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PREFACE

This book originated in a series of articles prepared for The
Independent in 1917-18 for the purpose of interesting the
general reader in the recent achievements of industrial chem-
jstry and providing supplementary reading for studenis of
chemistry in colleges and high schools. I am indebted to
Hamilton Holt, editor of The Independent, and to Karl V. 8.
Howland, its publisher, for stimulus and opportunity to un-
dertake the writing of these pages and for the privilege of
reprinting them in this form.

In gathering the material for this volume I have reecived
the kindly aid of so many companies and individuals that it is
impossible to thank them all but I must at least mention as
those to whom I am especially grateful for information, ad-
vice and criticism: Thomas H. Norton of the Department of
Commerce; Dr. Bernhard C. Hesse; II. 8. Bailey of the De-
partment of Agriculture; Professor Julius Stieglitz of the
University of Chicago; L. E. Edgar of the Du Pont do
Nemours Company; Milton Whitney of the U. 8. Burean of
Soils; Dr. H. N. McCoy; K. F. Kellerman of the Burean of
Plant Industry,
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INTRODUCTION

By JuLivs Stieovrrs
Formerly President of the American Chrioleal Socivty, Professnr of
Chemistry in The University of Chirsgo

The recent war as never before in the history of the
world brought to the nations of the earth a realization
of the vital place which the seience of chemistry holda
in the development of the resources of a nation, Bome
of the most picturesque features of this awakening
reached the great publio through the press. Thas, the
adventurous trips of the Deutschland with its cargoes
of concentrated aniline dyes, valued nt millions of dol.
lars, emphasized as no other incident onr former
dependence upon Germany for these produets of her
chemieal industries,

The public read, too, that her chemists saved Qer-
many from an carly disastrous defeat, both in the fleld
of military operations and in the matter of economic
supplies: unquestionably, without the tremendous ex.
pansion of her plants for the production of nitratos and
ammonia from the air by the procesurs of Haber, Ost.
wald and others of her great chemists, the war would
have ended in 1915, or early in 1916, from exhaustion
of QGermany’s supplies of nitrate cxplosives, if not in.
deed from exhaustion of her food sapplics as n aonne.
quence of the lack of nitrate and nmmonia fortilizer
for her fields. Inventions of substitutes for cotlon,
copper, rubber, wool and many other basic nueds have
been reported.
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These feats of chemistry, performed under the stress
of dire necessity, have, no doubt, excited the wonder
and interest of our public. It is far more important at
this time, however, when both for war and for peace
needs, the resources of our country are strained 1o the
utmost, that the public should awaken to a clear realiza.
tion of what this science of chemistry really means for
mankind, to the realization that its wizardry permeates
the whole life of the nation as a vitalizing, protective
and constructive agent very much in the same way as
our blood, coursing through our veins and arteries,
carries the constructive, defensive and life-bringing
materials to every organ in the body.

If the layman will but understand that chemistry ix
the fundamental science of the transformation of mat.
ter, he will readily accept the validity of this sweeping
assertion: he will realize, for instance, why exnetly the
same fundamental laws of the sciense apply to, and
make possible scientific control of, such widely diver.
gent national industries as agricultare and stecl manu.
facturing. It governs the transformation of the salts,
minerais and humus of our fields and the components
of the air into corn, wheat, cotton and the innumerable
other products of the soil; it governs no less the trans.
formation of crude ores into steel and alloys, which,
with the cunning born of chemical knowledge, may be
given practically any conceivable quality of hardness,
elasticity, toughness or strength. And exactly the
same thing may be said of the hundreds of national ao-
tivities that lie between the two extremes of agricul-
ture and steel manufacture!

Moreover, the domain of the science of the transfor-
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mation of matter includes even lifn itself ag its loftiest
phase: from our birth to our return to dust the Inws of
chemistry are the controlling laws of life, health, dis.
ease and death, and the ever elearer recognition of this
relation is the strongest force that ix raising medicine
from the uncertain realm of an art to the safer sphere
of an exact science. To many scientifle minda it han
even bhecome evident that those most wonderful facts
of life, heredity and character, must find their final ex.
planation in the chemical composition of the compo-
nents of life produocing, germinal protoplusm: mere
form and shapo are no longer supreme but are rele.
gated to their proper place as the housing only of the
living matter which functions chemically.

It must be quite obvious now why thoughtful men are
insisting that the publie should be awnkened to u brond
realization of the significance of the science of chem-
istry for its national life,

It is a difficult science in its details, boeauss it has
found that it can hest interpret the visible phenomenn
of the material world on the basis of the coneeption of
invigible minute material atoms and molecules, cach n
world in itself, whose properties may be neverthelosa
accurately deduced by a rigorous logie eontrolling the
highest type of scientific imagination, But a layman
is interested in the wonders of great bridges and of
monumental huildings without fecling the need of in.
quiring into the painfully minute nnd extended calenin-
tions of the engincer and nrchitect of the strains nnd
stresses to which every pin and every bar of the grost
bridge and every bit of stone, every foot of arch in a
monumental edifice, will bo exposed. So the public may
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understand and appreciate with the keenest interest
the results of chemical effort without the need of in.
struction in the intricacies of our logic, of our dealings
with our minute, invisible particles.

The whole nation’s welfare demands, indeed, that
our public be enlightened in the matter of the relation
of chemistry to our national life. Thus, if our com-
merce and our industries are to survive the terrifie
competition that must follow the reéstublishment of
peace, our public must insist that its representatives in
Congress preserve that independenee in chemical man-
ufacturing which the war has forced upon us in the
matter of dyes, of numberless invaluable remedics to
cure and relieve suffering; in the matter, too, of hun-
dreds of chemicals, which our industries need for their
successful existence.

Unless we are independent in these fields, how casily
might an unscrupulous competing nation do ua untold
harm by the mere device, for instance, of delaying sup-
plies, or by sending inferior materiala to this country or
by underselling our chemical manufncturers and, after
the destruction of our chemical independence, handicap-
ping our industries as they were in the Srat year or
two of the great war! This is not a mere powsibility
created by the imagination, for our economio history
contains instance after instanee of the purposcful un.
dermining and destruction of our industries in finer
chemicals, dyes and drugs by foreign interests bent on
preserving their monopoly, If one recalls that
through control, for instance, of dyes by a competing
nation, control is in fact also established over prod.
ucts, valued in the hundreds of millions of dollars, in
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which dyes enter as an essentinl fuctor, one may realize
indeed the tremendous industrial and commercial
power which is controlled by the muglu lever -chem
ical dyes. Of even more vital moment is chemistry in
the domain of health: the pitiful calls of our hospitals
for local anesthetics to alleviate suffering on the opuer-
ating table, the frantic appeals for the hypnotic that
soothes the epileptic and stuves off his seizure, the al-
most furious demands for remedy after remedy, that
came in the early years of the war, are still ringing in
the hearts of many of us. No wonder that our small
army of chemists is grimly determined not to give up
the independence in chemistry which war haw achieved
for us! Only a widely enlightened publie, however,
can insure the permanence of what farseeing men have
started to aceomplish in developing the power of chem.
istry through research in every domain which chemis-
iry touches.

The general public should realize that in the sapport
of great chemical rescarch Inboratories of universitios
and technical schools it will be sustaining important
centers from which the acience which improves prod-
ucts, abolishes waste, cstablishes new indusiries nnd
preserves life, may reach out helpfully into all the
activities of our great nation, that nre dependent on
the transformation of matter.

The public is to be congratulated upon the fact that
the writer of the present volume in bettor qualifiedd
than any other man in the country to bring home to hin
readers some of the great resulis of modern chemical
activity as well as some of the big problems which must
continue to engage the attention of our chemists.  Dr.
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Slosson has indeed the unique quality of eombining an
exact and intimate knowledge of chemistry with the
exquisite clarity and pointedness of expression of a
born writer.

We have here an exposition by a master mind, an
exposition shorn of the terrifying and obscaring tech.
nicalities of the lecture room, that will be as nbsorbing
reading as any thrilling romance. For the story of
scientific achievement is the greatest epic the world has
ever known, and like the great national epies of bygone
ages, should quicken the life of the nation by a realiza.
tion of its powers and a picture of its possibilitice.



CREATIVE CHEMISTRY



La Chimie posséde cette faculté eréstrier &
un degré plus éminent que les autrex seicnces,
parce qu’elle pénétre plur profondiément ot
atteint jusqu'aux éléments natureis dex ftres,

= lbcrthelot.
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[
MHREE PERIODS OF PROGRESS

tory of Robinson Crusoo is an allegory of
lstory. Man is a castawny upon a desert
solated from other inhabited worlds.-if thers
such—by millions of miles of uniraversable
He is nbsolutely dependent upon his own exer
¢ this world of hin, as Wells sayx, has no im-
rept meteorites and no exports of any kind.
no wreeked ship from o former civilizntion
upon for tools and weapons, bat must wtilize
10 may such raw materinly as he ean find.
onqnest of nature by man there arv three
stinguishablo:

1¢ Appropriative Period -

1¢ Adaptive Period -

1e Creative Period

rras overlap, and the human raee, or rather
ard, civilized man, may be passing into the
g in one fleld of human endeavor while still
in the seeond or first in some other rexprat,
1y partienlar line thin sequence in followsd,
itive man picks up whatever he can find avail-
1is use. His sucoessor in the next stage of

hapes and develops this ernde instrument
3
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until it becomes more suitable for his purpose. But
in the course of time man often finds that he can make
something new which is better than anything in nature
or naturally produced. The savage discovers. The
barbarian improves. The civilized man invents. The
first finds. The second fashions. The third fab-
ricates.

The primitive man was a troglodyte. He sought
ghelter in any cave or crevice that he could find. ILater
he dug it out to make it more roomy and piled up stones
at the entrance to keep out the wild beasts. This arti-
ficial barricade, this false fagade, was gradually ex-
tended and solidified until finally man could build a
cave for himself anywhere in the open field from
stones he quarried out of the hill. But man was not
content with such materials and now puts up a building
which may be composed of steel, brick, terra cotta,
glass, concrete and plaster, none of which materials
are to be found in nature.

The untutored savage might cross a stream astride a
floating tree trunk. By and by it occurred to him to
git inside the log instead of on it, so he hollowed it out
with fire or flint. Later, much later, he constructed an
ocean liner.

Cain, or whoever it was first slew his brother man,
made use of a stone or stick. Afterward it was found
a better weapon could be made by tying the stone to the
end of the stick, and as murder developed into a fine art
the stick was converted into the bow and this into the
catapult and finally into the cannon, while the stone
was developed into the high explosive projectile.

The first music*to soothe the savage breast was the
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soughing of the wind through the trees. Then strings
were stretched across a ereviee for the wind tou play
upon and there was the Folinn harp. The second
stage was entered when Hermes strung the tortoise
shell and plucked it with his fingers and when Athena,
raising the wind from her own lungs, foreed it through
a hollow reed. ¥From these beginnings we hnve the
organ and the orchestra, producing such sounds as
nothing in nature can equal.

The first idol was doubtiess a meteorite fallen from
heaven or a fulgurite or coneretion picked up from the
sand, bearing some slight resemblance to a human
being. Later man made gods in his own image, and so
sculpture and painting grew until now the creationns
of futuristic art could be worshiped-—if one wanted
to—without violation of the second commandiment, for
they are not the likeness of anything that is in heaven
above or that is in the carth beneath or that iy in the
water under the earth.

In the textile industry the same development is ob-
servable. The primitive man uscd the skins of animais
he had slain to protect his own skin. In the course of
time he—or more probably his wife, for it is to the
women rather than to the men that wo owe the early
stops in the arts and seicnces—fnstoned loaves togother
or pounded out bark to make garments. Later fibors
were plucked from the sheepukin, the eocoon and the
cotton-ball, twisted togethier and woven into cloth.
Nowadays it is possible to make n complete suit of
clothes, from hat to shoes, of nny desirable texture,
form and color, and not include any substance to be
found in nature. The first metals availuble were those
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found free in nature such as gold and copper. In a
later age it was found possible to extract iron from its
ores and today we have artificial alloys made of multi.
farious combinations of rare metals. The medicinme
man dosed his patients with decoctions of such ronts
and herbs as had a bad taste or queer look.  The pliar
macist discovered how to extract from these their
medicinal principle such as morphine, quiniue nnd co.
caine, and the creative chemist has discovered how to
make innumerable drugs adapted to specific disvases
and individual idiosyncrasies.

In the later or creative stages we enter the domain
of chemistry, for it is the chemist ulone who posscsses
the power of reducing a substance to its constituent
atoms and from them producing substances entirely
new. But the chemist has bheen slow to realize his
unique power and the world has been still slower ta
utilize his invaluable services. Until recently indeed
the leaders of chemical science expressly disclnimed
what should have been their proudest honst. The
French chemist Lavoisier in 1793 defined chomistry as
‘““the science of analysis.”” The German chemist Ger-
hardt in 1844 said: ‘I have demonstraied that the
chemist works in opposition to living nature, that he
burns, destroys, analyzes, that the vital force alone
operates by synthesis, that it reconstruets the edifien
torn down by the chemical forees.”’

It is quite true that chemists up to the middle of the
last century were 8o absorbed in the destructive side of
their science that they were blind to the constructive
side of it. In this respect they were less prescient than
their contemned predecessors, the alchemists, who, fool-
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I,Sh and. Preten tious as they were, aspired at least to the
formation of something new.

It was, I think, the French chemist Berthelot who
first clearly perceived the double aspect of chemistry,
f?r ’13:0 defined it as ‘““the science of analysis and synthe-
st5,” of taking apart and of putting together. The
mOit? of chemistry, as of all the empirical sciences, is
satowr ¢’est powwoir, to know in order to do. This is

the pragmatic test of all useful knowledge. Berthelot
goes on to say :

Chemistry creates its object. This creative faculty, com-
parable to that of art itself, distinguishes it essentially from.
the natural and historical sciences. . . . These sciences do
not control their object. Thus they are too often condemned
to an eternal impotence in the search for truth of which they
must content themselves with possessing some few and often
uncertain fragmients. On the contrary, the experimental sei-
ences have the power to realize their conjectures. . . . What
they dream of that they can manifest in actuality. . . .

Chemistry possesses this creative faculty to a more eminent
degree than the other sciences because it penetrates more pro-
foindly and attains even to the natural elements of exist-
ences.

Since Berthelot’s time, that is, within the last fifty
years, chemistry has won its chief triumphs in the field
of synthesis.  Organic chemistry, that is, the chemistry
of the carbon compounds, so called because it was for-
merly assumed, as Gerhardt says, that they could only
be formed by ¢“vital force’ of organized plants and
animals, has taken a development far overshadowing
inorganic chemistry, or the chemistry of mineral sub-
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stances. Chemists have prepared or know how to pre.
pare hundreds of thousands of such “‘orgunic com-
pounds,”’ few of which occur in the natural world.

But this conception of chemistry is yet far from hav.
ing been accepted by the world at large. This was
brought forcibly to my attention during the publication
of these chapters in ‘‘The Independent’’ by various
Jetters, raising such objections as the following:

When you say in your article on ‘‘What Comes from Coal
Tar’’ that ‘“Art can go ahead of nature in the dyestuff busi.
negs’’ you have doubtless for the moment allowed your enthu.
siasm to sweep you away from the muorings of reason,
Shakespeare, anticipating you and your ‘' Creative Chemis-
try,”’ has shown the utter untenableness of your position :

Nature is made better by no mean,

But nature makes that mean: so o'er that art,
‘Which, you say, adds to nature, ix an art
That nature makes,

How can you say that art surpames nature when you know
very well that nothing man is able to make can in any way
equal the perfection of all nature's products?

It is blasphemous of you to claim that man can improve
the works of God as they appear in nature. Only the (‘ren.
tor can create. Man only imitates, destroys or defilen God's
handiwork,

No, it was not in momentary absence of mind that 1
claimed that man could improve upon nature in the
making of dyes. I not only said it, but I proved it.
I not only proved it, but I can back it up. T will give
a million dollars to anybody finding in nature dyostuffs
a8 numerous, varied, brilliant, pure and cheap as those
that are manufactured in the laboratory, I haven't
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that amount of money with me nt the morhett, hut the
dyers would be glad to put it up for the diseovery of
a satisfactory natural source for their tinctorial mato.
rials. This is not an opinion of mine hut o matter of
fact, not to be decided by Shakespeare, who wus not
sequainted with the aniline prodnets.

Shakespeare in the passage quoted is indulging in hia
favorite amusement of a play upon words, There isn
possible and a proper senzse of the word “nature’ that
makes it include everything except the supernatural,
Thercfore man and all his works belong to the realn
of nature. A tenement house in this sense is as *‘nat-
ural’’ as a bird’s nest, a peapod or a crystal.

But such a wide extension of the term destroys its
distinctive value. It is more conveniont and quite an
correet to use “nature’’ as T have used 3t, in eontradis-
tinetion to ““art,”” meaning by the former the products
of the mineral, vegetable and animal kingdoma, exelud.-
ing the designs, inventions and constructions of man
which we enll “*art.”’

We cannot, in a general and abstrast fashion, say
which is superior, art or nature, heeause it all depends
on the point of view. The worm loven a rotten log into
which ho ean bore. Man prefera a steol enbinet into
which the worm eannot bore.  If man cannot impeove
upon nature he has no motive for mnking nnything.
Artificial products are therefore superior to natural
products as measured by man’s eanvenience, otherwise
they would have no reason for existence.

Science and Chrintinuity nre at one in abhorring the
natural man and ealling upon the civilized man to fight
and subdue him. The conquest of nature, not the imj-
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_tation of nature, is the whole duty of man. Metch.
nikoff and St. Paul unite in criticizing the body we were
born with. St. Aungustine and Huxley are iu agree.
ment as to the eternal conflict betweeu mun and nature.
In his Romanes lecture on ¢ Evolution and Kthics®’
Huxley said: ¢The ethical progress of sorciety de-
pends, not on imitating the cosmic process, still less on
running away from it, but on combating it,"" and
again: ““The history of civilizntion details the steps
by which man has succeeded in building up an artificial
world within the cosmos.”’

There speaks the true evolutionist, whose one desire
is to get away from nature as fast and far as possible.
Imitate Nature? Yes, when we eannot improve upon
her. Admire Nature? DPossibly, but be not blinded to
her defects. Learn from Nature? We should sit
humbly at her feet until we can stund ercet amd go our
own way. Love Nature?! Never! Bhe is our treach.
erous and unsieeping foe,ever to be feared nnd watched
and circamvented, for at any moment and in spite of all
our vigilance she may wipe out the human raes by
famine, pestilence or carthquake and within a few cen-
turies obliterate every trace of its achievement. The
wild beasts that man has kept at bay for n fow centurios
will in the end invade his palaces: the moss will cn-
velop his walls and the lichen disrupt them. The clam
may survive man by as many millennia as it precedod
him. In the ultimate devolution of the world animal
life will disappear before vegetable, the higher plants
will be killed off before the lower, and finally the three
kingdoms of nature will be reduced to one, the mineral.
Civilized man, enthroned in his citadel and defended
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by all the forees of nature that he has brought ander
his control, is after all in the same situation as a sav-
age, shivering in the durkness heside his fire, listening
to the pad of predatory feet, the rustle of serprnts and
the ery of birds of prey, knowing that only the fire
keeps his enemies off, but knowing too that every stick
he lays on the fire lesseus his fuel supply and hastens
the inevitable time when the beasts of the jungle will
muke their fatal rush.

Chaos is the *‘natural”’ state of the universe. Cox.
mos i8 the rare and temporary exception. Of nll the
million spheres this is apparently the only one habit.
able and of this only a small part-—the reader may draw
the boundaries to suit himself—cnn he called civilined,
Anarchy is the natural state of the human raes. It
prevailed exclugively all over the world up to some five
thousand years ago, sinee which o few peoples have
for a time sueeeeded in eatnblishing n certain degres of
peace and order. This, however, ean he muininined
only hy strenuous and persistent efforts, for society
tends naturally to sink into the chaos out of which it has
arisen.

It is only by overcoming nature that mnn cnn rise.
The sole salvation for the humnn raee lies in the re.
moval of the primal curse, the sentener of hard lahor
for life that was imposed on man ns he Ieft Parndise.
Some folks are trying to olevate the Inhoring clasaes;
some are trying to keep them down,  The scientint han
a more radieal remedy; he wanta to nunililate the In.
boring classes by abolishing labor, There is no longot
any need for human Inbor in the sense of personnl teil,
for the physical cnorgy necemsary to accomplish all
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kinds of work may be obtained from external sourees
and it can be directed and controlled without extreme
exertion. Man’s first effort in this direction was to
throw part of his burden upon the horae and ox or npon
other men. But within the last century it has been
discovered that neither human nor animal servitude is
necessary to give man leisure for the higher life, fur by
means of the machine he can do the work of giants
without exhaustion. But the introduction of machines,
like every other step of human progress, met with the
most violent opposition from those it was to henefit,
““Smash ’em!’’ eried the workingman. “*Smash 'em!"’
cried the poet. “‘Smash 'em!" eried the artisti,
““Smash ’em!'’ cried the theologinn. *‘Smash 'em!"’
cried the magistrate. This opposition yet lingera and
every new invention, especially in chemistry, is grected
with general distrust and often with legialative prohi-
bition.

Man is the tool-using animal, and the machine, that
is, the power-driven tool, is his peeulinr achicvement.
It is purely a creation of the human mind. The wheel,
its essential feature, does not exist in nature. The
lever, with its to-and-fro motion, we find in the limbs
of all animals, but the continuocus and revolving lever,
the wheel, cannot be formed of bone and flesh. Man ax
a motive power is a poor thing. He ean only convert
three or four thousand calories of encrgy a day and he
does that very inefficiently. But he can make an engine
that will handle a hundred thousand times that, twioe
as efficiently and three times as long. In this way only
can :10 get rid of pain and toil and gain the wealth he
wants.
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Gradually then he will substitute for the natural
‘world an artificial world, molded nearer to his heart’s
desire. Man the Artifex will ultimately master Nature
and reign supreme over his own creation until chaos
shall come again. In the ancient drama it was deus ex
2nachinag that came in at the end to solve the problems
of the play. It is to the same supernatural agency, the
divinity in machinery, that we must look for the salva-
tion of society. It is by means of applied science that
the earth can be made habitable and a decent human
life made possible. Creative evolution is at last be-
coming conscious.



II

NITROGEN
PRESERVER AND DESTROYER OF ILIFE

In the eyes of the chemist the Girent War was vasen.
tially a series of explosive reactions resulting in the
liberation of nitrogen. Nothing like it hus breen seen
in any previous wars. The first battles were fuught
with celluloge, mostly in the form of clubs.  The next
were fought with silica, mostly in the Form of flint
arrowheads and spear-points. Then eame the metals,
bronze to begin with and later iron. The nitrogenous
era in warfare began when Friar Roger Bacon or Frinr
Schwartz—wHichever it was—ground together in his
mortar saltpeter, charcoal and sulfur. The Chincxe,
to be sure, had invented gunpowder long before, but
they—poor innocents~—did not know of anything warse
to do with it than to make it into fire-cruckers. With
the introduction of ¢‘villainous sadtpeler” war censed
to be the vocation of the nobleman and since the nuble.
man had no other vocation he began to become extinet,
A bullet fired from a mile away is no respecter of per.
sons. It is just as likely to kill a knight as u pensant,
and a brave man as a coward. You eannot frnce with
a cannon ball nor overawe it with & plumed hat. The
only thing you can do is to hide and shoot back. Now
you cannot hide if you send up a column of smoko by
day and a pillar of fire by night—the moat conspicuous

of signals—every time you shoot. 8o the next step
14
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was the invention of a smokeless powder.  In this the
oxygen necessary for the cambustion is already in such
close combination with its fucl, the earbon and hydro.
gen, that no black particles of carbon can get away
unburnt. In the old-fushioned gunpowder the uxygen
necessary for the combustion of the earbon and sulfur
was in a separate package, in the molecule of potas.
sium nitrate, and however finely the mixture was
ground, some of the atoms, in the excitement of the ex-
plosion, failed to find their proper partners at the mo-
ment of dispersal.  The new gunpowder beaides boing
smokeless is ashless. There is no bluck sticky mutus
of potassium salts left to foul the gun harrel.

The gunpowder period of warfare was actively initi-
ated at the battle of Cressy, in which, ns a contempo.
rary historian says, “The English guns made noise like
thunder and cansed much loss in men and horsea,
Smokeless powder as invented by Paul Vieille wan
adopted by the French Governmont in 1887, This,
then, might be ealled the beginning of the guncotton or
Etroceilulose period—or, perhaps in deference to the

vemag’y club, the second cellulowe period of hnman
warfam. Better, doubtless, to eall it the “high ex.
plosive period,”’ for various other nitro.compounds he.
sides guneotton are being used,

The imaportant thing to note is that all the explosives
from gunpowder down contain nitrogen ax the esseatin)
element. It is eustomary to eall nitrogen *‘an ihert
element” hecanse it was hard to get it into combina-
tion with other clements. It might, on the other hand,
be looked upon as an netive element hecause it nots no
energetically in getting out of ity compounds,, W can



16 CREATIVE CHEMISTRY

dodge the question by saying thal nitrogen is a most
anreliable and unsociable element. Like Ripliug's ent
it walks by its wild Jone.

Tt is not so bad as Argon the Lazy and the other eeli.
bate gases of that family, where each individual ntom
goes off by itself and absolutely refuses to nuite cven
temporarily with any other atom.  The nitrogen ntoms
will pair off with each other nnd stick together, but
they are reluctant to associate with other cleruents and
when they do the combination i likely to break up any
moment. You all know people like that. good rnough
when by themselves but sure to breuk up any club,
church or society they get into. Now, the value of
nitrogen in warfare is due to the fact that all the atoms
desert in a body on the ficld of battle. Millions of them
may be lying packed in a gun cartridge, ns quict as yon
please, but let a little disturbance start in the neighbor.
hood—say a grain of mercury fulminate flares up- nnd
all the nitrogen atoms geot to trembling so violently
that they cannot be restrained. The shock wpreada
rapidly through the whole mass. The hydrogen and
carbon atoms catch up the oxygen and in an instant
they are off on a stampede, erowding in every dirce.
tion to find an exit, and getting more heated up all the
time. The only movable side is the cannon ball in
front, so they all pound against that and give it wnch
a shove that it goes ten milea before it stops. The
external bombardment by the cannon ball is, therofore,
preceded by an internal bombardment on the cannon
ball by the molecules of the hot gases, whose speed is
about fs great as the speed of the projectile that they
prope.
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The active agent in all thes oxplogives is the nitro.
gen atom in combinution with two oxygen atoms, which
the chemint calls the “nitro group” and which he repre-
gents by NO,.  This group was, as I have suid, orig-
inally used in the form of saltpeter or potassinm ni.
trate, but sinee the chenust did not want the potassinm
purt of it—for it fouled his guns-—he took the vitro
group out of the nitrate by means of sulfurio acid and
by the same means hooked it on to some compound of
carbon and hyvdrogen that would burn without leaving
any residue, and give nothing hot gasos. One of the
simplest of these hydrocarhon derivatives is glyoerin,
the same as you use for sunburn. This mixed with
nitrie and sulfuriec acids gives nitroglycerin, an cany
thing to make, though I shiould not advise anybmly to
try making it unless he has his lifo insured.  Bat nitro.
glycerin is uncertnin stoll to keep snd hedng o liguid is
awkward to hundle. 8o it was inixed with sawdust or
porous earth or something clss that would koak it up.
This molded into sticks is our ordinary dynamite,

If instead of glycerin we take cellulose ig the form
of wood pulp or cotton and treat this withmitrie acid
in the presence of sulfuric we get sitrocollulose or gun.
cotton, which is the chief ingredient of amokeloss puw.
der.

Now guneotton lovks like commnn eotton. It ix ton
light and loose to puek well into nogun.  Bo it is dis-
solved with ether nnd aleohol or neetone to make a
plastic mass that enn be modded into rods and cut into
grains of suitable shape and size ta burn st the proper
speed,

Here, then, we have a liquid explosive, nitroglyourin,
¢
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that has to be soaked up in some porous solid, and a
porous solid, guncotton, that has to sonk up some
liquid. Why not solve both difficultics together by
dissolving the guncotton in the nitroglyeerin and so
get a double explosive? This is a simple iden.  Any
of us can see the sense of it—once it 18 sugrested to us.
But Alfred Nobel, the Swedish chiemist, who thought it
out first in 1878, made millions out of it.  Then, appar-
ently alarmed at the possible consequences of his ju-
vention, he bequeathed the fortune he had made by it
to found international prizes for medical, chemical and
physical discoveries, idealistic literature and the pro-
motion of peace. But his posthumous efforts for the
advancement of civilization and the abolition of war
did not amount to much and his high exploxives were
later employed fo blow into picces the doctors, chem.-
ists, authors and pacifists he wished to reward.

Nobel’s invention, ‘‘cordite,”” is composed of nitro.
glycerin and nitrocellulose with a liftle mineral jelly or
vaseline. Besides cordite and similar mixtures of
nitroglycerin and nitrocellulose there are two other
classes of high explosives in common use.

One is made from carbolic acid, which is familinr to
us all by its e as a disinfectant. If thia is troated
with nitric and sulfuric acids we get from it pierie acid,
a yellow crystalline solid. Every government hax its
own secret formula for this type of explosive, The
British call theirs ‘‘lyddite,”” the French ‘‘melinite’’
and the Japanese *‘shimose.”’

