Gyn®cology.)
Dyspepsia. (See Indigestion.) -
Ear. Diseases of the Ear. By GrorGe P. FieLp, M.R.C.5., Aural

Surgeon to St. Mary’s Hospital, and Lecturer on Aural Surgery.
Fourth edition, rewritten and brought up to date. [In the Press.

Ear. On Unrecognised Lesions of the Labyrinth. Being the
(Cavendish Lecture for 1890. By ArLex Ogston, M.D., C.M.,
Regius Professor of Surgery in the University of Aberdeen.
[lustrated. Price 1s.

Ear. On Vascular Deafness. By Roserr J. CooPER, M.D.,
Trinity College, Dublin, Price 3s, 6d.

Ear. Otorrheea; or, Discharge from the Ears: Causes and Treat-
ment. By W. Dovcras HEmming, F.R.C.S. Ed. Price 1s.

Ear. Subjective Noises in the Head and Ears. Their Etiology,
Diagnosis and Treatment. By H. MacNAUGHTON JONES, M.D.,
F.R.C.S. I. and E., Fellow of the Medical, Obstetrical, Gynsco-
logical and Ophthalmological Societies of London. Profusely
illustrated, price 4s. 6d.
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Ear. The Hygiene of the Ear. By CavALIERE VINCENZO C0Z70-
LINO, Professor in the Royal University of Naples, and Director
of the Hospital Clinic for Diseases of the Ear, Nose, and Throat.
Translated from the fifth Italian edition by James Erskine,
M.A., M.B. [In the Press.

Ear. Practitioner's Hand Book of Diseases of the Ear and Naso-
Pharynx. By Dr, H. MAcNAUGHTON JoNES and Mr. W. E. H.
StewART, F.R.C.S.E. Fourth edition, with plates and numer-
ous woodcuts. Price 10s. 6d.

Ear. The Anatomical and Histological Dissection of the Human
Far, in its Normal and Diseased Conditions. By Professor
PorLiTzER of Vienna. Translated at the author’s request by
GrorGe STONE, F.R.C.P. Ed. Profusely illustrated. Price
10s. 6d.

Electricity. A Manual of Practical Medical Electricity. By DAWSON
TUurRNER, B.A., M.D.,, F.R.C.P. Ed., M.R.C.P. Lond.
: [Ln the Press.

In this work an endeavour has been made to place before the student and practitioner
a trnstworthy modern account of and guide in the practice of medical and surgical elec.
tricity, in a manner as free as possible from unnecessary theory and techinicality.

It iz hoped that the practitioner, with thiz book at his elbow, will be enabled not only to
select the apparatus best suited for his purpose, but also to understand, manage and
apply it in & rational, as opposed to a purely mechanical or empirical, manner.

The work has been divided into two parts: the first treats of electro-physics, and
includes an account of statie, galvanic and Faradie electricity, the secondary cell, and the
current from a dynamo. The second part of electro-diagnosis, electro-surgery and electro-
therapeutics. The book does not presuppose previous electrical studies. :

Electricity. Electricity in General Practicee. By W. Bovron
Tomson, M.D. Price 2s. 6d.

Etiquette. A few Rules of Medical Etiquette. By a L.R.C.P.
Lond. Price 1s.

Examinations. Aidsto Examinations. By W.D. Hemying, F.R.C.S.
Ed., and H. Ausrey HussanD, M.B., F.R.C.S. Being Questions
and Answers on Materia Medica, Medicine, Midwifery, Pathology,
and Forensic Medicine. Price 1s. 6d. cloth, 1s. paper.

Examinations. A Guide to the Examinations of the conjoint Board
in England and for the Fellowship of the College of Surgeons,
with Examination Papers. By F. J. Gant, F.R.C.S. Sixth
edition, revised and enlarged. Price 5s. net.

Examinations. A Guide to the Examinations of the Apothecaries’
Society of London with Questions, Tables on Materia Medica, ete.
By W. E. Dawson, L.S.A. Second edition. Price 2s. 6d.

' May be studied with great advantage by a student, shortly before presenting himself
examination." — British Medical Jouma?. ¢ : % 5 : P A
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Examinations. Examination Questions on the Medical Sciences, |
including the Army, Navy and University Examinations. |
Selected and arranged by JAMES Greic LeAsk, M.B. Abdn,

Second edition. Price 2s. 6d.

““Dr. Leask's questions are particularly suitable for pure examination study. Students
should test themselves thereby."—British Medicel Journal,

Examination Cards: Questions and Answers, By A. T. ScHo-
FIELD, M.D. Pathology, 2 sets, 9d. each, net. Minor Surgery,
Bandaging, ete., 9d., net. |

Eye. Aids to Ophthalmic Medicine and Surgery. By J. HurcHIN-
SON, jun., F.R.C.S., Ophthalmic Surgeon to the Great Northern
Hospital. Cloth, 2s. 6d. ; paper, 2s.

Eye. Ophthalmic Notes. A Pocket Guide to the Nature and Treat-
ment of Common Affections of the Eye. By A. VErnonN Forp,
M.R.C.S. Eng., LK.Q.C.P. Ire. Price 2s. 6d.

Eye. The Detection of Colour Blindness, from a practical point of
view. By F. W. Eprmce-Greex, M.D., F.G.S., Author of
*“ Memory,” etc., etc. Price 1s.

Eye. The Cure of Cataract and other Eye Affections. Dy JABEZ
Hoae, M.R.C.S., Consulting Surgeon to the Royal W estminster
Ophthalmic Hospital. Third edition. Price 2s. 6d.

Eye. On Impairment or Loss of Vision from Spinal Concussion or
Shock. By the same Author. Price 1s. 6d.

Eye. The Functions of Vision and its Anomalies. By Dr. GIRAUD
TeuLoN. Translated by Lroyp Owex, F.R.C.5.1., Surgeon to
the Midland Eye Hospital, Ophthalmic Surgeon to the Hospital
for Sick Children, Birmingham. Price 5s.

Eye. Movable Atlas of the Eye and the Mechanism of Vision.
By Prof. G. J. Witkowsk1. Price 7s. 6d. (See Anatomy.)
(The following four works have been translated for the National Society for the
Prevention and Cure of Blindness.)
Mind your Eyes. By F. SArcey. Price 2s. 6d.
The Causes and Prevention of Blindness. By Professor
FucHs, University of Liége. Price Ts. 6d.
How to Preserve the Sight. By Dr. MaGNE.  Price 6d.
On Spectacles, their History and Uses. By Prof. HORNER.
Price 6d.

. Fasting and Feeding, Psychologically considered. By L. S.
Forses Winsrow, M.B. Cantab., D.C.L. Oxon. Price 2s.

Fever. On the Endemic H@maturia of Hot Climates, caused by |
the presence of Bilharzia Hematuria. By F. H. H. GUILLEMARD,
M.A., M.D., F.R.=.S. Price 2s.
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Fever. Text-Book of the Eruptive and Continued Fevers. By Jonn
WirLiaM Moorg, B.A., M.D., M. Ch. Univ. Dub., F.R.C.P.I,,
Joint Professor of Practice of Medicine in the Schools of Sur-
gery of the Royal College of Surgeons in Ireland, Physician to
the Meath Hospital, Dublin, Consulting Physician to Cork
Street Fever Hospital, Dublin, ex-Scholar and Diplomate in
State Medicine of Trinity College, Dublin. Price 15s.

Fever Charts. Daily Clinical Fever Charts, to record the progress
of a case of continued or eruptive fever. By F. MAGEE
Finny, M.D. Price 5s.

Food. Aids to the Analysis of Food and Drugs. By H. AUBREY
Huseaxp, M.B., F.R.C.S., Lecturer on Public Health in the
Edinburgh Medical School. Price 1s. 6d. cloth ; 1s. paper.

Food. The Healthy Manufacture of Bread. By B. W, RicHARDSON,
M.D., F.R.S. Price 6d. paper cover ; cloth, 1s., with Vignette.

Foot. Movable Atlas of the Foot; its Bones, Muscles, etc. By
Prof. Witkowskr. Price 7s. 6d. (See Anatomy.)

Forensic Medicine. The Maybrick Case. A Treatise by A. M.
Macpovearn, B.A.,, LL.D. Price 10s. 6d.

Forensic Medicine. The Student’s Handbook of Forensic Medicine
and Public Health. By H. AusrEYy Hussanp, M.B., F.R.C.S.E.
Sixth edition. Price 10s. 6d.

