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PREFACE

THE second decade of the twentieth century has
brought to the average man a general, if vague, realiza-
tion of the tremendous importance of chemistry and
its application in actual life. I think this has never
been felt so acutely before, and yet it has seemed to me
that the same average man is not very well provided
with a work that he could read and understand easily
and at the same time get a chemical view of things.
To produce such a book has been my purpose, and if
I have not made it interesting I shall be to blame,
for I assure you the subject is full of interest and de-
light. Of course this is not a complete treatise on
chemistry, nor do I pretend that it is a well-balanced
book. Many important subjects are touched upon
but lightly, and others of less general value I have
not hesitated to ramble on about at considerable
length, so long as they seemed interesting. The
whole thing is, in a way, a sporting proposition between
you, the reader, and me. If I can hold your atten-
tion until you have read it through, I shall have suc-
ceeded in my undertaking and you will know some-
thing about the Ways of Stuff as the chemist has to
do with them. You will be out of the inky darkness.
You will not think that a barrel of coal - tar, for
instance, put into a pot and boiled with a teacupful
of one thing and a tablespoonful of t'other will
straightway resolve itself into dyestuffs, perfumes,



PREFACE

medicines, and what not, according to the will of the
man with the thermometer. You will not know how
the chemist works so much as you will of the way he
thinks; and instead of presenting him to you as a
superman with potentialities and powers beyond his
kind, I have tried to make it clear that his problems
are very like those of a business man. The difference
is that the man of affairs deals with others of his
kind whose minds are hidden from him, trying to
induce them to do his bidding, whereas the chemist
deals with molecules and atoms and ions, none of
which he can see, but which also have ways of their
own that are often exceedingly difficult to master.
My only stipulation is that you shall not attempt
to read the book backward. And yet I pray you to
refer frequently to the table of elements at the end.
It contains information that you will find useful as
you read along, and I should have put it at the be-
ginning had I not feared that it would frighten you
away.

Chemistry would be the dullest study on earth if
it only had to do with the proportionate amounts of
oxygen, nitrogen, sulphur, etc., that a body contains.
This is merely the genealogy of things, and bears the
same relation to them that the names of a man’s
several grandparents do to him. The interest lies in
what these things will do, just as the interesting
quality of a man lies in the problem of what he will
do under more or less known conditions.

For those who desire to read more profoundly I
have added a select bibliography of standard works,
some of which are easy to read and some of which are
written with the understanding that the reader shall
have devoted several years to the study of the sub-
jects treated. This appears in an appendix.
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I am indebted to more friends than I can name for
information. I have consulted with many who are
actively engaged in special work in chemistry as to the
status of various industries. I spent some time at
the Mellon Institute of Industrial Research, of the
University of Pittsburgh, and, thanks to Dr. Raymond
F. Bacon, the Director, and many of the Fellows of
the Institute, I have been able to indicate the develop-
ments of some subjects that would not otherwise have
been available to me. Prof. William A. Hamor,
Assistant Director of the Institute, has set aside work
of pressing importance to go over most of the manu-
script and make suggestions. The faults are all mine,
but many of the merits of the book, if it should prove
to have them, are the result of his encyclopedic knowl-
edge of chemical literature. In fact, the way in which
my chemist friends offered their aid as soon as I told
them what I was about to do has made me not only
very grateful, but has impressed upon me the need of
just such a book as I have tried to write. I offer my
hearty thanks to them all, and I bid you, in all mod-
esty, to enter with me into what has been called that
branch of philosophy and poetry which has to do
with the Ways of Stuff. B H

139 East 40th STREET, NEW YORK,
June, 1917.
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EVERYMAN’S CHEMISTRY

I

CHEMICAL MISERIES

The Troubles of Neighbor Robinson—The Value of Chemical Advice
and the Need of Chemical Control—The Legend of the Dunder-
head Manufacturing Company—*All the Chemistry We Need''—
Inventors and Their Ways—The Intelligence Department of In-
dustry

ET us consider the man on the street—not the
one leaning against a lamp-post, but a man of
circumstance going about his affairs—as meeting a
friend and walking along with him. After the usual
preliminary greetings, the following conversation
might ensue:

‘“How is Robinson?”’

“I am afraid Robinson has pneumonia.”

Then we know what would follow. They would
discuss questions of diet, Robinson’s habits of life and
his age, the peculiarities of the disease, the publications
of medical research as recorded in the newspapers,
and they would talk as two intelligent men would
talk about a frequently occurring disease. They are
not physicians, but they have a lay understanding of
the professional life of the physician and the manner
in which he meets his problems. And they consider

3



EVERYMAN’S CHEMISTRY

Robinson’s chances of recovery. A similar discussion
would follow the announcement, had it been made,
that Robinson had neuritis, peritonitis, appendicitis,
locomotor ataxia, or any of a score of other diseases
with names having Latin and Greek entanglements.

In other words, medicine has broken into society
and it is an interesting subject of the talk of intelligent
laity in their hours of leisure.

Now let us imagine that Robinson is whole in body,
but is having business troubles. He is a wholesale
druggist and has been spending a great deal of money
in advertising Robinson’s Liquid Petrolatum, which
is sold as medicine. Then the conversation might
take this turn:

‘‘How is Robinson?”

‘““He is in a bad way.”

“Is he ill?”

‘“‘No; it is business. You know that petroleum
product he has been advertising?”’

‘“Yes; I thought it was a gold-mine.”

‘“Not exactly that, although it is an excellent thing,
but something has gone wrong and the stuff is coming
back to him by the car-load. Smells like kerosene
and people don’t like the taste of it.”

‘“What is the matter with it?”’

““They say it is olefins.” (In point of fact it might
be due to other bodies, but the expression is conven-
ient; let's use it.)

“Ole Fins? Who's he? Is he a Swede?”

““No; olefins are some kind of unsaturated hydro-
carbons and—"

“Never mind. I don’t know anything about
chemistry.”

“Neither do I, and I'm glad I don’t have anything
to do with it. You never know where you are with

4




CHEMICAL MISERIES

chemical products. Here’s poor Robinson, who works
up a nice business with that petroleum stuff of his
and then for no reason at all it goes back on him.”

““That’s right. I'm sorry for Robinson.”

Now the first chapter of a book is, in effect, an
advertisement, designed to lure the reader on into a
diligent perusal of what follows. Sugar-coat the pill
as we may, that is the problem of an author. He
must, if he can, lure the reader on. So, proceeding as
though this were printed in large, bold-face type and
adorned with illustrations supposed to be convincing,
I ask you to look upon the discussion of the troubles
of Robinson, which I have just indicated, as typical
of the conversation of two intelligent laymen who have
not read this book. Permit me, then, to indicate, in
a few more imaginary conversations between the same
gentlemen, types of their intercourse after reading.
Repeat, if you will, the same talk, beginning with
‘“How is Robinson?”’ until the point is reached where
olefins are supposed to constitute a Swede. Now
observe the change:

*‘Olefins?”’

““Yes; unsaturated hydrocarbons, you know.”

““Can’t they be separated?”’

- “I believe they can. Trouble with Robinson is,
I’'m afraid, he is a little too anxious to make money.
The United States Bureau of Mines has been turning
out many papers on petroleum, and I understand that
at Columbia University and at the Mellon Institute in
Pittsburgh they have been making researches for years.
Just as likely as not the information that Robinson
needs has been published already.”