The third kind of high explosives uses as its baso
toluol This is not so familiar to us as glycerin, cotton
or carbolic acid. It is one of the coal tar products, an
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flammable liquid, resembling benzene. When treated
ith nitric acid in the usunal way it takes up like the
:Jners three nitro groups and so becomes tri-nitro-
'Luaol. Realizing that people could not be expected to
3@ such a mouthful of a word, the chemists have sug-
ssted various pretty nicknames,trotyl, tritol, trinol,
lite and trilit, but the public, with the wilfulness it
wrays shows in the matter of names, persists in calling
"I’NT, as though it were an author like G. B. S,, or
K C,or F.P. A, TNT is the latest of these high
Plosives and in some ways the best of them. Picrie
id has the bad habit of attacking the metals with
1ich it rests in contact forming sensitive picrates that
e easily set off, but TNT is inert toward metals and
eps well. TNT melts far below the boiling point of
vter so can be readily liquefied and poured into shells.
1s insensitive to ordinary shocks. A rifle bullet can
fired through a case of it without setting it off, and
1ighted with a mateh it burns quietly. The amazing
x1g about these modern explosives, the organic ni-
vtes, is the way they will stand banging about and
rning, yet the terrific violence with which they blow
~when shaken by an explosive wave of.a particular
‘ocity like that of a fulminating cap. Like picrie
d, TNT stains the skin yellow and causes soreness
A sometimes serious cases of poisoning among the
ployees, mostly girls, in the munition factories. On
other hand, the girls working with cordite get to
n g it as chewing gum; a harmful habit, not because
any danger of being blown up by if, but because
rroglycerin is a heart stimulant and they do not need
t.
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NITROGEN 2

TNT is by no means smokeless,  The German ghells
that exploded with a eloud of black smoke and which
British soldiers called ** Black Muarins,”' Yeconl-boxes”’
or *‘Jack Johnsons" were loaded with it But it iy an
ndvantage to have a shell show where 3t strikes, al.
though a disadvantage to have it show whers it gtaris.

It is these high explosives that bave revolutionized
warfare. A soon as the first Gernan shell packed
with these new nitrates burst inside the Gruson eupola
it Lidge and tore ont its steel nnd conerete by the roots
he world knew that the day of the fixed fortresn wan
zone.  The armies deserted their expensively propared
‘ortifications and took to the trenches. The British
roops in France found their weapons futile and sont
1ernss the Channel the ery of “‘Send us high explosives
w we perish!”  The home Government was wlow to
wed the nppeal, but no progress was munde sgninst the
termans until the Allies hnd the means to blast them
wt of their entrenchments by shells loaded with flve
mndred pounds of TNT.

All these explosives are made from nitrie acid and
his used to be made from nitratea such as potassium
iitrate or saltpeter. Bul nitrates are rarely found in
arge quantities. Napoleon and Loee had a hard thoe
o gerape up enough saltpeter from the compost henpm,
ellars und enves for their gunpowder, and they did
ot use as mnch nitrogen in a whole campaign e was
reed in a few days’ eannonnding on the Somme.  Now
hero is one place in the world-—and ke far ax we know
ne only~where nitrates are te be found abmndnantly,
*his is in a desert on the wentern slope of the Andes
thero ancient guano deposits bave decomposed and
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there was not enough rain to wash away their salts.
Here is a bed two miles wide, two hundred miles lung
and five feet deep yielding some twenty to fifty per cent.
of godium nitrate. The deposit originally belonged to
Peru, but Chile fought her for it and got it in IS61.
Here all countries came to get their nitrates for agri-
culture and powder making. Germany was the lnrgest
customer and imported 750,000 tons of Chilean nitrate
in 1913, besides using 100,000 tons of other mitrogen
salts. By this means her old, wornout fields were made
to yield greater harvests than our fresh land. Ger.
many and England were like two duelists buying pow.
der at the same shop. The Chilean Government,
pocketing an export duty that aggregated half a billion
dollars, permitted the saltpeter to be shoveled ympur.
tially into British and German ships, and so two nitro
gen atoms, torn from their Pacific home and partsd,
like Evangeline and Gabriel, by {ransportation oversea,
may have found themselves flung into ench other’s nrma
from the mouths of opposing howitzers in the air of
Flanders. Goethe comld write a romance on such n
theme.

Now the moment war broke out this source of supply
was shut off to both parties, for they blockaded cach
other. The British fleet closed up the German ports
while the German eruisers in the Pacific took up a posi-
tion off the coast of Chile in order to intercopt the ships
carrying nitrates to England and France. The Pan-
amsa Canal, designed to afford relief in such an emer-
gency, caved in most inopportunely. The Britinh aent
afleet to the Pacific to elear the nitrate route, but it was
outranged and defeated on November 1, 1914. Then a
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stronger British fleet was sent out and smashed the
Germans off the Falkland Islands on December 8. But
for seven weeks the nitrate route had been closed while
the chemical reactions on the Marne and Yser were
decomposing nitrogen-compounds at an unhoard of
rate.

England was now free to get nitrates for her muni-
tion factories, but Germany was still bottled up, She
had stored up Chilean nitrates in anticipation of the
war and as soon as it was seen to be coming she bought
all she could get in BEurope.  Bat this supply was alto-
gether inadequate and the war would have come to an
end in the first winter if German chemists had not
provided for such a contingency in advanee by work-
ing out methods of getting nitrogen from the air. Long
ago it was said that the British ruled the sea and the
French the land so that left nothing to the Germnn but
the air. The Germuns seem to have taken this jibe
seriously and to have set themselves to make the most
of the aerial realm in order to challenge the Britinh and
French in the fields they had approprinted.  They had
succeaded so far that the Kaiser when he declnred war
might well have considerod himself the Prinee of the
Power of the Air. He had a fleet of Zeppeling and he
had means for the fixation of nitrogen such nw no other
nation possessed. The Zeppeling burst like wind bags,
but the nitrogen plants worked and made Ocrmany in.
dependent of Chile not only during the war, but in the
time of peace.

Germany during the war used 200,000 tons of nitrio
acid & yeur in explosives, yet her supply of nitrogen
is exhaustiess,
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Nitrogen is free as aiv. That ia the trouble; it ix too
free. It is fixed nitrogen that we want and that we are
willing to pay for; nitrogen in combinntion with some
other elements in the form of food or fertilizer xo we
can make use of it as we set it free. Fixed nitrogen
in its cheapest form, Chile saltpeter, rose to $250 dur-
ing the war. Free nitrogen coats nothing and is good
for nothing. 1If a land-owner has a right to an expand.
ing pyramid of air above him to the limits of the almos-
phere—as, I believe, the courts have decided in the
eaves-dropping cases—then for every square foot of
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his ground he owns as much nitrogen as he could buy
for $2500. The air is four-ifths free nitrogen and if
we could absorb it in our lungs as we do the oxygen
of the other fifth a few minutes breathing would give
us a full meal. But we let this free nitrogen all out
again through our noses and then go and pay 35 cents
a pound for steak or 60 conts a dozen for eggs in order
to get enough combined nitrogen to live on. Though
man is immersed in an ocean of nitrogen, yet ho cannot
make use of it, He ia like Coleridge’s ** Ancient Mari-
ner”’ with *“water, water, everywhere, nor any drop to
drink.”’

Nitrogen is, as Hood said not so truly about gold,
‘“hard to get and hard to hold." The bacterin that
form the nodules on the roots of peas and beans have
the power that man has not of utilizing freo nitrogen.
Instead of this gquiet ineonspiciions process man has to
call upon the lightning when he wants to fix nitrogen.
The air eontains the oxygen and nitrogen which it is
desired to combine to form nitrates but the atoms are
paired, like to like. Passing an elcetric apark through
the air breaks up some of these pairs and in the confu.-
sion of the shock the lonely atoms seize on their noarest
neighbor and so may get partners of the other sort.
I have seen this sume thing happen in a square danoe
where somebody made & blunder, It in cany to undor-
stand the reaction if we represent the ntoma of oxygen
and nitrogen by the initinls of their nswes in this
fashion:

NN 4 00 . NOINO
nitrogens osygen  oitriz oxlde
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The —> represents Jove’s thunde:
artificial lightning. We see on the 1
of oxygen and nitrogen, before taking
ment, as separate elemental pairs, and
of the arrow we find them as compo1
nitric oxide. This takes up another
from the air and becomes NOO, or u
figure to indicate the number of atox
repeating the letter, NO, which is th
group of nitric acid (HO—NO,) and
nitrates, and of its organic compoun:
plosives. The NO, is a brown and e
which when dissolved in water (HO.
oxidized is completely converted into x

The apparatus which effects this tr
essentially a gigantic arc light in a c.
which a current of hot air is blown.
oughly the air comes under the action o1
the more molecules of nitrogen and
broken up and rearranged, but on the o
mixture of gases remains in the path c
the NO molecules are also broken up a.
their original form of NN and 00. So
spread out the electric arc as widely 2
then run the air through it rapidly. In
process the electric are is a spiral flanx
feet long through which the air stream:
motion. In the Birkeland-Eyde furn:
series of semi-circular arcs spread out
force of a powerful electric magnet in
seven feet in diameter with a temperatx
In the Pauling furnace the electrodes
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the current strikes are two cast iron tnbes curving up-
ward and cutward like the horns of n Texas steer aud
cooled by a stream of water passing through theut
These electric furnaces produce two or three ounces of
nitrie acid for each kilowatt hour of current consumed,
Whether they can compete with the naturul nitrates
and the products of other processes depsnds upon how
cheaply they can get their electricity. Before the war
there were several large installations in Norway and
elsewhere where abundant water power was available
and now the Norwegians are using half a million horae
power continuously in the fixation of nitrogen and the
rest of the world as much again. The Germuns had
invested largely in these foreign oxidation plants, but
shortly before the war they had sold out and turned
their attention to other processes not requiring so much
electrical energy, for their country is poorly provided
with water power. The Haber process, that they made
most of, is based upon an simple a reaction aw that we
have been considering, for it consists in uniting two
clemental gases to make a compound, hut the elements
in this case are not nitrogen and oxygen, but nitrogoen
and hydrogen. This gives ammonia instead of nitrio
acid, hut ammonia is useful for its own parposes and it
can be converted into nitric acid if this is desired.  The
reaction is:
NN 4+ HH + Y 4+ HH - NHHW + NBU
nitrogen hydrugen smmanin

The animals go in two by two, but they come ont funr
by four. Four molecules of the mixed sloments nee
tarned into two molecules and so the gus shrinks to balf
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its volume. At the same time it nequires an odor—
familiar to us when we are curing a cold—that neither
of the original gases had. The agent that offects the
transformation in this case is not the electric spnrk-—
for this would tend to work the reaction backwurds—
but uranium, a rare metal, which has the peculiar prop-
erty of helping along a reaction while seeming to take
no part in it. Such a substance is ealled u eatalyst.
The action of a catalyst is rather mysterious und when-
ever we have a mystery we need an annlogy. We may,
then, compare the catalyst to what is known as *‘a good
mixer’’ in society. You know the sort of man | mean.
He may not be brilliant or especially talkative, but
somehow there is always ‘‘something doing’ at u pic
nic or house-party when he is along. The tnetful host.
ess, the salon leader, is a social catalysi. The trouble
with catalysts, either human or metallie, in that they
are rare and that sometimes they get sulky and won't
work if the ingredients they are supposed to mix are
unsuifable.

But the uranium, osmium, platinum or whatever
metal is used as a catalyzing agent is expensive and al.
though it is not msed up it is easily ‘‘puisoned,'’ as the
chemists say, by impurities in the gases. The nitrogen
and the hydrogen for the Haber process must then he
prepared and purified before trying to combine them
into ammonia. The nitrogen is obtained by liquefying
air by cold and pressure and then boiling off the nitro-
gen at —194° C. The oxygen left is useful for other
purposes. The hydrogen needed is extracted by a sim-
ilar process of fractional distillation from *‘water.
gas,” the blue-flame burning gas used for heating.
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Then the nitrogen and hydrogen, mixed in the propur.
tion of one to three, ag shown in the reaction given
above, are compressed to two hundred atmospheres,
heated to 1300° F. and passcd over the finely divided
urapium. The stream of gas that comes out contnins
about four per cent. of ammonin, whicl is enndenned to
a liquid by cooling and the uncombined hydrogen nad
nitrogen passed again through the apparatus.

The ammonia ean be employed in refrigerntion and
other ways but if it is desired to got the nitrogen inte
the form of nitric acid it has to be oxidized by the so-
called Ostwald process. This is the reaction:

NH, + 40 9 HNO, + 10
smmonin  oxygen  nitrieseld  water

The catalyst used to offeet this eombination is the
metal platinum in the form of fine wire ganze, sinee the
action takes place only on the surfuee.  The ammonin
gas is mixed with air which supplies the oxyvgen nnd
the heated mixture run through the platinum gnuze at
the rate of several yards a second,  Although the gnsns
come in contact with the platinum only a five.-hundredth
part of a second yet cighty-five per eent. in convertod
into nitrie aeid.

The Haber process for the making of ammonis by
direet synthesis from its constituent eloments nnd the
supplemental Ostwald process for the conversion of
the ammonia into nitric acid wore the salvation of Ger.
many. As soon as the Germuns saw that their dash
toward Paris had been stopped at the Marme they knew
that they were in for a long war and at once made plans
for a supply of fixed nitrogen. The chicf Uerman dye
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factories, the Badische Anilin and Smlml"nhrik,
promptly put $100,000,000 into enlarging its plant and
raised its production of ammonium sulfate from 30,000
to 300,000 tons. One Uerman electrical firm with aid
from the city of Berlin contracted to provide 66,000,000
pounds of fixed nitrogen a year at a cost of three conts
a pound for the next twenty-five yenrs. The 700000
tons of Chilean nitrate imported nnunally by Germany
contained about 116,000 tons of the essentinl element
nitrogen. The fourteen large plants erceted during
the war can fix in the form of nitrates HON tons of
nitrogen a year, which is more thun twice the smount
needed for internal consumption. 8o Qermany s now
not only independent of the outside world but will have
a surplus of nitrogen produets which conld be sold even
in America at about half what the fnrmer hns been
paying for South Ameriean saltpeter.

Besides the Haber or direct process there are other
methods of making ammonia which are, at lenst ontaide
of Germany, of more importance, Mot prominent of
these is the cyanamid process. This requires olectri.
cal power since it starts with a product of the eloetriceal
furnace, caleiam carbide, familiar to us all as » soures
of acetylene gas.

If & stream of nitrogen is pansed over lint raleium
carbide it is taken up by the carbide according to the
following equation :

cslc!ug: g'rbidc+ nm&m*umm ”,g,.

Calcium cyanamid was discovered in 1895 by Caro

and Franke when they were trying to work out & new
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process for making cyanide to use in extracting gold.
1t looks like stone and, umder the mune of lme-nitrogen,
or Kalkstickstoff, or nitrolim, is sold as a foertilizer.
If it is desired to get mmnmonia, it is treated with super.
heated steam. The reaction produces hent and pres.
sure, 80 it iy necessary to earry it on in stout auto.
claves or enclosed kettles.  The eyanamid is completely
and quickly converted into pure ammonia and ealem
carbonate, which is the same as the limestone from
which carbide was made. The reaction is:
Ccat’™N, 4+ 30 ¢al’0, -+ 2NN,
caleivm cysnamid  water  ealcium carbonats  smmonin

Another electrieal furnace method, the Serpek proo-
ess, uses aluminum instead of ealeium for the fixation
of nitrogen. Bauxite, or impure aluminum oxide, the
ordinary mineral used in the manmifacture of metallio
aluminum, is mixed with cond nnd heated in o revolving
electrical furnace through which nitrogen is passing.
The equation is:

ALy, 4+ AC 4 Ny == 2AIN + ey
sluminum oxide carbon gitrogen  alominum nittide rughoty

monoxide

Then the aluminum nitride is treated with steam
under pressure, which produces ammonia and gives
back the original aluminum oxide, but in a purer form
than the mineral from which was made

2AIN 4 3O - 2INH, 4 AL,

sluminum nitride water ammonin  sluminim oxide

The Serpek process is employed to some rxtent in
France in connection with the alnminnm industry,
These are the priucipal processes for the fixation of
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nitrogen now in use, but they by no menns exhaust the
possibilitics. For instance, rofessor Jubn €. Bucher,
of Brown University, created a sensation in BIT hy
announcing a new process which he had worked out
with admirable completeness and which his sowne very
attractive features. It needs no eleetric power nr high
pressure retorts or liquid air apparatus.  He wimply
fills a twenty-foot tube with hriquets madi: out of soda
ash, iron and coke and passes produeer g throngh the
heated tube. Producer gas contuins mitrogen since at
is made by passing air over hot conl,  The reuction is:
2Na,CO, -+  4f i N, o~ 2NaN i 13
sodium earbon nitrogen perdium cathuty
carbonate eYanids thonaside

The iron here acts as the eatalyst and converts two
harmless substances, sodium carbonute, which i» com.
mon washing soda, and carbon, into twa of the mont
deadly compounds known to man, eyanide and carbion
monoxide, which is what kills you when you hlow ont
the gas. Sodium eyanide is a snlt of hydroeyanic newd,
which for some earious renson is ealled ** Prussic neid.*’
It is so violent a poison that, as the freshman said ina
chemistry recitation, *‘a single drop of it placed vy the
tongue of a dog will kill a man."

But sodium cyanide is not only useful in itself, for
the extraction of gold and cleaning of silver, hut can
be converted into ammonia, and a variety of other com-
pounds such as urea and oxamid, which are good fer-
tilizers; sodium ferrocyanide, that makes Prussian
blne ; and oxalie acid used in dyeing. Professor Bucher
claimed that his furnace conld be set up in n day at a
cost of less than $100 and could turn out 150 pounds of
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BURNING AIE IN A BIREELAND-EYDE FURNACE AT THE DU PONT PLANT

An electric arc consuming about 4000 horse-power of energy is passing between the
U-shaped electrodes, which are made of copper tube cooled by an internal current of
water, Onthesidesof the chamber areseen the openings through which the air passes
impinging directly on both sides of the surface of the disk of flame. This flame is
approximately seven feetin diameter and appears to be continuous although an alter-
nating current of fifty cyclesa second isused. The electricarc is spread into this dislk
flame by the repellent power of an_electro-magnet the pointed pole of which is scen
at bottom of thepicture. Under this intense heat a part of the nittogen and oxygen
of the air combine to form oxides of nitrogen which when dissolved in waterform thc
nitric acid used in explosives.

Courtesy of E. I, da Pont de Nemours Co.

A BATTERY OF BIRKELAND-EYDE FURNACES FOR THE FIXATION OF NITROGEN
AT THE DU PONT PLANT

{70 face . 33-
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sodium eyanide in twenty-four hours, This process
was placed freely at the dispusul of the United States
Government for the war and a 10-ton plant was built at
Saltville, Va., by the Ordnance Department. But the
armistice put a stop to its operations and left the future
of the process undetermined.

We might have expeceted that the fixation of nitrogen
by passing an electrical spark through hot air would
have been an Ameriean invention, sinee it was Franklin
who suatehed the lightning from the heavens as well as
the scepter from the tyrant and since our output of hot
air is unequaled by any other nation.  But little atten-
tion was paid to the nitrogen problem until 1916 when
it became evident that we should soon be drawn into a
war “with a first elass power.””  On June 3, 1916, Con-
gress placed $20,000 000 at the disposal of the president
for investigation of **the best, cheapest nod most avail-
able means for the production of nitrate and other
produets for muuitions of war and useful in the manu-
facture of fertilizers and other useful produets by
water power or any other power.”” But by the time
war was declared on April 6, 1917, no definite program
bad been approved and by the time the armistico was
signed on November 11, 1918, no plants were in active
operation.  But five plunts had been started and two
of them were nearly ready to begin work whon they
were closed by the ending of the war, United States
Nitrate Plant No. 1 was located at Sheffield, Alabama,
and was designed for the production of ammonia by
“direct action” from nitrogen and hydrogen accord-
ing to the plans of the Ameriean Chemical Company.
Its capacity was caloulated at 60,000 pounds of anby-

b
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drous ammoniza a day, half of which was to be oxidized
to nitric acid. Plaut No. 2 was erected at Mysele
Shoals, Alabama, to use the process of the Amoriean
Cyanamid Compuny. This wias contrictal to prodpce
110,000 tons of ammouwium nitrate n yenr and later two
other cyanamid plants of half that eapueity were
started at Toledo and Aneor, Ohio.

At Muscle Shoals a mushroom eity of 20,000 sprang
up on an Alabama cotton firld in six months,  The raw
material, air, was as abundant there ns anywhere and
the power, water, could be obtained from the Govern-
ment hydro-electric plunt on the Tennessee River, but
this was not available during the war, so steam was em-
ployed instead. The heat of the conl was used to cool
the air down to the liquefying point.  The principle of
this process is simple. Fverybody knows that heat
expands and cold contracts, but not everybody hus real-
ized the converse of this rule, that cxpansion ¢onls and
compression heats. If nir is furced into smaller space,
as in a tire pump, it heats up and if allowed to expand
to ordinary pressure it cools off again.  But if the air
while compresaed is cooled and then sllowed to expand
it must get still eolder and the process ean go on till it
becomes eold enough to congeal. That is, by expand-
ing a great deal of air, a little of it enn be reduced to
the liquefying point. At Muscle Shoals the plant for
liquefying air, in order to get tho nitrogen out of it,
consisted of two dozen towers each capable of produe-
ing 1765 cubio feet of pure nitrogen per hour, The air
was drawn in through two pipes, a yarl across, and
passed through serubbing towers to remove impurities.
The air was then compressed Lo 600 pounds per square
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ine tenths of the air was permitted to expand
mds and this expansion cooled down the other
H uuder high pressure, to the iquefying point.
g towoers 24 feet high were stacked with trays
air from which the nitrogen was continually
off since its bothng point 8 twelve degrees
le lower than that of oxygen. Pure nitrogen
cted at the top of the tower and the residual
- now about half oxygen, wis allowed to exenpu
ttom.
trogen was then run through pipes into the
ngen ovens. There were 1536 of these about
square and each holding 16600 pounds of pul-
alcium carbide. This is at first heated by an
current to start the reaction which afterwarda
enough heat to keep it going.  As the stroun
e gas puased over the finely divided carbide it
ed to Yorm ealeinm evanumid as degeribed on
ns page. This product is cooled, powderad
to duestroy any quicklime or carbide left un.
Then it is charged into antoclaves and stoam
temperature and pressare ix admitted, The
ting on the cyannmid sets free nmmonin gns
earried to towers down which cold water s
giving the ammonia water, familiar to the
nd the bathroom,
aiee nitrie aeid rather than ammonin was
sr munitions, the oxygen of the air had to by
to play. This process, as alrendy oxplained,
L on by aid of n entalyzer, in this ease platinum
t Muscle Shoals there were 696 of these enta-
es. The ammonis gas, mixed with air to pro-
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vide the necessary oxygen, was admitted at the to
and passed down through a sheet of platinuin gus?
of 80 mesh to the inch, heated fo incandesconce by cled
tricity. In contact with this the smmmonin is converte
into gaseous oxides of nitrogen (the familiar red fume
of the Iaboratory) which, enrried off in pipes, cvoled an
dissolved in water, form nitrie neid.

But since none of the national plants could be ge
into action during the war, the United States was corr
pelled to draw upon South Awmerica for jta supply
The imports of Chilean saltpeter rose from half .
million tons in 1914 to a million and a half sn 1915
After peace was made the Department of War tarne
over to the Department of Agriculture its surplus o
saltpeter, 150,000 tons, and il was sold to Arnerica
farmers at cost, $81 a {on,

For nitrogen plays a double role in human economy
It appesrs like Brahma in two aspects, Vishnu the Pre
server and Siva the Destroyer.  Here I have been con
sidering mitrogen in its maleficent aspeet, its use 1
war, We now turn to its beneficent nspeet its use is
peace.



I
FEEDING THE SOIL

The Great War not only starved proplo: it starved
the lund.  Fnough nitrogen was thrown away in somo
indecisive battle on the Aisne to save India from a
famine. The population of Furope as a whole has not
been lessened by the war, bhut the soil has been robbed
of its power to support the population. A plant re.
quires certain chemienl elements for its growth and
all of these must be within reach of its rootlets, for it
will accept no substitutes, A whent stalk in Franco
before the war had placed at itz feel nitrates from
Chile, phosphates from Florida and potash from Ger-
many. Al these were shut off by the fring line and
the shortage of shipping.

Out of the cighty elements only thirtern nre neogs-
sary for erops, Four of these are gases: hydroggn,
oXygen, mtmgen and chlorine.  PFive are metals: po-
tassinm, magnesinm, ealeium, iron and soliofh, Four
are non-metallie solida @ carbon, sulfur, phogfhors and
silicon.  Threo of these, hydrogen, osy nnd earbon,
making up the bulk of the plant, nre obtainable ad Libi.
tum from the air and water.  The other teg in the form
of salts are dissolved in the wuter that is sucked up
from the soil.  The gunantity neoded by the plaut is 8o
small and the quantity contained in the soil is #o great
that ordinarily we need not bother nbout the supply

-y
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except in case of three of them. They are nitrogen,
potassium and phosphorus. These would las neless or
fatal to plant life in the elemental form, but fixed ja
neutral salt they are essential plant foods. A tan of
wheat takes away from the soil sbout 47 ponnds of
nitrogen, 18 pounds of phosphorie acid and 12 pounds
of potash. If then the farmer dacs nd restare thiy
much to his fleld every year he is drawing upon hia
capital and this must lead to bunkruptey in the Jong
Tun.

So much is easy to see, but actually the question is
extremely complicated. When the Grrman chemint,
Justus von Liehig, pointed out in 1840 the passibility
of maintaining soil fertility by the application of chemi.
cals it scemed at first as though the question were prag
tically solved. Chemists assumed that all they had te
do was to analyze the soil and analyze the crap and
from this figure out, as casily as baluncing a hank book,
just how much of each ingredient would have to be ro.
stored to the soil every year. But somehow it dud not
work out that way and the practicnl agriculturist, find.
ing that the formulas did not fit hix farm, sneered ot the
professors and whenever they cited Lichig ta him he
irreverently transposed the syllables of the name.  The
chemist when he went deeper into the subject saw that
he had to deal with the colloids, dump, unplensant,
gummy bodies that he had hitherto fought shy of be.
cause they would not crystallize or fllter. 8o the chem.
ist called to his aid the physicist on the one hand snd
the biologist on the other and then they both had their
hands full . The physicist found that he had to doal
with a polyvariant system of solids, liquids and gnses



FEEDING THE SOIL 49

mutually miscible in phases too muuerous to be han-
dled by Gibbs's Rule.  The biologist found that he had
to deal with the invisible flora and faunn of a new
world.

Plants obey the injunetion of Tennyson and rise on
the stepping stones of their deml selves to higher
things. Fuch suecessive generation lives on what is
left of the last in the soil plus what it adds from the
air and sunshine.  As soon as a leaf or tree teunk falls
to the ground it is taken in chnrge by a wrecking crow
composed of & myrind of mieroscopie organisms who
proceed to break it up into its component parts go these
can be used for building a new edifice, The process is
called “‘rotting® and the product, the black, gummy
stufl of a fertile soil, is ealled “‘humus.’””  The plants,
that is, the higher plants, are not able to live on their
own proteids ns the animals are. But there are lower
plants, certain kinds of bacteria, that ean bronk up the
big complicated proteid moleenles into their ecomponent
parts and reduce the nitrogen in them {o ammonin or
ammonia-like compounds.  Having done this they stop
and turn over the job to nnother set of bacteria to be
carried through the next step. For you must know
that soil society is as complex and specinlized as that
above ground and the tiniest bacterium wonld dis
rather than violate the union rules,  The second wot of
bacterin chunge the nmmonin over to nitrites and then
a third set, the Amalgamated Union of Nitrate Work-
ers, steps in and ecompletes the procesn of oxidation
with an efficiency that Ostwald might envy, for ninety-
six per cent. of the ammonia of the woil is converted
into nitrates. But if the conditions nre not just right,
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if the food is insufficient or unwholesome or if the air
that circulates through the soil is eontnminnted with
poison gases, the bacteria go on a sirike.  The farmer,
not seeing the thing from the standpoint of the hae.
teria, says the soil is **sick’’ and he procesds to doctor
it according to his own notion of what ails it.  First
perhaps he tries runuing in strike breakers.  He goos
to one of the firma that mukes a business of supplying
nitrogen-fixing bacteria from the senbs or nodules of
the clover roots and seatters these colonicx over the
field. But if the living conditions remain bad the now.
comers will soon quit work tno and the farmer loses hia
money. If he ig wise, then, he will remedy the condi-
tions, putting a better ventilation systrm in hix soil
perhaps or neutralizing the sourness by means of limo
or killing off the ameboid banditti that prey upon the
peaceful bacteria engaged in the nitrogen industry. It
is not an easy job that the farmer has in kecping hil.
lions of billions of sabterranean servants contented and
working together, but if ho does not sucored at this he
wastes his seed and labor.

The layman regards the aoil as a platform or anchor.
ing place on which to set plants. He mensures ita
value by its superficial aren without considering its
contents, which is as absurd as to eatimate a man's
wealth by the size of his safe. The differcnce in point
of view is well illustrated by the old story of the city
chap who was showing his farmer uncle the sights of
New York. When he took him to Ceatral Park he tried
to astonish him by saying *‘ This land is worth $50,000
an acre.”” The old farmer dug bis toe into the ground,
kicked out a elod, broke it open, Jooked at it, spit on it



TN L ARBIDY

BY oals”

NEITEDEN

N

X




i
Plietre by Trtereotoc 30

A BANNOW FELY, to) Jorefaidl 1 o390 & s 3a0e. 724 1 SN e RS EL Y
PO (VLI PR T 2 F TIPS W SRR I BTN SR

a.p b&"

NATESP. & HIEI 5 ) SPPTIOT oo “oqmeinaio 408 o0 b

Tlae nealttics so1s tUr Volo fi 200l s evelgan
taking tho f1eo sutreggrti «out of Yho a0 #
fuind

crrea ety g el Biaes it e we e
Fortoog A e da g Ty e deb s £ oaey



FEEDING THE SOIL 41

and squeezed it in his hand and then said, ‘‘Don’t you
believe it; ’tain’t worth ten dollars an acre. Mighty
poor soil I call it.”” Both were right.

The modern agriculturist realizes that the soil is a
laboratory for the production of plant food and he ordi-
narily takes more pains to provide a balanced ration
for it than he does for his family. Of course the ne-
sessity of feeding the soil has been known ever since
man began to settle down and the ancient methods of
naintaining its fertility, though discovered acciden-
ally and followed blindly, were sound and efficacious.
Virgil, who like Liberty Hyde Bailey was fond of pub-
ishing agricultural bulletins in poetry, wrote two thou-
iand years ago:

But sweet vicissitudes of rest and toil

Make easy labor and renew the soil

Yet sprinkle sordid ashes all around

And load with fatt’ning dung thy fallow soil.