Forensic Medicine. Aids to Forensic Medicine and Toxicology.
By W. Dovcras Hemming, F.R.C.S.E.,, and H. AUBREY

Huseanp, M.B., F.R.C.S.E. Fifth thousand. Price 2s. 6d.
cloth, 2s. paper.

Geology. Field Geology, with a Section on Palzontology. By
W. Hy. PenniNg, F.G.S., of H.M. Geological Survey, and
A. J. Jukes-BrownEg, B.A., F.G.S. With woodeuts and
cnlauied map. Second edition, revised and enlarged. Price
7s. Gd.

** Others have taught us the principles of the science, but Mr. Penning, as an accomplished
field-geclogist, introduces us to the practice.”— The Academy.

Geology. Engineering Geology. By the same Author. Illustrated
with coloured maps and woodcuts. Price 3s. 6d.

“A full and luecid deseription of surveying and mapping, the diagnosing of the varions
minerals met with, the value of sites, rocks, ete.”"— Popular Science Revieto.

Geometry. Aids to Analytical Geometry. I. The Straight Line

and Circle. By A. LESUEUR, B.A. Cantab. Second edition, 2.

II. The Conic Sections, with solutions of questions set at

the London University and other Examinations by GGEorcr
HeppeL, M.A. Cantab. Price 2s.

= e — e s
— .




S

29 Bailliere, Tindall, and Cox’s Books.

Gout. A Treatise on Gout. By Austin MeLpon, M.K.Q.C.P.
F.R.C.5.1,, Senior Surgeon Jervis Street Hospital, Consulting
Physician Dublin General Infirmary. Tenth edition. Price 2s, 6d.

Gout. The Nature and Treatment of Goat. By Professor EBSTEIN
of Gottingen University. Translated by J. E. Burton, L.R.C.P.
Lond. Price 3s. 6d.

Gymnastics. The Prevention and Cure of Many Chronic Diseases

by Movements. By M. Rorm, M.D., F.R.C.S. Fng. With
90 engravings, price bs.

Paralysis in Infancy,/Childhood, and Youth, and on the Prevention
and Treatment of Paralytic Deformities. Same Author. 3s. 6d.

The Prevention and Rational Treatment of Lateral Spine Curvature.
(Gold Medal of the International Health Exhibition, 1884.)

200 engravings. Price 5s.
Gyneecology. Brandt’s Treatment of Uterine Disease and Prolapsus

by the Movement Cure. Edited and translated by Dr. RoTh.
Price bs.

Gynazcology. The Diseases of Women and their Treatment.
By H. MacwavcHTON JonEs, M.D., F.R.C.S.I,, F.R.C.S.E,
Examiner in Midwifery, Royal College of Surgeons, Ireland.
Fifth edition. Illustrated, price 10s. 6d.

" A storehonge of information."—The Lancet.
*The work of a mature and experienced authority."—British Medical Journal.
* OF exceptional merit drawn from a field of wide personal experience.”—Medical Press.

Gynezecology. Aids to Gynwmeology. By ALFRED S. GUBB,
M.D. Paris, M.R.C.S., L.R.C.P., D.P.H., Obstetric Assistant and
Gold Medallist Westminster Hospital. Second edition. Cloth,
2s. 6d., and 2s. sewn.

Hair. The Hair: its Growth, Care, Diseases, and Treatment. By
C. H. LeoNARD, M.A., M.D. Illustrated, price 7s. 6d.

Hair. A Synopsis of Diseases of the Skin and Hair. By R. GrLascow-
PArTESON, M.B., Surgeon to St. Vincent’s Hospital. Price 1s.

Hand. Movable Atlas of the Hand ; its Bones, Muscles and Attach-
ments. By Prof. Witkowskr. Price 7s. 6d. (See Anatomy.)

Hay Fever: its Causes, Treatment, and Effective Prevention ; Ex-
perimental Researches, By CHas. HARRISON BLACKLEY, M.D.
Second edition, revised and enlarged. Price 10s. 6d.

Heart. On Insufficiency of Aortic Valves in connection with Sudden
Death. By Joun Cockrg, A.M., M.D., F.R.C.P., Physician to
the Royal Free Hospital. Second edition. Price 2s. 6d.

Heart. Contributions to Cardiac Pathology. By the same Author.
Price 2s. 6d.

e
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Heart. An Bssay on Fatty Heart. By HeNrRY KENNEDY, A.B.,
M.B. Physician to the Whitworth Hospitals. Price 3s. 6d.

Heredity and Disease. From Generation to Generation. By
DDU{FLAS Lrracow, LL.D., M.R.C.P., Lond. Price 4s. Gd.

Hernia and Intestinal Obstruction. By J. Rocug, M.D. 6d.

Histology. Introduction to Practical Histology. By GEORGE
THIN, M.D. Price 5s.

Histology. Methods of Preparing Brain, Spinal Cord, and Nerves
for g;‘-.?;icmsmpical Examination. By EpwiN GoopALL, M.D.
Lond. [In the Press.

History of the Royal College of Surgeons in Ireland. By
Sir C. A. CAMERON. Price 10s. 6d.

Hydrophobia. Inoculation for Rabies and Hydrophobia. A Study
of the Literature of the subject. By Surgeon-General C. A.
Gorpon, C.B. Price 2s. 6d.

Hydrophobia. Comments on the Reports of the Committee on
M. Pasteur’s Treatment. By Surgeon-General C. A. GORDON,
M.D., C.B. Price 2s. 6d.

Hydropathy, or the Practical Use of Cold Water. By E. MARLETT
Boppy, F.R.C.S,, F.S.S., L.LR.C.P. Price Is.

Hydropathy. Notes of Visits to Contrexéville and Royat-les-
Bains. By F. R. Cruisg, M.D. Price 6d.

Hydropathy. Vichy and its Therapeutical Resources. By Prossen
James, M.D., M.R.C.P. Lond., Lecturer on Materia Medica and
Therapeutics at the London Hospital. Price 2s. 6d.

Hygiene. Lessons in Military Hygiene and Surgery, from the
Franco-Prussian War. Prepared on behalf of Her Majesty’s
Government. By Surgeon-General Gorpon, M.D., C.B., Hon.
Physician to the Queen. Illustrated, price 10s, 6d.

Hygiene. A Manual of Sanitation ; or, First Help in Sickness and
when Wounded. Alphabetically arranged. By the same Author.

Cloth, 2s. 6d. ; sewn, 1s.

“ A most useful and practical manual, and should be placed in the hands of officers and
men alike.”—TMe Graphic.

Hygiene. The Elements of School Hygiene tor the Use of
Teachers and Schools. By W. E. RorH, B.A. Price 3s .6d.

Hygiene. Theatre Hygiene, a study in construction, safety and
healthy arrangement. By W. E. RorH, B.A. Oxon. Price 1s. 6d.

Hygiene. Healthy Homes. By Sranvey Havxnes, M.D., M.R.C.S.,
F.R.G.S. Price 1s.

Hygiene. Notes on Nuisances, Drains, and Dwellings. By W. H.
PENNING, F.G.S. Second Edition, Price 6d.
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Hygiene. Short Lectures on Sanitary Subjects. By Ricuirp J.
Havron, L.K.Q.C.P, L.R.C.P. Ed., L.R.C.S.1, ete. Price 5s.

Hygiene. A Manual of Naval Hygiene, with Instructions and
Hints on the Preservation of Health and the Prevention of

Disease on board Ship. By Josepn WiLson, M.D. Second
edition. 10s. 6d.

Hygiene. The Sanitation of Public Institutions. The Howard
Prlze_Essay. By R. D. R. Sweerine, M.R.C.S., Medical
Superintendent of the Western Fever Hospital. Price 3s. 6d.

Hypnotism. Psycho-Therapeutics. Treatment by Hypnotism and
Suggestion. By J. Lrovyp Tuckey, M.D. Third Edition,
enlarged. Price 6s.

Indigestion : a Manual of the Diagnosis and Modern Treatment of
the Different Varieties of Dyspepsia. By GEORGE HERSCHELL,
M.D. Lond. Crown 8vo., 202 pp., price 3s. 6d.

Inflammation. The State of the Blood and the Bloodvessels in
Inflammation. By T. Wuarron Jones, F.R.C.S., F.R.S.,
Emeritus Professor of Ophthalmic Medicine and Surgery in
University College, London. Price 2s. 6d.