‘“Maybe he didn’t know there were olefines in his
stuff.”

‘“Well, he ought to, and if that is not his trouble he

5
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ought to know what is. What he did, probably, was
to start with some oil that was pretty clean, and then
when he ran through a new lot the agony began.
Robinson is one of those who think that if they have
a formula for making something, any old raw material
will do. He was born about forty years too late to
manufacture that way. Why didn’t he take advice?
I'm sorry for him, but I hope this will make him mend
his ways.”

This criticism might not be pleasant for Robinson,
but it might be better for him than sympathy. Let us
now make believe that Brown, another friend, is
having trouble because his sheds, which were covered
with steel sheeting, have rusted so that he is using
up a lot of his profits in repairs. Then the talk might
take this turn:

‘“Where did he get his steel?”’

‘“He doesn’t know; the contractor bought it."”

“‘Didn’t he specify that he wanted copper alloyed
with it?”

‘‘No; he only specified the gauge.”

““Just think of that! Only a little copper in the
steel, a quarter of one per cent., might have made it
last years and years instead of no time at all. I'm
sorry for Brown, but he is getting just what happens
to men who think a practical man must know every-
thing. Brown should study, or, better still, seek
advice.”

This information is not to be found in this book
alone. It is published elsewhere in much greater
detail. There is not a single discovery here set forth
and published for the first time to a supposedly awe-
inspired world. What I am trying to do is to treat of
innate matter, not as though it were dead, but rather
as having within it, as it has, constant potentialities

6
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of action. Matter does not act and react according
to a few fixed rules; there are rules by the hundred,
and we shall not attempt to repeat them. Then,
too, time and again, to all intents and purposes, they
seem to be broken. There are certain general princi-
ples, however, which seem to hold good, just as certain
general principles seem to hold good in dealing with
men. Some of these I shall try to indicate as we
proceed. Every subject mentioned is a study in itself,
and concerning which, in many cases, whole libraries
have been written.

If you want chemical advice, remember that nobody
living knows all there is of chemistry, but that some
men are remarkably well informed on certain subjects.
How to find the man you need is an undeveloped art,
but a good thing to do is to get acquainted with a
sound chemist and consult him or talk with him about
your business affairs. It is surprising into how many
places, if he is a sound man, he will be able to throw
light. It may interest you to know that the Bureau
of Employment of the Chemists’ Club of New York
maintains an excellent list of consultants and chem-
ical engineers as well as of chemists who seek employ-
ment. The editors of the Journal of Industrial and
Engineering Chemistry of the American Chemical So-
ciety and of Metallurgical and Chemical Engineering
are remarkably well posted as to men. Being sincerely
interested in the development of American industrial
chemistry, they are glad of the opportunity to help.

The time is soon coming when manufacturing estab-
lishments will need a chemist in consultation just as
much as they need a lawyer now. If they are negotiat-
ing with customers or with other corporations, they
need a lawyer to draw their contracts and see that
they do not make mistakes. Well, if they are nego-
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tiating with materials, they need a chemist, for chem-
istry treats of the ways of stuff, and these are full of
unexpected turnings. Chemical control is needed.

This is bound to come, but it hasn't arrived yet.
And when it does come, there are sure to be comedies
enacted in relation to it, and very expensive comedies
withal. Now the truth, as you are likely to read
more than once in this book, is all the facts arrayed
in their right relation, which is why we do not always
succeed in telling it, no matter how hard we try.
Teaching by parable is an old and tried method, and,
in order to bring out the need of a competent chemist
in counsel, let us imagine a story. Before we begin,
however, please remember that chemistry is a very
broad subject, like farming. In that profession one
man is good at raising cattle, another breeds horses,
another is a great expert in vegetables, while others
are good all-round men who do not profess to know
everything, but have the knack of getting needed
information and finding the best authorities. These
men are likely to succeed as consultants, and of such
I beg you to consider Doctor Noyadont, who will
shortly appear.

Now let us suppose a meeting of the board of the
Dunderhead Manufacturing Co., and that, in order
to conform to the prospective fashion of having a
chemist in counsel, the directors have filled a vacancy
by electing young Brown, who is engaged in testing
materials in their cupboard of a laboratory somewhere
under a stairway. Then suppose the most affluent,
the most pompous, the vainest if not the richest di-
rector, the father-in-law of the secretary of the Sand
& Stone Co., were to offer the following motion:
‘‘ Resolved, That, prices being equal, this corporation
shall purchase its rock from the Sand & Stone Co.”

8



CHEMICAL MISERIES

The young chemist apologizes for speaking, and says
that Sand & Stone are agents for Blue Mountain rock,
and that this rock seemed to show traces of dubium,
which he fears might give trouble in the works.

‘““Whatcha mean?"’ roars the affluent one to the
pale B.S.

“Well, I—er—it doesn’t seem to me that it works
~ as well as the Earth & Rock Co.’s product that I
believe comes from Green Mountain. I thought I
found traces of dubium there, and, you know, there
might be a catalytic effect—"

‘“‘Cataclysmic effect,” exclaims the old heavyweight.
‘““Young man, is that what you think or what you
gueSS ?1’

“Why, I'm not sure, but I think—"

‘*“That’s what you think, is it? Well, sir, when you
know something let’s hear from you, but we don’t
care for any of your guesses. The Sand & Stone Co.
are the largest dealers in this material in the world,
and if I tell them to send us rock without any of this
here dubium in it, they'll send it. I call for my mo-
tion, Mr. Chairman.”

The motion is put and carried.

In one year's time the asset of the corporation’s
name as a trade-mark becomes a liability; they
cannot persuade people that their product is not
tainted. Even after they have seen the folly of their
ways and given up the use of Blue Mountain rock
and turn out a product better than ever before, their
reputation is still bad.

‘‘Better not buy of 'em,” says one customer to a
prospective one. ‘‘They tried to run off a lot of
inferior material on me, but I made ’em take it back.”

‘‘One of their drummers was in not long ago and
he said they had had a fault, but had corrected it;

9
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they had some sort of jubilee or other in the rock
they make it of, but he says it’s all right now.”

‘“That’s what they say. J’ever know a concern that
wasn'’t all right when they wanted to make a sale?”’

‘“That’s so. Better be on the safe side,” says Mr.
Prospective Customer, and he buys from the rival
company.

Now suppose, instead of electing the young chemist
from the works, a consulting chemist of standing is
selected, retained and added to the board to avoid
mistakes at the start, which is the Grand Economy.
Let us imagine the same corporation, same chairman
and president, same pompous old party with a son-
in-law with Sand & Stone, same general counsel, and
the same other members, except that Doctor Noya-
dont of the Noyadont Laboratories sits in the place
of young Brown, the chemist at the works. Unlike
Brown, Doctor Noyadont has not bought himself a
house in the neighborhood of the factory, and has not
married on the prospects of the good-will of the very
board of which he is a member. Doctor Noyadont
likes his annual retainer, which may be more than
Brown'’s salary, but he does not live on it. Then let
us imagine the same proposal of the affluent Mr.
Fatwad that the corporation procure its rock from
Sand & Stone.