The ashes supplied the potash and the dung the ni-
rate and phosphate. Long before the discovery of
he nitrogen-fixing bacteria, the custom prevailed of
owing pea-like plants every third year and then plow-
ng them under to enrich the soil. But such local sup-
lies were always inadequate and as soon as deposits of
ertilizers were discovered anywhere in the world they
rere drawn upon. The richest of these was the Chin-
ha Islands off the coast of Peru, where millions of
enguins and pelicans had lived in a most untidy man-
er for untold centuries. The guano composed of the
xcrement of the birds mixed with the remaing of dead
irds and the fishes they fed upon was piled up to a
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depth of 120 feet. From thig Isle of 1"'11an:i:;s'7~n'lsich
is not that deseribed by Anatole France s billion dol<
lars’ worth of guano was taken and the depont wag
soou exhansted. .

Then the attention of the world was directed ta the
mainland of Peru and Chile, where minnlar guane de.
posits had been avcumulated aud, net being washed
away on account of the Iinek of raan, hal heen deposited
as sodium nitrate, or “saltpeter.” Theae leds were
discovered by a Gernun, Taddeo Haenke, in 180, hat
it was not until the lnst gquarter of the century that the
nitrates came into common wse ax a fertilizer.  Ninee
then more than 53,000,000 tons have heen taken out of
these beds and the exporiation hins risen to a rate of
2,500,000 to 3,000,000 tons n venr. How much longer
they will last is a matter of opinion snd opinion in
largely influenced by whether vou have your money
invested in Chilean nitrate stock or in one of the new
synthetic processes for making nitrates. The nited
States Department of Agrieulture savs the nitrate heds
will be exhausted in a fow venrs. On the other hamd
the Chilean Inspeetor General of Nitrate Deposits in
his latest official report anya that they will lnst for two
hundred years at the present rate and that then thero
are incalculable areas of low grade deposits, sontaining
less than eleven per cent., to bo drawn upon,

Anyhow, tho 8outh American beds ennnot long sup-
ply the world’s need of nitrates and we shall some tima
be starving uniess ereative chemistry comes to the ros.
cue. In 1898 Bir William Crookes—the discoverse of
the ‘‘Crookes tubes,’’ the radiometer and radiant mat.
ter—startled the British Association for the Advance-
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ment of Science by declaring that the world was near-
ing the limit of wheat production and that by 1931 the
bread-eaters, the Caucasians, would have to turn to
other grains or restrict their population while the rice
and millet eaters of Asia would continue to increase.
Sir William was laughed at then as a sensationalist.
He was, but his sensations were apt to prove true and it
is already evident that he was too near right for com-
fort. Before we were half way to the date he set we
had two wheatless days a week, though that was be-
cause we persisted in shooting nitrates into the air.
The area producing wheat was by decades:

THE WHEAT FIELDS OF THE WORLD

Acres
1881-90 ...covviiirriieaeannn 192,000,000
1890-1900 . ... ..., 211,000,000
1900-10 ..oerire e 242,000,000
Probable limit ................... 300,000,000

If 300,000,000 acres can be brought under cultivation
for wheat and the average yield raised to twenty bush-
els to the acre, that will give enough to feed a billion
people if they eat six bushels a year as do the English.
‘Whether this maximum is correct or not there is evi-
dently some limit to the area which has suitable soil
and climate for growing wheat, so we are ultimately
thrown back upon Crookes’s solution of the problem;
that is, we must increase the yield per acre and this
can only be done by the use of fertilizers and especially
by the fixation of atmospheric nitrogen. Crookes esti-

11 am quoting mostly Unstead’s figures from the Geographical Jour-

nal of 1913. See also Dickson’s "The Distribution of Mankind,” in
Smithsonian Report, 1913.
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mated the average yield of wheat at 1.7 bushela to the
acre, which is more than it is in the new lands of the
United States, Australia and Buasia, but lwas than in
Europe, where the soil is well fed. What can be done
to increase the yield may be sven from these figures:

GAIN IN THE YIFLD OF WHEAT IN BUSHELS FEH ACKY

TR 20 19413
Germany ....oe.ovirereaien o 1 45
Belgium ...oeveviniiiiiieo. . W 45
Franee ...o.eevvevvevceccones M )
United Kingdom .......... ... 24 42
United States ................. 1 15

The greatest gain was made in (ermany and we see
a reason for it in the fact that the German impurtation
of Chilean saltpeter was 55,0 tons in 1880 and 747,000
tons in 1913. In potatoes, too, Qermany gels twice an
big a crop from the same ground a» we do, L33 hushela
per acre instead of our 113 bushels. But the United
States uses on the average only 28 pounds of fertilizer
per acre, while Earope uses 200,

It is clear that we cannot rely upon Chile, but make
nitrates for ourselves as Germany had to in war time,
In the first chapter we considered the new methods of
fixing the free nitrogen from the air. Rut the fixntion
of nitrogen is a new business in this country and our
chief reliance so far has been the coke ovens. When
coal is heated in retorts or ovens for making eoke or
gas a lot of ammonia comes off with the other products
of decomposition and is caught in the sulfuric acid
used to wash the gas as ammonium wulfate. Our
Ameriean coke-makers have been in the habit of letting
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this escape into the air and consequently we have been
losing some 700,000 tons of ammonium salts every year,
enough to keep our land rich and give us all the explo-
sives we should need. But now they are reforming
and putting in ovens that save the by-products such as

United States g."

237.455 fons

Germany
422,341 ton3
49.98%

Qourtesy of Scientific American,
Consumption of potash for agricultural purposes in
different countries
ammonia and coal tar, so in 1916 we got from this
source 325,000 tons a year.

Germany had a natural monopoly of potash as Chile
had a natural monopoly of nitrates. The agriculture
of Europe and America has been virtually dependent
upon these two sources of plant foods. Now when the
world was cleft in twain by the shock of August, 1914,
the Allied Powers had the nitrates and the Central
Powers had the potash. If Germany had not had up
her sleeve a new process for making nitrates she could
not long have carried on a war and doubtless would not
have ventured upon it. But the outside world had no
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such substitute for the German potash snlts and las
not yet discovered one. Consequently the price of
potash in the United States jumped from $40 to $400
and the cost of food went up with it.  Even nuder the
stimulus of prices ten times the normal and with chem-

T &L

What happened to potash when the war brobe out. This disgtam
from the Journal of Industrisl and Engincoving Ubemisiry of Julx, 19)?

shows how the nurply of potamiuts muriate from Ustanany wan shul of
in 1914 and how its price rose,

ists searching furnace crannies nnd bad lands the
United States was able to scrape up less than 10,000
tons of potash in 1916, and this wan barely enough to
satisfy onr needs for two weeks!

Yet potash compounds are as cheap s dirt. Pick
up a bandful of gravel and you will be able to find much
of it feldspar or other mineral containing some ten per
cent. of potash. Unfortunately it in in combination
with silica, which is barder to break up than a
trust.

But ‘‘constant washing wears away stones®’ and the
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potash that the metallurgist finds too hard to extraot
in his hottest furnace is washed out in the course of
time through the dropping of the geotle rain from
heaven. ‘‘All mvers run to the sea’” and so the sea
gets salt, all sorts of salty, principally sodium chloride
(our table salt) and next magnesium, ealcium and po-
tassium chlorides or sulfated in this order of abun.
dance. But if we evaporate sea-water down to dry-
ness all these are left in a mix together and it 18 hard
to sort them out. Only patient Nature has time for it
and she only did on a lnrge scale in one place, that is at
Stassfurt, Germany. It seema that in the days when
northwestern Prussin was undetermined whether it
should be sea or land it was flooded annually by sea-
water. As this slowly evaporated tho dissolved salta
crystallized out at the critieal points, leaving beds of
various combinations. Kach year there would be de-
posited three to five inches of salts with a thin layer of
ealeium sulfate or gypsum on top,  Counting these an-
nual layers, like the rings on a stump, we find that the
Stassfurt beds were ten thousand years in the making.
They were first worked for their salf, common salt,
alone, but in 1837 the Prussian Governmoent began pros-
pecting for new and deeper deposits and found, not the
clean rock salt that they wanted, but bittern, Inrgely
maguesium sulfate or Kpsom salt, which is not at all
nice for table use. This stufl was first thrown away
until it was realized that it was much more valnable for
the potash it contains than was the rock salt they were
after. Then the Germans began to purify the Stasa-
furt salts and market them throughout the world.
They contain from fiftcen to twenty-five per cent. of
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magnesinm chloride mixed with mag
“‘carnallite,’’ with magnesinm sulfat
sodium chloride in ‘‘sylvinite.”’ .
thousand miners and workmen are
Stassfurt works. There are some
establishments engaged in the busine
combination. In fact they are comp:
German Government is as anxious
as the American Government is to pr.
the Stassfurt firms had a falling out
throat competition. But the Germa
jects to its people cutting each other’
can dealers were getting unheard of 1
German Government stepped in and ¢
peting corporations to recombine un
ting on an export duty that would ea
The advantages of such business co:
cially shown in opening up a new n
known product as in the case of th
the Stassfurt salts into American .
farmer in any country is apt to be se
when it comes to inducing him to spen
money for chemicals that he never he
not pronounce he—quite rightly—h
Well, he was shown. It was, if I reme
in the nineties that the German Kal
operations in America and the Unite
ment became its chief advertising
state there was an agricultural experi
these were provided liberally with illu
on Stassfurt salts with colored wall ¢
samples and free sacks of salts for {
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The station men, finding that they could rely upon the
seientifie accuracy of the information supplied by Kali
and that the experiments worked out well, became en-
‘husiastic advocates of potash fertilizers. The station
»ulleting—which Uncle Sam was kind enough to carry
ree to all the farmers of the state—sometimes were
worded so like the Kali Company advertising that the
:ompany might have raised a complaint of plagiariz-
ng, but they never did. The Chilean nitrates, which
tre under British control, were later introduced by
similar methods through the ageney of the state agri-
mitural experiment stations.

As a result of all this missionary work, which cost
‘he Kali Company $50,(1}) a year, the attention of a
large proportion of American farmers was turned to-
ward intensive farming and they began to realize the
aweessity of feeding the soil that was feeding them.
They grew dependent upon these two foreign and
widely separated sourees of supply. In the year be-
fore the war the United States imported a million tons
»f Stassfurt salts, for which the farmers paid more
than $20,000,000. Then a declaration of American in-
iependenco—the (erman embargo of 1915—cut us off
from Stassfurt and for five years we had to rely upon
sur own resources,  We have seen how Germany—shut
off from Chile—solved the nitrogen problem for her
fields and munition plants. It was not 80 easy for us—
shiut off from (ermany-—to solve the potash problem.

There is no more lnck of potash in the rocks than
there iy of nitrogen in the air, but the nitrogen is free
and has only to be caught and combined, while the pot-

ash i8 shut up in a granite prison from which it is hard
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to get it free. It is not the percentage in the soil but
the percentage in the soil water that counts. A farmer
with his potash locked up in silicates is like the mer-
chant who has left the key of his safe at home in his
other trousers. He may be solvent, but he cannot meet
a sight draft. It is only solvent potash that passes
current.

In the days of our grandfathers we had not only
national independence but household independence.
Every homestead had its own potash plant and soap
factory. The frugal housewife dumped the maple
wood ashes of the fireplace into a hollow log set up on
end in the backyard. Water poured over the ashes
leached out the lye, which drained into a bucket be-
neath. This gave her a solution of pearl ash or potas-
sium carbonate whose concentration she tested with an
egg as a hydrometer. In the meantime she had been
saving up all the waste grease from the frying pan and
pork rinds from the plate and by trying out these she
got her soap fat. Then on a day set apart for this dis-
agreeable process in chemical technology she boiled the
fat and the lye together and got ‘‘soft soap,’’ or as the
chemist would ecall it, potassium stearate. If she
wanted hard soap she ‘‘salted it out’’ with brine. The

~sodium stearate being less soluble was precipitated to

the top and cooled into a solid cake that could be cut
into bars by pack thread. But the frugal housewife
threw away in the waste water what we now consider
the most valuable ingredients, the potash and the
glycerin.

But the old lye-leach is only to be found in ruins on
an abandoned farm and we no longer burn wood at the
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rate of a log a night. In 1916 even under the stimulus
of tenfold prices the amount of potash produced as
pearl ash was only 412 tons—and we need 300,000 tons
in some form. It would, of course, be very desirable
as a conservation measure if all ‘thf’ sawdust and waste
wood were utilized by charring it in retorts. The gas
makes a handy fuel. The tar washed from the gas
contains a lot of valuable products. And potash can be
leached out of the charcoal or from its ashes whenever
it isburned. But this at best would not go far toward
solving the problem of our national supply.

There are other potash-bearing wastes that might be
ntilized. The cement mills which use feldspar in com-
bination with limestone give off a potash dust, very
quch to the annoyance of their neighbors. This can
3¢ collected by running the furnace clouds into large
settling chambers or long flues, where the dust may be
;aught in bags, or washed out by water sprays or
hrown down by electricity. The blast furnaces for
ron also throw off potash-bearing fumes.

Our six-million-ton crop of sugar beets contains some
19,000 tons of nitrogen, 4000 tons of phosphoric acid
mnd 18,000 tons of potash, all of which is lost except
where the waste liquors from the sugar factory are
1sed in irrigating the beet land. The beet molasses,
fter extracting ail the sugar possible by means of
ime, leaves a waste liquor from which the potash can
ie recovered by evaporation and charring and leaching
he residue. The Germans get 5000 tone of potassium
yanide and as much ammoninm sulfate annually from
he waste liquor of their beet sugar factories and if it
1ays them to save this it onght to pay us where potash
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is dearer. Various other industries can put in a hit
when Uncle Sam passes around the contribution bagket
marked ‘‘Potash for the Poor.”” Wool wastes and figh
refuse make valuable fertilizers, although they will not
go far toward solving the problem. If we saved all oyr
potash by-products they would not supply more than
fifteen per cent. of our needs.

Though no potash beds comparable to those of Stags.
furt have yet been discovered in the United States, yet
in Nebraska, Utah, California and other western states
there are a number of alkali lakes, wet or dry, contain-
ing a considerable amount of potash mixed with soda
salts. Of these deposits the largest is Searles Lake,

Jalifornia. Ilere there are some twelve square miles
of salt crust some seventy feet deep and the brine as
pumped out contains about four per cent. of potassinm
chloride. The quantity is sufficient to supply the coun-
try for over twenty years, but it is not an easy or cheap
job to separate the potassium from the sodium salts
which are five times more abundant. These being less
soluble than the potassium saits crystallize out first
when the brine is evaporated. The final crystalliza-
tion is done in vacuum pans as in getting sugar from
the cane juice. In this way the American Trona Cor-
poration is producing some 4500 tons of potash salts a
month besides a thousand tons of borax. The borax
which is contained in the brine to the extent of 114 per
cent. is removed from the fertilizer for a double reason.
It is salable by itself and it is detrimental to plant life.

Another mineral source of potash is alunite, which is
a sort of natural alam, or double sulfate of potassium
and aluminum, with about ten per cent. of potash. It
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itains a lot of extra alumina, but after roasting in a
n the potassium sulfate can be leached out. The
nite beds near Marysville, Utah, were worked for
they were worth during the war, but the process does
: give potash cheap enough for our needs in ordinary
1es.
'he tourist going through Wyoming on the Union
sific will have to the north of him what is marked on
map as the ‘“‘Leucite Hills.”” If he looks up the
td in the Unabridged that he carries in his satchel
will find that leucite is a kind of lava and that it
tains potash. But he will also observe that the
ash is combined with alumina and silica, which are
d to get out and useless when you get them out.
2 of the lavas of the Leucite Hills, that named from
native state “Wyom1ng1te,” gives fifty-seven per
t. of its potash in a soluble form on roasting with
1ite—but this costs too much. The same may be
I of all the potash feldspars and mica. They are
ndant enough, but until we find a way of utilizing
by-products, say the silica in cement and the alumi-
1 as a metal, they cannot solve our problem.
ince it is 8o hard to get potash from the land it has
n suggested that we harvest the sea. The experts
he United States Department. of Agriculture have
ted high hopes in the kelp or giant seaweed which
ts in great masses in the Pacific Ocean not far off
n the California coast. Thisis harvested with ocean
sers run by gasoline engines and brought in barges
he shore, where it may be dried and used locally as
ertilizer or burned and the potassium chloride
hed out of the charcoal ashes. But it is hard to
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handle the bulky, slimy seaweed cheaply enough to get
out of it the small amount of potash it contains. So
efforts are now being made to get more out of the kelp
than the potash. Instead of burning the seaweed it ig
fermented in vats producing acetic acid (vinegar).
From the resulting liquid can be obtained lime acetate,
acetate (used as a solvent for guncotton) and algin, a
gelatin-like gum.

PRODUCTION OF POTASH IN THE UNITED STATES

1016 1917
Per cent. Per cent.
Source Tons K,0 | of total | Tons K,0 | of total
production production
Mineral sources:

Natural brines...... 3,094 41,1 20,652 634

Alunite ............ 1,850 19.0 2,402 7.3
Dust from cement

mills ............ 1,621 5.0
Dust from blast fur.

NACES +.vvvo.onne 185 0.6

Organic Sources:

Kelp covvvviieninns 1,556 18.0 3,762 10.9
Molasses residue from

distillers ........ 1,845 19.0 2,846 8.8

Wood ashes ........ 412 42 621 1.9
Waste liquors from
beet-sugar refiner-

) 1 J 369 11
Miscellaneous indus-

trial wastes ...... 63 T 305 1.0

Total ......... 9,720 100.0 32,5673 100.0

—From U. 8. Bureau of Mines Report, 1918.
This table shows how inadequate was the reaction of the United
States to the war demand for ssium salts. The minimum yearly
requirements of the United States are, estimated to be 250,000 tons of

potash,

This completes our survey of the visible sources of
potash in America. In 1917 under the pressure of the
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embargo and unprecedented prices the output of potash
(K,0) in various forms was raised to 32,673 tons, but
this is only about a tenth as much as we n¢ede d In
1918 potash production was further raised to 52,135
tons, chiefly through the increase of tl}e output from
patural brines to 39,255 tons, nearly twice what it was
the year before. The rust in cotton and the resulting
Jecrease in yield during the war are laid to lack of
potash. Truck crops grown in soils deficient in potash
do mot stand transportation well. The Bureau of
Animal Industry has shown in experiments in Aroos-
took County, Maine, that the addition of moderate
amounts of potash doubled the yield of potatoes.

Professor Ostwald, the great Leipzig chemist,
boasted in the war:

America went into the war like a man with a rope round
2is neck which is in his enemy's hands and is pretty tightly
frawn. With its tremendous deposits Uermany has a world
nonopoly in potash, a point of immense value which cannot
»e reckoned too highly when once this war is going to be set-
Jed. It is in Germany's power to dictate which of the na-
jons shall have plenty of food and which shall starve.

If, indeed, some mineralogist or metallurgist will cat
‘hat rope by showing us a supply of cheap potash we
will erect him a monument as big as Washington’s.
But Ostwald is wrong in supposing that America is as
lependent as Germany upon potash. The bulk of our
‘ood crops are at present raised without the use of any
lertilizers whatever,

As the cession of Lorraine in 1871 gave Qermany the
ohosphates she needed for fertilizers so the retroces-
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gion of Alsace in 1919 gives France the potash she
needed for fertilizers. Ten years before the war a bed
of potash was discovered in the Forest of Monnebruck,
near Hartmannsweilerkopf, the peak for which French
and Germans contested so fiercely and so long. The
layer of potassium salts is 1614 feet thick and the total
deposit is estimated to be 275,000,000 tons of potash.
At any rate it is a formidable rival of Stassfurt and its
acquisition by France breaks the German monopoly-

When we turn to the consideration of the third plant
food we feel better. While the United States has no
such monopoly of phosphates as Germany had of pot-
ash and Chile had of nitrates we have an abundance
and to spare. Whereas we formerly imported about
$17,000,000 worth of potash from Germany and $290,-
000,000 worth of nitrates from Chile a year we exported
$7,000,000 worth of phosphates.

Whoever it was who first noticed that the grass grew
thicker around a buried bone he lived so long ago that
we cannot do honor to his powers of observation, but
ever since then—whenever it was—old bones have been
used as a fertilizer. But we long ago used up all the
buffalo bones we counld find on the prairies and owur
packing houses could not give us enough bone-meal to
go around, so we have had to draw upon the old bone-
yards of prehistoric animals. Deposits of lime phos-
phate of such origin were found in South Carolina in
1870 and in Florida in 1888. Since then the industry
has developed with amazing rapidity until in 1913 the
United States produced over three million tons of phos-
phates, nearly half of which was sent abroad. The
chief source at present is the Florida pebbles, which
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redged up from the bottoms of lakes and rivers or
.ed out from the banks of streams by a hydraulic
The gravel is washed free from the sand and
screened and dried, and then is ready for ship-
The rock deposits of Florida and South Caro-
are more limited than the pebble beds and may be
asted in twenty-five or thirty years, but Tennessee
Kentucky have a lot in reserve and behind them
[daho, Wyoming and other western states with
s of acres of phosphate land, so in this respect
re independent.
t even here the war hit us hard. For the calcium
phate as it comes from the ground is not altogether
able because it is not very soluble and the plants
mly use what they can get in the water that they
up from the soil. But if the phosphate is treated
sulfuric acid it becomes more soluble and this prod-
3 sold as ‘‘superphogphate.”” The sulfuric acid is
: mostly from irof pyrite and this we have been
mt to import, over 800,000 tons of it a year, largely
- Spain, although we have an abundance at home.
ethe shortage of shipping shut off the foreign sup-
~e are using more of our own pyrite and also our
i8its of native sulfur along the Gulf coast. But as
1sequence of this sulfuric acid during the war went
rom $5 to $25 a ton and acidulated phosphates rose
sspondingly.
armany is short on natural phosphates as she is
on natural potash. But she has made up for it by
ing a by‘product of her steelworks When phos-

3g the steel brittlee Much of the iron ores of
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Alsace-Lorraine were formerly considered unworkable
because of this impurity, but shortly after Germany
took these provinces from France in 1871 a method was
discovered by two British metallurgists, Thomas and
Gilchrist, by which the phosphorus is removed from the
iron in the process of converting it into steel. This
consists in lining the crucible or converter with lime
and magnesia, which takes up the phosphorus from the
melted iron. This slag lining, now rich in phosphates,
can be taken out and ground up for fertilizer. So the
phosphorus which used to be a detriment is now an
additional source of profit and this British invention
has enabled Germany to make use of the territory she
stole from France to outstrip England in the'steel busi-
ness. In 1910 Germany produced 2,000,000 tons of
Thomas slag while only 160,000 tons were produced in
the United Kingdom. The open hearth process mow
chiefly used in the United States gives an acid instead
of a basic phosphate slag, not suitable as a fertilizer.
The iron ore of America, with the exception of some of
the southern ores, carries so small a percentage of
phosphorus as to make a basie process inadvisable.
'Recently the Germans have been experimenting with
a combined fertilizer, Schroder’s potassinm phosphate,
‘which is said to be as good as Thomas slag for phos-
phates and as good as Stassfurt salts for potash.
The American Cyanamid Company is just putting
out a similar product, ‘‘Ammo-FPhos,” in which the
ammonia can be varied from thirteen to twenty per
cent. and the phosphoric acid from twenty to forty-
seven per cent. so as to give the proportions desired
for any cxop. We have then the possibility of getting
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1iree essential plant foods altogether in one com-
1 with the elimination of most of the extraneous
nts such as lime and magnesia, chlorids and sul-

: the last three hundred years the American peo-
wve been living on the unearned increment of the
upied land. But now that all our land has been
1 out in homesteads and we cannot turn to new
hen we have used up the old, we must learn, as
der races have learned, how to keep up the supply
mt food. Only in this way can our population in-
e and prosper. As we have seen, the phosphate
ion need not bother us and we can see our way

toward solving the nitrate question. We gave
tovernment $20,000,000 to experiment on the pro-
on of nitrates from the air and the results will
: for fields as well as firearms. But the question

. independent supply of cheap potash is still un-
d.
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COAL-TAR COLORS

If you put a bit of soft coal into a test tube (or, if you
have n’t a test tube, into a clay tobacco pipe and Iute it
over with clay) and heat it you will find a gas coming
out of the end of the tube that will burn with a yellow
smoky flame. After all the gas comes off you will find
in the bottom of the test tube a chunk of dry, porous
coke. These, then, are the two main products of the
destructive distillation of coal. But if you are an
unusually observant person, that is, if you are a born
chemist with an eye to by-products, you will motice
along in the middle of the tube where it is neither too
hot nor too cold some dirty drops of water and somme
black sticky stuff. If you are just an ordinary person,
you won’t pay any attention to this because there is
only a little of it and because what you are after is the
coke and gas. You regard the nasty, smelly mess that
comes in between as merely a nuisance because it clogs
up and spoils your nice, clean tube.

Now that is the way the gas-makers and coke-
makers—being for the most part ordinary persons and
not born chemists—used to regard the water and tar
that got into their pipes. They washed it out so as to
have the gas clean and then ran it into the creek. Baut
the neighbors—especially those who fished in the
stream below the gas-works—made a fuss about spoil-
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THE PRODUCTION OF COAL TAR
A pattgry of Koppers by-product coke-ove
coke is being pushed out of one of the oven

ns at the plant of the Bethlehem Steel Company, Sparrows Point. Maryland. The
the benzene compound used to make dyes an

$ into the waiting car, The vapors given off from the coal contain ammonia and
d explosives
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ing the watér, so the gas-men gave away the tar to the
boys for use in celebrating the Fourth of July and
election night or sold it for roofing.

But this same tar, which for a hundred years was
thrown away and nearly half of which is thrown away
yet in the United States, turns out to be one of the most
useful things in the world. It is one of the strategic
points in war and commerce. If wounds and heals. It
supplies munitions and medicines. It is like the magic
purse of Fortunatus from which anything wished for
could be drawn. The chemist puts his hand into the
black mass and draws out all the colors of the rainbow.
This evil-smelling substance beats the rose in the pro-
duction of perfume and surpasses the honey-comb in
sweetness.

Bishop Berkeley, after having proved that all mat-
ter was in your mind, wrote a book to prove that weod
tar would cure all diseases. Nobody reads it now.
The name is enough to frighten them off: ¢‘Siris: A
Chain of Philosophical Reflections and Inquiries Con-
serning the Virtues of Tar Water.”” Mg had a sort of
nystical idea that tar contained the quintessence of the
‘orest, the purified spirit of the trees, which could
somehow revive the spirit of man. People said he was
:razy on the subject, and doubtless he was, but the in-
.eresting thing about it is that not even his active and
ngenious imagination could begin to suggest all of the
itrange things that can be got out of tar, whether wood
)t coal.

The reason why tar supplies all sorts of useful mate-
4al is because it is indeed the quintessence of the for-
ist, of the forests of untold millenniurus if it is coal tar.
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If you are acquainted with a village tinker, one of tho f;f
all-round mechanics who still survive in this age of SF c
cialization and can mend anything from a baby- carl'lagr
to an automobile, yon will know that e has on the ﬂ{’oh
of his back shop a heap of broken maghanery:ﬁrgmtgh 122
he can get almost anything he wants, a copper Wire,
zine plate, a brass screw or a steel rod. Now coal taX 18
the serap-heap of the vegetable kingdom. It contaln:
a little of almost everything that makes up trees. B0
you must not imagine that all that comes out of conl
tar is contained in it. There are only about a doz€¥*
primary products extracted from coal tar, but froxs:
these the chemist is able to build up hundreds of tho12-
sands of new substances. This is true creative cher 1~
try, for most of these compounds are not to be fouxfd
in plants and never existed before they were made in
the laboratory. It used to be thought that orgam:i<
compounds, the products of vegetable and animal life,
~could only be produced by organized beings, that they
were created out of inorganic matter by the magic
touch of some ‘‘vital principle.”’ But since the chexxz~
ist has learned how, he finds it easier to make orgamnic
than inorganic substances and he is confident that e
can reproduce any compound that he can analyze. e
cannot only imitate the manufacturing processes of
the plants and animals, but he can often beat them at
their own game.

When coal is heated in the open air it is burned wp»
and nothing but the ashes is left. But heat the coal ixx
an enclosed vessel, say a big fireclay retort, and it caxra~
not burn up because the oxygen of the air cannot. gret
toit. Soitbreaksup. All partsof it that can be vola -
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tized at a high heat pass off through the outlet pipe and
nothing is left in the retort but coke, that is carbon
with the ash it contains. When the escaping vapors
reach a cool part of the outlet pipe the oily and tarry
matter condenses out. Then the gas is passed up
through a tower down which water spray is falling and
thus is washed free from ammonia and everything else
that is soluble in water.

This process is called ‘‘destructive distillation.”’
What products come off depends not only upon the
composition of the particular variety of coal used, but
upon the heat, pressure and rapidity of distillation.
The way you run it depends upon what you are most
anxious to have. If you want illuminating gas you will
leave in it the benzene. If you are after the greatest
yield of tar products, you impoverish the gas by taking
out the benzene and get a blue instead of a bright yellow
flame. If all you are after is cheap coke, you do not
bother about the by-products, but let them escape and
burn as they please. The tourist passing across the
coal region at night could see through his car window
the flames of hundreds of old-fashioned bee-hive coke-
ovens and if he were of economical mind he might re-
flect that this display of fireworks was costing the
country $75,000,000 a year besides consuming the irre-
placeable fuel supply of the future. But since the gas
was not needed outside of the cities and since the coal
tar, if it could be sold at all, brought only a cent or two
a gallon, how could the coke-makers be expected to
throw out their old bee-hive ovens and put in the expen-
sive retorts and towers necessary to the recovery of
the by-products? But within the last ten years the by-
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product ovens have come into use and now nearly hal!
our coke is made in them.

Although the products of destructive distillation
vary within wide limits, yet the following table nnAay
serve to give an approximate idea of what may be got
from a ton of soft coal:

[ Gas, 12,000 cubic fect
: . ammonium sulfate
Liquor (Washmgs){ (725 pounds)
benzene (10-20 pounds )
tolueme (3 pounds)

1 ton of coal may give< xylene (1% pounds)

Tar (120 pounds) phenol (% pound)
naphthalene (% pound)
anthracene (% (fsound)
pitch (80 pounds)

. Coke (1200-1500 pounds)

When the tar is redistilled we get, among other
things, the ten ‘‘crudes’’ which are fundamental mate-
rial for making dyes. Their names are: benzene, to-
luene, xylene, phenol, cresol, naphthalene, anthracene,
methyl anthracene, phenanthrene and carbazol.