““The work is that of a man of genius of the highest order.”"—Dr. RiceArD=0N, F.R.8., in
Asclepiod,

¢ A thoughtful study founded on the ripe experience of an author entitled to the highest
respect.” —Medical Press.

International Medical Congress. The Commemorative Portrait-
Picture of the ‘International Medical Congress, 1881. De-
signed and executed by Mr. BARRAUD ; nearly 700 Likenesses
of Members, representing Medicine and Surgery in every part of
the world ; special sittings accorded for every Portrait.

The Picture is Printed by the New Permanent Clarbon Process in two Sizes:

EXTRA BIZE, 47 % 30, MouNTED, BUT [INFRAMED £7 10=s. Framen - £10 0s,
POPULAR SIZE, 20 x 20, MousTED, BUT UNFRAMED #£8 8s. FRrAMED - #£4 10s.

Intestinal Surgery. (See Abdominal Surgery.)

Insanity. (See Lunacy.)
Kidneys. Vaso-Renal Change versus Bright’s Disease. By J.
MILNER FoTHERGILL, M.D. Ed. Price 7s. 6d.

Kidneys. Bright’s Disease of the Kidneys. By Professor J. M.
CHARCOT. Translated by H. B. MitLarp, M.D., A M. Re-
vised by the Author, with coloured plates, price 7s. 6d.

Lunacy. Handbook for the Instruction of Attendants on the
Insane. Prepared by a Committee of the Medico-Psychological
Association. With Appendix containing Lists of Asylums and
Licensed Houses. Second edition. [In Preparation.
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Materia Medica. A Dictionary of Materia Medica and Thera-
peutics. A Résumé of the Action and Doses of all Officinal and
Non-officinal Drugs nowin Common Use. By C. HENRI LEONARD,
M.A.,M.D., and TroS. CHRISTY, F.L.S., F.C.S. Price 6s. 1892.

This volume has been in preparation for the past tour years. The drugs of as late intre-
duction as 1391 are to be found in its pages. The authors claim to have incorporated every-
thing of merit, whether officinal or non-officinal, that could be found eitherin standard works
or from many manufacturers’ eatalogues. The scheme embraces the Pronunciation, Genitive
case-ending, Common Name, Dose, and Metric Tlose. Then the Synonyms, English, French,
and German. J[fa' Plant the Part Used, Habitat, Natural Order, and Description of Plant
and Flowers, with its Alkaloids, if any., Jf a Mineral, its Chemical Symbel, Atomic Weight,
looks, taste, and how found, and its peculiarities. Then the Action and Uses of the Drug,
its Antagonists, Incompatibles, Synergists and Antidotes. Then follow its Officinal and Non-
officinal preparations, with their Medium and Maximum Doses. Altogether it will be found
a handy volume for either the Physician, Student, or Druggist, and will be frequently
appealed to if in one's possession.

*Will, we are sure, fulfil a long-felt want."—British and Colonial Druggist.
“Wellup todate. . . . Containsan index of great value."—Chemist and Druggist.

Materia Medica. Comprising the Drugs contained in the Schedule
issued by the Conjoint Board of the Royal College of Physicians
and Surgeons. Arranged by MAuricE WiLLiams, Principal of
the City School of Chemistry and Pharmacy. Price 3s. 6d.

Materia Medica. Table of Doses. By J. H. Arvan, F.C.S.
Price 6d., cloth.

Materia Medica. A Key to Organic Matcria Medica. By Jonn
Muter, Ph.D., M.A., F.C.S., President of the Society of Public
Analysts. Third edition. Price 12s. 6d.

Materia Medica. Aids to Materia Medica and Therapeutics. By
C. E. ARMAND SEMPLE.

Part I.—The Non-metallic and Metallic Elements, Alcoholic and
Ethereal Preparations, etc. Cloth, 2s, 6d.; paper, 2s.

Part II.—The Vegetable and Animal Substances. 2s. 6d., 2s,
Part ITI.—Classification of Remedies. Cloth, 1s. 6d. ; paper, 1s.

Part IV.—New Remedies of the British Pharmacopeeia. Cloth,
2s. 6d. ; paper, 2s.

Part V.—Tablets of Materia Medica. Price, cloth, 1s.6d.; paper, 1s.

Materia Medica and Pharmacy. A Text-Book for Medieal
and Pharmaceutical Students preparing for Examination. By
W: HANDSEL GrirFrtES, Ph.D,, F.C.S, F.R.C.P. Ed. Third
edition. Edited by A. S. Guss, M.D. Paris, L.R.C.P. Lond.,
M.R.C. S., D.P.H., Gold Medallist, Prizeman in Materia Medica
Westminster Hospital. Price 7s. 6d. :

‘“ A book of great value . . . a stardard text-book,"— Edin. Med. Jowrnal
*“One of the ablest, if not the best, work on the subject in our 1ang11ng¢.:'—,1kd. Press,

Materia Medica. Notes on Inorganic Materia Medica, and its
Chemistry. By J. S. SHARMAN, Second edition. Price 1s. 6d.
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Materia Medica. Notes on Materia Medica and Therapeutics.
Mineral Drugs, Part I. By J. 8. MCARDLE. Price 1s.

Medical Charities. The Reform of Our Voluntary Medical
Charities. By Roeerr REm RENTOUL, M.D. Price 5s.

Medical Education. Medical Education and Organization. The
Hunterian Oration for 1880. By WavLrer RiviNeron, B.A.,
M.B., F.R.C.S,, Surgeon to the London Hospital. Price Is.

Medical Etiquette. A Few Rules of Medical Etiquette. By a
L.R.C.P. Lond. Price ls.

|
Medical Jurisprudence. (See Forensic Medicine.) ;

Medical Laws. Medical Law for Medical Men: their Legal
Relations popularly explained. By Professor MEYmorr Ty,
M.B., F.C.S., Barrister-at-Law, and PErcy CLARKE, LL.B.,
Solicitor. Leather, gilt edges, price 4s.

Medical Laws. The Laws Relating to Medical Men, By James

GREENWOOD, Barrister-at-Law. Price bs.

“ Admirably suited as a guide to the busy practitioner, who frequently runs great risks of
becoming involved in legal penalties, in consequence of an imperfect knowledge of the law.”
— Flasgmo Medical Jowrnal,

Medical Profession. A Guide to the Medical Profession in all
its branches, including the Public Services. By C. R. B.
KeerLey, F:R.C.5. Second edition, revised and enlarged.
Price 3s. 6d.

Medical Profession. Medical Men and Manners of the Nineteenth
Century. By a Physician. Third Thousand. Price 3s.

At times scathing, at others amusing, the author is never dull, and writes as one who
knows the many blots on our system, and honestly tries to remedy them."—Medical Press.

Medicine. Aids to Medicine. By C. E. ARMAND SEMPLE, B.A.,
M.B. Cantab., M.R.C.P./Lond.
Part I.—General Diseases. Price 2s. 6d. and 2s.
Part IL.—The Urine, Kidneys, Stomach, Peritoneum, Throat, and
(Esophagus.  Third Thousand. Price 2s. 6d. and 2s.
Part III.— Diseases of the Brain, Nervous System, and Spinal
Cord. Third Thousand. Price 2s. 6d. and 2s.
Part IV.—Fevers, Skin Diseases. Price 2s. 6d. and 2s.
Medicine. A Chronology of Medicine from the Karliest Times.
By J. MorGAN RicHARDS, Price 10s. 6d.

Medicine. Student’s Handbook of the Practice of Medicine. By
H. Aurrey Hussanp, M.B, C.M., B.Se. Fourth edition,
revised and enlarged. Illustrated. * Price 7s. 6d.

Medico-Military Services. Our Services under the Crown. A

Historical Sketch of the Army Medical Staff. By Surgeon-Major
A. Gorg, M.D., Sanitary Officer on the Staff. Price 0s.
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Memory. Its Logical Relations and Cultivation. By F. W.
EprinGE-GREEN, M.D., F.G.S., Author of *Colour Blindness.”
Second edition. Price 6s.

Meteorology. The Moon and the Weather: the Probability of
Lunar Influence Reconsidered. Showing how storms and
depressions may be predicted. By WaLTER J. BROWNE (St.
Petersburg). Second edition. Price 3s.