Doctor Noyadont speaks up: ‘‘Sorry, Mr. Fatwad,
but I shall have to oppose that motion. I've examined
the Blue Mountain rock that they handle, and it is
not good for our purpose.”

‘“Why not?”

‘‘ Appears to be dubium in it.”

‘‘But these people are the largest producers of rock
in the world, and do you mean to tell me—?"’

“I mean to tell you not to use any Blue Mountain
I0
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rock. It's the best there is for some purposes, but
not for us.”

Old Fatwad observes that Doctor Noyadont is
neither afraid nor uncertain of his ground. But he
likes to have his way, and he proposes a committee
of three, including Doctor Noyadont, to ascertain.

‘“No occasion for me to look it up any more,” says
Doctor Noyadont. ‘‘Go ahead and buy all the
Blue Mountain rock you want to,” he continues,
“but with it comes my resignation from the board and
from the office of your consulting chemist. Mr.
Fatwad expects your processes to move on all calm
and serene in the presence of a catalytic agent that
may start up all sorts of reactions that you don’t
want. I can’t be sure of your product under those
conditions. If some member of the board were to
propose to break the laws of the State or the nation,
your general counsel here would advise you against
it, and if you were to persist in it he would resign.
Well, here you propose to break nature’s laws and ex-
pect to keep out of trouble after you've done it. I
call for the question, Mr. Chairman, because it in-
volves a matter about which we should not be in doubt
for one minute. And I offer my resignation now to
take effect as soon as the motion is carried.”

Mr. Fatwad then withdraws his motion. He may
see a light, and again he may not, but the chances
are that he will, because he is nobody’s fool. But
rich men’s vanity is one of the most difficult things to
overcome. When it is quiescent it is invisible and
harmless; when it is active it is hard to endure and
highly dangerous. The only way to deal with it when
it is active is to whack it on the head. No employee
can do this without providing for himself first a good,
safe runway into the tall timber.

II
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There should be a chemist on the board of every
corporation that has to do with chemical processes.
He should be a man of attainment, of distinction, and
of backbone.

So much for imaginary conversations. But I could,
if I had a mind, tell you true stories of real men that
sound very like them. Let’s content ourselves with a
single one, drawn from life. It has to do with a great
corporation that was in a bad way, especially troubled
by the ruinous prices that ‘‘unprincipled’’ competitors
were charging for wares. Later examination proved
that they were wasting several hundred thousand
dollars annually from not knowing what was actually
taking place among the materials in their works. Their
men were doing as they were told with diligence, but
their materials were up to mischief. The man in
authority replied to the suggestion that they have
their plant examined by a competent chemical engi-
neer that his boy was a sophomore at Yale and was
taking up chemistry among his studies, ‘‘and so you
see,”’ he concluded, ‘‘we get all the chemistry we need.”

This book is written for the man who shakes his
head with the exclamation that he does not know
anything about chemistry whenever the subject is
mentioned. I have not the ignorant man in mind
when I say this, but one whose peregrinations in the
pathways of knowledge have not included the ways
of so-called inanimate, but, in fact, very lively matter.
To make things easy, I suggest that we take the point
of view that matter, instead of being inert, has ways
of its own, and likes and dislikes and foibles galore;
in short, that it has personal qualities. This may not
be taking the most exalted view of the processes of
nature, and it is not the fashionable method of teach-
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ing, but it will be a workable view. We need not
enter into the problem of whether the processes of life
are wholly of a physico-chemical nature or not. We
shall not study them profoundly or speculate upon
them. So far as we are concerned and without growing
too serious over it, let us go the most enthusiastic
vitalists one better and, finding motion in the whirling
atoms of the common stone, call everything alive.
Even a dead mouse can make trouble.

Another thing that has bothered me like the voice
of conscience while planning this work has been the
way in which chemical undertakings are often organ- .
ized—and then fail. Some inventor comes along with
what seems like a good idea. Let’s admit that it is
a good idea. The inventor ‘‘knows all about chem-
istry,” and he is also certain that other persons en-
gaged in the effort to produce the same materials have
not seen the great light that has been revealed to him.
This great light may be as evident as that two and
two make four, but the inventor believes himself the
sole repository of the knowledge. These are danger
signs, and would be to the wise manufacturer the signal
to see a competent chemical engineer, get him to look
up the literature, and then possibly make a trip
somewhere and find out more about it. He need
not give the secret away, although the chances are
ten to one that a full account of the reactions is given
somewhere in chemical literature. But let us imagine
that the inventor is right, which is guessing against
odds, and imagine the company formed to begin
manufacture. How many chemical inventors are
good engineers? They are few and far between. The
tanks and machinery, the valves, pipes, filter presses,
and what not must be ordered and installed, and
we meet another chance for failure because of defective

13
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mechanical construction. But let us imagine the
works to be well designed and the goods to be pro-
duced—not quite in measure and kind as expected—
but produced. Then comes the problem of business
administration, and here people fail again. A chem-
ical enterprise needs just as much business ability
to operate it as does any other. Why an otherwise
unfortunate relative or friend out of a job should be
regarded as the very man to undertake the business
management of a new industry is hard to understand,
but it is done time and again. It shows how hope
springs eternal in the human breast, but it does not
prove wisdom.

Now the thing to know first in manufacture is
that a process is right, not only in glass in the labora-
tory, but under the entirely different conditions of
mass and surface and pressure in iron in the works.
That is the reason why it is so wise to build a test
plant first and prove out every detail. The laboratory
must keep on the track of the materials used and
produced just as the accounting department must
keep records of costs, and if things go wrong the
chemical adviser should be called in, just as he was
at the start, and just as the medical adviser is called
in at the birth and on the occasion of sickness of a
person.

Chemical manufacture is not always a difficult pro-
cedure. Many processes are by no means so involved
as making shoes or hats or furniture—all of which
have a chemical as well as a mechanical side. What
is needed is a sense of what is going on inside of all
the pots, kettles, boilers, and containers of one sort
or another, and then the same requirements hold good
that are demanded by other industries.

Of course, many manufacturers have their own

14
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secret processes and chemical short-cuts that have
great value to them, but it is a fair guess that, of
chemical secrets, at least three-fourths of them are
known and are of public record.

Chemistry is not only the intelligence department
of industry; it is everywhere, and we cannot get
away from it. Every kitchen is a laboratory, every
baker is a chemical manufacturer, and every butcher
is a chemical warehouseman. Chemistry washes us,
launders our clothes, and bleaches and dyes them;
it provides us with metals, with our morning paper,
and with books; it helps the farmer to grow our food;
and when all is over, whether we be burned to ashes or
buried in the ground, it is by chemical processes that
our bodies go back again into the great order of things.
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THE HEART OF THE THING

The World beyond the Microscope—The Nature of Matter—Atoms
and Molecules—Speculations—The Middle of the Road—The
Law of Avogadro—No Such Thing as Rest — Polygamy in
Chemistry—A Little Confidential Talk

HE world beyond the microscope 1s as vast as °

that beyond the telescope. We can see and
feel a few things, just a few, within the very narrow
range of our ken, and all the rest is beyond. We have
to compute what we know or what seems likely about
it. There is a kind of cousinship between chemistry
and astronomy, but their eyes are pointed in different
directions—astronomy has to do with the ways of
great masses of matter in their movements through-
out illimitable space, while chemistry reasons about
and tries out theories in regard to the ways of parti-
cles infinitely small.