There! I had to introduce you to the whole receiving
line, but now that that ceremony is over we are at 13-
erty to do as we do at a reception, meet our old friendss,
get acquainted with one or two more and turn our backs
on the rest. Two of them, I am sure, you’ve met be-
fore, phenol, which is common carbolic acid, and naplh -
thalene, which we use for mothballs. But notice ome
thing in passing, that not one of them is a dye. They
are all colorless liquids or white solids. Also they all
have an indescribable odor—all odors that you dora’t
know are indescribable—which gives them and theirx
progeny, even when odorless, the name of “aromatie
compounds.”’
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The most important of the ten because he is the
father of the family is benzene, otherwise called benzol
but must not be confused with ‘‘benzine’’ spelled Wit};;
an ¢ which we used to burn and clean our clothes with.
‘‘Benzine’’ is a kind of gasoline, but benzene aligs ben-
zol has quite another constitution, although it looks and
burns the same. Now the search for the constitution
of benzene is one of the most exciting chapters in chem-
istry; also one of the most intricate chapters, but, in
spite of that, I believe I can make the main point of it
clear even to those who have never studied chemistry—
provided they retain their childish liking for puzzles.
It is really much like putting together the old six-block
Chinese puzzle. The chemist can work better if he has
a picture of what he is working with. Now his unit is
the molecule, which is too small even to analyze with
the mieroscope, no matter how high powered. So he
makes up a sort of diagram of the molecule, and since
he knows the number of atoms and that they are some-
how attached to one another, he represents each atom
by the first letter of its name and the points of attach-
ment or bonds by straight lines connecting the atoms of
the different elements. Now it is one of the rules of the
game that all the bonds must be connected or hooked up
with atoms at both ends, that there shall be no free
Lands reaching out into empty space. Carbon, for in-
stance, has four bonds and hydrogen only one. They
unite, therefore, in the proportion of one atom of car-
hon to four of hydrogen, or CH,, which is methane or
marsh gas and obviously the simplest of the hydro-
carbons. But we have more complex hydrocarbons

such us CI,,, known as hexane. Now if you try to
¥
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draw the diagrams or structural formulas of these twa
compounds you will casily get

i H ummu
il addddddn
}1 }1 mmu{:

methane hevane

Each carbon atom, vou see, has its four hands nnt.
stretehed and duly grasped by one handed hiydrogen
atoms or by neighboring earbon atoms in the chain.
We can have such chains as long ns you please, thirty
or more in a chain; they are all contained in kerosene
and paraffin,

RBo far the chemist found it easy to coustruoet din.
gramsg that would ratisfy his sense of the fitness of
things, but when he found that benzene had the compo-
sition Cgll, he was puzzled. If you tryv to draw the
picture of C¢ll, you will get something like this:

k]
((!!
' 1

lll!!liﬂ }H'!

»«

which is an absurdity beesnse more than half of the
carbon hands are waving wildly nround asking 1o he
held by something. Benzene, CJH,, evidently ia like
hexane, C,H,,, in having a chain of six carbon ntoms,
but it has dropped its H's like an Englishmun, Eight
of the H's nre missing.

Now one of the men who was worried over this hen-
zene puzzle was the Qermnn chemist, Kekuld, One ove.
ning after working over the problem all duy he wans
sitting by the fire trying to rest, but he conld not
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throw it off his mind. The carbon and the hydrogen
atoms danced like imps on the carpet and as he watched
them through his half-closed eyes he suddenly saw that
the chain of six carbon atoms had joined at the ends
and formed a ring while the six hydrogen atoms were
holding on to the outside hands, in this fashion:

Professor Kekulé saw at once that the demons of his
subeonscious self had furnished him with a clue to the
labyrinth, and so it proved. We need not suppose that
the benzene molecule if we could see it would look any-
thing like this diagram of it, but the theory works and
that is all the scientist asks of any theory. By its use
thousands of new compounds have been constructed
which have proved of inestimable value to man. The ,
modern chemist is not a discoverer, he is an inventor.
He sits down at his desk and draws a ‘‘Kekulé ring’’
or rather hexagon. Then he rubs out an H and hooks
a nitro group (NO,) on to the carbon in place of it;
next he rubs out the O, of the nitro group and puts in
H,; then he hitches on such other elements, or carbon
chains and rings as he likes. He works like an archi-
tect designing a house and when he gets a picture of
the proposed compounds to suit him he goes into the
laboratory to make it. First he takes down the bottle
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of henzene nnd bojla
up #ome of this with
witrye acid aml sul
furie acid. This he
puts i the  nitro
group  and  nukes
nitroe henyene, CJH,.
Nev, o He o trenty
thix with hvdrogen,
which displaces the
osvpen  and  gives
CILNH, ar aniline,
which i the hasia of
so many  of these
compounds that they
are  all cammonly
ralled “the aniline
dyes.”  Hut aniline
wrelf s not a dye,
It v n colorless or
brownish oil.

It ix not neees.
sary to follow onr
chomist gny farther
now that we have
seen how he works,
but hefore we pass
on we will just look
nt ono of his pro.
duets, not one of the
most  complicated
hut still complicated
enough,
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The name of this i3 sodinm ditolyl-disazo-beta-nuph-
thylamine- 6 - sulfonic-betu-naphthylamine-3.6-disulfon-
ate.

These cliemical names of organic compounds are
discouraging to the beginner and amusing to the lay-
man, but that is because neither of them realizes that
they are not really words but formulas. They are
hyphenated because they come from Germany., The
name given above is no more of a mouthful than ““a-
square-plus-two-a-b-plus-b-square” or ‘‘Third Assist.
ant Seccretary of War to the President of the United
States of America.”’ The trade name of this dye is
Brilliant Congo, but while that is handier to say it does
not mean anything. Nobody but an expert in dyes
would know what it was, while from the formula mume
any chemist familiar with such compounds eould draw
its pieture, tell how it would behave und what it was
made from, or even make it. The old alehemist was n
secretive and prefentious person and used to invent
queer names for the purposo of mystifying and awing
the igmorant. But the chemist in dropping the al- has
dropped the idea of secrecy and his names, though
equally appalling to the layman, are designed to reveal
and not to eonceal,

From this bhrief explanation the reader who has not
studied chemistry will, T think, be able to get some idea
of how these very intrieate compounds are buill up stop
by step. A eompleted honse is hard to nndorstand, hut
when we see the mason laying one hrick on top of an-
other it does not geem so difficult, although if we tried
to do it we should not find it 8o enasy ns we think.  Any-
how, let me give you a hint. If you want to make a
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good impression on a chemist don’t tell him that he
seems to you a sort of magician, master of o black art,

COAL

100% | COKE
72% of Coal |

22
bof

JTAR USEFUL FOR DYES 0.36% of Cost

TAR 6% of Cost

-~ COMPARISON OF COAL AND

Its DisTiLLATION PRopucTs
From Hesse's “The Induatry of the Conl Tar Dywn* Jouwrns! of fedua.
trial and Enginvering Chemistry, December, 1014
and all that nonsense. The chemist has been trying
for three hundred years to live down the reputation of
being inspired of the devil and it makes him mad to
have his past thrown up at him in this fashion. If his
tactless admirers would stop saying *‘it is all & mys-
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tery and a miracle to me, and I eannot understand it"”’
and pay attention to what he is telling them they would
understand it and would find that it is no more of a
mystery or a miracle than anything else. You can
make an electrician mad in the same way by inter-
rupting his explanation of a dynamo by asking:  ““But
you cannot tell me what electricity renlly is.”" The
cleetrician does not care a rap what electricity “really
i8”—if there really is auy meaning to thal phrase.
All he wants to know is what he cun do with it.

The tar obtained from the gas plant or the coke plant
has now to be redistilled, giving off the ten “erudes’’
already mentioned and leaving in the still sixty-five per
cent. of piteh, which may be used for roofing, paving
and the like. The ten primary products or crudes are
then converted into secondary products or “intermedi.
ates’’ by processes like that for the conversion of ben-
zene into aniline.  There are some three hundred of
these intermediates in use and from them are built up
more than three times as muny dyes. The year before
the war the American custom house listed 5674 distinet
brands of synthetic dyes imported, chiefly from Ger-
many, but some of these were trade names for the same
product made by different firma or represented by dif-
ferent degrees of purity or form of preparation, Al
though the number of possible products is unlimited
and over five thousand dyes are known, yet only anbhout
nine bundred are in use.  We can summarize the situa-
tion so:

Conl-tar=p- 10 cride-d 300 intermodistin-d 400 dyew-d 5600 hrasds.
Or, to borrow the neat simile used by Dr. Bernhuard C.
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Hesse, it is like cloth-making where ‘‘ten fibe:
300 yarns which are woven into 900 patterns.”

The advantage of the artificial dyestuffs ove
found in nature lies in their variety and adapi
Practically any desired tint or shade can be m
any particular fabriec. If my lady wants a new
green for her stockings or her hair she can 1
Candies and jellies and drinks can be made more
tive and therefore more appetizing by varied
Easter eggs and Easter bonnets take on ne
brighter hues.

More and more the chemist is becoming the a
of his own fortunes. He does not make discove
picking up a beaker and pouring into it a littl
each bottle on the shelf to see what happens. I
erally knows what he is after, and he generally
although he is still often baffled and occasional
pens on something quite unexpected and perhap
valuable than what he was looking for. Columb
looking for India when he ran into an obstac
proved to be America. William Henry Perk:
looking for quinine when he blundered into th.
and undiscovered country, the aniline dyes. V
Henry was a queer boy. He had rather liste
chemistry lecture than eat. When he was att
the City of London School at the age of thirteer
was an extra course of lectures on chemistry gi
the noon recess, so he skipped his lunch to taks
in. Hearing that a German chemist named Ho
had opened a laboratory in the Royal College o
don he headed for that. Hofmann obviously }
fear of foreing the young intellect prematurely
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perhaps had never heard that ““the tender petals of the
adolescent mind must be allowed to open slowly.”  He
admitted young Perkiu at the age of fifteen and started
him on research at the end of s second year. An
American student nowndays thiuks he is lucky if he gets
started on his research five years older than Perkin,
Now if Hofmann had studied pedagogical psychology
he would have been informed that nothing chills the
ardor of the adolescent mind like being set at tusks
too great for its powers.  If he had heard this and be-
lieved it, he would not have allowed Perkin to spend
two years in fruitless endeavors to isolate phenan-
threne from coal tar and to prepare artificial quinine—
and in that case Perkin would never have discoverod
the aniline dyes. But Perkin, go far from being dis.
couraged, set up a private laboratory so he conld work
over-time.  While warking hero during the Faster va-
ention of 1806-~the date is as well worth remersbering
a8 1066—~he was oxidizing some aniline oil when be got
what chemists most detest, n black, tarry mass instead
of nice, clean eryatals.  When he went to wash this out
with aleohol he was surprised to find that it gave n
beautiful purple solntion. This was ‘“‘mauve,” the
first of the aniline dyes.

The funny thiug nhout it was that when Perkin tried
to repeat the experiment with purer aniline ho eould
not get his eolor. Tt was because he was working with
impure chemieals, with aniline coutnining a little tolui-
dine, that he discovered mauve. It was, as 1 suid,
Incky accident. Buat it was not aceidental that the neei-
dent happencd to the young fellow who apent his noon-
ings and vacations at the study of chemistry, A man
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may not find what he is looking for, but he never find
anything unless he is looking for something.

Mauve was a product of creative chemistry, for i
was a substance that had never existed before. Per
kin’s next great triumph, ten years later, was in rival
ing Nature in the manufacture of one of her own choie
products. This is alizarin, the coloring matter con
tained in the madder root. It was an ancient and ori
ental dyestuff, known as ‘‘Turkey red’’ or by its Ara
bic name of ‘‘alizari.’” 'When madder was introducec
into France it became a profitable crop and at one tims
half a million tons a year were raised. A couple of
French chemists, Robiquet and Colin, extracted fron
madder its active prineciple, alizarin, in 1828, but it was
not until forty years later that it was discovered tha
alizarin had for its base one of the coal-tar products
anthracene. Then came a neck-and-neck race betweer
Perkin and his German rivals to see which could dis
cover a cheap process for making alizarin from anthra
cene. The German chemists beat him to the patent of
fice by one day! Graebe and Liebermann filed their ap
plication for a patent on the sulfuric acid process as No
1936 on June 25, 1869. Perkin filed his for the same
process as No. 1948 on June 26. It had required
twenty years to determine the constitution of alizarin
but within six months from its first synthesis the com-
mercial process was developed and within a few years
the sale of artificial alizarin reached $8,000,000 an-
nually. The madder fields of France were put to othe:
uses and even the French soldiers became dependent
on made-in-ermany dyes for their red trousers. The
British soldiers were placed in a similar situation as



COAL-TAR COLORS 75

regards their red coats when after 1878 the azo scarlets
put the cochineal bug out of business.

The modern chemist has robbed royalty of its most
distinctive insignia, Tyrian purple. In ancient times
to be ‘‘porphyrogene,’’ that is ‘‘born to the purple,’’
was like admission to the Almanach de Gotha at the
present time, for only princes or their wealthy rivals
could afford to pay $600 a pound for crimsoned linen.
The precious dye is secreted by a snail-like shellfish of
the eastern coast of the Mediterranean. From a tiny
sac behind the head a drop of thick whitish liquid,
smelling like garlic, can be extracted. If this is spread
upon cloth of any kind and exposed to air and sunlight
it turns first green, next blue and then purple. If the
cloth is washed with soap—that is, set by alkali—it
becomes a fast erimson, such as Catholic cardinals still
wear as princes of the church. The Phenician mer-
chants made fortunes out of their monopoly, but after
the fall of Tyre it became one of ‘‘the lost arts”’—and
accordingly considered by those whose faces are set
toward the past as much more wonderful than any of
the new arts. But in 1909 Friedlander put an end to
the superstition by analyzing Tyrian purple and find-
ing that it was already known. It was the same as a
dye that had been prepared five years before by Sachs
but had not come into commercial use because of its
inferiority to others in the market. It required 12,000
of the mollusks to supply the little material needed for
analysis, but once the chemist had identified it he did
not need to bother the Murex further, for he could make
it by the ton if he had wanted to. The coloring prin-
ciple turned out to be a di-brom indigo, that is the
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same as the substance extructed from the Indian
plant, but with the additon of two atoms of hromine,
Why a particular kind of a shellfish should have got
the habit of extracting this rare element from aea
water and stowing it away in this peculinr form ia
“one of those things no fellow can find wut.'" But
according to the chemist the Murex mollusk made a
mistake in hitebing the bromine to the wrong earbon
atoms. Ie finds as he would word it that the 6. 67di.
brom indigo secrcted by the shellfish is not so good ax
the 5:5'di-brom indigo now numufactured at a cheap
rate and in unlimited quantity, But we must not ex-
peet too much of a mollurk’s mind.  In their chenpness
lies the offense of the aniline dyes in the minds of some
people. Our modern aristoerats would delight to be
entitled ‘‘porphyrogeniti’’ and to wenr exclusive gowna
of “purple and scarlet from the islos of Klishah'' us
was done in Ezekicl's time, but when any shopgir] or
sailor can wear the royal color it upoils ity beauty in
their eyes. Applied scienee accomplishes a real da.
mocracy such as legislation hus ever failed to establish,

Any kind of dye found in nature can be muude in the
laboratory whenever its composition is understood and
usually it can he made cheaper and purer than it can
be extracted from the plant. But to work out a profit-
able process for making it synthetically is somutimes &
task requiring high ekill, persistent Inbor and heavy
expenditure. One of the latest and mont striking of
these achievements of synthetio chemistry is the manu-
facture of indigo.

Indigo is one of the oldest and fastest of the dye-
stuffs. To seo that it is both ancient and lasting look
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at the unfaded blue cloths that enwrap an KEgyptian
mummy. When Cmsar conquered our British ances-
tors he found them tattooed with woad, the native in-
digo. But the chief source of indigo was, as its name
implies, India. In 1897 nearly a million acres in India
were growing the indigo plant and the annual value of
the crop was $20,000,000. Then the fall began and by
1914 India was producing only $300,000 worth! What
had happened to destroy this profitable industry?
Some blight or insect? No, it was simply that the
Badische Anilin-und-Soda Fabrik had worked out a
practical process for making artificial indigo,

That indigo on breaking up gave off aniline was
discovered as early as 1840. In fact that was how ani-
line got its name, for when Fritzache distilled indigo
with caunstic soda he ecalled the eolorless distillute
‘“‘aniline,”’ from the Arabic name for indigo, “anil"’
ar “‘al-nil,?’ that i, “‘the bluestuff.”  But how to re-
verse the process and get indigo from auviline puzzloed
chemists for more than forty years until finally it was
solved by Adolf von Baeyer of Munich, who died in
1917 at the age of eighty-four. He worked on the probh.-
lem of the constitution of indigo for fifteen years and
discovered several ways of making it. It is possible to
start from benzene, toluene or naphthalene,  The first
process was the enniest, but if you will refer to the
products of the distillation of tar you will find that the
amount of tolnene produced is lesn than the naphtha.
lene, which is hard to dispose of.  That is, if a dye fae-
tory had worked out a process for making indigo from
toluene it would not be practieable because there wan
not enough toluene produced to supply the demand for
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indigo. So the more complieated papthalene process
was chosen in preference to the others in order to uti.
lize this by-product.

The Badische Anilin-und-Soda Fabrik spent $5,000,
000 and seventeen years in chemical rescarch before
they could make indigo, but they wained n monopoly
(or, to be exact, ninety-six per cent.) of the world's
production. A hundred years ago indigo cost a8 much
as $4 a pound. Tn 1914 we were paying fifteen conte n
pound for it. Even the pauper lubor of India conld not
compete with the German cheists ni that price. At
the beginning of the present contury Germany wns pay-
ing more than $3,000,06 a year for indigo.  Pourteen
years later Qermany was selling indigo to the amount
of $12,600,000, Beuides its chenpness, artificial indigo
is preferable because it s of uniform quality and
greater purity. Vegetable indigo coutuins from forty
to eighty per cent. of impurities, mnong them various
other tinctorinl substances. Artificial indigo is made
pure and of any desired etrength, so the dyers ean
depend on it.

The value of the aniline colora liea in their infinite
variety. Some are fast, some will fade, some will
stand wear and weather na long us the fabrie, some
will wash out or spot. Dyes ean be made that will at-
tach themselves to wool, to silk or to cotton, and give
it any shade of any color. The period of discovory by
accident has long gone by. The chemist nowadayn de-
cides first just what kind of a dye he wants, and then
goes to work systematically to make it. He hoging by
drawing a diagram of the molecule, double-linking ni-
trogen or carbon and oxygen atoms to give the required
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intensity, putting in acid or basic radicals to fasten it
to the fiber, shifting the color back und forth along the
spectrum at will by introducing methyl groups, until ho
gets it just to his liking.

Art can go abead of nature in the dyestufl business.
Before man found that he could muke all the dyes he
wanted from the tar he had been burning up at home
he searched the wide world over to find colors by which
he could make himself—or his wife—garments as benu-
tiful as those that arrayed the flower, the bird and the
butterfly. e sent divers down into the Mediterranean
to rob the murex of his purple. IHe sent ships to the
new world to get Brazil wood and to the oldest world
for indigo. He robbed the lady cochineal of her sear.
let coat. Why these peculinr substances were formed
only by these particular plants, mussels and inseets it
is hard to understand. [ don't know that Mrs., Cacti
Coceus derived any benefit from her searlet uniform
when khaki wonld he safer, and 1 ean't inagine that to
a shellfish it was of advantuge to turn red as it rotw
or to an indigo plant that its leaves in decomposing
should turn blue. But anyhow, it was man that took
advantage of them uotil he learned how to make hin
own dyesiuils,

Our independent ancestors got along so far sy pos.
sible with what grew in the neighborhood.  Sweetapple
bark gave a fine saffron yellow, Ribbons were given
the hue of the rose by poke berry juice, The Confed.
erates in their butternnt-colored nniform were almost
a8 invigible an if in khaki or feldgran, Madder wans
cultivated in the kitchen garden. Only logwood from
Jamaica and indigo from India lind to be imported,
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That we are not 8o independent today is vur own fanlt,
for we waste enough coal tar to supply ourselves and
other countries with all the new dyes weeded, It ia
essentially a question of ccouomy aml organization,
We have forgotten how to economize, but we have
learned how to organize.

The British (fovernment gave the diseaverer of
mauve a title, but it did not give lim any support in
his endeavors to develop the judustry, although Fng.
land led the world in textiles and needed wore dyes
than any other country. So in 1874 Rir William Per.
kin relinquished the attempt to manufacture the dyes
be had discovered beeause, as he said, Oxford and Cam.
bridge refused to edneate chemists or to carry nn re-
gearch., Their students, trained in the classics for the
profession of being a gentleman, showed a decided
repugnance to the Iaboratory on aveount of its bad
smeils. So when Hofmann went home he virtually
took the infant industry along with him to Germany,
where Ph.1).’s were cheap and plentifal and not afraid
of bad smells. There the business throve amazingly,
and by 1914 the Germans were manufacturing more
than three-fourths of all the conl-tay products of the
world and supplying material for moat of the rest,
The British cursed the universitios for thus imperil-
ing the nation through their narrowneas and neglect;
but this accusation, though natursl, was not altogether
fair, for at least half the blame should go to the British
dyer, who did not eare where his colora came from, so
long as they were cheap. When finally the universitios
did turn over a new loaf and bogan to educate chomists,
the manufactarers would not employ them. Before the
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war six English factories producing dyestuffs em-
ployed only 35 chemists altogether, while one German
color works, the Hochster Farbwerke, employed 307
expert chemists and 74 technologists.

This firm united with the six other leading dye com-
panies of Germany on January 1, 1916, to form a trust
to last for fifty years. During this time they will main-
tain uniform prices and uniform wage scales and hours
of labor, and exchange patents and secrets. They will
divide the foreign business pro rata and share the
profits. The German chemical works made big profits
during the war, mostly from munitions and medicines,
and will be, through this new combination, in a stronger
position than ever to push the export trade.

As a consequence of letting the dye business get away
from her, England found herself in a fix when war
broke out. She did not have dyes for her uniforms
and flags, and she did not have drugs for her wounded.
She could not take advantage of the blockade to capture
the German trade in Asia and South America, because
she could not color her textiles. A blue cotton dyestuff
that sold before the war at sixty cents a pound, brought
$34 a pound. A bright pink rhodamine formerly
quoted at a dollar a pound jumped to $48. When one
keg of dye ordinarily worth $15 was put up at forced
auction sale in 1915 it was knocked down at $1500.
The Highlanders could not get the colors for their kilts
until some German dyes were smuggled into England.
The textile industries of Great Britain, that brought in
a billion dollars a year and employed one and a half
million workers, were crippled for lack of dyes. The
demand for high explosives from the front could not be

G
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met because these also are lurgely conl-tar products,
Picric acid is both a dye and an explosive. It is mude
from carbolic acid and the fminous trimtrotohiene is
made from toluene, both of which yvon will find in the
list of the ten fundamental “erudes.’’

Both Great Britain and the United Stales replized
the danger of ullowing Germany to recover her for.
mer monopoly, and both have shown a rendiness to
cast overboard their traditional policies b neet this
emergency. The British Government has discovered
that & country without a farifl is s land without walls,
The American (Hovernment has discovered that an in-
dustry is not benefited by being cut up inta small picces,
Both governments are now doing nll they ean to build
up big concerns and to provide them with protection,
The British Government assisted in the formation of
a national company for the manufacture of synthetic
dyes by taking one-sixth of the stock aml providing
£500,000 for a research laboratory. Rut this offort is
now reported to be ‘“a great failure”’ because the Goy-
ernment put it in charge of the politicians instead of
the chemists,

The United States, like England, had become dapend-
ent upon Germany for its dyestuffs. We imported
nine-tenths of what we used and most of those that
were produced here were made from imported interme-
diates. When the war broke out thore were only seven
firms and 528 persons employed in the manufacture of
dyes in the United States. One of thege, the Nchoel-
‘kopf Aniline and Chemical Works, of Buffalo, desorves
mention, for it had stuck it out ever since 1879, and in
1914 was making 106 dyes. In June, 1917, this firm,
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with the eneouragement of the Government Burenu of
Foreign and Domestic Commerce, joined with some of
the other Ameriean producers to form a trade combina-
tion, the National Aniline and Chemical Company.
The Du Pout Compuny also entered the field on an
extensive seale and soon there were 118 coneerns on-
gaged in it with great profit. During the war $200,-
000,000 was invested in the domestic dyestufT industry.
To protect this industry Congress put on a specific duty
of five cents a pound and an ad valorem duty of 30
per cent. on imported dyestuffs; but if, after five years,
American manufacturers are not producing 60 per cent.
in value of the domestic consnmption, the protection is
to be removed. For some reason, not clearly under-
stood and therefore hotly discussed, Congress at the
last moment struck off the specifie duty from two of the
most important of the dyestuffs, indigo and alizarin,
as well as from all medicinals and flavors,

The manufacture of dyes is not a big business, but it
is 4 strategic business.  Heligoland is not a big island,
but Kngland would have been glad to buy it back during
the war at a high price per square yard. American
industries employing over two million men and women
and produeing over three billion dollara’ worth of prod-
ucts a year are dependent upon dyes.  Chiof of theso in
of conrse textiles, using moro than half tho dyes; next
come leather, paper, paint and ink. We have been im-
porting more than $12,000,000 worth of conl-tar prod-
ucts a year, hut the cottonaeed oil we exported in 1112
would alone suffice to pay that bill twien over. HBut
although the manufacture of dyes cannot be ealled n big
business, in comparison with some othors, it is a pay-
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ing business when well managed. ‘!'}w' Germuy eon.
cerns paid on an average 22 per cent. dividends on their
capital and sometimes as high as 50 per eent. Most of
the standard dyes have been so long iu use that the
patents are off and the prowesses are well enough
kuown. We have the coal tar nnd we have the ehem.
ists, 8o there seems no good reason why we should not
make our own dyes, at least enongh of them so we will
not be caught napping as we were in 1914 1t was
decidedly humiliating for onr Government to have to
beg Germany to sell ug enmigh colors to print oup
stantps and greenbacks and then have to beg Great
Britain for permission to bring them over by Duteh
ships.

The raw material for the production of conl dar prod-
ucts we have in nbundance if we will only take the
trouble to save it. In 1914 the crude light il colleeted
from the coke-ovens would have produced unly about
4,500,000 gallons of benzol and 1,700,000 gallons of to-
luol, but in 1917 this output wax raismd fo 40,200,000
gallons of benzol and 10,200,000 of tolual.  The tolunl
was used mostly in the manufacture of trinitrotoluol
for use in Europe. When the war broke out in 1914 it
shut off our supply of phenol (earbolie acid) for which
we were dependent upon foreign sources.  This threat-
ened not only to afflict us with hendaches by depriving
tms of aspirin but also to remove the consolstion of
musio, for phenol is used in making phonograph reo-
ords. Mr. Edison with his accustomed energy put up
a factory within a few weeks for the manufacture of
synthetic phenol. When we entered the war the need
for phenol became yet more imperative, for it was
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eeded to make picric acid for filling bombs. This de-
iand was met, and in 1917 there were fifteen new
lants turning out 64,146,499 pounds of phenol valued
t $23,719,805.
Some of the coal-tar produects, as we see, serve many
urposes. For instance, picric acid appears in three
laces in this book. It is a high explosive. It is a
owerful and permanent yellow dye as any one who
as touched it knows. Thirdly it is used as an anti-
:ptic to cover burned skin. Other coal-tar dyes are
sed for the same purpose, ‘‘malachite green,’” ¢bril-
ant green,’’ ‘‘crystal violet,”” ‘‘ethyl violet’’ and
Victoria blue,’’ so a patient in a military hospital is
corated like an Easter egg. During the last five
rars surgeons have unfortunately had unprecedented
»portunities for the study of wounds and fortunately
ey have been unprecedentedly successful in finding
1proved methods of treating them. In former wars a
rious wound meant usually death or amputation.
ow nearly ninety per cent. of the wounded are able
continue in the service. The reason for this im-
‘ovement is that medicines are now being made to
der instead of being gathered ¢‘from China to Peru.’’
be old herb doctor picked up any strange plant that
: could find and tried it on any sick man that would let
m. This empirical method, though hard on the pa-
ants, resulted in the course of five thousand years in
e discovery of a number of useful remedies. But the
odern medicine man when he knows the cause of the
sease is usually able to devise ways of counteracting
directly. For instance, he knows, thanks to Pasteur
1d Metchnikoff, that the cause of wound infection is
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the hacterial enemies of man which swarm by the mil.
lion into any breach in his protective armor, the skiu.
Now when a breach is made in a line of intrenchueuts
the defenders rush troops to the threatened spot for
two purposes, constructive and destructive, cnyinesrg
and warriors, the former to build up the rampart with
sandbags, the Iatier to kill the cucmy. Ro when the
human body is invided the blood brings to the breach
two kinds of defenders.  One is the sermm which nen-
tralizes the bacterial polson and by exagulating forma
a new skin or seab over the exposed flesh. The other
is the phagoeytes or white eorpuscles, the free lnnees
of our corpereal militia, which attack nud kill the in.
vading bacteria. The aim of the physicinn then is 1o
aid these defenders as mueh as possible withont inter.
fering with them. Therefore the antiseptic he s aeek-
ing is one that will nuaiat the serum in protecting and
repairing the hroken tissues and will kil the hostile
bacteria without killing the fricudly phagoeytes, Car.
bolic acid, the moat familiar of the conl-tar nntiseptios,
will destroy the bacterin when it is diluted with 25)
parts of water, but unfortunately it puts a stop to the
fighting activities of the phagocytes when it in only
hailf that strength, or one to 500, a0 it cannot deatroy
the infection without hindering the healing.