Microbes. (See Bacteriology.)

Microscopical Science. The International Journal of Microscopy
and Natural Science. Edited for the Postal Microscopical
Society by ALFRED ALLEN. Quarterly, with Plates. Price 1s. 6d.

Midwifery. (See Obstetrics.)

Mind. The Training of the Mind for the Study of Medicine. A
Lecture delivered at St. George’s Hospital. By ROBERT BRUDE-
NELL CARTER, F.R.C.S., Surgeon to the Hospital. Price 1s.

‘U A remarkable address.” —The Lancel,
' No one can read it without learning and profiting much."—Students’ Journal,

Mineral Waters. The Mineral Waters of Europe. A complete
Analytical Guide to all the Bottled Waters, and their Medicinal
and Therapeutic Values. By Professor TIcHBORNE, LL.D.,
F.C.S., President of the Pharmaceutical Society of Ireland,
and M. Prossger James, M.R.C.P. Lond., Lecturer on

Therapeutics, London Hospital. Price 3s. 6d.
** Such a book as this is simply invaluable.”—The World.

Morals. A Physician’s Sermon to Young Men. By WIiLLIAM

Prarr, M.A.,, M.D,, ete. Eighth thousand. Price 1s. cloth.

"The delicate topic is handled wisely, judiciously, and religiously, as well as very plainly."
—The Guardinn.

Morals. Revelations of Quacks and Quackery. With Facts and
Cases in Illustration of their Nefarious Practices.. By *DE-
TECTOR.” Thirtieth thousand. Price 2s.

Morphia. On the cure of the Morphia Habit. By OsCAR JENNINGS,
M.D. Paris, F.R.C.S. Eng. Price 2s. 6d.

Nervous Diseases. Functional Nervous Diseases, their Causes
and Treatment. By Gro. T. Stevens, M.D., Ph.D. With
plates. Price 12s,

Nervous Diseases. Clinical Notes on Nerve Disorders in Surgical
Practice. By Geo. WHERRY, M.A., M.S. Cantab.,, F.R.C.S.
Price 2s.

Nervous Diseases. (See also Brain.)

Nerve Supply. Atlas of Cutaneous Nerve Supply. By Jacos
Hempere, M.D., and W. W. Wacsrarrg, F.R.C.S. Containing
10 plates in colours. Price 4s. 6d.
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Neuralgia. The Surgical Treatment of Neuralgia of the Fifth
Nerve ; being the Lettsomian Lectures for 1892, By Wi
Rosg, M.B,, B.S. Lond., F.R.C.S., Joint Professor of Surgery
in King’s College, London, and Surgeon to King’s College
Hospital. Illustrated. Price 3s. 6d.

Nose. (See Throat and Nose.)

Nursing.  Questions and Answers on Nursing, for St. John’s
Ambulance Associations, Nursing Institutes, and Nurses generally.
By Joun W. MARrTIN, M.D., Author of “Ambilance Work.”
Fourth thousand. Price 1s, 6d. net.

Nursing. Howto Feed an Infant. Withan Appendix on the Common
Ailments of Infancy, with their Hygienic and Curative Treat-
ment. By BENsoN BAKER, M.D. Price 1s. 6d.

Nursing. How to bring up Children by Hand. By J. FosTER
PALMmER, LLR.C.P. Price 6d.

Nursing. Practical Guide for the Young Mother. From the
French of Dr. BROCHARD, Director-General of Nurseries and
Créches, with Notes and Hints by a London Physician. Price 2s.

Obstetrics. Aids to Obstetrics. By SAMUEL NarL, M.B. Cantab.,
M.R.C.P. Lond., First Class Honours Nat. Sci. Cambridge,
late Resident Obstetric Assistant, St. Bartholomew’s Hospital.
Twelfth thousand. Price 2s. 6d. cloth, 2s. paper wrapper.

Obstetrics. Hints for Midwives on Pregnancy and Labour,
Abstracts of a Series of Lectures by H. MACNAUGHTON JONES,
M.D., M.C.H., F.R.C.S. Price 1s.

Obstetrics. The Diagnosis and Treatment of Extra-uterine
Pregnancy. By JonN StraHAN, M.D., M.Ch. (The Jenks
Triennial Prize Essay awarded by the College of Physicians,
1889.) Price 4s. 6d.

Obstetrics. Hints for the Use of Midwives preparatory to their
Examinations. By R. J. M. Corriy, FR.C.P. Ed. Second
Edition, enlarged. Price 2s.

Odontology. (See Dental.)

Old Age. The Diseases of Sedentary and Advanced Life. Byd.
MiuNeR Foruercrr, M.D,, M.R.C.P. Lond, Price 7s. 6d.

Ophthalmology. (See Eye.)
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Osteology. Osteology for Students, with Atlas of Plates, By
ARTHUR TREHERN NoRrTON,|F.R.C.S., Surgeon to, and Lecturer
on Surgery at, St. Mary’s Hospital. Atlas and Text in one
volume, 7s. 6d. ; in two volumes, 8s. 6d.

‘¢ The handiest and most complete handbook on Osteology."—The Lancet.

Osteology. Atlas of the Skeleton and its Articulations, showing
the Bones and Ligaments of the Human Body and Limbs. By
Professor WirkowskL Price 7s. 6d. (See Anatomy.)

Overwork. Overwork and Premature Mental Decay : its Treatment.
By C. H. F. Roury, M.D., M.R.C.P. Lond. Fourth edition.

Price 2s. 6d.

Pathology. Handbook of Medical Pathology. By H. G. SUTTON,
M.B, F.R.C.P. Lond., late Physician to, and Lecturer on
Pathology at, the London Hospital. Price 5s.

“ 8uch a work is to be accepted with gratitude for the thoughts it contains, and the facts

on which they are based.”"—The Lancet.
Pathology. Aids to General Pathology. By GILBERT A. BANNA-
TYNE, M,D. Cloth, price 1s. 6d.; sewn, 1s.

Pathology. Aids to Special Pathology. By the same Author
Cloth, price 2s. 6d.; sewn, 2s.

Pathology of Tuberculosis. (See Consumption.)

Pathology. Handbook of Surgical Pathology. Edited by W. J.
WaLsEAM, M.B.,, F.R.C.S.,, and D’Arcy Power, M.B. Ozxon.,,
F.R.C.S. Second edition. Price 9s.

* An embodiment of the most modern pathological teaching.”—T%e Lancet.

Pathology. Examination Cards. Arranged as questions and
answers for self-examination. By A. 1. ScHOFIELD, M.D.,
M.R.C.5. Complete in two sets of cards, price 9d. net per set.

Mr. Jonathan Hutchinson, ¥F.R.C.5., writes : * It is an invaluable means of self-tuition.”

Peritonitis. Localised Peritonitis: its Etiology, Diagnosis, and
Treatment. By JoHN WALLACE, M.D., Professor of Midwifery
in the Victoria University. Illustrated. Price 1s.

Pharmacopeia. A Vest-Pocket Epitome of the British Pharma-
copwia. By RusseLn Coomse, M.A., F.R.C.S. Cloth, price 1s.

Pharmacopceia. The Pocket Pharmacopeeia. A Précis of the British
Pharmacopceia, including the Therapeutical Action of the Drugs,
their Natural Orders and Active Principless. By C. ARMAND
SEMPLE, M.D., M.R.C.P. Second edition, with the Appendix
of 1890, Price 3s. 6d.
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Pharmacopeeia. Notes on the Pharmacopeial Preparations for
Pharmaceutical Students. By HANDSEL GRIFFITHS ; revised by
A. 8, Gues, M.D. Paris, L.R.C.P., M.R.C.S., D.P.H. Price 3s. 6d.

Pharmacy. Latin Grammar of Pharmacy, for the use of Students,
with an Essay on Latin Prescriptions. By JosEpH INCE,
A.K.C.L., formerly Examiner and Member of Council, Phar-
maceutical Society, Fifth edition. Price 5s.

Pharmacy. Aids to Pharmacy. By C. E. ARMAND SEMPLE, M.B.
Cantab., M.R.C.P. Lond. Cloth, price 2s. 6d. ; paper, 2s.

Phimosis. Its Causes, Symptoms, and Treatment ; with a descrip-
tion of the ancient rite of circumeision. By L. H. OrRMSBY,
M.D., F.R.C.S.I,, Lecturer on Clinical and Operative Surgery
at, and Surgeon to, the Children’s Hospital, Dublin. Price 1s.