The study of chemistry is rather confusing in these
days, for two reasons. One is that revelations are
coming so fast that it is hard to digest them, and
another is that there has been a grand wedding in
science within the past few years before the war. Phys-
ics and chemistry have been joined together in such
intimacy that it is hard to tell where one begins and
the other ends. And higher mathematics has entered

into the union, so that chemistry to-day has become
16
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almost as mathematical a science as is astronomy or
physics.

Now we shall not enter into problems of mathe-
matics or of physics. I shall not even attempt to
tell you how computations are made, for one reason
because it would make the book dull reading to those
who are not mathematicians, and for another reason
because I couldn’t if I tried.

Let us, nevertheless, enter into a little discussion
as to the nature of matter. In Athenian days it was
a popular debate among the Sophists whether, if a
particle of matter were divided and one of its pieces
divided again, and one of them divided again, and so
on and on, granted infinite vision and infinite refine-
ment of work, an indivisible particle would ever be
reached. In mathematics one divided by infinity
equals zero. In chemistry the name of this ultimate
particle on which the Greeks speculated was taken
and applied to the smallest particle of any one
element that combines. The atom has ceased to
be the smallest particle imaginable, but it is the
smallest unit of substance that we can conceive of
any element.

We must get this idea of atoms and molecules and
elements clear in our minds, for I shall keep talking
about them constantly, and I know very well what
will happen to this book if I do not make it clear to
you. So let us imagine all matter to constitute a very
odd world of mankind. Then the eighty-odd elements
would be the different races, some of them very wide-
spread and some of them very rare and hardly known.
Now let’s call the atoms the individual persons of
each race. Then there will be eighty-odd different
kinds of atoms, some heavy and some light, some one
cdlor and some another, according to the race or ele-
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ment to which they belong. But all the atoms of any
one element will have the same qualities.

The individual atoms do not get born and die as
we do; they live right on. Do not think about radium
or radio-active elements; call that a skeleton in the
closet and close the closet door. The individuals
or atoms have no sex, but they mate up in pairs or
larger numbers, in what we might call families. The
families are molecules. There is a great deal of race
prejudice both ways, in favor of mating or grouping
and against it, among the elements or races. Atoms
of two elements that will not combine themselves
may be induced to join in a large molecule of many
atoms of other elements. Atoms are nearly always
found in families or molecules; there are no bachelors
or old maids, except in certain metals in a gaseous
condition and in the rare gases of the air, like argon,
krypton, etc., and let us not think about them. We
say sometimes that the family is the unit of society,
and it often takes more than a little faith to believe
it. When we say that the molecule is the unit of
stuff we are nearer the truth. The atoms often wander
from one family or molecule to another, sometimes
singly and sometimes in groups; and sometimes they
do this with explosive violence, while at others they
are interminably slow in getting settled. The wan-
dering of atoms from one molecule to another is what
we call a chemical reaction.

It is all imaginary, all theory, and yet it is the
basis of chemistry. It was said in some verses called
“Rollo and His Uncle in Chemistry,” at a meeting
of chemists, that

You'd better join the church before this course is well begun,

Because you'll need to exercise the art of fajth, my son.
18 -
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While we are discussing the nature of matter, we
might as well enter a little way into the pleasant fields
of speculation about it. For years we have taken it
for granted that matter is indestructible. Well, is it
indestructible? Is the cosmic universe bounding
along, combining elements into molecules of eternal
atoms and then dissociating them in a kind of ring-
around-o’-rosy without any change except such mere
incidents as the drying up of this planet and the
birth of another? Are the elements really elemental?
Are they primeval stuff? They may be, but they
hardly seem so. You will observe later how closely
related to one another certain of these elements are,
and it would seem that at least those that are closely
related have a common origin. And why are some of
them always found together?

Then there is radium. It gives off constantly a
series of rays with a power beyond any force known
to us. Whence comes this energy? And, again, be-
sides these rays it gives forth an emanation which
seems distinct from its rays, and which, by itself, de-
composes into a radio-active solid and helium gas.
Helium is an element. Radium is an element, and
yet a part of radium becomes helium. Here is a fact.
The theory that matter is indestructible is not so
certain, after all.

And this is not all. Combinations of elements are
usually more stable than the elements are by them-
selves. Two parts by volume of hydrogen gas, which
they use to fill balloons because of its lightness, and
one part by volume of oxygen, a gas which is one-
fifth of the air, produce water. In its whole nature
water is something entirely different from either of
- its component parts-—less like them than other ele-
nients are. It has ways of its own, just as elements
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have. Why, then, just because elements cannot,
with the means we have, be divided into other bodies,
should we claim immortality for them?

Now let us take another point of view. Imagine,
please, a point of space. Not an atom; let's give the
atom credit for considerable size. Of course, it's
beyond the microscope, but because it’s smaller than
a wave of light is no reason why we should call it
zero. Let’s call it large; there's room enough. This
point of space that we are imagining is not a speck;
it is just a center of force. It is a charge of electricity.
Whether it shall have substance or not is according
to your pleasure. I think the more usual opinion is
that it has no substance, but if it disturbs you to
think of it in this connection you might call it primary
stuff as long as you think it necessary to do so. That
point of space is, let us say, charged positively with
electricity. Around and about it whirl other points
or centers of force, charged negatively. These are
called electrons. They pass the energy along the
surface of wires when telegraphic messages are sent.
The atom of hydrogen, supposed to be the smallest
atom of all, is seventeen hundred times greater than an
electron. Doctor Crehore, of Yonkers, who is a
great mathematician, has computed the atoms of a
number of elements as systems of electrons positively
and negatively charged, revolving in their respective
orbits very much as solar systems, and providing free
energy to give to atoms all their combining qualities.
‘The difference in the organization of these infinitely
small solar systems would account for the differences
between the elements.

This makes every atom itself a solar system.
Whirling units of force, persevering in their orbits so
that we cannot break them apart, but definite and
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indestructible only because our vision is so weak,
our powers so frail, and our lives so short. They will
not always persevere. They will change. Nothing is
permanent, nothing immutable, nothing is real
throughout the ages.

Strange, how we revert to the philosophy of Bishop
Berkeley and the wise sayings of the East, and wel-
come them as the fashion for our thoughts again—
for a season.

But let us get back to the middle of the road, to
more concrete things. Please believe that atoms can-
not be divided. This is the working hypothesis. We
find in practice that the elements cannot be split-up
into other bodies. Iron stays iron, gold remains
gold, and the same holds true of all of them for all
practical purposes. They combine with one another
in definite proportions. They not only mix, they
combine and produce entirely different bodies. Bring
two elements that have a liking for each other to-
gether, and just so much of the one will combine with
just so much (but not an equal weight) of another.