In this search for substances that would atiack a
specific disease germ one of the leading investigators
was Prof. Paul Ebrlich, s German physician of the
Hebrew race. He found that the aniline dyes were
useful for staining alides under the microscopo, for
they wonld pick out particular cells and leave others
uncolored and from this starting point he worked out
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organic and metallic compounds which would destroy
the bacteria and parasites that cause some of the most
dreadful of disenses. A year after the war broke out
Professor Bhrlich died while working in his laboratory
on how to heal with conl-tar compounds the wounds in-
flicted by explosives from the same source.

One of the most valuable of the aniline nutisepties
employed by Fhrlich is flavine or, if the reader prefers
to call it by s full name, dinminomethylacridinium
chloride. Flavine, as its name implies, is a yellow dye
and will kill the germs causing ordinary abscesses when
in solution as dilute a8 one part of the dye to 200,000
parts of water, but it doea not interfere with the bac-
tericidal netion of the white blood eorpuscles unless the
golution is 400 times as strong as this, that is one part
in 500. Unlike carbolic acid and other antiseptics it
is snid to stimulate the serum instead of impairing its
activity. Another antiseptic of the coal-tar family
which has recently been brought into use by Dr. Dakin
of the Rockefeller Institute is that called by European
physicians chloramine-T and by American physicians
chlorazene and by chemists para-toluene-sodium-sulfo-
chloramide,

This may serve to illustrate how a chemist is ablo to
make such remedies as the doctor needs, instead of
depending upon the accidental by-products of plants.
On an earlier page 1 explained how by starting with
the simplest of ring-compounds, the benzene of conl
tar, woe could get aniline. Suppose we go n step fur.
ther and boil the nniline mil with acetic acid, which is
the acid of vinegur minus ita water. This eary proe-
ess gives us acetanilid, which when introduced into the
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market some years ago under the nume of “antifebrin”
made a fortune for its wnkers.

The makiug of medicines from conl tar began in 1874
when Kolbe made salicylie neid from earbulie aeid,
Salicylic acid is a rhenmatism remedy ansd had previ.
ously been extracted from willow lark. If now we
troat salicylic acid with concentrated acetic acid we
get “*aspirin.’’  From anilive again are made ** phen.
acetin,”’ “‘antipyrin’’ and a lot of other drugs that have
become altogether too popular as Lieadachs remedicg—
say rather ‘‘headache relievers.”’

Another cluss of synthetics equally useful nnd like.
wise abused, are the soporifies, such as ** sulphonal,’
seyeronal’ and *medinal.”’ When 1t is not desired to
put the patient to sleep but merely to render insensible
a particulur place, as when a tooth is to be pulled,
cocain 1ay be waed. This, like slcohol and morphine,
has proved a curse as well as a blessing and its male
has had to be restricted becanse of the many victima {o
the habit of using this drug. Coeain is oblained frm
the leaves of the Bouth American cova tree, but can
be made artificially from conl-tar products.  The Inb-
oratory is superior to the forest because other forms
of local anesthetics, such ua eucain nnd novocain, ean
be made that are better than the natural alkaloid be-
cause more effective and leas poisonoun,

I must not forget to mention another lot of coal-tar
derivatives in which some of my readors will take a
personal interest. That is the photographic develop-
ers. I am old enough to remember when wo usod to
develop our plates in ferrous sulfate solation and you
never saw nicer pegutives than we got with it. Bat
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when pyrogallic acid came in we switched over to that
even though it did stain our fingers and sometimes our
plates. Later came a swarnt of new organie reducing
agents under various faney mames, such as motol, hydro
(short for hydro-quinoue) and eikongen (‘‘the image-
maker’"). Fvery fellow fixed up his own formula and
called his fellow-members of the camera club fools for
not adupting it though he seeretly hoped they would
not.

Under the double stimulus of patriotism and high
prices the Ameriean drug and dyestuff industry devel-
oped rapidly,  In 1917 nbout as many pounds of dyes
were mamfactured in Amerien as were imported in
1913 and our cxports of American-made dyes exceeded
in value our imporis hefore the war, In 1914 the out-
put of Ameriean dyes was valued at $2,500,000, In 1917
it amounted to over $57,000,000. This does not mean
that the problem was solved, for the home products
were not equal in variety and sometimes not in quality
to those made in Germany. Many valuable dyes were
lacking and the cost was of course much higher.
Whether the American industry can compete with the
foreign in an open market and on equal terms is im-
possible to say beeause such conditions did not prevail
before the war and they are not going to prevail in the
future. Pormerly the large (erman cartels through
their ngents and branches in this country kept the busi-
ness in their own huands and now the American manu-
facturers are determined to maintain the independence
they have aequired.  They will not depend hereafter
upon the tariff to cut off competition but have adopted
wore effcctive mensures.  The 4500 Uerman chemical
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patents that had been seized by the Mlien Property
Custodian were sold by hiw for $250000 1o the Chemi.
enl Foundation, an association of Amicrican manufae.
turers organized **for the Amerieanization of such in-
stitutions as may be affected thereby, for the exclusion
or elimination of alien interests hostile or delrimentyl
to said industries and for the advaneement of chemieal
and allied science and industry in the Uwted States.”?
The Foundation has a large fightine fund «o that it
“may be able to commence inmediately atid prosecute
with the utmost vigor imfringement pracecdings when.
ever the firat German attempt shall hervafter v mnde
to import into this country.”’

So much mystery has been mmde of the achievements
of German chemists--ns though the Teutonie bram had
a special lobe for that faculty, lacking in other crani.
ums—that 1 want to gquote what Dr. Heése snvs about
hig first impressions of a UGerman labwratory of jndus.
trial rescarch:

Direetly after gradusting from the Univermity of Chicagn
in 1896, I entered the employ of the largest coal tar dye wurks
in the world at its plant i Germany and miderd 1 one of its
research laboratoriew.  This was my firel trsp outaide the
United States and it was, of course, an rernt of the first mag-
pitude for me to be in Europe, and, ax a chemist, o be in
Germany, in a German coal-tar dye plant, and ta cap it all in
its rewearch laborstory—a real sancfum sanciorum for chem
ista. In a short time the daily rootine wore the novelty off
my experience and 1 then weitled down to calm analysis and
dispassionate appraisal of my surreundings and 1o compare
what was actuaily before and arvund me with my rxpociations
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1 found that the general Iaboratory cquipment was no better
than what | had bern neawtomed to; that my colleagues had
no better fundamental training than 1 had enjoyed nor any
better fact—or manipulative—squipment than I; that those
in charge of the work had no better general intellectual equip-
ment not any more antive ability than had my instructors ; in
short, there was nothing new about 1t all, nothing that we did
not have back home, nothing~—except the specific problems
that were engaging their attention, and the special opportuni-
tiew of attacking them. Those problems were of no higher
order of complexity than those I had been accustomed to for
yenrs, in fact, most of them were not very complex from a
purely intellectnal viewpoint, There waw nothing inherently
nneanny, magienl or wizardly about their oceupation what-
ever. It was nothing but plain hard work and keeping ever-
Instingly at it, Now, what was the actual thing behind that
chemical laboratory that we did not have at home?! It was
money, willing to back such aetivity, convineed that in the
finsl outenme, a profit woull be made ; money, willing to take
university gradustes expeeting from them no special knowl.
cdgo other than & good and thorough grounding in scientific
remesrch and provide them with opportunity to become special-
istg suited to the factory's needs.

It is evidently not impossible to make the United
States gelf-suflicient in the matter of conl-tar products.
We "ve got the tar; we 've got the men; we 've got the
money, too. Whether such a policy would pny us in
the long run or whether it is necessary as a measure of
military or commercial self-defonne is another question
that cannot hers by decided.  But whatever share we
may have in il the conl-tar industry has incereased the
economy of civilization und added to the wealth of the
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world by showing how a waste by-product could b
utilized for making new dyes and valuable medicines
a better use for tar than as fuel for political bonfires
and as clothing for the nakedness of social outcasts.



v
SYNTHETIC PERFUMES AND FLAVORS

The primitive man got his living out of such wild
plants and animals as he could find. Next he, or more
likely his wife, began to cultivate the plants and tame
the animals so as to insure a constant supply. This
was the first step toward civilization, for when men had
to settle down in a community (civitas) they had to
ameliorate their manners and make laws protecting
land and property. In this settled and orderly life
the plants and animals improved as well as man and
returned a hundredfold for the pains that their master
had taken in their training. But still man was de-
pendent upon the chance bounties of nature. He could
select, but he could not invent. He could cultivate, but
he could not create. If he wanted sugar he had to
gsend to the West Indies. If he wanted spices he had
to send to the East Indies. If he wanted indigo he
had to send to India. If he wanted a febrifuge he had
to send to Peru. If he wanted a fertilizer he had to
send to Chile. If he wanted rubber he had to send
to the Congo. If he wanted rubies he had to send to
Mandalay. If he wanted otto of roses he had to send
to Turkey. Man was not yet master of his envi-
ronment.

This period of cultivation, the second stage of civil-

1zation, began before ;the dawn of history and lasted
a1
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EPRTS U ORI B BT | A THa gl Aoaismiond ga}* up s ‘h‘
toortotn st Lot wman ot gata the Tondamenty)

Saws o nerea s were b v red that man eonld origi.
W L o avy oA H fanta Jt-”!nf fmmmh n(‘(’a;tdugx ‘Q‘
predeteraned plan Lo comtoanng ayek shnsactorislios

an Lo desiredd o Pty tuate Azal 1 waa not until ule
fusdamental Jawz o vttty were diascavered that
man could crigioate sew comgeunsde mote suitable to
b Pt poons than ane to b Tousd an sature. Sunco the
progreas of mankind ja centinuour 2t e smposathle to
dram g dale e, unleas a very jagged one, aleng the
{rontset of humar enilare, but it e evulent that wo are
quat entering gpeon the thaed era of svolution in which
man will thake what lic necds snatoad of teving to find
it sotpombiore The new epoch Las bardly dawned, yet
already o han may slay at hote in New York or Lon-
doun and make his own rubber anid rubics, s own -
digo and ollo of roscs  More than this, he can make
gems and oolors amd perfomes that never existed sinee
tine began.  The man of scacnoe has mignod a doclars.
tion of indepetsdence of the Jower world and we are
naw i the gisdet of the revolytion,

Our oyes are daralod by the dawn of the now e
Wo know what tho hunler and the hortioultorist have
siready done for man, Imt we osnnot imagine whal the
chomist onn do. 1t wo look ahoad through the eyes of
one of the greatest of French chemista, Berthelol, this
is what wo shall see:

The problem of food b & chemioal problem. Whenover
energy oot be obisined svonomically we can begin 1o make all
kinds of aliment, with carbon borrowed from earbonic seid,
hydrogen taken from the water and oxygen and nitroges
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drawn from the air. . . . The day will come when each per-
son will carry for his nournhmont his little nitrogenous tablet,
his pat of fatty matter, his package of starch or sugar, his
vial of aromatic spices suited to his personal taste; all manu-
factured ceonomically and in unlimited quantities; all inde-
pendent of irrcgular seasons, drought nnd rain, of the heat
that withrrs the plant and of the frost that blights the fruit;
all free from pathogenie microbes, the origin of epidemics and
the enemics of human Jife.  On that day chemistry will have
accomplished a world.-wide revolution that cannot be esti-
mated.  There will 1o longer be hills covered with vineyards
and fields filled with cattle, Man will gain in gentleness and
morality becanse he will cease to live by the carnage and de.
struction of living creatures. . . . The earth will be covered
with grass, flowers and woods and in it the human race will
dwell in the sbundance and joy of the legendary age of gold
—provided that a spiritual chemistry has been discovered
that changes the nature of man as profoundly as our chemis-
try transforms material nature,

But this is looking so far into the future that we can
trust no man's eyesight, not even Berthelot’s. There
is apparently no impossibility about the manufacture
of synthetic food, but at present there is no apparent
probability of it. There is no likelihood that the labor-
atory will ever rival the wheat field. The cornstalk
will always he able to work cheaper than the chemist in
the mamafacture of starech. But in rarer and choicer
products of nature the chemist has proved his ability
to compete and even to excel,

What have been from the dawn of history to the rise
of synthetic chemistry the most costly products of na-
ture? What could tempt n merchant to brave the
perils of a caravan journey over the deserts of Asia
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bﬂﬂ‘t wi!h Af;ﬂ) ru!:iw!’»’ Wl duesd !hp pnﬂu_
guese and Spanish awanners o nsk thear frail barks
on prrilons waters of Uie Uape of Goud Hope or the
Hornt The chief prizes wers perfurmes, spices, drugs
and gems, And why thewe rather thay what now cog.
stitutes the ulk of aversea and cverland commerget
Because thiey were procious, portable snd ungorishable,
It the merchant ot back wafe after o year or two with
a little flask of otte of roxen, a package of comphor and
a few pearls concenled m Jus garmentn his fortune wag
made, 1 a single ship of the argosy sent out from
Linbon came back with a load of sandalwood, indigo or
matmeg 1t was regarded ns n succeaaful venture, Yon
know from reading the Rible, ar if not that, from your
reading of Arabinn Nights, that a few geains of frank.
incense or & few drops of perfumed oil were regarded
as gifts worthy the acceptance of a king or a god.
These products of the Oricnt were equally in demand
by the toilet and the temple.  The unctorium was an
adjunct of the Roman bathroom. Kings had to be
grensed and fumignted before they were thought fit to
8it upon a throne. There was a theory, not yel alto-
gether extinet, that medicines bhrought from s distanee
were most efficncious, especinlly if, hesides boing expen.
sive, they tasted bad Jike myreh or smelled bad liko asa-
fotida. And if these failed to save the princely patient
he was embalmed in nromatics or, as we now call them,
‘antiseptics of the benzene sorics.

Today, as always, men are willing to pay high for
the titillation of the wenses of smell and taste, The
African savage will trade off an ivory tusk for a piece
of soap reeking with synthetic musk. The clubman
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will pay $10 for a bottle of wine which consists mostly
of water with about ten per cent. of alcohol, worth a
cent or two, but contains an unweighable amount of the
‘“‘bouquet’” that cun only be produced on the sunny
slopes of Champagne or in the valley of the Rhine.
But very likely the reader is quite an extravagant, for
when one buys the natural violet perfumery he is pay-
ing at the rate of more than $10,000 a pound for the
odoriferous oil it containsg; the rest is mere water and
aicohol. But you would not want the pure undiluted
oil if you could get it, for it is unendurable. A single
whiff of it paralyzes your sense of smell for a time just
as a loud noise deafens you.

Of the five senses, three are physical and two chemi-
cal. By touch we discern pressures and surface tex-
tures. By hearing we receive impressions of certain
air waves and by sight of certain ether waves. But
smell and taste lead us to the heart of the molecule and
enable us to tell how the atoms are put together.
These twin senses stand like scntries at the portals of
the body, where they closely serutinize everything that
enters. Bounds and sights may be disagrecable, but
they are never fatal. A man can live in a boiler fac-
tory or in a cubist art gallery, but he cannot live in a
room containing hydrogen sulfide. Since it is more
important to be warned of danger than guided to de-
lights our senses are made more sensitive to pain than
pleasure. We can detect by the amell one two.millionth
of a milligram of oil of roses or musk, but we can de-
tect one two-billionth of a milligram of mercaptan,
which is the vileat smelling compound that man has so

far invented. If you do not know how much a milli-
)
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gram is consider a drop picked up by the point
needle and imagine that divided into two billion p
Also try to estimate the weight of the odorous pari
that guide a dog to the fox or warn a deer of the]
ence of man. The unaided nostril can rival the s
troscope in the detection and analysis of unweiglk
amounts of matter.

What we call flavor or savor is a joint effect of 1
and odor in which the latter predominates. There
only four tastes of importance, acid, alkaline, bitter
sweet. The acid, or sour taste, is the perceptio:
hydrogen atoms charged with positive electricity.
alkaline, or soapy taste, is the perception of hydr-
radicles charged with negative electricity. The bi
and sweet tastes and all the odors depend upon
chemical constitution of the compound, but the law
the relation have not yet been worked out. Since t}
gense organs, the taste and smell buds, are sunk in
moist mucous membrane they can only be touched
substances soluble in water, and to reach the senss
smell they must also be volatile so as to be diffusec
the air inhaled by the nose. The ‘‘taste’” of foot
mostly due to the volatile odors of it that creep up
back-stairs into the olfactory chamber.

A chemist given an unknown substance would hav
make an elementary amalysis and some tedious te
to determine whether it contained methyl or st
groups, whether it was an aldehyde or an ester, whet!
the carbon atoms were singly or doubly linked s
whether it was an open chain or closed. But let k
get a whiff of it and he can give instantly a pre
shrewd guess as to these points. His nose knows
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Although the chemist does not yet know enough to
tell for certain from looking at the structural formula
what sort of odor the compound would have or whether
it would have any, yet we can divide odoriferous sub-
stances into classes according to their constitution.
What are commonly known as ‘‘fruity’’ odors belong
mostly to what the chemist calls the fatty or aliphatic
series. For instance, we may have in a ripe fruit an
aleohol (say ethyl or common aleohol) and an acid (say
acetic or vinegar )and a combihation of these, the ester
or organic salt (in this case ethyl acetate), which is
more odorous than either of its components. These
esters of the fatty acids give the characteristic savor to
many of our favorite fruits, candies and beverages.
The pear flavor, amyl acetate, is made from acetic acid
and amyl alecohol—though amyl aleohol (fusel oil) has
a detestable smell. Pineapple is ethyl butyrate—but
the acid part of it (butyric acid) is what gives Lim-
burger cheese its aroma. These essential oils are
easily made in the laboratory, but cannot be extracted
from the fruit for separate use.

If the carbon chain contains one or more double link-
ages we get the ‘‘flowery’” perfumes. For instance,
here is the symbol of geraniol, the chief ingredient of
otto of roses:

(CHy) ,C = CHCH,CH,C(CH,), = CHCH,0H

The rose would smell as sweet under another name,
but it may be questioned whether it would stand being
called by the name of dimethyl-2-6-octadiene-2-6-01-8.
Geraniol by oxidation goes into the aldehyde, citral,
which oceurs in lemons, oranges, and verbena flowers.
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Another compound of this group, linaleol, 18 found in
lavender, bergamot and many fowers.

Uernniol, a8 you would see if you drew up its strae.
tural formula in the way deseribed ju the Jast chapter,
contains a chain of six carbon atoms, that is, th same
number as make a benzene ring. Now if we shake up
geraniol and other compounds uf this group (the dicle.
fines) with diluted sulfurie aeid the earbon ehinin haoks
up to form a benzene ring, but with the other earbon
atoms stretched across it; rather too comphiented to
depict here.  These **bridged rings’’ of the furmula
CH,, or some multiple of that, eonstitute the impor.
tant group of the terpenes which vecur an turpentine
and such wild and woodsy things as sage, lavender,
caraway, pine needles nnd enenlyptus.  Uoing further
in this direction we are led into the renlm of the heavy
oriental odora, patchouli, sandalwomd, codar, cubebs,
ginger and camphor. Camphor can now b made di-
rectly from turpentine so we may be independent of
¥ormosa and Borneo.

When we have a six carbon ring without deabile link.
ings (cyclo-aliphatic) or with one or two such, we got
soft and delicate perfumes like the violet {10none and
irone). But when these pass intu the benxene ring
with its three double linkages the odor becomes more
powerful and so characteristic that the name *aro-
matic compound’’ has been extended to the entire class
of benzene derivatives, although many of them are
odorless. The oasential oils of jasmine, orange blos-
soms, musk, heliotrope, tuberose, ylang ylang, ete., con-
sist mostly of this class and can be made from the com-
mon source of aromatic compounds, coal tar,
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The syuthetic flavors and perfumes are made in the
game way ns the dyes by starting with some coal-tar
product or other crude material and building up the

minloenle tn tha douirad ramnlasvite Kar tmatawas 1.2



102 CREATIVE CHEMISTRY

gether as art, tar ot ral.  Or, to take o more apposite
iHustration, every hostess knows that the suceess of hep
dinner depends upon how she veats hor guests aroumd
the table, 8o in the eawe of uromatic vompeunds,
little difference in the sealing arrangement avaiund the
benzene ring changes the character. The Boo deriva.
tives of phenol, which we nre now cansiderniug, have
two substituting groups. One s O H cealled the
bydroxyl group).  The other 1w CHEy cealivd the gl
dehyde group). If these nre nppasite toallbd the para
position) we hnve an odorless white salid. 1§ they are
gide by side (ealled the ortho poxitiony we hinve an oil
with the odor of meadowsweet,  Treating the adorlosa
golid with methyl aleohol we get nudepne (ar anisie
aldehyde) which is the perfume of hawthorn blouswoms,
But treating the other of the twin products, the fra.
grant oil, with dry neetic acid (* Porkin’s reaction’)
we get cumarin, which is the perfume part of the tonka
or tonquin beans that our forefathers used o carry in
their anuff hoxes. One sunce of cumarin is equal to
four pounds of tonka beans. [t simells sufliciently fike
vanilla to be used aw a substitute for 3t-in cheap ox.
tracta. In perfumery it isknown s ' *new mown hay,”

You may remember what 1 said an a former page
about the career of William Henry Perkin, the boy
who loved chemistry hotter than eating, and how he
discovered the cosl-tar dyes. Well, it is nlso 1o his
ingenious mind that we owe the starting of the coal
tar perfume bunineas which has had slmost as impor.
tant a development. Perkin made cumarin in 1868,
hut this, like the dye industry, escaped from English
bands and Sew over the North Bea. Bofore the war
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Germany was exporting $1,500,000 worth of synthetic
perfumes a year. Part of these went to France, where
they were mixed and put up in faney bottles with
French names and sold to Americans at fancy prices.

The real vanilla flavor, vanillin, was made by Tie-
mann in 1874. At first it sold for nearly $800 a pound,
but now it may be had for $10. How extensively it is
now used in chocolate, ice cream, soda water, cakes and
the like we all know. It should be noted that cumarin
and vanillin, however they may be made, are not imi-
tations, but identical with the chief constituent of the
tonka and vanilla beans and, of course, are equally
wholesome or harmless. But the nice palate can dis-
tinguish a richer flavor in the natural extracts, for
they contain small quantities of other savory ingredi-
ents.

A true perfume consists of a large number of odorif-
erous chemical compounds mixed in such proportions
as to produce a single harmonious effect upon the sense
of smell. In a fine brand of perfume may be com-
pounded a dozen or twenty different ingredients and
these, if they are natural essences, are complex mix-
tures of a dozen or so distinct substances. Perfumery
is one of the fine arts. The perfumer, like the orches-
tra leader, must know how to combine and codrdinate
his instruments to produce the desired sensation. A
Wagnerian opera requires 103 musicians. A Strauss
opera requires 112. Now if the concert manager wants
to economize he will insist upon cutting down on the
most expensive musicians and dropping out some of
the others, say, the supernumerary wviolinists and the
man who blows a gingle blast or tinkles a friangle once
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in the course of the evening. Only the trained ear will
detect the difference and the manager can make more
money.

Suppose our mercenary impresario were unable to
get into the concert hall of his famous rival. He would
then listen outside the window and analyze the sound
in this fashion: ¢‘Fifty per cent. of the sound is made
by the tuba, 20 per cent. by the bass drum, 15 per cent.
by the ’cello and 10 per cent. by the clarinet. There are
some other instruments, but they are not loud and I
guess if we can leave them out nobody will know the
difference.’” So he makes up his orchestra out of
these four alone and many people do not know the
difference.

The cheap perfumer goes about it in the same way.
He analyzes, for instance, the otto or oil of roses which
cost during the war $400 a pound—if you could get it
at any price—and he finds that the chief ingredient is
~ geraniol, costing only $5, and next is citronelol, costing

$20; then comes nerol and others. So he makes up a
cheap brand of perfumery out of three or four such
compounds. But the genuine oil of roses, like other
-natural essences, contains a dozen or more constituents
and to leave many of them out is like reducing an or-
‘chestra to a few loud-sounding instruments or a paint-
ing to a three-color print. A few years ago an attempt
was made to make music electrically by producing
separately each kind of sound vibration contained in
‘the instruments imitated. Theoretically that seems
easy, but practically the tone was not satisfactory be-
cause the tones and overtones of a full orchestra or
even of a gingle violin are too numerous and complex
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to be reproduced individually. So the synthetic per-
fumes have not driven out the natural perfumes, but,
on the contrary, have aided and stimulated the growth
of flowers for essences. The otto or attar of roses, fa-
vorite of the Persian monarchs and romances, has in
recent years come chiefly from Bulgaria. But wars are
not made with rosewater and the Bulgars for the last
five years have been engaged in other business than
cultivating their own gardens. The alembic or still
was invented by the Arabian alchemists for the purpose
of obtaining the essential oil or attar of roses. But
distillation, even with the aid of steam, is not alto-
gether satisfactory. Forinstance, the distilled rose oil
contains anywhere from 10 to 74 per cent. of a paraffin
wax (stearopten) that is odorless and, on the other
hand, phenyl-ethyl alcohol, which is an important con-
stituent of the scent of roses, is broken up in the proe-
ess of distillation. So the perfumer can improve on
the natural or rather the distilled oil by leaving out
part of the paraffin and adding the missing aleohol.
Even the imported article taken direct from the still is
not always genuine, for the wily Bulgar sometimes ‘‘in-
creases the yield’’ by sprinkling his roses in the vat
with synthetic geraniol just as the wily Italian pours a
barrel of American cottonseed oil over his olives in the
press.

Another method of extracting the scent of flowers is
by enfleurage, which takes advantage of the tendency
of fafs to absorb odors. You know how butter set be-
gide fish in the ice box will get a fishy flavor. In en-
fleurage moist air is carried up a tower passing alter-
nately over trays of fresh flowers, say violets, and over
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glass plates covered with a thin layer of lard. Th
perfumed lard may then be used as a pomade or th
perfume may be extracted by aleohol.

But many sweet lowers do not readily yield an essen
tial oil, so in such cases we have to rely altogether upo
more or less successful substitutes. For instance, the
perfumes sold under the names of ‘‘heliotrope,” ¢¢lily
of the valley,”” “lilac,”’ ‘‘cyclamen,’’ ‘‘honeysuckle,”
‘“‘gweet pea,’’ ‘‘arbutus,”’ ‘‘mayflower’’ and ‘‘mag
nolia’’ are not produced from these flowers but are
simply imitations made from other essences, synthetic
or natural. Among the ‘‘thousand flowers’’ that con-
tribute to the ‘‘Fau de Mille Fleurs’’ are the civet cat,
the musk deer and the sperm whale. Some of the pub-
lished formulas for ‘‘Jockey Club’’ call for civet or
ambergris and those of ¢‘Lavender Water’’ for musk
and civet. The less said about the origin of these
three animal perfumes the better. Fortunately they
are becoming too expensive to use and are being dis-
placed by synthetic products more agreeable to a re-
fined imagination. The musk deer may now be saved
from extinction since we can make tri-nitro-butyl-
xylene from coal tar. This synthetic musk passes mus-
ter to human nostrils, but a cat will turn up her nose at
it. The synthetic musk is not only much cheaper than
the natural, but a dozen times as strong, or let us say,
goes a dozen times as far, for nobody wants it any
stronger.

Such powerful scents as these are only pleasant when
highly diluted, yet they are, as we have seen, essential
ingredients of the finest perfumes. For instance, the
natural oil of jasmine and other flowers containg traces
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of indols and skatols which have most disgusting odors.
Though our olfactory organs cannot detect their pres-
ence yet we perceive their absence so they have to be
put into the artificial perfume. Just so a brief but
violent discord in a piece of music or a glaring color
contrast in a painting may be necessary to the harmony
of the whole.

It is absurd to object to ‘‘artificial’’ perfumes, for
practically all perfumes now sold are artificial in the
sense of being compounded by the art of the perfumer
and whether the materials he uses are derived from
the flowers of yesteryear or of Carboniferous Era is
nobody’s business but his. And he does not tell. The
materials can be purchased in the open market. Vari-
ous recipes can be found in the books. But every fa-
mous perfumer guards well the secret of his formulas
and hands it as a legacy to his posterity. The ancient
Roman family of Frangipani has been made immortal
by one such hereditary recipe. The Farina family still
claims to have the exclusive knowledge of how to make
Eau de Cologne. This famous perfume was first com-
pounded by an Italian, Giovanni Maria Farina, who
came to Cologne in 1709. It soon became fashionable
and was for a time the only scent allowed at some of
the German courts. The various published recipes
contain from six to a dozen ingredients, chiefly the oils
of neroli, rosemary, bergamot, lemon and lavender dis-
solved in very pure aleohol and allowed to age like wine.
The invention, in 1895, of artificial neroli (orange flow-
ers) has improved the product.

French perfumery, like the German, had its origin
in Italy, when Catherine de’ Medici came to Paris as
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the bride of Henri II. She brought with her, among
other artists, her perfumer, Sienr Toubarelli, who es.
tablished himself in the flowery laud of Grasse. Here
for four hundred yecars the industry has remnined
rooted and the family formulas have been handed down
from generation to generation. In the eity of Grawse
there were at the outhrenk of the war fifty estublish.
ments making perfumes. The Frenel perfumer dues
not confine himself to a single seuse.  He appenls ng
well to sight and sound and associntion.  He adds to
the attractivencss of his ereation by a quuintly shaped
bottle, an artistic hox and an coticing name such aa
“Dans les Nues,” “‘Le Conr de Jeannette,”” * Nuit de
Chine,” “Un Air Embaumé,’” **Le Vertige,” **Bon
Vieux Temps,”’ “L’Henre Bleae,” *Nuit d'Amonr,”
“Quelques Kleurs,” *“Djer-Kixs."'