Physics. A Manual of Physics. Being an Introduction to the
Study of Physical Science designed for University Students.
By W. Peppig, D.Sc., F.R.S.E., Lecturer on Physics in the
University of Edinburgh. (University Series of Manuals.)
Price Ts. 6d.

‘“ Altogether worthy of praise. . . . We have no hesitation in giving it bigh commenda-
tion. . .. . We wish it all success, feeling well satisfied that it meets a decided want.”"—
Natura,

Physiological Chemistry. Aids to Physiological Chemistry. By
J. L. TaHUDICHUM, M.D. F.R.C.P. Lond., St. Thomas’s
Hospital. Cloth, price 2s. 6d. Wrapper, 2s.

Physiological Factor in Diagnosis. By J. MiLNER FOTHERGILL,
M.D., M.R.C.P. Lond.,, Physician to the City of London
Hospital for Diseases of the Chest. Second edition. Price 7s. 6d.

Physiological La.bura.tmg. Manual for the Physiological Labora-
tory. By Vincext D, Harris, M.D,, F.R.C.P., Examiner in
Physiology, the Royal College of Physicians of London, and
D’Arcy PoweRr, M.B. Oxon., Curator of Museum, St. Bartholo-
mew’s Hospital. Fifth edition. Price 7s. 6d.

““This manual is already well and favourably known, and the neéw edition contains
many valuable additions."— Lancet.

Ph}rsialug% A Manual of Physiology. By G. N. STEWART, M.A,,
D.Sc. University of Cambridge. (Universify Series of Manuals.)
[Ln the Press.

Physiology. The Physiologist in the Household. By J. MILNER
Foraerciny, M.D,, M.R.C.P. Part I.—Adolescence. Price 1s.

Physiology. Aids to Physiology. By B. THOMPSON LOWNE,
F.R.C.S., Arris and Gale Lecturer, and Examiner in Physiology,
Royal College of Surgeons of England. Fourth thousand,

illustrated. In two parts, 2s. each, or in one vol.,, cloth, 4s. 6d.

“ As ‘aids’ and not substivutes, they will prove of real value to students."—Medical Press.
' Certainly one of the best of the now popular ° Aid Series.'"—Students’ Journal.




_

i —

Bﬂii-li‘er;, Tindall, and Cox’s Books. 31

Plant Analysis. (See Chemistry.)

Polypus in the Nose and other Affections of the Nasal Cavity;
fheir successful treatment. By J. L. W. Tuupicuum, M.D,,
F.R.C.P. Lond. Sixth edition. Price Is.

Population, On the Evils, Moral and Physical, likely to follow,
if practices, intended to act as checks to population, be not
strongly discouraged and condemned. By C. H. F. Rours, M.D.,
F.R.C.P. Second thousand. Price 1s.

Posology. Posological Tables: a Classified Chart, showing at a
glance the Dose of every Officinal Substance and Preparation.
By Hanpsen Grrrritgs, Ph.D., L.R.C.P. Fifth edition,
revised by PETer W. Squirg, F.L.S., F.C.S. Price 1s.; or
mounted on linen, rollers, and varnished, 3s. 6d.

Pregnancy. (See Obstetrics.)

Prescriptions. The Student’s Pocket Prescriber. By H. AUBREY
Hussanp, M.B., F.R.C.S.E. Price 1s. cloth.

Psychological Medicine in John Hunter’s Time and the Progress
it has made. By FLETCHER BEACH, M.B., F.R.C.P. Price 1s.

Psycho-Therapeutics. (See Hypnotism.)

Public Health. Aids to Sanitary Science, for the Use of Candidates
for Public Health Qualifications. By F. J. ArLAN, M.D., Dipl.
Public Health, Camb., Assistant Professor of Hygiene, Coliege
of State Medicine. 236 pp., price 4s. 6d. cloth. :

“ A really admirable synopsis of what it is most necessary for a candidate to know."'—
(flasgnw Medical Journal,

“The information contained is correct, well expressed and well arranged.”—Public Health,

""The work has baen well done. . . . Will be found a serviceable and reliable aid.”"—
E linbwrgh Medical Journal.

Public Health. The Practical Guide to the Public Health Acts
and Correlated Acts for Officers of Health and Inspectors of
Nuisances. By Tuos, WHiTesipE Hime, B.A., M.B. Second
edition, enlarged. [In the Press.

Public Health. Aids to Public Health. By J. L. THUDICHUM,
M.D., F.R.C.P. Lond. Price 1s. 6d. cloth ; 1s. paper wrapper.

Public Health. Guide to Sanitary Science Examinations. By
HerBERT JONES, D.P.H. Cantab. Price 2s. 6d.

Pulse. How to feel the Pulse and what to Feel in it. Practical
Hints for Beginners. By WiitLiaM Ewart, M.D., F.R.C.P.
Lond., Physician to St. George’s Hospital. With a glossary and
twelve illustrations, Price 3s. 6d. -

Pulse. The Sphygmograph: its History and use as an aid to
Diagnosis. By R. E. DupceoN, M.D. Price 2s. 6d.

S ———
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Rabies. (See Hydrophobia.)

Rheumatism. Its Treatment by Electric Massage, ete., in con-
nection with the Wiesbaden Thermal Waters. By CarwL
MorpHORsT, M.D, Kiel. Price 1s.

Rupture of the Perineum. Its Causes, Prevention and Treatment,
By MicaaEL Josepn MoroNy, M.R.C.P., L.R.C.S. Price 2s.
cloth, 1s. 6d. paper.

Salt. History of Salt, with Observations on its Medicinal and
Dietetic Properties. By Evan Marrerr Boppy, F.R.C.S,,
F.S.S., L.R.C.P. Price 2s. 6d.

Sea-Sickness. Sea-Sickness, Cause, Prevention and Cure. Voyag-
ing for Health, with an Appendix on Ship-Surgeons. By
TroMAS DuTrroN, M.D, Second edition, price 1s. 6d.

Sewage. The Sewage Question: Reports upon the Principal
Sewage Farms and Works of the Kingdom, with Notes and
Chemical Analyses. By the late Dr. LETHEBY. Price 4s. 6d.

Skin Diseases of Infancy and Early Life. By C. M, Cawmp-
BELL, M.D., C.M. Edin. Price 5s.

Skin. A Synopsis of Diseases of the Skin and Hair. By R.
Grascow PArteson, M.B., Surgeon to St. Vincent’s Hospital.

Price 1s.

Skin. Dermic Memoranda: An Introduction to the Study of Skin
Disease, with Special Reference to the Exanthemata. By
Wirriam GEMMEL, M.B., Resident Medical Officer, Glasgow
Fever Hospital. Price 3s. net.

Skin. Scabies: its Causation, Diagnosis, and Treatment. By
ARTHUR HARRIES, M.D. Price 6d.

Skin. Lupus. A Pathological and Clinical Investigation. By
ARTHUR HARRIES, M.D., and C. M. CAMPBELL, M.D. Price 1s.

Skin. Some Diseases of the Skin produced by Derangements
of the Nervous System. By T. Strerce Dowsg, M.D.,

F.R.C.P.E. Price 2s.
Stomach. The Surgical Diseases and Injuries of the Stomach and

Intestines. By F. BowreEMAN JEssert, F.R.C.S., Surgeon to
the Cancer Hospital. Numerous engravings. Price Ts. 6d.

Stricture. Stricture of the Urethra: its Diagnosis and Treatment.
By E. Distiy Mappick, F.R.C.S. Edin., late Surgeon R.N.  4s.

b = e i e .
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Surgery. The Science and Practice of Surgery, a Complete Text-
book. By F. J. Gant, F.R.C.8,, Senior Surgeon Royal Free
Hospital.. Third edition, with nearly 1,100 engravings. 2 vols,,
price 36s.

Tha entire work has been revised to present the modern aspects of Surgery.” —Lancet.
“ Does credit to the author's thorough surgical knowledge.” — British Medical Jouwrnal.

Surgery. The Student’s Surgery : a Multum in Parvo. By F. J.
Gant, F.R.C.S. 850 pp., illustrated. Price 10s. 6d.

i Tt well fulfils the object for which it is mittm_l."fLmnc_ﬂ: ;
# From the student’s point of view it is a necessity."— British Medicnl Journal.