Here let us consider another interesting postulate
called the law of Avogadro. All gases at the same
temperature and pressure contain the same number
of molecules within the same volume. More con-
cretely stated, there are the same number of mole-
cules in a cubic inch of one gas that there are in a
cubic inch of another, provided the temperature and
the pressure are the same. Of course, the molecules of
one gas differ from those of another in size and weight,
but in a gas they are far apart, anyway, and they are
supposed to be flying about all the time like so many
balloons, hitting one another and bounding back again
until they strike something else, and then they bound

off in another direction, for they are supposed to be
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very elastic. There is nothing to impede them in
their flight through space except either the walls that
inclose them or other molecules. It makes no differ-
ence whether they are molecules of elements or of
combinations; they all behave in the same way.
Now I think you will understand what happens when
you compress a gas; there is such a bombardment
of molecules against the walls of the container that
your apparatus will run hot. Keep up the pressure,
increase it, and cool your apparatus, and the gas will
turn into a liquid. Cooling slows down the motions
of the molecules; heating increases it. Then cool the
liquid still more and it will freeze or turn to a solid.
Some of the freedom of movement which the mole-
cules had in the liquid form is lost; in some way they
seem to clinch—and there is the solid. They are not
still in the solid, but their movements are much more
circumscribed.

In all the chemical world there is no such thing as
rest and, except as we may speculate upon it, no such
thing as death.

Chemically speaking, then, nature has about eighty
kinds or races of matter called elements, and every-
thing there is in nature is made up of them. They
enter into combinations with one another and produce
bodies that sometimes show a family resemblance,
but more often are totally unlike the stuffs that they
are made of. They are given to polygamy and poly-
andry as matters of entire propriety; and if it were not
for the fact that we cannot imagine atoms as having
sex, the way they shift about in their matings would
scandalize any community. They have rules and
ways of their own, according to the deductions and
findings of wise and observant men, and then again
they appear to break them. Therefore chemistry
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is a study accompanied by constant surprises, and
the only authority who ‘‘knows all about chemistry”
is a poor creature, bereft of imagination. There are
vast domains in the subject as yet undiscovered,
and without doubt some of the favorite hypotheses
of to-day will fall by the wayside to-morrow. But
you do not have to know all of human nature to be-
come interested in persons, and for the same reason
you do not have to read deeply into this subject before
its romantic side will begin to appear. If it does not
show itself to you, the fault will be mine, for I assure
you the romance is there.

You need not try to learn a.nythmg by heart.
There is an ample index to what is said, and I have
no desire to put the burden of memorizing upon you.
The task that I have set myself is to keep you inter-
ested as you read along, and if I succeed in this I
have a feeling that you will want to look things up
for yourself, for the chemical view of things is very
fascinating, and it takes in all the processes of nature
and something of nearly all the industries of man.
In fact, I shall confess frankly that I am after some-
thing of yours that is not included in the money you
pay for this book—I am after your curiosity. If I
can get that, there will be no holding you back from
the subject.

Please do not be frightened if you see some chemical
formulas that appear bewildering farther along in
the later pages. I do not think they will worry you,
if you will only wait until you come to them. The
whole work is designed as a man's book rather than
as a torment for the nursery, and so I have not hesi-
tated to enter into some of the profounder problems.
But if we only keep good-natured about them there
is no reason why they should be dull.
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PHASES OF MATTER

Solids, Liquids, and Gases—The Ways of Gases—Solutions—Ions
and the Ionic Theory—An Electric Battery—Solvents and So-
lutes—Solid Solutions—Colloids—Difference between Colloidal
Particles and Molecules—35,000,000,000 Miles out of a Cubic
Inch

E must, in order to make a reasonable start,

go over a few points in regard to the conditions
of matter. It is subject to three states—solid, liquid,
and gaseous. Water, for instance, is liquid at what
we call ordinary temperature, solid ice in the cold,
and steam vapor in heat. Most bodies are subject to
these three phases at different temperatures and dif-
ferent pressures, although some go over from the solid
to the gaseous state almost without entering the
liquid phase. They sublimate. Iodine is a familiar
example.

If we imagine the molecules as each one an indi-
vidual kind of a balloon, and all of them bobbing
around loose, with nothing to hold them together
but as though striving to keep as far as possible from
one another, they are in the state of a gas. If we
imagine them as skipping around every which way
over and under one another, sideways, forward, and
backward, but held down by a greater tension, we
may say that the body which they constitute is in a
liquid state. When they clinch we have a solid.
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Even then they continue in motion, dancing around
all the time.

We have spoken of the law of Avogadro, whereby
it is held that at equal temperature and pressure all
gases contain the same number of molecules within
the same volume. We note that the molecules are
in constant motion and that their bombardment of
the walls of the container is what causes gas pressure.
Now let us imagine the walls to be absolutely elastic,
so that they give way to pressure without opposition.
Then for every degree centigrade that any gas is
heated, without any increase of pressure from the
outside its volume will increase 1/273 part, and the
container will increase in size just 1/273 of its whole.
And for every degree centigrade that we cool it, it
will contract just that much—i1/273 of its volume.
That is the measure of the drive of a gas against the
walls of a container when you heat it. This is why a
boiler bursts; its walls are not sufficiently elastic.
And if you take an inclosed vessel of air or any other
gas at room temperature and pressure and cool it
within the container, the pressure will be from the
outside in, because the ordinary pressure of the air
upon everything is about fifteen pounds to the square
inch, while, if you heat it, the pressure will be from
the inside toward the outside. The temperature of
—273° C. is held to be the absolute zero at which no
gas can exist as such; it will be liquid or solid. Do
not forget, however, that the molecules are always in
motion; more lively in heat than in cold, moving
faster and with greater push.

Now let us take a liquid, say water, and put into
it some common salt, which straightway disappears.
We say it has gone into solution. These particles,
the molecules of salt, are there swimming around.
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They spread themselves throughout all the water
that is available. If we conduct a current of elec-
tricity through the solution, some of the salt mole-
cules will decompose, and, being made up as they are
of chlorine and sodium, the one element will hasten to
the positive pole and the other to the negative one.
Now water alone, pure water, will not conduct elec-
tricity, but water containing salt or sulphuric acid
or caustic soda or any other electrolyte will conduct
it. Those bodies which dissolve in water and whose
molecules split up when a current of electricity is
passed through are called electrolytes.

Here we may as well consider the ionic hypothesis,
which is one of those things that is very possibly not
so, or only partially true, and yet it is well to believe
it, so as to get at the chemical view of what happens.
To quote from the Rollo verses again:

T used to think theology was rather hard on doubt,
But chemistry, with ions, beats theology all out.

Now please take a fresh grip upon this subject;
let’s go at it from another angle of vision. We have
to do this constantly in chemistry. Some of the mole-
cules of salt, on going into solution and without the
need of our conducting a current of electricity through
it, dissociated into free chlorine and free sodium atoms
in solution, each charged with opposite electrical
charges. Let us say they obtained their electrical
charges from the force which held them together in
the salt. In this state the dissociated parts of mole-
cules are called ions. The freedom of these charged
atoms or ions is not so great, after all; there is no
such thing as free electricity, so the ions with a posi-
tive and those with a negative charge are perfectly
balanced. There is an equal number of each sort.
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They are in equilibrium. We have to suppose that
these positively and negatively charged atoms or ions
behave very differently from the same atoms or parts
of molecules when they cease to be ions— that is,
when they have given up their electric charges. This
statement may not be of thrilling interest at this
point, but we must get it recorded.