The requirements of a successful scent nre very
striet. A perfume must be lasting, bul not strong,
All its ingredients must continue to evaporato in the
same proportion, otherwise it will change wdor and
deteriorate. Scenis kill one another as colors do. The
minutest trace of some impurity or foreign odor may
spoil the whole effeet. To mix the ingredienis in a
vessel of any metal but aluminum or even to filter
through a tin funnel in likely to impair the perfume.
The odoriferous compounds are very sensitive and un-
stable bodies, otherwise they would have no effeet upon
the olfactory organ. The combination that would he
suitable for a toilet water would not he good for a tal-
cum powder and might spoil in a sonp. Perfumery is
used even in the *‘scentless” powders and soaps. In
fact it is now nsed more extensively, if less intensively,
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han ever hefore in the history of the world. During
he Unwashed Ages, commonly called the Dark Ages,
setween the destruction of the Roman baths and the
wonstruction of the modern bathroom, the art of the
serfumer, like all the fine arts, suffered an eclipse.
‘The odor of sanctity”” was in highest csteem and
vhat that odor was may be imagined from reading the
ives of the saints. But in the course of centuries the
refinements of life began to seep back into Europe from
:he East by means of the Arabs and Crusaders, and
themistry, then chiefly the art of cosmetics, began to
revive. When secience, the greatest democratizing
1gent on earth, got into action it elevated the poor to the
ranks of kings and priests in the delights of the palate
and the nose. We should not despise these delights,
for the pleasure they confer is greater, in amount
at least, than that of the so-called higher senses. We
eat three times a day ; some of us drink oftener; few of
us visit the coneert hall or the art gallery as often as
we do the dining room, Then, too, these primitive
genses have n stronger influence upon our emotional
nature than those aequired later in the course of evo-
lution. As Kipling puts it:

Hmells are surer than sounds or sights
To make your heart-strings crack,



Vi
CELLULOSE

Organic compounds, on which our life and living d¢
pend, consist chiefly of four elements: carbon, hydr«
gen, oxygen and nitrogen. These compounds ar
sometimes hard to analyze, but when once the chemis
has ascertained their constitution he can usually mak
them out of their elements—if he wants to. He wi
not want to do it as a business unless it pays and i
will not pay unless the manufacturing process i
cheaper than the natural process. This depends pri
marily upon the cost of the crude materials. Whai
then, is the market price of these four elements? Oxy
gen and nitrogen are free as air, and as we have seen i
the second chapter, their direct combination by the elee
tric spark is possible. Hydrogen is free in the form o:
water but expensive to extricate by means of the elec
tric current. But we need more carbon than anything
else and where shall we get that? Bits of crystallizec
carbon can be picked up in South Africa and else
where, but those who can afford to buy them prefes
to wear them rather than use them in making synthetic
food. Graphite is rare and hard to melt. We must
then have recourse to the compounds of carbon. The
simplest of these, carbon dioxide, exists in the air but
only four parts in ten thousand by volume. To ex-
tract the carbon and get it into combination with the

other elemenis would be a difficult and expensive
110
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process. Here, then, we must call in cheap labor, the
cheapest of all laborers, the plants. Pine trees on the
highlands and cotton plants on the lowlands keep their
green traps set all the day long and with the captured
carbon dioxide build up cellulose. If, then, man wants
free carbon he can best get it by charring wood in
a kiln or digging up that which has been charred
in nature’s kiln during the Carboniferous Era. But
there is no reason why he should want to go back to
elemental carbon when he can have it already com-
bined with hydrogea in the remains of modern or fossil
vegetation. The synthetic products on which modern
chemistry prides itself, such as vanillin famphor and
rubber, are not built up out of their @ements, C, H
and O, although they might be as a laboratory stunt.
Instead of that the raw material of the organic chemist
is chiefly cellulose, or the products of its recent or re-
mote destructive distillation, tar and oil.

It is unnecessary to tell the reader what cellulose
is since he now holds a specimen of it in his hand,
pretty pure cellulose except for the sizing and the
specks of carbon that mar the whiteness of its surface.
This utilization of cellulose is the chief cause of the
difference between the modern world and the ancient,
for what is called the invention of printing is essen-
tially the inventing of paper. The Romans made type
to stamp their coins and lead pipes with and if they
had had paper to print upon the world might have
escaped the Dark Ages. But the clay tablets of the
Babylonians were cumbersome; the wax tablets of the
Greeks were perishable; the papyrus of the Egyptians
was fragile; parchment was expensive and penning
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was glow, 8o i1 was not antil hterature was put on g
paper basis that democratic edueation beeame pos.
wible. At the present time sheepskin s only used for
diplomas, treatiea and other antiquated  documents,
And even if your diploma s written in Latin it g
likely to e made of sulfated cellubone,

The textile industry has fullowed the same law of
development that T have andiented e the other ip.
dustries. Here again we find the three slages of
progross, (1) ntilization of uutursl products, (2) enl.
tivation of natnral products, C) manufacture of arti.
fiein] products. The ancients were sdependent upog
plants, annusls nnd insects for their fibers,  China
uxesd wilk, tireree and Home used wool, Fgyvpt used
flax nnd Indin used cottan. In the rourse of coltiva.
tion for three thousand years the animal and vegetable
fibers wore lengthened and strengthened and cheap-
rnied.  1tut at Iast man hns fisen to the level of the
warm sl can spin threads to st hamself. He can
now rival the wanp in the making of paper.  He is no
longer dependont spon the dax and the cotlon plant,
bt grinds up trees o get haw ooliulone. A Now York
Bewapiapaer Ures vl nearly 300 geres of Torest a yoar,
The United Ktates grinds up about five million eords
of wosnl a year in the manufaeture of pulp for paper
and uthor purposcs. .

In making “"mechanical pulp’® the hlocks of wood,
mostly spruce and hemlock, are simply prossed side
wise of the grain againsl wel grindsiones.  But in wood
fiber the oollulase is in part comluned with Hgming
which is worse than useless  Ta broak up the ligno-
oellulose combine chemicals are used. The logs for
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: not ground fine, but cut up by disk chippers.
ps are digested for several hours under heat
:ssure with aeid or alkali. "There are three
28 in vogue. In the most common process the
is caleium suliite, made by passing sulfur
80,) into lime water. In another process a
. of caustic of soda is used to disintegrate the
The third, known as the ‘‘sulfate’’ process,
rather be called the sulfide process since the
gent is an alkaline solution of sodium sulfide
r roasting sodium sulfate with the carbonaceous
axtracted from the wood. This sulfate process,
the most recent of the three, is being increas-
nployed in this country, for by means of it the
8 pine wood of the SBouth can be worked up
. final produect, known as kraft paper because
ong, is used for wrapping.
whatever the process we get nearly pure
¢ which, as you can see by exnmining this page
» microscope, consists of a tangled web of thin
ibers, the remains of the original cell walls.
to the severe treatment it has undergone wood
per does not last so long as the linen rag paper
- our ancestors. The pages of the newspapers,
nes and books printed nowadays are likely to
brown and brittle in a few years, no great loss
most part since they have served their pur-
wough it is a pity that a few copies of the worst
1 could not be printed on permanent paper for
ration in libraries so that future generations
songratulate themuel¥s on their progress in
tion.
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Baut in our absorption in the printed page we must
not forget the other usen of paper. The puper cloth-
ing, so often prophesied, has uot yet arrived. Fven
paper collurs have gone out of fashion--if they ever
were in. In Germany during the war paper was used
for socks, shirts and shoes as well as haudkerchinfs
and napkins but it could not stund wenr ninl washing,
Our sanitary engineers have set ns to drinking ont
of sharp-cdged paper enps and we blot our fams in.
stead of wiping them. Twine is spun of paper and fur.
niture made of the twine, a rival of rattan.  Cloth and
matting woven of paper yarn are being used for burlap
and grass in the making of bugs nnd soiteises,

Here, however, we ure not so much interested in
manufactures of cellulone itself, that is, wood, paper
and cotton, as we are in its chemicnl derivatives,
Cellulose, as we can see from the wymbaol, CH, 0, is
composed of the three elementa of carbon, hydrogen
and oxygen. These are present in the samo propor-
tion as in starch (C,H,,0,), while glucase or grape
sugar (C JH,,0.) has one molecule of water more.
But giucose 18 soluble in eold water nnd sturch is sol-
uble in hot, while cellulose is soluble in neither,  Con-
sequently cellulose cannot serve us for food, although
some of the vegetarian animals, notably the gont, have
a digestive apparatus that ean handle it. In Finland
and Germany birch wood pulp and straw were used not
only as an ingredient of cattle food but also put into
war bread. It is not likely, howover, that the human
stomach even under the gressurc of famine is able to
get much nutriment out o¥ sawdust. But hy digesting
with dilute acid sawdust cap be transformed iuto
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sugars and these by fermentation into aleohol, so it
would be possible for & man after he has read his
morning paper to get drunk on it,

It the cellulose, instead of being digested a long
time in dilute acid, is dipped into a solution of sulfuric
acid (50 to 80 per cent.) and then washed and dried
it acquires a hard, tough and transiucent coating that
makes it water-proof and grease-proof. This is the
‘“‘parchment paper’’ that has largely repiaced sheep-
skin. Strong alkali has a similar effect to strong acid.
In 1844 John Mercer, a Lancashire calico printer, dis-
covered that by passing cotton cloth or yarn through
a cold 30 per cent. solution of caustic soda the fiber is
shortened and strengthened. For over forty years
little attention was paid to this discovery, but when it
was found that if the materinl was stretched so that
it could not shrink on drying the twisted ribbons of the
cotton fiber were changed into smooth-walled eylinders
like silk, the process came into general use and nowa-
days much that passes for gilk is ‘‘mercerized’’ cotton.

Another step was taken when Cross of London dis-
covered that when the mercerized cotton was treated
with carbon disulfide it was dissolved to a yellow
liquid. This hquid contains the cellulose in solution
a8 a cellulose xanthate and on acidifying or heating
the eellulose is recovered in a hydrated form. Tf this
yellow solution of cellulose is squirted out of tubes
through extremely minute holes into acidulated water,
each tiny stream becomes instantly solidified into a
silky thread which may be spun and woven like that
ejected from: the spinneret of the silkworm. The
origin of natural silk, if we think about it, rather de-
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nitrate groups (—ONO,). The higher nitrates are
known as guncotton and form the basis of modern dy-
namite and smokeless powder. The lower nitrates,
known as pyroxylin, are less cxplosive, although still
very inflammable.  All these nitrates are, like the orig-
inil cellulose, insoluble in water, but unlike the original
cellulose, soluble in a mixture of other and aleohol.
The solution is called collodion and is now in cormon
use to spread a new skin over a wound. Tho great war
might be traced back to Nobel’s cut finger. Alfred
Nobel was a Bwedish chemist—and a pacifist. One day
while working in the laboratory he cut his finger, as
chemists are apt to do, and, again as chemists are apt
to do, he dissolved some guncotton in ether-aleohol and
swabbed it on the wound. At this point, however, his
conduct diverges from the ordinary, for instead of
standing idle, impatiently waving his hand in the air to
dry the filin as most people, including chemists, are apt
to do, he put his mind on it and it oceurred to him that
this sticky stuff, slowly hardening to an clastic mass,
might be just the thing he was hunting as an absorbent
and solidifier of nitroglycerin, 8o instead of throwing
away the extra coliodion that he had made he mixed
it with nitroglyeerin and found that it set to a jelly.
The ““‘blasting gelatin’’ thus discovered proved to ho so
insensitive to shock that it could be safely transported
or fired from a eannon. This was the first of the high
explosives that have been the chief factor in modern
warfare.

But on the whole, collodion has heanled more wounds
than it has caused besides being of infinite service to
mankind otherwise. It has made modern photography
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possible, for the film we use in the eamera and moving
picture projector consists of a gelatin conting on a
pyroxylin backing. If collodion is farced through fine
glass tubes instead of through a slit, it cones ont a
thread instead of a film.  If the collodion jet is ruu iuto
a vat of cold water the ether and aleohol dissolve; if it
is run into a chamber of warm auir they evaporate.
The thread of nitrated eclinlose may be rendered less
inflammabie by taking out the nitrate gronps by treat.
ment with ammonium or ealeium sulfide,  This restores
the original cellulose, but now it is an endless thread
of any desired thickness, whercas the native fiber was
in size and length adapted to the needs of the cotton-
seed instead of the needs of man.  The old motto, ¢ If
you want a thing done the way you want it you must
do it yourself,”’ explaina why the ehemist hins been
called in to sapplement the work of nature in catering
to human wants.

Instead of nitric acid we may use strong ncotie acid
to dissolve the cotton. The resulting eollulose nectatoy
are less inflammable than the nitrates, but they are
more brittle and more expensive,  Motion pietnre filma
made from them can be used in any hall without the pe-
cessity of imprisoning the operator in a fire-proof hox
where if anything happens he can burn up all by him-
self without disturbing the audience. The ecellulose
acetates aro being used for auto goggles aud gas masks
as well as for windows in leather curtains and trans-
parent coverings for index cards. A new uso that has
lately become important is the varnishing of acroplans
wings, as it does not readily absorb water or cateh fire
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and makes the cloth taut and air-tight. Aeroplane
wings can be made of cellulose acetute sheets ay trans-
parent as those of a dragon-fly and not easy to see
against the sky.

The nitrates, sulfates and acetates are the salts or
esters of the respective acids, but recently true ethers
or oaides of cellulose have been prepared that may
prove still better since they contain no acid radicle and
are neutral and stable.

These are in brief the chief processes for making
what is commonly but quite improperly called ‘‘arti-
ficial silk.”” They are not the same substance as silk-
worm silk and ought not to be—though they sometimes
are—sold as such. They are none of them as strong
as the silk fiber when wet, although if I should venture
to say which of the various makes weakens the most ou
wetting I should get myself into trouble. I will only
say that if you have a grudge against some fisherman
give him a fly line of artificial silk, ‘most any kind.

The nitrate process was disecovered by Count Hilaire
de Chardonnet while he was at the Polytechnic School
of Paris, and he devoted his life and his fortune trying
to perfect it. Samples of the artificial silk were exhib-
ited at the Paris Fxposition in 1889 and two years
later he started a factory at Basangon, In 1892, Cross
and Bevan, Eaglish chemints, discovered the viscose
or xanthate process, and later the acetate process.  But
although all four of these processes were invented in
France and England, Germany reaped most benefit
from the new industry, which was bringing into that
country $6,000,000 a year before the war, The lurgest
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Soluble cellulose may enable us in time to dispense
‘Wwith the weaver as well as the silk-worm. It may by
One operation give us fabries instead of threads. A
Inachine has been invented for manufacturing net and
lace, the liquid material being poured on one side of a
roller and the fabrie being reeled off on the other side.
The process seems capable of indefinite extension and
application to various sorts of woven, knit and reticu-
lated goods. The raw material is cotton waste and the
finished fabric is a good substitute for silk. As in the
Process of making artificial silk the cellulose is dis-
Solved in a ecupro-ammoniacal solution, but instead of
being forced out through minute openings to form
threads, as in that process, the paste is allowed to flow
rpon a revolving cylinder which is engraved with the
Pattern of the desired textile. A scraper removes the
excess and the turning of the cylinder brings the paste
in the engraved lines down into a bath which solidi-
fies it.

Tulle or net is now what is chiefly being turned out,
but the engraved design may-be as elaborate and artis-
tic as desired, and various materials can be used.
Since the threads wherever they cross are united, the
fabric is naturally stronger than the ordinary. It is
all of a piece and not composed of parts. In short, we
seem. to be on the eve of a revolution in textiles that is
the same as that taking place in building materials.
Owur concrete structures, however great, are all one
sitone. They are not built up out of blocks, but cast
as a whole.

Lace has always been the aristocrat among textiles.
Xt has maintained its exclusiveness hitherto by being
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based upon hand labor. In no other way could one get
so much painful, patient toil put into such a light and
portable form. A filmy thing twined about a neck or
dropping from a wrist represented years of work by
poor peasant girls or pallid, unpaid nuns. A visit toa
lace factory, even to the public rooms where the worn-
out women were not to be seen, is enough to make one
resolve never to purchase any such thing made by hand
again. ‘But our good resolutions do not last long and
in time we forget the strained eyes and bowed backs,
or, what is worse, value our bit of lace all the more be-
cause it means that some poor woman has put her life
and health into it, netting and weaving, purling and
knotting, twining and twisting, throwing and drawing,
thread by thread, day after day, until her eyes can no
longer see and her fingers have become stiffened.

But man is not naturally cruel. He does not reall
enjoy being a slave driver, either of human or anima
slaves, although he can be hardened to it with shocking
ease if there seems no other way of getting what he
wants. So he usually welcomes that Great Liberator,
the Machine. He prefers to drive the tireless engine
than to whip the straining horses. He had rather see
the farmer riding at ease in a mowing machine than
bending his back over a scythe.

The Machine is not only the Great Liberator, it is the
Great Leveler also. It is the most powerful of the
forces for democracy. An aristocracy can hardly be
maintained except by distinetion in dress, and distine-
tion in dress can only be maintained by sumptuary laws
or costliness. Sumptuary laws are unconstitutional
in this country, hence the stress laid upon costliness.
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But machinery tends to bring styles and fabries within
the reach of all. The shopgirl is almost as well dressed
on the street as her rich customer. The man who buys
ready-made clothing is onuly a few weeks behind the
vanguard of the fashion. There is often no difference
perceptible to the ordinary eye beiween cheap and
high-priced clothing once the price tag is off. .Jewels
as a portable form of concentrated costliness have bheen
in favor from the earliest ages, but now they are losing
their factitious value through the advance of invention.
Rubies of unprecedented size, not imitation, but genuine
Tubies, can now be manufactured at reasonable rates.
And now we may hope that lace may soon be within
the reach of all, not merely lace of the established
forms, . but new and more varied and intricate and
beautiful designs, such as the imagination has been
able to conceive, but the hand eannot execute.
Dissolving nitrocellulose in ether and aleohol we get
the collodion varnish that we are all familiar with sineo
we have used it on our cut fingers. Spread it on cloth
instead of your skin and it makes a very good leather
substitute. As we all know to our cost the number of
animals to be skinned has not increased so rapidly in
recent years as the number of feet to be shod.  Aftor
having gone barefoot for a million years or 8o the ma-
jority of mankind have decided to wear shoes and this
change in fashion comes at a time, roughly speaking,
when pasture land is getling scarce. Also there are
books to be hound and other new things to he done for
which leather is needed. The war has intensified the
stringeney ; so has feminine fashion. The conventions
require that the shoe-tops extend nearly to skirt-bottom
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ard Has thensos 1hal an vk or soanust be added tg the
Riewe Logovers dears Uenaegue it G thas rise 3y lmﬂ}mr
wo Lo b panroas much for ot shoe an we uked 1o pay
fora ot

il ¥, ﬂi“", s 4 chanee Tor N(*I”u"ﬂh,!‘\' Yo ““'ffiﬁﬂ h@r
maternal functicn And ol has pesposided aobly, A
pregeny of new subelanoon bave Jwen branght forth
and, what s et encaaraging o owee, they are no
Bomsgley Yrvang Co woerty thear way inta favor g marrep-
Glioma aurrogates uneder the nathes of Clentheret,'t
Cleathoraey, U leathierowd o and Cleatiier thin-or that”?
byt come ot eddly onder sames of their owy CoOInRge
and deslare themaelies nol an amatation, not even a
subalzingte, Luyl “leller than Jegther.” This pn}icy has
had the curious reandt of compeliing the cowhide men
o take full pages sn the magarmes o eall atlontion to
the forgoften virtyes of god old fashioned sole
leathrs! There are now upon the market synthetie
shoes thatl a vegelanan could wear wath o clear con.
seienee The avlen are made of aome rubber composi-
tiers, the uppeta of ocllulose fahnie (canvas) oonled
with a cellulose aolution such ne I have doseribed.

Fach fitm kecps its van process for such substance
s degd sccret, hyt without pryinu" into these wo
can loarn rhough to satisfy our logilimnte curiosity,
The first of the artificial fabrics was the old.Cash.
ioned and still indispensable oil.cloth, that is canvas
painted or printed with inseod oil carrying the desired
pigments.  Linscod oil belongs ta the elass of com-
pounds that tho chemist oalls "unsatorated’’ and the
psychologist would call *‘unsatisfied.’’ They take up
oxygvn from the alr and become aolid, hence are called
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the ‘‘drying oils,”’ although this does not mean that
they lose water, for they have not any to lose. Later,
ground cork was mixed with the linseed oil and then it
went by its Latin name, ‘‘linoleum.”’

The next step was to cut loose altogether from the
natural oils and use for the varnish a solution of some
of the cellulose esters, usually the nitrate (pyroxylin or
guncotton), more rarely the acetate. As a solvent the
ether-alcohol mixture forming collodion was, as we
have seen, the first to be employed, but now various
other solvents are in use, among them castor oil, methyl
aleohol, acetone, and the acetates of amyl or ethyl.
Some of these will be recognized as belonging to the
fruit essences that we considered in Chapter V, and
doubtless most of us have perceived an odor as of over-
ripe pears, bananas or apples mysteriously emanating
from a newly lacquered radiator. With powdered
bronze, imitation gold, aluminum or something of the
kind a metallic finish can be put on any surface.

Canvas coated or impregnated with such soluble cel-
lulose gives us new flexible and durable fabries that
have other advantages over leather besides being
cheaper and more abundant. Without such material
for curtains and cushions the automobile business
would have been sorely hampered. It promises to pro-
vide us with a book binding that will not crumble to
powder in the course of twenty years. Linen collars
may be water-proofed and possibly Dame Fashion—
being a fickle lady—may some day relent and let us
wear such sanitary and economical neckwear. For
shoes, purses, belts and the like the cellulose varnish
or veneer is usually colored and stamped to resemble
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the grain of any kind of leather desired, even snake or
alligator.

If instead of dissolving the cellulose nitrate and
spreading it on fabric we combine it with camphor we
get celluloid, a plastic solid capable of innumerable
applications. But that is another story and must be
reserved for the next chapter.

But before leaving the subject of cellulose proper I
must refer back again to its chief source, wood. We
inherited from the Indians a well-wooded continent.
But the pioneer carried an ax on his shoulder and
began using it immediately. For three hundred years
the trees have been cut down faster than they could
grow, first to clear the land, next for fuel, then for
lumber and lastly for paper. Consequently we are
within sight of a shortage of wood as we are of coal and
oil. But the coal and oil are irrecoverable while the
wood may be regrown, though it would require another
three hundred years and more to grow some of the
trees we have cut down. For fuel a pound of coal is
about equal to two pounds of wood, and a pound of
gasoline to three pounds of wood in heating value, so
there would be a great loss in efficiency and economy if
the world had to go back to a wood basis. But when
that time shall come, as, of course, it must come some
time, the wood will doubtless not be burned in its nat-
ural state but will be converted into hydrogen and
carbon monoxide in a gas producer or will be distilled
in closed ovens giving charcoal and gas and saving the
by-products, the tar and acid liquors. As it is now the
lumberman wastes two-thirds of every tree he cuts
down.  The rest is left in the forest as stump and tops
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or thrown out at the mill as sawdust and slabs. The
slabs and other scraps may be used as fuel or worked.
up into small wood articles like laths and clothes-pins.
The sawdust is burned or left torot. But it is possible,
although it may not be profitable, to save all this waste.

In a former chapter I showed the advantages of the
introduction of by-product coke-ovens. The same
principle applies to wood as to coal. If a cord of wood
(128 cubic feet) is subjected to a process of destructive
distillation it yields about 50 bushels of charcoal, 11,500
cubic feet of gas, 25 gallons of tar, 10 gallons of crude
Wood aleohol and 200 pounds of crude acetate of lime.
Resinous woods such as pme and fir distilled with steam
give turpentine and rosin. The acetate of lime gives
acetic acid and acetone. The wood (methyl) aleohol is
almost as useful as grain (ethyl) alcohol in arts and
industry and has the advantage of killing off those who
drink it promptly instead of slowly.

The chemist is an economical soul. He is never con-
tent until he has converted every kind of waste product
into some kind of profitable by-product. He now has
his glittering eye fixed upon the mountains of sawdust
that pile up about the lumber mills. He also has a
notion that he can beat lumber for some purposes.
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SYNTHETIC PLASTION

I the last chapter 1 told how Alfred Nobel ent his
flnger and, davhing it onver with colladian, was led to
the dincovery of high explonive, dynawite. 1 remarked
thut the first part of this process--the hurtiug and the
henhing of the fnger-amght happen to anybody but not
svervbody wonld e led ta discovery thereby,  That is
true cnongh, but we must not think that the Swoedish
chemist was the only observant man in the world,
About this same tine a voung man in Albany, named
John Wealey Hvatt, got s sore finger and resorted to
the same remedy and was led to ax great o discovery.
His father was a blacksmith and his education was con-
fined to what hie conld get at the semnary of Fddy-
tuwn, New York, before he wawn sisteon. Al that age
he st out for the Went to make his fortune.  He made
it, hut after a long, hard struugle.  Hin trade of type-
aottor gave hum b living in Hhinows, Now York or wher.
ever he wanted o go, byt he was nd content with his
wages or hie hours. However, he did not strike to re-
duce his hours or increase his wages.  On the contrary,
he inorcased his working Gme and used it to increase
hin income.  He spent bis nights and Sundays in mak-
ing billiard balls, not at all the sort of thing you would
expeot of a young man of his Christian name, Buat
working with billiard balls is more profitable than play-

1%
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ing with them—though that is not the sort of thing you
would expect a man of my surname to say. Hyatt had
seen in the papers an offer of a prize of $10,000 for the
discovery of a satisfactory substitute for ivory in the
making of billiard balls and he set out to get that prize.
I don’t know whether he ever got it or not, but I have
in my hand a newly published circular announcing that
Mr. Hyatt has now perfected a process for making bil-
liard balls ‘‘better than ivory.”” Meantime he has
turned out several hundred other inventions, many of
them much more useful and profitable, but I imagine
that he takes less satisfaction in any of them than he
does in having solved the problem that he undertook
fifty years ago.

The reason for the prize was that the game on the
billiard table was getting more popular and the game in
the African jungle was getting scarcer, especially ele-
phants having tusks more than 2 7/16 inches in diam-
eter. The raising of elephants is not an industry that
promises as quick returns as raising chickens or Bel-
gian hares. To make a ball having exactly the weight,
color and resiliency to which billiard players have be-
come accustomed seemed an impossibility. Hyatt
tried compressed wood, but while he did not succeed
in making billiard balls he did build up a profitable
business in stamped checkers and dominoes.

Setting type in the way they did it in the sixties was
hard on the hands. And if the skin got worn thin or
broken the dirty lead type were liable to infeet the
fingers. One day in 1863 Hyatt, finding his fingers
were getting raw, went to the cupboard where was kept

the ¢‘liquid cuticle’’ used by the printers. But when
K
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he got there he found it was bare, for the vial had
tipped over—you know how easily they tip over—and
the collodion had run out and solidified on the shelf.
Possibly Hyatt was annoyed, but if so he did not waste
time raging around the office to find out who tipped
over that bottle. Instead he pulled off from the wood
a bit of the dried film as big as his thumb nail and
examined it with that ‘¢ ’satiable curtiosity,”’ as Kip-
ling calls it, which is characteristic of the born in-
ventor. He found it tough and elastic and it occurred
to him that it might be worth $10,000. It turned out to
be worth many times that.

Collodion, as I have explained in previous chapters,
is a solution in ether and alcohol of guncotton (other-
wise known as pyroxylin or nitrocellulose), which is
made by the action of nitric acid on cotton. Hyatt
tried mixing the collodion with ivory powder, also
using it to cover balls of the necessary weight and so-
lidity, but they did not work very well and besides were
explosive. A Colorado saloon keeper wrote in to com-
plain that one of the billiard players had touched a
ball with a lighted cigar, which set it off and every man
in the room had drawn his gun.

The trouble with the dissolved guncotton was that it
could not be molded. It did not swell up and set; it
merely dried up and shrunk. "When the solvent evapo-
rated it left a wrinkled, shriveled, horny film, satisfae-
tory to the surgeon but not to the man who wanted to
make balls and hairpins and knife handles out of it
In England Alexander Parkes began working on the
problem in 1855 and stuck to it for ten years before he
or rather his backers, gave up. He tried mixing ix
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various things to stiffen up the pyroxylin. Of these,
camphor, which he tried in 1865, worked the best, but
since he used castor oil to soften the mass articles made
of ‘‘parkesine’’ did not hold up in all weathers.

Another Englishman, Daniel Spill, an associate of
Parkes, took up the problem where he had dropped it
and turned out a better product, ‘‘xylonite,”’ though
still sticking to the idea that castor oil was necessary
to get the two solids, the guncotton and the camphor,
together.

But Hyatt, hearing that camphor could be used and
not knowing enough about what others had done to fol-
low their false trails, simply mixed his camphor and
guncotton together without any solvent and put the
mixture in a hot press. The two solids dissolved one
another and when the press was opened there was a
clear, solid, homogeneous block of—what he named—
¢‘celluloid.”” The problem was solved and in the sim-
plest imaginable way. Tissue paper, that is, cellulose,
is treated with nitric acid in the presence of sulfuric
acid. The nitration is not carried so far as to produce
the guncotton used in explosives but only far enough to
make a sqluble nitrocellulose or pyroxylin. This is
pulped and mixed with half the quantity of camphor,
pressed into cakes and dried. If this mixture is put
into steam-heated molds and subjected to hydraulic
pressure it takes any desired form. The process re-
mains essentially the same as was worked out by the
Hyatt brothers in the factory they set up in Newark in
1872 and some of their original machines are still in
use. But this protean plastic takes innumerable forms
and almost as many names. Each factory has its own
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secrets and lays claim to preulinr merits. The funda.
mental product itself iz unt patentemd, so tride nanes
are copyrighted to protect the produet. T have al.
ready mentioned three, *parkesine,’” U xylonte' and
“oelluloid,”” and T may add, without exhausting the list
of species belonging to this geuns, Svisenloid,t 4 hith.
oxyl,”? “fiberloid,”” “‘coraline,” “eburite,”" *patlver.
oid,” ““ivorine,”’ *'pergamoid,” Cdurond,” Civortys,”’
«orystalloid,” “transparene,’ Clitnoid,"" “pelroid,
“paghosene,” “cellonite’’ and **pyralin.*’

Celluloid ean be given any color or evdors by mixing
in aniline dyes or metallie pignments.  The color may be
confined to the surface or to the interior or prreade the
whole. I the nitrated tissne paper is blenched the eel.
luloid is transparent or colorleas, In that ease it is
necessary to add an antacid such ns nrea to provent ite
goetting yellow or opaque.  To make it opague and losa
inflammable oxides or chlorides of zine, aluminum,
magnesium, efc., are mixed in.