Surgery. The Rules of Aseptic and Antiseptic Surgery, for the
use of Students and General Practitioners, with 248 engravings
and 3 chromo-lithographic plates. By A. G. GERSTER, M.D.,
Professor of Surgery at the New York Polyclinic. Price 15s.

Surgery. Operative Surgery on the Cadaver. By JASPER J.
GARMANY, A.M., M.D., F.R.C.S. Price 8s. 6d.

Surgery. Aids to Surgery. By GrorcE Brown, MR.C.S
2 parts, price 1s. 6d. cloth, and 1s. sewn, each ; orin 1 vol., 2s. 6d.

Surgery. The Text-book of Operative Surgery. With 88 beauti-
fully engraved steel plates, after BERNARD and HUETTE. Text
by ArRTHUR TREHERN NorroN, F.R.C.S., Surgeon to, and
Lecturer on Surgery at, St. Mary’s Hospital. Second edition,
half calf, plain, 25s. ; hand-coloured, 50s.

** Of the highest merit as a guide to operative surgery."—Students’ Jowrnal.

Surgery. Annals of Surgery. A monthly Review of Surgical
Science and Practice, published simultaneously in America
and London. Edited by L. S. PiLcHER, M.D., and FREDERICK
TrEVES, F.R.C.S. Eng. Price 2s., or 21s. per annum post free.

Surgery. The Anatomy of Surgery. By JoHN McLAcHLAN, M.B.,
M.R.C.S. With 74 illustrations. Two vols., price 18s.

Surgery. The Surgery of the Knee-Joint, and the Responsibility .
placed on the Physician and General Practitioner by the
Modern Process of Surgery. By C. B. KeerLey, F.R.C.S,,
Senior Surgeon to the West London Hospital, and Surgeon to
its Orthopaedic Department. Cloth, price 1s. 6d.

surgery, Minor—and Bandaging. Questions and Answers for
Selt-examination. By A. T. ScuorieLp, M.D. Price 9d. net.

Burg;ica.l Pathology. Handbook of Surgical Pathology. By
V. J. WaLsaanm, M.B.,, F.R.C.S.,, and D’Arcy Power, M.B.,
F.R.C.S. Second edition. Price 9s.

**An embodiment of the most modern pathological teaching."—2he Lancet.

Surgical Anatomy. (See Surgery.)

— — —
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Surgical Treatment. Notes on Surgical Treatment and Minor
Operations. Designed especially for House Surgeons and
Students. By T. F. Horcoop, L.R.C.P., M.R.C.S. Surgeon to
the Sunderland Infirmary. Price 2s. 6d.

Syphilis. Tables for the Diagnosis and treatment of Syphilis. By
J. K. BArToN, M.D,, F.R.C.S.I. Third edition. Price 1s. 6d. net.

Syphilis. The Nature and Treatment of Syphilis, and the other so-
called Contagious Diseases, By C. R. DRYspALE, M.D., M.R.C.P-
Lond., F.R.C.S. Eng. Fifth edition. Price 5s.

Temjgerature Charts for Recording the Range of Temperature,
ulse, Respiration, History, Progress, and Treatment of Cases.
By E. W. Moorg, M.D., M.R.C.P. Price 1d. each, 9d. per
dozen ; or mounted, similar to a blotting-pad, 50, 3s. 6d.; 100, 7s.

Theories of Life. The Protoplasmic Theory of Life. By JomN
DrysparLe,M.D., F.R.M.S. Price 5s.

Theories of Life. How to Prolong Life. Showing the Diet and
Agents best adapted for a lengthened prolongation of existence.
By C. W. DE Lacy Evans, M.R.C.S. Second edition. Price s.

‘* A good account of the changes which ocour with the advance of age."— Lancet.

Therapeutics. Modern Therapeutics, Medical and Surgical, in-
cluding the Diseases of Women and Children. By Gro. H.
NapugEYs, A.M., M.D. Ninth edition. Revised and enlarged
by Drs. Allen Smith and Aubrey Davis. Vol. I.—Medical.
Price £1 10s. [In the Press.

Therapeutics. The Therapeutics of the Respiratory Passages. By
ProsseR JaMmEs, M.D., Lecturer on Materia Medica and Thera-
peutics at the London Hospital. Price 10s. 6d.

" Dr. Prosser James has produced a scholarly treatise.” —New York Medicel Record.

Therapeutics. Aids to Rational Therapeutics, for the guidance of
Practitioners and Senior Students. By J. MILNER FOTHERGILL,
M.D. Second edition. Price 2s. 6d. cloth; 2s. paper wrapper.

Throat. Movable Atlas of the Throat, and the Mechanism of Voice,
Speech and Taste. By Prof. WiTkowsKL (See Anatomy.)

Throat. Diseases of the Throat and Nose. A Practical Guide to
Diagnosis and Treatment. With*220 typical illustrations in
chromo lithography and numerous wood engravings. By LENNOX
BrownE, F.R.C.S. Edin., Senior Surgeon to the Central London
Throat and Ear Hospital. Fourth edition. [In the Press.

““One of the completest treatises on diseases of the throat in any language.”—British

- Mudical Jouwrnal,
' The best text-book in the English language."—Fdinburgh Medical Journal,
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Throat. Affections of the Throat and Larynx, By ARTHUR
TreHERN NorroN, F.R.C.S., Surgeon to St. Mary’s Hospital.
Second edition, illustrated. Price 6s.

“ Short, simple, and thoroughly practical nstruction."—Medwcal Press,

Throat. Laryngoscopy and Rhinoscopy: in the Diagnosis and
Treatment of Diseases of the Throat and Nose. With hand-
coloured plates and woodcuts. By Prosser James, M.D.,
M.R.C.P. Fifth edition. Price 6s. 6d.

Throat. Tonsillitis in Adolescents. By C. Harc-Brown, M.D.
C.M., Medical Officer to the Charterhouse. Price 3s.

Transfusion. On Transfusion of Blood and Saline Fluids. By
C. EaerroN JENNINGS, F.R.C.S. Third edition, with Preface
by SIR SPENCER WELLS, Bart. Price 4s. 6d.

Tuberculosis. (See Consumption.)

Urinary Diseases. Diseases of the Bladder, Prostate Gland, and
Urethra. By F.J. Gant, F.R.C.S., Senior Surgeon to the Royal
Free Hospital. Fifth edition, enlarged. Price 12s. 6d.

“The work throughout bears evidence of having heen written by a thoroughly practical
and experienced surgeon,”—Lancet.

Urine. The Urine in Health and Disease, its Chemical Exami-
nation, ete. By H. Ausrey Huspanp, M.B,, B.Se, F.R.C.S.
Second edition. Price 1s. net.

Urine. The Urine; a Guide to its Practical Examination. By
J. TysoN, M.D., Professor of Morbid Anatomy in the University,
and President of the Pathological Society of Philadelphia.
Fifth edition, with numerous illustrations. Price 7s. 6d.

“We think it the most practically useful guide we have on the subject.”"—Medical Record.

Vichy. Vichy and its Therapeutical Resources. By PROSSER JAMES,

M.D., M.R.C.P. Lond., Lecturer on Materia Medica and
Therapeutics at the London Hospital. Price 2s. 6d.

Voice. The Philosophy of Voice. Showing the right and wrong
Action of the Breath and Vocal Cords in Speech and Song.
By CHARLES LUNN. Sixth edition. Price 3s.

Voice. Artistic Voice in Speech and Song. Dedicated to Mr. Sims
Reeves and Mr. Santley. By the same Author. 1s.

Voice. The Voice Musically and Medically Considered. By C.
ARMAND SEMPLE, M.B. Cantab., M.R.C.P. Lond., Physician
to the Royal Society of Musicians. Part I. Musical, price 1s. ;
Part II., Medical, price 2s. ; or in one vol., cloth, 3s. 6d.

Whooping-Cough. Its Pathology and Treatment. Fothergillian
Prize Essay. By Tuos. M. DorAx, M.D., F.R.C.S.E. Price 3s.6d.

Zoology and Comparative Anatomy, Aids to. By MaJor
GREENWOoOD, M.D., Honours. Price 2s. 6d., and 2s.
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THE STUDENTS’ AIDS SERIES.

Specially designed to assist Students in committing to memory and
grouping the subjects upon which they are to be examined.