When we put a very little salt into a great deal of
water, thus making a very dilute solution, it appears
that all of the solute or salt becomes ionized; we have
only water and chlorine and sodium ions. As soon
as we make it more concentrated, only a part of the
salt becomes ionized, and this proportion decreases
as the solution becomes more concentrated. It is all
theory, pure theory, and yet later on you will see how
useful it is. It would not do to say that these ions,
these free atoms with electric charges, are the same as
ordinary atoms of chlorine and sodium, because if they
were we should have caustic soda and free chlorine
as the result of putting salt into water. So we say
that the ions are so perfectly balanced with positive
and negative charges that nothing happens, so far
as we can see.

Then suppose you ask why it is, with free atoms of
chlorine with a negative charge and of sodium with a
positive charge swimming around loose, that they
don’t combine right up again to chloride of sodium
or salt, with all that free energy? I believe the clas-
sical answer to such questions is that you are too
young, too immature, to understand these things.
But the fact is that it has not been answered in any
satisfactory way.

Sulphuric acid is another well-known electrolyte,
and the formula for sulphuric acid being H:SO, (two
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atoms of hydrogen, one of sulphur, and four of oxy-
gen), we find that it dissociates as follows:

++ __
H,SO, = 2H + SO,.

But note that these two hydrogen atoms and the
SO, group are oppositely charged with electricity.
Suppose, then, we put into a jar a solution of dilute
sulphuric acid and dip into the jar two electrodes—
say, one of zinc and one of_graphite, connected with
each other by wire. The SO, ions will wander over
to the zinc, pull its molecules apart, take an atom
of zinc for every SO, ion, and proceed to shape itself
up into molecules of zinc sulphate, or ZnSO,. (Zn
is zinc; it has two bonds or units of combining power,
so that one atom of zinc takes the place of two of
hydrogen.) The two hydrogen ions wander over to
the other pole, and, being unable to combine with the
graphite for lack of affinity, and the SO,,to which they
were formerly attached as sulphuric acid, H.SO,,
being already settled down with the zinc as zinc
sulphate, ZnSO,, they do what lone ions always do,
if there is an electrode around. As soon as each hydro-
gen ion touches the graphite electrode it gives up its
charge and becomes plain hydrogen again. There is
nothing in the solution for it to combine with, and
so, being a very light gas, its atoms couple up to
molecules and it escapes into the air.

Now we have made sulphate of zinc and produced
free hydrogen in our reaction, but we have done some-
thing else. _As soon as we have connected those two
electrodes of zinc and graphite each with a copper
wire and connected the wires with a small electric
lamp, we find that the lamp glows with light, showing
that an electric current is passing through. And the
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current comes from the charge given up by the hydro-
gen ions where they have touched the graphite elec-
trode, just as its atoms coupled up to molecules and
escaped as plain hydrogen gas. On the other side it
came from the zinc electrode just as the SO, ions
touched it and gave up their opposite charge as they
combined with the zinc to produce zinc sulphate, ZnSO,.

Suppose the zinc and graphite electrodes had not
been connected with each other by a wire. Then
they would not have been electrodes; they would have
been just a stick of zinc and a stick of inert carbon
dipped into the solution. The sulphuric acid would
simply attack the zinc and give up hydrogen at the
zinc. The word ion means traveler, and the hydrogen
ions would not have traveled over to the graphite
and given up their charge over there if there had
been no connection of one pole with the other.

I hope the ionic theory will not prove a nuisance
to you or discourage you at this point. We need to
have an idea of it in our minds because it is the foun-
dation of electrochemistry. Let us reverse the opera-
tion and run an electric current through a solution
of a salt of a metal. In this instance the dissociated
metal ions strike the electrode, give up their electric
charge, and, being unable to escape into the air
because they are solid at ordinary temperatures, they
plaster themselves as molecules right upon the elec-
trode. This is the basis of electroplating, and is the
principle of the electrolytic refining of copper and
other metals.

We may add a crystalline body to hot water until
we have more in solution than will stay there when
the water cools. Then the excess will crystallize out
in regular, mathematically correct forms, according to
its own form of crystals. We can test and measure
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just how soluble any crystalline body is in any liquid
at a given temperature and pressure. The liquid is
called the solvent, and the body dissolved is called
the solute.

So intimately related are solvent and solute that
they may almost seem to be a chemical combination;
but they are not. A chemical combination is a defi-
nite thing—so many atoms of one element with so
many atoms of one or more others, and their pro-
portions are fixed. A solution is not fixed in its rela-
tions of solute to solvent; the proportions may vary
from a trace of the solute to a saturated solution that
will not contain any more.

Now suppose instead of taking water we melt a
metal and dissolve another metal in it. We can get
a complete solution with the same relation of solvent
to solute in all the parts. But just as with water, the
solvent may not be able to dissolve as much of the
solute metal when it cools off as it did when it was
molten and hot, and then you can see the excess of
the solute oozing out as it cools off. The one will
dissolve in the other up to saturation, but no more.
When it cools off we have what is known as a solid
solution, and here is one of the sportiest fields of
modern chemistry.

For instance, when you buy steel you buy it for a
certain purpose. You want it to be hard or soft or
resilient or to be chemically resistant, or you may want
it to give a good cutting edge or to have some other
quality. The demand is growing in the steel industry
for special products for special purposes. The buyer
is growing wise. He is interested in endurance and
in the quality of his product in the interest of the
Greater Economy whereby his business may keep him
for long rather than for a short time. Solutions of
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rare and common metals added to steel even in very
small quantities give special and particular qualities.

Again, let us take a substance like gum arabic,
that is without form and that will mix with its sol-
vent in any relation, that does not crystallize and that
will dissolve and dissolve until a thick paste is reached.
Then we have a different situation. Such a non-
crystalline body is called a colloid, and its relation to
its solvent is not the same as that of a crystalline body.

Many insoluble solids, as, for instance, gold, will
enter into colloidal solution if the particles are in a
sufficiently fine-divided state. A colloidal solution
of gold in water, which requires both art and chemical
chicanery to prepare, is a red liquid, and the particles,
if sufficiently finely divided, will not precipitate upon
the bottom of the vessel.

Colloids have ways of their own that are very
remarkable. If a drop of a colloidal solution of gold
or a drop of very dilute skim milk is observed under
" an ultra-microscope, the colloidal particles will be
observed to be constantly and forever dancing around.
They are never still until a reagent is brought in which
clots them. This motion is called the Brownian move-

ment.

" I can do no better on this subject than to give some
notes that I took at a lecture on colloid chemistry
given by Prof. Wilder D. Bancroft, of Cornell Uni-
versity, delivered at a public meeting of the American
Chemical Society in September, 1916. It would not
be fair to Doctor Bancroft to hold him responsible
for the letter of my transcript. I do not know short-
hand, and this is mostly what I remember of his talk:

Formerly it was held that a substance was col-
loidal as distinguished from those that would crystal-
lize. A better definition is that of the colloidal state,
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which has to do with substances divided into very
small particles—not molecules or atoms, but still very
small. It is the chemistry of grains, drops, bubbles,
filaments, and films. It touches every-day life and
industry—cement, brick, pottery, varnish, soap, rub-
ber, milk, butter, purification of water, sewage, pho-
tography, the great domain of physiology, and then
a lot more. ’

Very fine particles have a greater proportion of sur-
face to mass than larger particles, and every surface can
condense other things upon it. For instance, Doctor
Cushman found in working on cements that if he got
his cement ground to a sufficiently fine powder it ran
like water. The reason was the adhesion, or adsorp-
tion, as it is called, of a thin film of air around each
particle. Every grain had something like a pneumatic
tire surrounding it, and so they all ran easily.