Without going into the gueation of their varistions
and relutive merits we may consider the sdvantages of
the pyroxylin plastics in general.  Here we have a now
substance, the product of the greative genius of man,
and therefore adaptable to his needs. 1t i hard but
light, tough but clastic, easily made and tolerahly
cheap. Heated to the boiling point of waler it becames
soft and flexible. It can be turned, carved, ground,
polished, bent, pressed, stamped, molded or blown. To
make a block of any desired size simply pile up the
sheets and put them in a hot press. To got sheets of
any desired thickness, simply shave them off the block.
To make a tabe of any desired size, shape or thickness
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squirt out the mixture through a ring-shaped hole or
roll the sheets around a hot bar. Cut the tube into
sections and you have rings to be shaped and stamped
into box bodies or napkin rings. Print words or pic-
tures on a celluloid sheet, put a thin transparent sheet
over it and weld them together, then you have some-
thing like the horn book of our ancestors, but better.

Nowadays such things as celluloid and pyralin can
be sold under their own name, but in the early days the
artificial plastics, like every new thing, had to resort to
camouflage, a very humiliating expedient since in some
cases they were better than the material they were
forced to imitate. Tortoise shell, for instance, cracks,
splits and twists, but a ‘‘tortoise shell’’ comb of cellu-
loid looks as well and lasts better. Horn articles are
limited to size of the ceratinous appendages that can be
borne on the animal’s head, but an imitation of horn
can be made of any thickness by wrapping celluloid
sheets about a cone. Ivory, which also has a laminated
structure, may be imitated by rolling together alternate
white opaque and colorless translucent sheets. Some
of the sheets are wrinkled in order to produce the knots
and irregularities of the grain of natural ivory. Man’s
chief difficulty in all such work is to imitate the imper-
fections of nature. His whites are too white, his sur-
faces are too smooth, his shapes are too regular, his
Pproducts are too pure.

The precious red coral of the Mediterranean can be
perfectly imitated by taking a cast of a coral branch
and filling in the mold with celluloid of the same color
and hardness. The clear luster of amber, the dead
‘black of ebony, the cloudiness of onyx, the opalescence
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of alabaster, the glow of carnelian—once confined to
the selfish enjoyment of the rich—are now within the
reach of every one, thanks to this chameleon material.
Mosaics may be multiplied indefinitely by laying to-
gether sheets and sticks of celluloid, suitably cut and
colored to make up the picture, fusing the mass, and
then shaving off thin layers from the end. That chef
d’cuvre of the Venetian glass makers, the Battle of
Isus, from the House of the Faun in Pompeii, can be
reproduced as fast as the machine can shave them off
the block. And the tesserae do not fall out like those
you bought on the Rialto.

The process thus does for mosaics, ivory and coral
what printing does for pictures. It is a mechaniecal
multiplier and only by such means can we ever attain
to a state of democratic luxury. The produect, in cases
where the imitation is accurate, is equally valuable
except to those who delight in thinking that coral in-
gsects, Italian craftsmen and elephants have been labor-
ing for years to put a trinket into their hands. The
Lord may be trusted to deal with such selfish souls ae-
cording to their deserts.

But it is very low praise for a synthetic produect that
it can pass itself off, more or less acaeeptably, as a natu-
ral product. If that is all we could do without it. It
must be an improvement in some respects on anything
to bg found in nature or it does not represent a real
advance. So celluloid and its congeners are not con-
fined to the shapes of shell and eoral and erystal, or to
the grain of ivory and wood and horn, the colors of
amber and amethyst and lapis lazuli, but can be given
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orms and textures and tints that were never known
efore 1869.

Let me see now, have I mentioned all the uses of cel-
1loid? Oh, no, there are handles for canes, umbrellas,
irrors and brushes, knives, whistles, toys, blown ani-
1als, card cases, chains, charms, brooches, badges,
racelets, rings, book bindings, hairpins, campaign but-
ons, cuff and collar buttons, cuffs, collars and dickies,
ags, cups, knobs, paper cutters, picture frames, chess-
aen, pool balls, ping pong balls, piano keys, dental
lates, masks for disfigured faces, penholders, eyeglass
rames, goggles, playing cards—and you can carry on
he list as far as you like.

Celluloid has its disadvantages. You may mold, you
aay color the stuff as you will, the scent of the cam-
vhor will cling around it still. This is not usually
bjectionable except where the celluloid is trying to
rass itself off for something else, in which case it de-
erves no sympathy. It is attacked and dissolved by
10t acids and alkalies. It softens up when heated,
vhich is handy in shaping it though not so desirable
ifterward. But the worst of its failings is its combus-
ibility. It is not explosive, but it takes fire from a
lame and burns furiously with clouds of black smoke.

But celluloid is only one of many plastic substances
:hat have been introduced to the present generation.
A new and important group of them is now being
»pened up, the so-called ‘‘condensation products.” If
you will take down any old volume of chemical research
you will find occasionally words to this effect: ¢‘The
reaction resulted in nothing but an insoluble resin
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which was not further investigated.”  Such a passage
would be marked with a tear if chemists were given to
erying over their failures. For it is the epitaph of a
buried hope, I{ likely meant the loxs of months of
labor. The reason the chemist did not do anything
further with the gummy stufl that stuck up his test
tube was beeause he did not know what to do with it.
It could not be dissolved, it could nut be ervatallized,
it could not be distilled, therefore it could not b puri-
fied, analyzed and identified.

What had happened was in most eases this. The
molecule of the compound that the chemist was trying
to make had combined with others of ita kind to form
a molecule too big to be managed by auch means,
Financiers call the process a ““merger.’’ Chemists call
it ‘“polymerization.”” The resin was a molecular
trust, indissoluble, uncontrollable and contaminating
everything it touched.

But chemists—like governments—have learned wis-
dom in recent years. They have not yet discovered in
all cases how to undo the process of polymerization, or,
if you prefer the financial phrase, how to unscramble
the eggs. DBut they have found that these molecular
mergers are very useful things in their way. For in.
stance there is a liquid known as isoprene (C,H,).
This on heating or standing turns into a gum, that is
xéoging less than rubber, which is some multiple of

Sl 14

For another instance there is formaldehyde, an acrid
smelling gas, used as a disinfectant. This bas the sim-
plest possible formula for a earbohydrate, CH,0. Bat
in the leaf of a plant this molecnle multiplies itself by
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and turns into a sweet solid glucose (CI1,,0,), or
1 the loss of water into starch (C,H,,Oq) or cellulose
H,,0,)-
ut formaldehyde is so insatiate that it not only com-
's with itself but seizes upon other substances, par-
larly those having an acquisitive nature like its
Such a substance is carbolic acid (phenol) which,
ve all know, is used as a disinfectant like formalde-
¢ because it, too, has the power of attacking decom-
able organic matter. Now Prof. Adolf von Baeyer
overed in 1872 that when phenol and formaldehyde
e brought into contact they seized upon one another
formed a combine of unusual tenacity, that is, a
n. But as I have said, chemists in those days were
of resins. Kleeberg in 1891 tried to make some-
g out of it and W. I Story in 1895 went so far as
ame the product ““‘resinite,”” but nothing came of it
1 1909 when 1. H. Baekeland undertook a serious
systematic study of this reaetion in New York.
kelund was a Belgian chemist, born at Ghent in
3 and professor at Bruges. While a student at
nt he took up photography as a hobby and began to
k on the problem of doing away with the dark-room
yroducing a printing paper that could be developed
er ordinary light. When he came over to America
889 he brought his idea with him and four years
r turned out “‘Velox,”’ with which doubtless the
Jer in familiar. Velox was never patented because,
Dr. Backeland explained in his speech of accept-
¢ of the Perkin medal from the chemists of .Amer-
lawsuits are too expensive. Manufacturers seem
e coming generally to the opinion that a synthetio
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name copyrighted as a trademiark alfords better pro-
tection than a patent.

Later Dr. Backeland turned his attention to the
phenol condensation products, working gradually up
from test tubes to ton vats necording to his motlo:
“Make your mistakes on n small senle and your profits
on a large scale.””  He found that when vqual weights
of phenol and formaldehyde were mixoed and warmed in
the presence of an alkaline catnlytic agent the snlution
separated into two layers, the upper aqueons nnd the
lower a resinous procipitate.  This resin was soft, vig.
eous and soluble in alrohiol or acetone.  But if it waw
heated under pressure it changed into another and a
new kind of resin thnt was hard, inclastic, unplastie,
infusible and insoluble. The chemical name of this
product is *‘polymerized oxybenryl methyleno glyeol
anhydride,’’ but nobody ealls it that, not even chemists,
It is called ** Bakelite'* after its inventor.

The two stages in its preparation are convenient in
many ways. Forinstance, porous wood may be sonked
in the soft resin and then by heat nnd prossure it is
changed to the bakelite form und the waod comes out
with a hard finish that mny be given the brillinnt polish
of Japanese lacquer. Paper, cardboard, cloth, wood
pulp, sawdust, asbestos and the like may be impreg.
nated with the resin, producing tough and hard mate.
rial suitable for wvarioua purposes. Brass work
painted with it and then baked st 300* F, noquires a
lacquered surface that is unaffected by sonp. Forced
in powder or sheot form into molds under a prossure
of 1200 to 2000 pounds to the square inch it takes the
most delicate impressious. Billiard balls of bakelite
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are claimed to be better than ivory because, having no
grain, they do not swell unequally with heat and hu-
midity and so lose their sphericity. Pipestems and
beads of bakelite have the clear brilliancy of amber and
greater strength. Fountain pens made of it are trans-
parent so you can see how much ink you have left. A
new and enlarging field for bakelite and allied products
is the making of noiseless gears for automobiles and
other machinery, also of air-plane propellers.
Celluloid is more plastic and elastic than bakelite.
It is therefore more easily worked in sheets and small
objects. Celluloid can be made perfectly transparent
and colorless while bakelite is confined to the range
between a clear amber and an opaque brown or black.
On the other hand bakelite has the advantage in being
tasteless, odorless, inert, insoluble and non-inflamma-
ble. This last quality and its high electrical resistance
give bakelite its chief field of usefulness. Electricity
was discovered by the Greeks, who found that amber
(electron) when rubbed would pick up straws. This
means simply that amber, like all such resinous sub-
stances, natural or artificial, is a non-conduector or di-
electric and does not carry off and scatter the electrie-
ity collected on the surface by the friction. Bakelite is
used in its liquid form for impregnating coils to keep
the wires from shorteireuiting and in its solid form for
commutators, magnetos, switch blocks, distributors,
and all sorts of electrical apparatus for automobiles,
telephones, wireless telegraphy, electric lighting, ete.
Bakelite, however, is only one of an indefinite num-
ber of such condensation products. As Baeyer said
long ago: ¢‘It seems that all the aldehydes will, under
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suitable circurmstances, unite with the aromatie hydro.
carbonus to form resins.”  So instewd of phenol, other
coal tar products such as cresol, naphthal or benzene
itself may bo used.  The earbon hnks (—~CH,— ) meth-
ylene) necessury to hook these carbon rings together
may be obtained from other substances than the alde.
hydes, for instanee from the nwines, or amonin de-
rivatives. Three chomists, L. V. Redman, A, J. Weith
and . . Broek, workiug in 1910 on the Industrial
Fellowships of the lnte Robert Kennedy Iunean at the
University of Kansas, developed a process asing for-
min instead of formaldehyde.  Formin—-or, if vou in-
gist upon its full name, hexa-methylene tetramine—is a
sugar-like substance with a fish like smell. This mixed
with erystallized carbolic acid and slightly warmed
melts to a golden liquid that sety on pouriug into molds,
It is still plastic and can be bent into any desired shape,
but on further heating it becomes hard without the need
of pressure. Ammonia ia given off in this process iu-
stead of water which in the by.product in the case of
formaldehyde, The product in similar to bakelite, ex-
actly how similar is a question that the courts will have
to decide. The inventors threatened to eall it Phenyl
endeka-saligeno-saligenin, but, rightly fearing that this
would interfero with its salability, they have named it
¢ redmanol.”’

A phenolic condennation product closely related to
bakelite and redmanol is condensite, the invention of
Jonas Walter Aylesworth. Aylesworth was trained
in what he referred to as *‘the groatest university of
the world, the Edison laboratory.”” He entered this
university at the age of ninetecn at a salary of $3 a
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k, but Edison soon found that he had in his new boy
issistant who could stand being shut up in the labor-
ry working day and night as long as he could.
er nine years of close association with Kdison he
up a little laboratory in his own back yard to work
new plastics. He found that by acting on naph-
lene—the moth-ball stuff—with chlorine he got a
es of useful products called ‘‘halowaxes.” The
er chiorinated products are oils, which may be used
impregnating paper or soft wood, making it non-
ammable and impregnable to water. If four atoms
:hlorine enter the naphthalene molecule the produet
. hard wax that rings like a metal.

'ondensite is anhydrous and infusible, and like its
als finds its chief employment in the insulation parts
clectrical apparatus. The records of the Edison
mograph are made of if. So are the buttons of our
e-jackets, The Government at the outbreak of the
r ordered 40,000 goggles in condensite frames to
itect the eyes of our gunners from the glare and acid
nes,
The various synthetics played an important part in
war. According to an ancient military pun the
lurance of soldiers depends upon the strength of
1r soles, The new compound rubber soles were
ind useful in onr army and the Germans attribute
qr success in making a little leather go a long way
ring the late war to the use of a new synthetic tan-
ig material known as ‘‘neradol.”’ There are various
‘ms of this. Some are phenolie eondensation prod-
% of formaldehyde like those we have been consid-
ng, but some use coal-tar compounds having no
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phenol greups, such as naphthalene sulfonie aeid,
These are now being made in Baglaod under such
names as “‘paradol,’” “cresyntan’' nnd “syntan'?
They have the advantage of the natural tannius such
as bark in that they are of known strength and can
be varied to suit.

This very grasping enmpound, Tormaldeliyde, will
attack almost anything, even moleenles many times ita
size. (lelntinous and albuminous substancees of all
sorts are solidified by it.  Glue, skivmed milk, blood,
eggs, yeast, brewer's slops, may by this magic agent be
rescucd from waste and reappear in our buttons, hair.
pins, roofing, phonographs, shoes or shoe-polish. The
Freneh have made great uso of casein hardensed by for.
maldehyde into what is known as **galalith’’ (i, 0., milk.
stone), Thia is hnrder than eclluloid and non.inflam-
mable, but has the disndvantages of being more brittle
and of abuorbing moisture. A misture of casein and
celluloid has something of the merits of hath,

The Japanese, nax we should expeet, are using the
juice of the soy hean, familinr ns a condiment 1o all
who patronize chop-sueya or uke Woreestorshire sanee,
The soy glucine conguinted by formalin gives a plastic
said to be better and chesper than celluloid,  Itx in.
ventor, 8, 8ato, of Sendai University, has named it,
acoording to American procedent, **Satolite,'” and has
organized a million-dollar Batolite Company nt Muko-
jima,

The algin extracted from the Pacifia kelp can be
used as a rubber surrogate for waterproofing cloth,
‘When comhined with heavier alkaline bases it forms a
fough and elastic substance that can be rolled into
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transparent sheets like celluloid or turned into buttons
and knife handles.

In Australia when the war shut off the supply of tin
the Government commission appointed to devise means
of preserving fruits recommended the use of cardboard
containers varnished with ‘“‘magramite.”” This is a
name the Australinng coined for sydthetic resin made
from phenol and formaldehyde lije bakelite. Magra-
mite dissolved in aleohol 1k pain‘%{)m the cardboard
cans and when these are stoved the coating becomes
insoluble.

Tarasoff has magle a series of condensation products
from phenol and aldehyde with the addition of sul-
fonated oils. Pse are formed by the action of sul-
furic acid on diconut, castor, cottonseed or mineral
oils. The produets of this combination are white plas-
tics, opaque, insoluble and infusible.

Since T am here chiefly coneerned with ¢ Creative
Chemistry,”’ that is, with the art of making substances
not found in nature, I have not spoken of shellac, as-
phaltum, rosin, ozocerite and the innumerable gums,
resing and waxes, animal, mineral and vegetable, that
are used cither by themselves or in combination with
the synthetics. What particular ““dope”’ or ‘“mud’’ is
used to eoat a canvas or form a telephone receiver is
often hard to find out. The manufacturer finds secrecy
safer than the patent office and the chemist of a rival
establishment is apt to be baffled in his attempt to ana-
Iyze and imitate. But we of the outside world are not
concerned with this, thongh we are interested in the
manifold applications of these new materials.

There seems to be no limit to these compounds and
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every week the journals report new proeesses and pat-
ents. But we must not allow the new onces to erowd
out the remembrance of the oldest and most famons
of the synthetic plasters, hard rubber, to which a sepa-
rate chapter must be devoted.



VIII
THE RACE FOR RUBBER

There is one law that regulates all animate and in-
animate things. It is formulated in various ways, for
instance:

Running down a hill is easy. In Latin it reads,
facilis descensus Averni. Herbert Spencer calls it the
dissolution of definite colerent heterogeneity into in-
definite incoherent homogencity. Mother Goose ex-
presses it in the fable of Humpty Dumpty, and the busi-
ness man extracts the moral as, ““You can’t unseramble
an ege.’’ The theologian calls it the dogma of
natural depravity. The physicist calls it the second
law of thermodynamics. Clausius formulates it as
“The entropy of the world tends toward a maxi-
mum.” It is easicr to smash up than to build up.
Children find that this is true of their toys; the Bolshe-
viki have found that it is true of a civilization. So,
too, the chemist knows analysis is easier thap synthesis
and that creative chemistry is the highest braneh of his
art.

This explains why chemists discovered how to take
rubber apart over sixty years before they could find
out how to put it together. The first is easy. Just
put some raw rubber into a retort and heat it. If you
can stand the odor you will observe the caoutchous
decomposing and a benzine-like liquid distilling over,

L 145
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This is called ‘“‘isoprene.”” Any Freshman chemist
could write the reaction for this operation. It is
simply
cao%gg;guc —> isig;]gl;e

That is, one molecule of the gum splits up into two
molecules of the liquid. It is just as easy to write the
reaction in the reverse directions, as 2 isqgprene — 1
caoutchoue, but nobody could make it go in that direc-
tion. Yet it could be done. It had been done. But
the man who did it did not know how he did it and
could not do it again. Professor Tilden in May, 1892,
read a paper before the B1rm1ngham Phllosophlcal
Society in which he said:

I was surprised a few weeks ago at finding the contents of
the bottles containing isoprene from turpentine entirely
changed in appearance. In place of a limpid, colorless liquid
the bottles contained a dense syrup in which were floating
several large masses of a yellowish color. Upon examination
this furned out to be India rubber.

But neither Professor Tilden nor any one else could
repeat this accidental metamorphosis. It was tanta-
lizing, for the world was willing to pay $2,000,000,000
a year for rubber and the forests of the Amazon and
Congo were failing to meet the demand. A large
share of these millions would have gone to any chemist
who could find out how to make synthetic rubber and
make it cheaply enough.. With such a reward of fame
and fortune the competition among chemists was in-
tense. It took the form of an international contest
in which England and Germany were neck and neck.
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What goes into rubber and what is made out of it
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The KEnglish, wlho had been beaten by the Germans
in the dye business where they had the start, were
determined not to lose in this. Prof. W. H. Perkin,
of Manchester University, was one of the most cager,
for he was inspired by a personal grudge agninst the
Germans as well as by patriotism and wcientific zeal,
It was his father who had, fifty yrars before, dis-
covered mauve, the first of the anilin dves, but Fagland
could not hold the business and its rich rewards went
over to Germany. So in 1909 a corps of chemists
set to work under Professor Perkin in the Manchester
laboratories to solve the problem of synthetic rubber,
What rengent could be found that would veverse the
reaction and convert the liquid isoprene into the wolid
rubber? It was discovered, by accident, we may say,
but it should be understood that such advantagreouns
accidents happen only to those who are working for
them and know how to utilize them. In .July, 1910,
Dr. Matthews, who had charge of the rewearch, set
some iroprene to drying over metallic sodinm, a
common laboratory method of freeing a liquid from the
last traces of water. In Septomber he found that the
flask was filled with a solid mass of real rubber instead
of the volatile colorless liquid he had put into it
Twenty years before the discovery would have heen
useless, for sodium was then a rare and costly motal,
a little of it in a sealed glass tube being paased around
the chemistry claes once a year as a coriosity, or a
tiny bit cut off and dropped in water to sce what a fuss
it made. But nowadays metallic sodivm is cheaply
produced by the aid of electricity, The difficulty lay
rather in the cost of the raw material, {soprene. In
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1dustrial chemistry it is not sufficient that a thing
an be made; it must be made to pay. Isoprene could
e obtained from turpentine, but this was too expen-
ive and limited in supply. It would merely mean the
estruction of pine forests instead of rubber forests.
tarch was finally decided upon as the best material,
ince this can be obtained for about a cent a pound
rom potatoes, corn and many other sources. Here,
owever, the chemist came to the end of his rope and
ad to call the bacteriologist to his aid. The splitting
f the starch molecule is too big a job for man; only
1e lower organisms, the yeast plant, for example,
now enough to do that. Owing perhaps to the
ntente cordiale a French biologist was called into the
>mbination, Professor Fernbach, of the Pasteur
nstitute, and after elghteen months hard work he dis-
overed a process of fermentation by which a large
mount of fusel oil can be obtained from any starchy
tuff. Hitherto the aim in fermentation and distilla-
ion had been to obtain as small a proportion of fusel
8 possible, for fusel oil is a mixture of the heavier al-
dhols, all of them more poisonous and malodorous than
ommon aleohol. But here, as has often happened in
he history of industrial chemistry, the by-product
arned out to be more valuable than the produect.
rom fusel oil by the use of chlorine isoprene can be
repared, so the chain was complete.

But meanwhile the Germans had been making equal
rogress. In 1905 Prof. Karl Harries, of Berlin,
ound out the name of the caoutchoue molecule. This
iscovery was to the chemists what the architect’s
dlan of a house iz to the builder. They knew then
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what they were trying to construct and could go abont
their task intelligently.

Mark Twain said that he could understund some.
thing about how astronomers could measure the
distance of the plunets, caleulate their weights and so
forth, but he never could see how they could find
out their names even with the largest telescopes.  This
is a joke in astronomy but it is net in chemistry.,  For
when the chemist finds out the struetnre of a com-
pound he gives it a name which means that. The stuff
came to be called ““caoutchoue,’’ because that was the
way the Spaniards of Columbus's time caught the
Indian word “‘enhuchu.’”” When Dr. Priestley ealled
it “India rubber’’ he told merely where it enme from
and what it was good for. But when Harries named
it ¢‘1-5-dimethyl-cyclo-octadien-1.5"" nny chemist eould
draw a picture of it and give a gucss s 1o how it
could be made. Even a person without any knowledgo
of chemistiry can get the main point of it by wmerely
looking at this diugram:

¢« ¢ Gt
(;--}:' t‘:’ (M’(" (’3

A A—(, > & )M;
i b

impnne. furns infs enoutchous

T have dropped the 16 H's or hydrogen atoms of the
formula for simplicity’s sake. They simply hovk on
wherever they can. You will see that the isoprene
consists of a chain of four carbon atoms (represented
by the C’s) with an extra carbon on the side. In the
transformation of this coloriess liquid into soft rubber
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two of the double linkages break and so permit the two
chains of 4 C’s to unite to form one ring of eight.
If you have ever played ring-around-a-rosy you will
get the idea. In Chapter IV I explained that the
anilin dyes are built up upon the benzene ring of six
carbon atoms. The rubber ring consists of cight at
least and probably more. Any substance containing
that peculiar carbon chain with two double links
C=C—C=C can double up—polymerize the chemist
calls it—into a rubber-like substance. So we may
have many kinds of rubber, some of which may prove
to be more useful than that which happens to be found
in natare.

With the structural formula of Harries as a clue
chemists all over the world plunged into the problem
with renewed hope. The famous Bayer dye works at
Elberfeld took it up and there in August, 1909, Dr.
Fritz Hofmann worked out a process for the convert-
ing of pure isoprene into rubber by heat. Then in
1910 Harries happened upon the same sodium reac-
tion as Matthews, but when he came to get it patented
he found that the Englishman had beaten him to the
patent office by a few weeks.

This Anglo-German rivalry came to a dramatic
climax in 1912 at the great hall of the College of the
City of New York when Dr. Carl Duisberg, of the
Elberfeld factory, delivered an address on the latest
achievements of the chemical indusiry before the
Bighth—and the last for a long time—International
Congress of Applied Chemistry. Duisberg insisted
upon talking in German, although more of his auditors
would have understood him in English. He laid full
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emphasis upon German achievements and cast doubt
upon the claim of ‘‘the Englislunan Tilden'’ to have
prepared artificial rubber in the cighties. Perkin, of
Manchester, confronted him with his new process for
making rubber from potatoes, but Duisbery countered
by proudly displaying two automobile tires made of
synthetic rubber with which he had made a thousand-
mile run.

The intense antagonism between the British and
German chemists at this congress was f{elt by all
prosent, but we did not foresee that in two years from
that date they would be engaged in manufacturing
poison gas to fire at one another, It was, however,
realized that more was at stake than personnl reputa-
tion and national prestige. Under pressure of the
new demand for automobiles the price of rubber
jumped from $1.25 to $3 a pound in 1910, and millions
had been invested in plantations. If Professor Perkin
was right when he told the congress that by his process
rubber could be made for less than 20 cents a pound
it meant that these plantations would go the way of
the indigo plantations when the Germans succceded
in making artificial indigo. If Dr. Duisberg was right
when he told the congress that synthetic rubber would
‘“‘oortainly appear on the market in a very short time,"”’
it meant that Germany in war or peace would become
independent of Brazil in the matter of rubber as she
bad hecome independent of Chile in the matter of
nitrates.

As it tnrned ount both scientists were too sanguine.
Synthetio rubber has not proved capable of displacing
natural rubber by underbidding it nor even of replac-
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ing natural rubber when this is shut out. When Ger-
many was blockaded and the success of her armies
depended on rubber, price was no object. Three
Danish sailors who were caught by United States
officials trying to smuggle dental rubber into Germany
confessed that they had been selling it there for gas
masks at $73 a pound. The German gas masks in the
latter part of the war were made without rubber and
were frail and leaky. They could not have withstood
the new gases which American chemists were prepar-
ing on an unprecedented scale. Every serap of old
rubber in Germany was saved and worked over and
over and diluted with fillers and surrogates to the
limit of elasticity. Spring tires were substituted for
pneumatics. So it is evident that the supply of
synthetic rubber could not have been adequate or
satisfactory. Neither, on the other hand, have the
British made a success of the Perkin process, although
they spent $200,000 on it in the first two years. But,
of course, there was not the same necessity for it as
in the case of Germany, for England had practicaily
a monopoly of the world’s supply of natural rubber
either through owning plantations or controlling ship-
ping. If rubber could not be manufactured profitably
in Germany when the demand was imperative and
price no consideration it can hardly be expected to
compete with the natural under peace conditions.
The problem of synthetic rubber has then been solved
scientifically but not industrially. It can be made but
cannot be made to pay. The difficulty is to find a cheap
enough material to start with. We can make rubber
out of potatoes—but potatoes have other uses. It
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would require more laml and more valuable lund to
raise the potatoes than to raise the rubber. We ean
get isoprene by the distillation of turpentine —but why
not bleed a rubber tree as well as 8 pine tree? Tyrpen.
tine is neither cheap nor abundant enough.  Any kind
of wood, sawdust for instance, eau bee ntibzed by con.
verting the cellulose over into sugar and fermncnting
this to aleohol, but the process is not likely to prove
profitable,  Petroleum when eracked up to make gnso-
line gives igoprene or other double hond compounds
that go over into some form of rubber.

But the most intoresting nnd most promising of all
is the complete inorganie nynthesis that dispenses with
the aid of vegetation and atarts with conl and lime.
These heated together in the electrie furnnee form
caleium carbide and this, as every nutomabilist knows,
gives acetylene by contnet with water, From this gns
isoprene can he made and the isoprene sonverted into
rubber by sodium, or acid or ulkali or simple heating,
Acetone, which in nlwo made from neeiylene, can be
oonveried direetly into rabber by fuming sulfurie neid,
This secrs to have heen the process chicfly used hy the
QGermans during the war. Severn] carbide factorios
wore devoted to it. But the intermedinte snd by-
products of the process, such as nleohol, acetic acid
and aoetone, were in as much demand for war pur-
poses as rubber. The Oermans made sorme rubber
from piich imported from Sweden. They also found
s useful substitute in aluminum naphthennte made
from Baku petrolenm, for it is elastio and plastio and
oan be vuloanized.

So although rubber can be made in many different



THE RACE FOR RUBBER 155

ys it is not profitable to make it in any of them. We
ve to rely still upon the natural product, but we can
satly improve upon the way nature produces it.
1en the call came for more rubber for the electrical
1 automobile industries the first attempt to increase
» supply was to put pressure upon the natives to
ng in more of the latex. As a consequence the trees
re bled to death and sometimes also the natives.
e Belgian atrocities in the Congo shocked the civi-
:d world and at Putumayo on the upper Amazon the
ne cause produced the same horrible effects. But no
tter what cruelty was practiced the tropical forests
11d not be made to yield a sufficient increase, so the
tivation of the rubber was begun by far-sighted
n in Duteh Java, Sumatra and Borneo and in British
aya and Ceylon.