Aids to Analysis of Food and Drugs. By H. AuBREy
Huseanp, M.B., F.R.C.S. Price 1s. 6d. cloth ; 1s. paper.

Aids to Anatomy. By Groree BrowN, M.R.C.S., Gold Medal-
list, Charing Cross Hospital. Price Is. 6d. cloth; 1s. paper

Aids to Botany. By C. E. ARMAND SEMPLE, B.A., M.B. Cantab.,
M.R.C.P. Lond., late Senior Kxaminer in Arts at Apothecaries’
Hall. Third thousand. Price 2s. 6d. cloth ; 2s. paper wrapper.

Aids to Chemistry. By the same Author.
Part .—Inorganic: Non-Metallic Substances. 2s. 6d. and 2s.
Part 1L —Inorganic: The Metals. 2s. 6d. cloth ; 2s. paper.
Part IIL.—Organic. Price, cloth 2s, 6d.; paper2s.
Part IV.—Tablets of Chemical Analysis. 1s. 6d., 1s.

Aids to Practical Chemistry. Especially arranged for the
Analysis of Substances containing a Single Base and Acid
Radicle. By T. HURD GORDON. Price 2s. 6d. cloth; 2s. paper.

Aids to Dental Surgery. By ArtHUur S. UNDERWOOD, M.B.,
M.R.C.S., Lecturer on Dental Surgery at the Dental Hospital
of London. Price 2s. 6d. cloth ; paper wrapper 2s.

Aids to Dental Histology. By the same Author. Illustrated.
Price 2s. 6d. cloth ; 2s. paper wrapper. 1892

Aids to Diagnosis. Part I.—Semeiological. By J. MILNER FOTHER-
GILL, M.D., M.R.C.P. Lond. Price 1s. 6d. cloth ; 1s. paper.

Part II.—Physical. By J. C. THOROWGOOD, M.D., F.R.C.P.
Lond. Price 1s. 6d. cloth ; 1s. paper wrapper.

Part III.——What to Ask the Patient. By J. MILNER
ForHERGILL, M.D., M.R.C.P. Lond. Price 1s. 6d. cloth; Is.
paper. The three in one vol., 3s. 6d.

“ A mine of valuable information."—Edinburgh Medical Journal.

Aids to Examinations. Being Questions and Answers on Materia
Medica, Medicine, Midwifery, Pathology, ete. By W. DoUGLAS
HemMming, F.R.C.S., and H. AuBrey HusBanp, M.B,, F.R.C.S.
Third thousand. Price 1s. 6d. cloth ; and 1s. paper.

Aids to Forensic Medicine and Toxicology. By W.D. Hem-
MiNG, F.R.C.S.E,, and H. Avrey HusBaND, M.B,, F.R.C.S.E.
Third thousand. Price 2s, 6d. and 2s.
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Aids to G cology. By ALFrRED Guss, M.D. Paris, M.R.C.S,,
L.R.C.P., D.P.H., Obstetric Assistant and Gold Medaliist, West-
minster Hospital. Cloth, price 2s. 6d. ; sewn, 2s.

Aids to Materia Medica and Therapeutics. By C. E. ARMAND
SemPLE, B.A., M.B. Cantab., M.R.C.P. Lond.

Part I.—The Non-Metallic and Metallic Elements, Alcoholic
and Ethereal Preparations. 2s. 6d. cloth ; and 2s. paper.

Part II.—Vegetable and Animal Substances, 2s. 6d. and 2s,

Part III.—Classification of Remedies, 1s. 6d. and 1s.

Part IV.—New Remedies. 2s. 6d. and 2s.

Part V.—Tablets of Materia Medica. Price 1s. 6d. and 1s.

Aids to Medicine. By the same Author.
Part I.—General Diseases. Lungs, Heart, and Liver. Price
2s, 6d. and 2s,
Part II.—The Urine, Kidneys, ete. 2s, 6d. and 2s.
Part III.—The Brain and Nervous System. 2s. 6d. and 2s.
Part IV.— The Fevers, Skin Diseases, etc. Price 2s.6d. and 2s.

Aids to Obstetrics. By SamuerL Narn, B.A.,, M.B. Cantab.,
M.R.C.P. Lond., late House Physician and Resident Obstetric
Assistant, St. Bartholomew’s Hospital. Twelfth thousand. Price
2s. 6d. and 2s,

Aids to Ophthalmic Medicine and Surgery. By JONATHAN
HurcHINSON, jun.,, F.R.C.S. Cloth, 2s. 6d. ; sewn, 2s.

Aids to General Pathology. By Giueerr A. BANNATYNE, M.D.
Cloth, 1s. 6d.; sewn, 1s,

Aids to Special Pathology. By the same Author. Cloth, 2s. 6d.;
sewn, 2s,

Aids to Pharmacy. By C.E. ARMAND SEWPLE, B.A., M.B. Cantab.,
M.R.C.P. London. Cloth, price 2s. 6d. ; paper wrapper, 2s.

Aids to Physiology. By B. Tuompsox Lowng, F.R.C.S., Ex-
aminer in Physiology, Royal College of Surgeons. Fourth thou-
sand, In two parts, price 2s. each ; or in one vol., cloth, 4s. 6d.

** Certainly one of the best of the now popular Aids Series."—Students’ Journal.

Aids to Practical Physiology. By J. BRINDLEY JamEs, M.R.C.S.
Price 1s. 6d. cloth ; 1s. paper.

Aids to Physiological Chemistry. By J. L. THupicHUM, M.D,,
F.R.C.P. Lond., formerly Lecturer on Physiological Chemistry,
St. Thomag’s Hospital. Price 2s. 6d. and 2s.

Aids to Psychological Medicine. By L. S. Forses WINsLOW,
M.B., D.C.L. Oxon. Price 1s. 6d. and 1s.
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Aids to Public Health. By J. L. Taupicuum, M.D,, F.R.C.P,
Lond. Price 1s. 6d. cloth, 1s. paper.

Aids to Sanitary Science for the Use of Candidates for Public
Health Qualifications. By F. J. Avran, M.D., Assistant
Professor of Hygiene, Coll. State Medicine. 236 pp. Price,
cloth, 4s. 6d.; or in two parts, sewn, 2s. each.

Aids to Surgery. In two parts. By GEorceE Brown, M.R.C.S.
Price 1s. 6d. cloth, and 1s. paper, each ; or inonevol,, cloth, 2s. 6d.

Aids to Rational Therapeutics. By J. MiLNErR FOTHERGILL,
M.D., M.R.C.P. Lond. Price 2s. 6d. and 2s.

Replies to Questions in Therapeutics. By BriNpDLEY Janus,
M.R.C.S. Price 1s. 6d. cloth, 1s. paper wrappers.

Aids to Zoology. By Masor GreEeENwoop, M.D. Honours in
Zoology, University of London. Price 2s. 6d. and 2s.

Aids to Analytical Geometry.

The Straight Line and Circlee By A, Le Surur, B.A.
Cantab. Second edition. Price 2s.

The Conic Sections, with solutions of questions set at the
London and other University Fxaminations. By GEORGE
HeprpEL, M.A., St. John’s College, Cambridge, Member of
London Mathematical Society. Price 2s.
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WORKS
VETERINARY MEDICINE AND SURGERY.

Amateur. Horses: their Rational Treatment and the Causes of
their Premature Decay. By AMATEUR. Price 5s.

An Abridgment of the above. By the same Author. Price 1s.

Banham. Tables of Veterinary Posology and Therapeutics. With
Weights, Measures, etc. By Professor GEORGE A. BANHAM,

F.R.C.V.S. Price 2s. Gd.

Beacock. Prize Essay on the Breeding, Rearing, and Fattening of
Cattle and Sheep, and proper treatment of Cows at time of
Calving. By JosepH BEacock. Price 3d.

Burke. The Tropical Diseases of the Horse. By Captain R. W.
Burkg, M.R.C.V.S., A.V.D. Third edition. [Ln the Press.

Burness—Mavor. The Specific Action of Drugs, an Index to
their Therapeutic Value. By A. G. BURNESS and F. MAVOR, Pre-
sident of the Central London Veterinary Society. Price 10s. 6d.

Courtenay. The Practice of Veterinary Medicine and Suargery.
By E. CourRTENAY. Price 10s. 6d.

f Written in a elear and concise style : will form a welcome hddition to the library of the
horse-owner, and those who take an interest in domesticated animals generally.”—Mavk
Lane Erpresa.