If you break a piece of china, the pieces will not
stick together well because of the air film on the
broken surfaces. Jerome Alexander finds that split
pieces of mica will coalesce immediately after being
broken, but if left to stand awhile they will not. To
adsorb the air film takes time.

It is hard to make two soap bubbles coalesce, be-
cause of the air films upon their surfaces. Sir William
Thomson found that dried oatmeal takes on water
by this same process; that it takes up as much water
as sulphuric acid does.

Dyed fabrics are those in which to every fiber of the
fabric there adheres a film of the dyestuff.

So-called ‘‘acid soils,” if washed out with water,
will not give an acid reaction to the water; but if
wet litmus paper is pressed upon the soil, the paper
turns red. This is because the soil adsorbs some-
thing alkaline from the litmus paper, leaving some-
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thing acid to predominate and thus turn the paper
red. So, whether the soil is properly called acid or
not is a problem in the philosophy of Tweedledum
and Tweedledee, which he could best explain by the
parable of the bananas. Suppose he were to leave a
large assortment of both red and yellow bananas on
his desk and then leave the room. On his return he
finds many more yellow bananas than red ones,
whereas before he had to all appearances as many of
one kind as of the other. Then the problem to de-
termine is whether some kind friend has secretly pre-
sented him with an armful of yellow bananas to add
to his store, or the more likely contingency that some-
body else has made away with some of the red ones.

The reasons why minute colloidal particles remain
in solution are, first, because, being covered by a
film of something that keeps them apart, they don’t
join. Then, looking at a colloidal solution through
an ultra-microscope, one sees the particles constantly
dancing about in their perpetual quadrille—the
Brownian movements, as stated above. But why do
they dance? The answer may be found in the com-
parison of a floating chip with a floating ship. The
little ripples cause the chip to be engaged in very
lively tossing and pitching, whereas the ship stands
still. For the same reason, the colloidal particles,
bombarded as they are by the molecules of the sol-
vent, dance about constantly. If the particles are
large enough, although the bombardment keeps up,
they are not moved by it.

If the protective film which covers the particles be
removed by a chemical reagent which dissolves it or
precipitates it, then the particles will accumulate in
groups, their motion ceases, and they sink or rise
according to their weight. They coagulate. On the
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other hand, if all the finely divided particles of a col-
loidal solution should have a negative electric charge,
they will repel one another and remain suspended.
The same holds true if all should have a positive
charge. Alternating currents of high frequency will
often cause them to coalesce and fall down, while
direct currents of very high frequency, such as are
used in the Cottrell process, drive them upon the
baffle-plates set to catch them.
Here end my notes on Doctor Bancroft's lecture.

The line between colloid chemistry and the chem-
istry of crystalline substances is not at all clear.
Indeed, likely as not the distinctions now made are
greater than are warranted. We can see by the ultra-
microscope the light reflected by colloidal particles.
We cannot do this with molecules. By computation,
it is said that forty million molecules of a gas, ranged
in a row, side by side, would extend the distance of
one inch—and I do not even know what gas the
mathematical genius who made the computation had
in mind. The same authority declared that if the
molecules of one cubic inch of gas, at ordinary tem-
perature and pressure, were ranged side by side in a
row, the row would be thirty-five billion miles long.
I cannot vouch for this; I never counted them.
But colloidal particles seem to be aggregates of mole-
cules and yet small enough to be shaken around by
the molecular bombardment they receive. We may
have to revise our ideas about the size of molecules.
Dr. Irving Langmuir, of Schenectady, is beginning to
develop some interesting theories in regard to the
shape of them. But colloidal particles seem to group
themselves together by means of their free energy,
with other colloidal particles in indefinite propor-
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tions, and thus to provide for an infinite variety of
such associations. At least this seems to be the case.
It is held by Jerome Alexander, who is an authority
on colloid chemistry. But there are those who regard
it as unlikely. The study of colloid chemistry, which
might be described as the chemistry of uncrystallized
matter in very small particles, has shed a great deal
of light upon chemical philosophy. There were certain
substances which, it was held, would not combine with
one another except in solution. Spring, a Belgian
physicist, discovered that if they were ground to a
fine enough powder and brought together dry under
heat and pressure, they would combine. As Professor
Bancroft points out, in very fine particles we have a
vastly increased surface in proportion to the mass,
and that is where chemical energy makes its attack.
Another interesting fact lately brought out by Dr.
Colin G. Fink is that electrical conductivity will
follow the line of smallest particles, other factors be-
ing unchanged, and thus show a similarity of action
between chemical energy and electrical conductivity.
The philosophy of this is, the smaller the particles
the closer the contact.

The jingle which follows was written merely to
wheedle a little amusement out of colloid chemistry.
But as it may indicate something of the Brownian
movements of colloidal particles to those who have
not had the privilege to examine them through the
ultra-microscope, I shall make bold to print it.

THE BROWNIAN MOVEMENTS

The Brownian movements hold their sway
And grant no rest the livelong day;
They also rule the dance all night,
As you may see by proper light.
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The particles o’er which they rule
Are like young maids just out of school,
Or like some youths—the ‘“dancing men’' —
Who work a little now and then,
But always look at work askance
When they can enter in a dance.
And yet these girls and boys are poor,
Short-winded, listless, slow, and dour
Compared with particles so fine
That scorn the music and the wine,
And whirl and jiggle, up and down,
And right and left, and almost drown,
But never stop, and keep it up
Within the beaker or the cup,
Or on the microscope’s thin slide;
They chassé every way, and glide
And shake, and make a ladies’ chain,
And bow and back away again.
And when you think they’re all undone
You'll find they’ve only just begun.
No wonder we grow weary when
We watch these spots beyond our ken,
And see them move and whirl and turn
And twist and wriggle, skip and churn.
It makes me wild to see them go
Without a destination; so,
While watching I'm disposed to shout,
‘ Jerome, please turn that arc-light out.”
I've sometimes thought this Brownian whirl
Was like a boy or like a girl,
Or rather, if we'd seek the truth,
We'd find its simile in youth.
But youth, as I've already said,
Is too inert, too slow, too dead,
To be compared with this untiring,
Everlasting, unperspiring,
Rocking, jerking, bobbing way
Of particles by night and day
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That stay distraught, yet permanent,

In their colloidal tenement.

And so, I must admit, they strike

Me as, in fact, being far more like

A very aged person that

Has lost his teeth, whose gums are flat
And smooth, who works his jaw all day
And chews his senile hours away.

But similes are all in vain,

And so we are brought back again
Where we began: these movements are
Bewildering and singular.

The source of most colloidal fright

Is found in the electrolyte.

Its advent, though it be disguised,

Will stop the dance. They’re paralyzed,
The particles. The dance will stop

And down the particles will drop.

Well, we're like that. Though young or old,
We imitate colloidal gold.

And when the grim electrolyte

Grips us in his unconquered might
With skull and cross-bones, then we shout,
As we fall down: ‘“‘The light is out.”



v

ELEMENTS AND THEIR COMPOUNDS.