Fleming. A Text-Book of Veterinary Obstetrics, including the
diseases and accidents incidental to pregnancy, parturition and
early age in the Domesticated Animals. By GroreE FLEMING,
C.B., LLD., F.R.C.V.8, F.R.G.S., President of the Royal
College of Veterinary Surgeons, late Principal of the Army
Veterinary Department. Profusely illustrated. Cloth, price 30s.

‘‘ Has filled up a void in a more satisfactory and complete way than any other member of
his profession could have done.,"— The Field.

 No man who makes any pretensions to veterinary science or stock breeding can dispense
with this work.''— Live Stock Jouwrnal.

Fleming. Parasites and Parasitic Diseases of the Domesticated
Animals. A Treatise by L. G. NEUMANN, Professor at the
Nutional Veterinary School of Toulouse. Translated and
Edited by Geo. FLeming, C.B., LL.D., F.R.C.V.S., with 365
illustrations. Price 25s.

* Cannot fail to be of immense value to both the veterinary profession and to British stock-
breaders." —Belt's 1Weelily Meszenger,

e i - =
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Fleming. A Text-Book of Operative Veterinary Surgery. Part 1.,
price 10s. 6d. Part IL [In the Press.

. The Contagious Diseases of Animals: their influence on

- the wealth and health of the nation, Price 6d.

Animal Plagues; their History from the Earliest Times,

Nature, and Prevention. Vol. 1., to 1800, Price 15s.

Vol. II., from A.D. 1800 to 1844, Price 12s.

Actinomykosis. An Infectious "Disease of Animals and

Mankind. Price 1s.

On Roaring in Horses (Laryngismus Paralyticus). Its

History, Pathology, and Treatment. With coloured plate and

woodcuts. Price 6s.

Tuberculosis from a Sanitary and Pathological point of view.

Price 1s.

Human and Animal Variolze. A Study of Comparative

Pathology. Price 1s.

Practical Horse Shoeing. With 37 illustrations, 2s.

The Influence of Heredity and Contagion on the Propagation
of Tuberculosis,. By G. Fremineg, F.R.C.V.S., HERr A,
LyptIN, and M. VAN HERTSEN. Price 6s.

Gresswell. AManual of the Theoryand Practice of Equine Medicine,
By J. Brobie GressweLL, F.R.C.V.S., and ALBERT GRESS-
weLL, M.R.C.S. Eng. Second edition, enlarged. Price 10s. 6d.

BY THE SAME AUTHORS.
Equine Hospital Prescriber. Second edition. Price 2s. 6d.

Bovine Prescriber. Price 2s, 6d.
Veterinary Pharmacopeeia. Materia Medica and Therapeutics,

Price 10s. 6d. _ .
Diseases and Disorders of the Horse. A Treatise on Equine

Medicine and Surgery. Price bs.

Hill. Principles and Practice of Bovine Medicine and Surgery,
with woodeuts and coloured plates. By J. W0oODROFFE HILL,
F.R.C.V.S. Price 36s.

The Management and Diseases of the Dog. BydJ. W. HiLL,
F.R.C.V.S. Third edition. Illustrated. Price 7s. 6d.

Lambert. The Germ Theory of Disease, Concisely and Simply
Explained. By Colonel James Lamsert, F.R.C.V.S, Army
Veterinary Department. Price Is.

Liautard. Animal Castration., By A. LiauTarp, M.D.,
H.F.R.C.V.S. Price 7s. 6d.

Lameness of Horses and Diseases of the Locomotor

Apparatus, Price 10s. 6d.

Lupton. The Horse : its Examination and Law of Warranty. By
JAMES IRVINE LuproN, F.R.C.V.5. [In the Press.

S
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Mﬂlar—Tellur The Dleeneee of Lwe Stock, and their most efficient,
remedies. A Popular Guide for the Medical and Surgical Treat-
ment of all Domestic Animals, including Horses, Cattle, Cows,
Sheep, Swine, Fowls, Dogs, ete. By Wu. B. E. MitLER, D.V.S,
President of U.S. Veterinary Association, WiLLis P. HAZARD,
A. Liaurarp, M.D., F.R.C.V.S., and Lroyp V. TELLOR, M.D.
Price 10s. 6d.

McBride. Anatomical Outlines of the Horse. By J. A. MCBRIDE,
Ph.D.,, M\R.C.V.S. Third edition. Illustrated. Price 8s. 6d.

Meyrick. Stable Management and the Prevention of Diseases
among Horses in India. By J. J. Mevrick, C.B, A.V.D,
F.R.C.V.S., Principal Army Veterinary Surgeon in Eg}rpt For-
merly Superintendent of Horse Breeding for the Punjab, 2s. 6d.

Neumann's Parasites and Parasitic Diseases of the Domesti-
cated Animals. (See Fleming.)

Poyser. The Stable Management of Troop Horses in India. * The

Collinsian” Prize Essay. By Major R. PoYSER, A"‘FD
F.R.C.V.S. Price 2s.

Reynolds. The Breeding, Rearing, and Management of Drenght
Horses. By RicHArD REvNoLDS, M.R.C. V.S, Price 3s. 6d.

Robertson. A Handbook of the Practice of Equine Medicine.
By W RoBerTsoN, F.R.C.V.S,, late Principal of the Royal
Veterinary College, London. Second edition, Price 25s.

Smith. A Manual of Veterinary Hygiene. . By Captain FREDERICK
SMITH, A.V.D., MLR.C.V.S,, Lecturer on Veterinary Hygiene in
the ﬁrmy Medleal School, Aldershot, Price 10s. 6d.

A Text-Book of Veterinary Physiology. By the same
Author. [In the Press.

Veterinary Diagrams in Tabular Form. With -coloured
and plain engravings, Size of sheet 284 by 22 inches.

No. 1.—The External Form and Elementary Anatomy of the
Horse. Price 3s. 6d., or mounted on roller and varnished, 6s. 6d.

No. 2.—The Age of Domestic Animals. Price 2s. 6d., or
mounted on roller and varmished, 5s. 6d.

No. 3.—The Unsoundnesses and Defects of the Horse. Price
2s. 6d., or mounted on roller and varnished, 5s, 6d.

No. 4.—The Shoeing of the Horse, Mule and Ox. Price
28, 6d., or mounted on roller and varnished, bs. 6d.

No. 5.—The Elementary Anatomy, Points and Butcher's
Joints of the Ox. Price 3s. 6d., or mounted, 6s. 6d.

Price per set of Five, 12s. ; or mounted, 27s.
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49 Bailliere, Tindall, and Cox’s Books.

PERIODICAL PUBLICATIONS.

The Medical Press and Circular. Established 1838. Published
every Wednesday in London, Dublin, and Edinburgh. Price
5d.; £1 1s. per annum, post free, in advance.

The Hospital Gazette (and Students’ Journal). A Weekly
Review of Medicine, Surgery, and the Collateral Sciences, The
only Paper that represents the whole body of Medical Students.
Price 2d. ; 8s. per annum, prepaid.

Journal -of the British Dental Association. A Monthly

Review of Dental Surgery. Published on the 15th of each
month. Price 6d., or 7s. per annum, post free.

Annals of Surgery. A Monthly Review of Surgical Science and
Practice, published simultaneously in Philadelphia and London,
Price 2s. monthly, or 21s. per annum, post free.

The Australasian Medical Gazette. Monthly, 2s., or yearly
post free, price 21s.

The Analyst. The Official Organ of “The Society of Public
Analysts.” Monthly, price 6d. ; 6s. per annum, paid in advance.

The Veterinary Journal, and Annals of Comparative Patho-
logy. Monthly, price s, 6d.; 18s. per annum ; Postal Union
19s. Gd., prepaid.

International Journal of Microscopy and Natural Science.
Edited by Mr. ALFRED ALLEN. Price 1s. 6d. Quarterly.

Transactions of the Royal Academy of Medicine in Ireland.
Annual volumes, 14s.
Foreign postage extra.

DIRECTORIES.

The Official Register of the Royal College of Veterinary
Surgeons ; published in accordance with the Act of Parliament.
Price 2s., post free in the United Kingdom.

Commercial Directory for Spain, its Colonies and Dependencies,
containing 500,000 Names and Addresses of the Commercial
Houses, Public Officers, Offices, etec., ete. Aunual, price 20s. net.
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