Paith and the Dream-boy—The Periodic Law—Atomic Weights—
Elemental Families—Elements in Life—The Pons Asinorum of
Chemistry—Chemical Affinities—Baffling Problems of Valence—
Inert Elements—Radicals—Acids and Bases—Difference be-
tween Compounds and their Component Parts—A Man in
Solution—Catalysis—The Chemical Parson—The Personality of
Matter—Carbon's Ways

ON another page at the end of the book you will
find a list of the elements as we know them to-day.
I think you will find it convenient to consult the list as
you go along. I doubt if it is a permanent list. Ele-
ments come and go according to the latest findings of
one man of research after another. Among the metals,
and especially among those found in the rare earths,
they are very tricky,and, to tell the truth, it takes more
than a little faith to believe in all of them. As ele-
ments—that is, as bodies that cannot be resolved into
simpler substances by any means at our command—
they should be permanent, if not stable, and in practice
we shall do well to call them so. Our business is with
every-day chemistry, and to regard the whole list as
elemental is the best thing that we can do.

And yet the dream-boy will beckon us on. There is
the Periodic Law, of which a chemical rhymester once
wrote:

The Periodic Law
Is like a dogma old;
It is not what we wish it were

When everything is told.
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Just as imperfectly as law rhymes with were, so
imperfect is the application of this law with the
knowledge and means at our command. But let us
get an intimation of it into our minds, if we can. It
is very interesting. The atomic weight of an element
is based on its relative or combining weight. For
instance, one volume of oxygen, weighing sixteen
ounces, will combine with twice the same volume of
hydrogen, which weighs only two ounces, to produce
water. Molecules of oxygen and hydrogen contain
two atoms each. From this we determine that, count-
ing the atomic weight of hydrogen as one, that of
oxygen is sixteen. Now, if we arrange all the elements
in horizontal rows of eight, the second to the right of
the first, the third after the second, and so on, begin-
ning with the lowest atomic weight and ending with
the highest, we shall have a table of the elements,
eight wide, like a company of soldiers marching in
column of eight. Then, after a little needful rearrange-
ment, we note a remarkable series of relationships,
of cousinships we might say, among the elements.
It is not those that stand side by side in this table
that have similar qualities; the relation between them
is as they stand in vertical rows, above and below
one another. As we counted them off, in the hori-
zontal rows, they show no special relation to one
another. When we consider each as part of a vertical
row, on the other hand, we find that the elements
of these groups have the same number of hooks or
affinities to combine with other bodies; their combi-
nations with oxygen are of a similar nature, and, with
frequent exceptions and many differences, they have
much in common. We shall note these families as
we proceed.

With some, as with potassium and sodium (potash
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and soda), the cousinship is so evident that it may be
seen at first glance. You may guess the relationship
between gold and silver, but when it comes to the
similarities of oxygen to sulphur you may prefer to
be told, and even then not believe it with all your
heart and all your might. And yet, because of this
law,Mendeléeff foretold the discoveryof three elements
twenty-five years before they were found, and he
described what their properties would be and what
kinds of compounds they would form. There is a
considerable number of other elements that may
exist, and, if they do, chemists believe that they know
about what their atomic weights will be and something
about their properties, because of the vacant spaces
in this table of the Periodic Law. There are remark-
able recurrent qualities that display themselves in this
rhythm of the elements, but these things have been
so well described by the late Robert Kennedy Duncan
and by Geoffrey Martin in their books that I shall not
try to repeat them. There are dreams of the great
rhythmic swing of creation in the thought of it; but
our business is with the tangible things of to-day
and the working hypotheses about them.

In other words, here we have the stuff out of which
everything is combined. When I say everything I
mean it; the content of every nerve, the place in your
brain where your memories are stored and all of the
earth as well as all the suns and stars. The brain
after death is a different thing from a living brain,
but there is no reason to believe that either during
life or after death there are more than five or six
elements in combination in it at any time.

Without even touching on the mystery of life and
its origin, it is interesting to note how few elements
make up living things. It is also interesting to ob-
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serve how few elements are here in quantity and how
many of them exist only in traces on the earth. The -
following table, prepared by Dr. F. W. Clarke in
1916, gives the average distribution of the elements
in earth, air, and water at the present time. In con-
nection with this table, Dr. Henry Fairfield Osborn
calls attention to the fact that life in one form or
another has taken up and made use of all the elements
of frequent occurrence except aluminium, barium, and
strontium, which are extremely rare in life compounds,
and of titanium, which thus far has not been found
in any living cell. These can be introduced into arti-
ficial organic compounds, and it is a fair guess that
the Missouri clay-eaters have metabolized some alu-
minium and use it somewhere in their bodies, all
unconsciously. The elements which enter into life
forms are in stalics.

Average,
ncluding

Earth  Water Abr Atmosphere

47.17 85.79 20.8(variable 49.85
to some extent)
28,00 .....  ..... 26.03
7-84 ..... ..., 7.28
4.44 ..... oo 4.12
3.42 05 ..... 3.18
2.27 14 ... 2.11
2.43 1.14  ..... 2.33
2.49 .04 2.33
.23 10.67 variable 97
44 . . e 41
.19 .002 variable 19
o6 2.07  ..... 40
..... .008 e ceeen
.10
I .09 ..., .10
09 .iovv e .09
08 ..... ... .08
Strontium.............. 03 aeeie e .03
Nitrogen ........c.ccovv cevee aunnn 78.0 (variable .03
to some extent)
Flyorine ............... I0 cveee aeee 10
All other

............... 50 ..... Ceens .47
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Where are gold, silver, lead, tin, zinc, and the
heavy elements? They are negligible in amount com-
pared to the lighter ones. Look at that absurd sili-
con; in combination with oxygen it is sand, and as
silicates of one sort or another it constitutes part of
most rocks. A few tons are reduced (separated from
oxygen) daily at Niagara Falls, and this metallic
silicon is used in the iron industry to lure the oxygen
away from iron and steel; but we haven’t found any
other general use for it, and we can’t eat it. In com-
bination with oxygen all grains use it to form a sheath
for their seeds, but its part in life is very slight in
comparison with much rarer elements. Again, in
combination with oxygen and with different metals
we use it as glass; but it is an inert thing at most
times and seasons.

This mulling over elements is the pons asinorum
of chemistry. Along at about this point people are
likely to say: ‘‘What’s the use? Chemistry doesn’t
tell us anything worth knowing. You might as well
say, when I ask you what sort of a fellow John is,
that he is made of so many pounds of bone, so many
pounds of flesh, and so many square yards of skin.
It isn’t what I want to know about him at all.”
Then they drop out and declare that they have looked
into chemistry, and that, while it is doubtless a useful
study, it is dull and uninteresting.

This would be true if we stopped right here; but
we must remember that the study of the elements is
only the study of the genealogy of things, and that
is not the end of chemistry by any means. Chemistry
goes on to study things after they have been pro-
duced and to find out what they will do. That is
where the romance comes in. It is in combinations
of elements that they are interesting, and their com-
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binations are up to more tricks and have more ways
of their own than the stuff that they are made of.

Of course you've heard of chemical affinity and the
time-worn jokes about it. The subject is not very
clear, and, in the light of more precise research, the
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