Brazil, feeling secure in the possession of a natural
mopoly, made no effort to compete with these
rvenus. It cost about as much to gather rubber
ym the Amazon forests as it did to raise it on a Malay
intation, that is, 25 cents a pound. The Brazilian
yvernment clapped on another 25 cents export duty
d spent the money lavishly. In 1911 the treasury
Para took in $2,000,000 from the rubber tax and a
.od share of the money was spent on a magnificent
w theater at Manaos—not on setting out rubber
ses. The result of this rivalry between the collector
«d the cultivator is shown by the fact that in the
cade 1907-1917 the world’s output of plantation
bber increased from 1000 to 204,000 tons, while the
itput of wild rubber decreased from 68,000 to 53,000.
sgides this the plantation rubber is a cleaner and
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more even product, earefully congulated by acetie acid
instead of being smoked over n forest fine. 1t comes
in pale yellow sheets instensd of big black balls loaded
with the dirt or sticks and stones that the honest Indian
sometimes addn to make n bigger lamp. What s
hetter, the mun who milks the rubber trees on a planta.
tion may live a1 home where he ean be deeently looked
after. The agrieniturist and the ehemist may do what
the philanthropist and statesmnn eonld not necomplish:
put an end to the crueltics involved in the international
straggle for “black gold,

The United States uses three.fonrths of the world’s
rubber output and grows none of it. What in the
use of tropical possessiona if we do not make nxe of
them? 'The Philippines eonld grow all onr mbber and
keep a £100,000,000 business under onr fing. Sante
Domingo, where rubber wan first discovered, is now
under our supervision and eonkd be enriched by the
industry. The Quinnas, where the rablier tree was
firat studied, might be purchased. It is chiefly for lnck
of a dofinite eoloninl policy that onr rubber industry,
by far tho largest in the workl, has to be dependent
upon foreign sonrces for all ita raw malerinls,  Be-
oause the Philippines are likely to be cast off at any
moment, Amorican maufaciurers wro placing their
plantations in the Dutch or British possessionn, The
Goodyear Company has secured a concession of 20,000
aores near Medan in Dutch Sumatra.

While the United Btates is planning to relinquish
its Pacific possessions the British have more than
doubled their holdings in New Uuinen by the acquisle
tion of Kaiser Wilhelm's Land, good rubber country.
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The British Malay States in 1917 exported over $118,-
000,000 worth of plantation-grown rubber and could
have sold more if shipping had not been short and pro-
duction restricted. Fully 90 per cent. of the cultivated
rubber is now grown in British colonies or on British
plantations in the Dutch East Indies. To protect this
monopoly an act has been passed preventing foreigners
from buying more land in the Malay Peninsula. The
Japanese have acquired there 50,000 acres, on which
they are growing more than a million dollars’ worth
of rubber a year. The British Tropical Life says
of the American invasion: ‘‘As America is so ex-
tremely wealthy Uncle Sam can well afford to continue
to buy our rubber as he has been doing instead of
coming in to produce rubber to reduce his competition
as a buyer in the world’s market.”” The Malaya
estates calculate to pay a dividend of 20 per cent. on
the investment with rubber selling at 30 cents a pound
and every two cents additional on the price brings
a further 314 per cent. dividend. The output is re-
stricted by the Rubber Growers’ Association so as to
keep the price up to 50-70 ecents. When the planta-
tions first came into bearing in 1910 rubber was bring-
ing nearly $3 a pound, and since it can be produced
at less than 30 cents a pound we can imagine the profits
of the early birds.

The fact that the world’s rubber trade was in the
control of Qreat Britain caused Ameorica great anxiety
and financial loss in the early part of the war when
the British Government, suspecting—not without rea-
son—that some American rubber goods were getting
into Germany through neutral nations, suddenly shut
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off our supply. This threatened to kill the fourth larg.
est of our im%rustrica and it was only by the submission
of American rubber dealers to the closest supervision
and restriction by the British authorities that they
were allowed to continue their business.  Sir Franeis
Hopwood, in laying down these regulations, gave
emphatic warning ‘““that in case any mwanufacturer,
importer or dealer eame under suspicion s permits
should be immedintely revoked. Reinstatement will
be slow and dificult. The British Goverumment will
cancel first and investigate afterward.”” Of course
the British had a right to say under what eonditions
they should sell their rubber and we cannot blame them
for taking such preenutions to prevent its getting to
their enemies, but it placed the United Btates in a
humiliating position and if we had not been in aym-
pathy with their side it would have nroused more re.
sentment than it did. But it made evident the de.
sirability of having at least part of our supply under
our own control and, if possible, within our own
country. Rubber is not rare in nature, for it is con-
tained in almost every milky juice,  Faery country boy
knows that he ean get a self feeding mucilage brush hy
cutting off a milkweed sialk.  The only native souree so
far utilized is the guayule, which grows wild on the des-
erts of the Mexican nand the Americnn border. The
plant was discovered in 1852 by Dr, J. M. Bigelow near
Escondido Creek, Texaa. Professor Asa Oray de-
soribed it and named it Parthenium argentatom, or
the silver Pallas. When chopped up and macerated
guayule gives a satisfactory quality of caoutchouno in
profitable amounts. In 1911 seven thousand tons of
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guayule were imported from Mexico; in 1917 only
seventeen hundred tous. Why this falling off? Be.
cause the cager exploiters had killed the goose that
laid the golden egg, or in plain language, pulled up
the plant by the roots. Now guayule is being culti-
vated and is reaped instead of being uprooted. Ex-
periments at the Tucson laboratory have recently re-
moved the difficulty of getting the seed to germinate
under cultivation. This seems the most promising of
the home-grown plants and, until artificial rubber can
be made profitable, gives us the only chance of being
in part independent of oversea supply.

There are various other gums found in nature that
can for some purposes he substituted for caoutchoue.
Gutta percha, for instance, is pliable and tough though
not very elastic. It becomes plastic by heat so it can
be molded, but unlike rubber it cannot be hardened by
heating with sulfur. A lump of gutta percha was
brought from Java in 1766 and placed in a British
museum, where it lay for nearly a hundred years be-
fore it occurred to anybody to do anything with it
except to look at it. But a (erman electrician, Sie-
mens, discovered in 1847 that gutta percha was valu-
able for insulating telegraph lines and it found exten-
sive employment in submarine cables as well as for
golf balls, and the like.

Balata, which is found in the forests of the Guianas,
is between gutta percha and rubber, not so good for
insulation but useful for shoe soles and machine belts.
The bark of the tree is so thick that the latex does not
run off like caoutchoue when the bark is cut. So the
bark has to be cut off and squeezed in hand presses.
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Formerly this meant cutting down the tree, but now
alternate strips of the bark are cut ofl and squeezed
go the tree continues to live.

When Columbus discovered Sunto Domingo he found
the natives playing with balls made from the gum of
the caoutchouc tree. The soldiers of Pizarro, when
they conquered Inea-Land, adopted the Peruvian cus-
tom of smearing caoutchoue over their conts to keep out
the rain. A French scientist, M. de 1n Condamine, who
went to South America to measure the earth, came back
in 1745 with some specimens of eacutchoue from Para
us well as quinine from Peru.  The vessel on which he
returned, tho brig Minerva, had a narrow escape from
capture by an English cruiser, for (reat Brituin was
jealous of any trespassing on her American sphere of
influence. The Old World need not have waited for
the discovery of the New, for the rubber tree grows
wild in Annam as well as Brazil, but none of the Asl.
atics seems to have discovered any of the many uses of
the juice that exudes from breaks in the bark.

The first practienl use that was made of it gave if the
name that has stuck to it in Finglish ever since. Ma-
gellan announced in 1772 that it was good to remove
pencil marks. A lump of it was sent over from Franoe
to Priestley, the clergyman chemist who discovered
oxygen and was mobbed out of Manchester for being a
republican and took refuge in Pennaylvania. He cut
the lnmp into little cubes and gave them to his friends
to eradicate their mintakes in writing or figuring.
Then they asked him what the queer things were and
he said that they were *“India rubbers.’’

The Peruvian natives had used caoutchous for water-
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FOREST RUBBER
Compare this tropical tangle and gnarled trunk with the

straight tree and cleared ground of the plantation. At the foot
of the trunk are cups collecting rubber juice

© Publishers' Photo Service

PLANTATION RUBRBER
‘This spiral cut draws off the milk as completely and quickly as

possible without harming the tree. The man is pulling off a strip
of coagulated rubber that clogs it

{To face . 160.
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proof clothing, shoes, bottles and syringes, but Europe
was slow to take it up, for the stuff was too sticky and
smelled too bad in hot weather to become fashionable
1 fastidious circles. In 1825 Mackintosh made hig
aame immortal by putting a layer of rubber between
‘wo cloths.

A Qerman chemist, Ludersdoxf, discovered in 1832
hat the gum could be hardened by treating it with
julfur digsolved in turpentine. But it was left to a
Yankee inventor, Charles (foodyear, of Connecticut, to
vork out a practical solution of the problem. A friend
»f his, Hayward, told him that it had been revealed to
tim in a dream that sulfur would harden rubber, but
infortunately the angel or defunct chemist who in-
ipired the vision failed to reveal the details of the
yrocess. So IHayward sold out his dream to Good-
rear, who spent all his own money and all he could
yorrow from his friends trying to convert it into a real-
ty. He worked for ten years on the problem before
he “lucky accident” came to him. One day in 1839
1¢ happened to drop on the hot stove of the kitehen that
1¢ used as a laboratory a mixtare of caoutchoue and
wifur. To his surprise he saw the two substances fuse
ogether into something new. Instead of the soft,
acky gum and the yellow, brittle brimstone he had the
ough, stable, elastic solid that has done so much since
o make onr footing and wheeling safe, swift and noise-
oss. The gumshoes or galoshes that he was then en-
ibled to make still go by the name of “rubbers” in
‘his country, although we do not use them for pencil
2TRRETS, ,

Goodyear found that he could vary this ‘“‘vuleanized

M
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rubber?’’ at will. By adding a little more sulfur he got
a hard substance which, however, could be softened hy
heat so as to be molded into any form wanted.  Out of
this ‘‘hard rubber?” “vuleanite” or “chonite® were
made combs, huirping, penholders and the like, and it
has not yet heen superseded for some purposes by any
of its recent rivals, the synthetie rosins,

The new form of rubber made by the Germans,
methyl rubber, is said to be a superior substitute for
the hard variety but not satisfactory for the soft, The
electrical resistance of the syathetic produet s 20 por
cent. higher than the natural, 8o it is exeellent for insu.
lation, but it ig inferior in elasticity.  In the latter part
of the war the methyl rubber was manufactured nt the
rate of 165 tons a month.

The first pueumatic tires, known then as “patent
aerial wheels,”” were invented by Hobert William
Thomson of London in 1846.  On the following year a
carriage equipped with them was seen in the stroets
of New York City. But the pneamatic tire did not
come into use until after 1888 when an Irish horse-
doctor, John Boyd Dunlop, of Belfast, tied n rubher
tube around the wheels of his little son's velocipode.
Within seven years after that a $25,000,000 corpora-
tion was manufacturing Dunlop tires. Later America
took the lead in this business, In 1M1 the United
States exported $3,000,000 worth of tirea and tubes.
In 1917 the American exports rose to $13,000,000, not
counting what went to the Allies, The number of
preumatic tires sold in 1917 is eatimated at 18,000,000,
which at an avergge cost of $25 would amouut to $#450,-
000,000,
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No matter how much synthetic rubber may be manu-
facturer or how many rubber trees are set out there is
no danger of glutting the market, for us the price falls
the uses of rubber beecome more numerons. One can
think of a thousand ways in which rubber could be
used if it were only cheap enough.  In the form of pads
and springs and tires it would do much to render traffic
noiseless.  Even the clevated railroad and the subway
might be opened to conversation, and the city made
habitable for mild voiced and gentle folk. It would
make one’s step sure, noiseless and springy, whether it
was used individualistically as rubber heels or collec-
tivistically as carpeting and paving. In roofing and
siding and paint it would make our huildings warmer
and more durable. It would reduce the cost and per-
mit the extension of electrical appliances of almost all
kinds. Tn short, there is hardly any other material
whose abundanee wonld eontribute more to our comfort
and convenience. Noise i8 an automatic alarm indi-
cating lost motion and wasted energy. Silencoe is
economy and resiliency is superior to resistance. A
gumshoe outlasts a hobnailed sole and a rubber tube
full of air is better than a steel tire,



IX
THE RIVAL SUGARS

The ancient Greeks, being an inquisitive and acquisi-
tive people, were fond of collecting tales of strange
lands. They did not care much whether the stories
were true or not so long as they were interesting.
Among the marvels that the Greeks heard from the Far
East two of the strangest were that in India there were
plants that bore wool without sheep and reeds that bore
honey without bees. These incredible tales turned out
to be true and in the course of time Europe began to
get a little calico from Calicut and a kind of edible
gravel that the Arabs who brought it called ¢“sukkar.”’
But of course only kings and queens could afford to
dress in calico and have sugar prescribed for them
when they were sick.

Fortunately, however, in the course of time the
Arabs invaded Spain and forced upon the unwilling
inhabitants of Europe such instrumentalities of higher
civilization as arithmetic and algebra, soap and sugar.
Later the Spaniards by an act of equally unwarranted
and beneficent aggression carried the sugar cane to the
Caribbean, where it thrived amazingly. = The West In-
dies then became a rival of the East Indies as a treas-
ure-house of tropical wealth and for several centuries
the Spanish, Portuguese, Dutch, English, Danes and

French fought like wildeats to gain possession of this
164
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little nest of islands and the routes leading thereunto.

The English finally overcame all these enemies,
whether they fought her singly or combined. Great
Britain became mistress of the seas and took such
Caribbean lands as she wanted. But in the end her
continental foes came out ahead, for they rendered her
victory valueless. They were defeated in geography
but they won in chemistry. Canning boasted that ‘“the
New World had been called into existence to redress
the balance of the Old.”> Napoleon might have boasted
that he had called in the sugar beet to balance the sugar
cane. France was then, as Germany was a century
later, threatening to dominate the world. England,
then as in the Great War, shut off from the seas the
shipping of the aggressive power. France then, like
Germany later, felt most keenly the lack of tropical
products, chief among which, then but not in the recent
crisis, was sugar. The cause of this vital change is
that in 1747 Marggraf, a Berlin chemist, discovered
that it was possible to extract sugar from beets. There
was only a little sugar in the beet root then, some six
per cent., and what he got out was dirty and bitter.
One of his pupils in 1801 set up a beet sugar factory
near Breslau under the patronage of the King of Prus-
gia, but the industry was not a success until Napoleon
took it up and in 1810 offered a prize of a million franes
for a practical process. How the French did make fun
of him for this ecrazy notion! In a comic paper of that
day you will find a cartoon of Napoleon in the nursery
beside the cradle of his son and heir, the King of
Rome—known to the readers of Rostand as 1’Aiglon.
The Emperor is squeezing the juice of a beet into his
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coffee and the nurse has put a beet into the mouth of
the infant King, saying: ‘‘Suck, dear, suck. Your
father says it ’s sugar.”’

In like manner did the wits ridicule Franklin for
fooling with electricity, Rumford for trying to improve
chimneys, Parmentier for thinking potatoes were fit to
eat, and Jefferson for believing that something might
be made of the country west of the Mississippi. In all
ages ridicule has been the chief weapon of conserva-
tism. If you want to know what line human progress
will take in the future read the funny papers of today
and see what they are fighting. The satire of every
century from Aristophanes to the latest vaudeville has
been directed against those who are trying to make the
world wiser or better, against the teacher and the
preacher, the scientist and the reformer.

In spite of the ridicule showered upon it the despised
beet year by year gained in sweetness of heart. The
percentage of sugar rose from six to eighteen and by
improved methods of extraction became finally as pure
and palatable as the sugar of the cane. An acre of
German beets produces more sugar than an acre of
Louisiana cane. Continental Europe waxed wealthy
while the British West Indies sank into decay. As the
beets of Europe became sweeter the population of the
islands became blacker. Before the war England was
paying out $125,000,000 for sugar, and more than two-
thirds of this money was going to Germany and Aus-
tria-Hungary. Fostered by scientific study, protected
by tariff duties, and stimulated by export bounties, the
beet sugar industry became one of the financial forces
of the world. The English at home, especially the mar-
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malade-makers, at first rejoiced at the idea of getting
sugar for less than cost at the expense of her conti-
nental rivals. But the suffering colonies took another

a8 WG Locamon oF EURIPEAN BEET SuscR FAGTORIES-ALSS BATTLE Lites ATCLosE OF 1915
ESTMATED THAY OME-THRD OF WOILD'S PRODUCTIN BIYORE TE WAR wWAS PRODUCD winm BATTLELINCS

Courtesy American Sugar Refining Co.

view of the situation. In 1888 a conference of the
powers called at London agreed to stop competing by
the pernicious practice of export bounties, but France
and the United States refused to enter, so the agree-
ment fell through. Another conference ten years later
likewise failed, but when the parvenu beet sugar ven-
tured to invade the historic home of the cane the limit
of toleration had been reached. The Council of India
put on countervailing duties to protect their home-
grown cane from the bounty-fed beet. This forced the
calling of a convention at Brussels in 1903 ‘‘to equal-
ize the conditions of competition between beet sugar
and cane sugar of the various countries,’’ at which the
powers agreed to a mutual suppression of bounties.
Beet sugar then divided the world’s market equally
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with eane sugnr and the twa rivals stayed substantially
neck aud neek until thee Great War canne. This shat
out from Baglind the product of Germany, Austria.
Hungury, Belguwm, northern Pranve and Bussia and
took the furmers from ther fields, The battle lines of
the Central Powers snelased the land whieh used to
Brow n third of the world's supply of sugur.  In 1913
the beet and the came each supgdied sbout nine million
tons of sugnr.  In 117 the satput of cane sugnr was
11,200,000 and of et sugar H3300000 tous,  Conse.
guently the Old World had ta draw upon the New.
Cuba, on which the United States used to depend for
half its sugar sapply, sent over 700000 tons of raw
sugar to Eagland in 19165 The Pnited States sent as
much more refined sugar.  The lack of shipping inter.
fered with our getting sugar from our tropical depend-
encies, Hawaii, Porto Rico and the Philippines.  The
homogrown beetn give us only a fifth and the cane of
Louisinna and Texas only a fifteenth of the sugar we
need. As o result we were obliged to file a claim in
advanee fo get o pound of sugar from the rorner gro-
cery and then we were aptl to be put off with rock
candy, muscovado or honey.  Lemon drops proved use-
ful for Russinn tea and the ' long swectening®’ of our
forefathers camo again into vogue in the form of vari-
ous syrups. The United Hiatex was accuxtomed to
consume almost a fifth of all the sugar produced in the
world—and then we could not got 8.

The shortage made us realize how dependent wo have
become upon sugar. Yot it was, as we have acen, prao-
tically unknown to the ancients and only within the
present generation has it becomw an cssential faotor in
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our diet. As soon as the chemist made it possible to
produce sugar al a reasonable price all nations began

.
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How the sugar beet has gained enormously In sugar content under
chemieal control

to buy it in proportion to their means. Americans, as
the wealthiest people in the world, ate the most, ninety
pounds a year on the average for every man, woman
and child. In other words we ate our weight of sugar
every year. The English consumed nearly as much
as the Americans; the French and (ermans about
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half as much; the Balkan peoples less than ten pounds
per annum; and the African savages none.

Pure white sugar is the first and greatest contribu-
tion of chemistry to the world’s dietary. It is unique
in being a single definite chemical compound, sucrose,
CyoH,50,;- All natural nutriments are more or less
complex mixtures. Many of them, like wheat or milk
or fruit, contain in various proportions all of the three
factors of foods, the fats, the proteids and the carbohy-
drates, as well as water and the minerals and other
ingredients necessary to life. But sugar is a simple
substance, like water or salt, and like them is incapable
of sustaining life alone, although unlike them it is nu-
tritious. In fact, except the fats there is no more
nutritious food than sugar, pound for pound, for it con-
tains no water and no waste. It is therefore the quick-
est and usually the cheapest means of supplying bodily
energy. But as may be seen from its formula as given
above it contains only three elements, carbon, hydro-
gen and oxygen, and omits nitrogen and other elements
necessary to the body. An engine requires not only
coal but also lubricating. oil, water and bits of steel and
brass to keep it in repair. But as a source of the
energy needed in our strenunous life sugar has no equal
and only one rival, alcohol. Aleohol is the offspring of
sugar, a degenerate descendant that retains but few of
the good qualities of its sire and has acquired some evil
traits of its own. Alcohol, like sugar, may serve to
furnish the energy of a steam engine or a human body.
Used as a fuel aleohol has certain advantages, but used
as a food it has the disqualification of deranging the
bodily mechanism. Even a little aleohol will impair
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the accuracy and speed of thought and action, while a
large quantity, as we all know from observation if not
experience, will produce temporary incapacitation.

When man feeds on sugar he splits it up by the aid
of air into water and carbon dioxide in this fashion:

CallgO, + 120, > 1UH0 4+ 1200,
CRRe sugar  oxygen water carbon dioxide

‘When sugar is burned the reaction is just the same.

But when the yeast plant feeds on sugar it carries
the process only part way and instead of water the
product is alcohol, a very different thing, so they say
who have tried both as beverages. The yeast or fer-
mentation reaction is this:

CoHyOu + M0 = 4GHO  +4C0,
cane sugar water aleohol  carbon dioxide

Alecohol then is the first product of the decomposi-
tion of sugar, a dangerous half-way house. The twin
produet, carbon dioxide or carbonic acid, is a gas of
slightly sour taste which gives an attractive tang and
effervescence to the beer, wine, cider or champagne.
That is to say, one of these twins is a pestilential fel-
low and the other is decidedly agreeable. Yet for sev-
eral thousand years mankind took to the first and lot
the second for the most part escape into the air. But
when the chemist appeared on the seene he discovered
a way of separating the two and bottling the harmless
one for those who profer it. An increasing number of
people were found to prefer it, so the American soda-
water fountain is gradually driving Demon Rum out
of tho civilized world. The brewer nowadays caters to
fwo classes of customers. He bottles up the beor with



172 CREATIVE CHEMISTRY

the aleohol and a little carbonic acid in it for the saloon
and he catches the rest of the carbonic acid that he
used to waste and sells it to the drug stores for soda-
water or uses it to charge some non-aleoholic beer of his
own.

This catering to rival trades is not an uncommon
thing with the chemist. As we have seen, the synthetic
perfumes are used to improve the natural perfumes.
Cottonseed is separated into oil and meal; the oil going
to make margarin and the meal going to feed the cows
that produce butter. Some people have been drinking
coffee, although they do not like the taste of it, becanse
they want the stimulating effect of its alkaloid, caffein.
Other people liked the warmth and flavor of coffee but
find that caffein does not agree with them. Formerly
one had to take the coffee whole or let it alone. Now
one can have his choice, for the caffein is extracted for
use in certain popular cold drinks and the rest of the
bean sold as caffein-free coffee.

Most of the ‘“soft drinks’ that are now gradually
displacing the hard ones consist of sugar, water and
carbonic acid, with various flavors, chiefly the esters of
the fatty and aromatic acids, such as I described in a
previous chapter. These are still usually made from
fruits and spices and in some cases the law or public
opinion requires this, but eventunally, I presume, the
synthetic flavors will displace the natural and then we
shall get rid of such extraneous and indigestible matter
as seeds, skins and bark. Suppose the world had al-
ways been used to synthetic and hence seedless figs,
strawberries and blackberries. Suppose then some
manufacturer of fig paste or strawberry jam should put
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in ten per cent. of little round hard wooden nodules,
just the sort to get stuck between the teeth or caught
in the vermiform appendix. llow long would it be
before he was sent to jail for adulterating food? But
neither jail nor boycoit has any reformatory effect on
Nature.

Nature is quite human in that respect. But you can
reform Nature as you can human beings by looking out
for heredity and culture. In this way Mother Nature
has been quite cured of her bad habit of putting seeds
in bananas and oranges. Figs she still persists in
adulterating with particles of ceilulose as nutritious as
sawdust. But we can circumvent the old lady at this.
I got on Christmas a package of figs from California
without a seed in them. Somchody had taken out all
the seeds—it must have been a big job—and then put
the figs together again as natural looking as life and
very much better tasting.

Sugar and gleohol are both found in Nature; sugar in
the ripe fruit, aleohol when it hegins to decay. But it
was the cliemist who discovered how to extract them.
He first worked with aleohol and unfortunately suc-
ceeded.

Previous to the invention of the still by the
Arabian chemists man could not get drunk as quickly
as he wanted to because his liquors were limited to
what the yeast plant could stand without intoxication.
When the alcoholic content of wine or beer rose to
seventeen per centf. at the most the process of fermen-
tation stopped because the yeast plants got drunk and
quit “workmg " That meant that a man confined to
ordinary wine or beer had to drink ten or twenty
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quarts .of water to get one quart of the stuff he was
after, and he had no liking for water.

So the chemist helped him out of this difficulty and
got him into worse trouble by distilling the wine. The
more volatile part that came over first contained the
flavor and most of the alcohol. In this way he could
get liquors like brandy and whisky, rum and gin, con-
taining from thirty to eighty per cent. of aleohol. This
was the origin of the modern liquor problem. The
wine of the ancients was strong enough to knock out
Noah and put the companions of Socrates under the
table, but it was not until distilled liquors came in that
alcoholism became chronie, epidemic and ruinous to
whole populations.

But the chemist later tried to undo the ruin he had
quite inadvertently wrought by introducing alcohol into
the world. One of his most successful measures was
the production of cheap and pure sugar which, ag we
have seen, has become a large factor in the dietary of
civilized countries. As a country sobers up it takes to
sugar as a ‘‘self-starter’’ to provide the energy needed
for the strenuous life. A five o’clock candy is a better
restorative than a five o’clock highball or even a five
o’clock tea, for it is a true nutrient instead of a mere
gtimulant. It is a matter of common observation that
those who like sweets usually do not like aleohol
Women, for instance, are apt to eat candy but do
not commonly take to alcoholic beverages. Look
around you at a banquet table and you will generally
find that those who turn down their wine glasses gen-
erally take two lumps in their demi-tasses. We often
hear it said that whenever a candy store opens up &
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saloon in the same block closes up. Our grandmothers
used to warn their daughters: ‘“Don’t marry a man
who does not want sugar in his tea. He is likely to
take to drink.”” So, young man, when next you give
a box of candy to your best girl and she offers you
some, don’t decline it. Eat it and pretend to like it,
at least, for it is quite possible that she looked into a
physiology and is trying you out, You never can tell
what girls are up to.

In the army and navy ration the same change has
taken place as in the popular dietary. The ration of
rum has been mostly replaced by an equivalent amount
of candy or marmalade. Instead of the tippling
trooper of former days we have ‘‘the chocolate sol-
dier.”” No previous war in history has been fought
o largely on sugar and so little on alcohol as the last
one. When the war reduced the supply and increased
the demand we all felt the sugar famine and it became
a mark of patriotism to refuse candy and to drink cof-
fee unsweetened.  This, however, is not, as some think,
the mere curtailment of a superfluous or harmful lux-
ury, the sacrifice of a pleasant sensation. It is a real
deprivation and a serious losg to national nutrition.
For there is no reason to think the constantly rising
curve of sugar consumption has yet reached its maxi-
mum or optimum. Individuals overeat, but not the
population as a whole. According to experiments of
the Department of Agriculture men doing heavy labor
may add three-quarters of a pound of sugar to their
daily diet without any deleterious effects. This ia at
the rate of 275 pounds a year, which is three times the
average consumption of England and America. But
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the Department does not state how much a girl doing
nothing ought to eat between meals.

Of the 2500 to 3500 calories of energy required to
keep a man going for a day the best source of supply
is the carbohydrates, that is, the sugars and starches.
The fats are more concentrated but are more expen-
sive and less easily assimilable. The proteins are
also more expensive and their decomposition products
are more apt to clog up the system. Common sugar
is almost an ideal food. Cheap, clean, white, por-
table, imperishable, unadulterated, pleasant-tasting,
germ-free, highly nutritious, completely soluble, al-
together digestible, easily assimilable, requires no
cooking and leaves no residue. Its only fault is its
perfection. It is so pure that a man cannot live on
it. Four square lumps give one hundred calories
of energy. But twenty-five or thirty-five times that
amount would not constitue a day’s ration, in fact
one would ultimately starve on such fare. It would
be like supplying an army with an abundance of pow-
der but neglecting to provide any bullets, clothing or
food. To make sugar the sole food is impossible. To
make it the main food is unwise. It is quite proper
for man to separate out the distinet ingredients of nat-
ural products—to extract the butter from the milk, the
casein from the cheese, the sugar from the cane—but
he must not forget to combine them again at each meal
with the other essential foodstuffs in their proper
proportion.

Sugar is not a synthetic produet and the business
of the chemist has been merely to extract and purify it.
But this is not so simple as it seems and every sugar
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factory has had to have its chemist. He has analyzed
every mother beet for a hundred years. He has
watched every step of the process from the cane to the
crystal lest the sucrose should invert to the less sweet
and non-crystallizable glucose. He has tested with
polarized light every shipment of sugar that has passed
through the custom house, much to the mystification of
congressmen who have often wondered at the money
and argumentation expended in a tariff discussion over
the question of the precise angle of rotation of the
plane of vibration of infinifesimal waves in a hypo-
thetical ether.

The reason for this painstaking is that there are
dozens of different sugars, so much alike that they are
difficult to separate. They are all composed of the
same three elements, C, H and O, and often in the same
proportion. Sometimes two sugars differ only in that
one has a right-handed and the other a left-handed
twist to its molecule. They bear the same resemblance
to one another as the two gloves of a pair. Cane sugar
and beet sugar are when completely purified the same
substance, that is, sucrose, C,;,H,,0,;. The brown and
straw-colored sugars, which our forefathers used and
which we took to using during the war, are essentially
the same but have not been so completely freed from
moisture and the coloring and flavoring matter of the
cane juice. Maple sugar is mostly sucrose. So partlyis
honey. Candies are made chiefly of sucrose with the ad-
dition of glucose, gums or starch, to give them the neces-
sary consistency and of such colors and flavors, natural
or synthetic, as may be desired. Practically all candy,

even the cheapest, is nowadays free from deleterious
N
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ingredients in the manufaciure, Yiougl it ia lable
Leeome rontapuuatled sn e handbog. In fac Rug
is ahont the only food that o siever adulterated,
would I hard to find avy thing cheapor ta add 1o it th
would net be vamly detected. 2 Randing the sugar,
the erime of which grocers are geserally wecused, ia it
one they are least Lkely 1o e gmity of,

Besides the big faunly of sugare whioh are all mo
or less sweel, signlar n slrgcture and shoyt m,‘uu“
nutritions, there are, very curiousle, other chenig
componnds of altogether different composition whie
tuste like sugnr bul are not nulritious at all. Og
of these 18 a conl tar denivative, dincovered peg
dentally by an American student of chomistry, Ir
Romaen, nfterward  premdent of  lohns Hopkin
University, nnd named by him *waccharin'* Thi
han the comporition O J COSONH, and ns yo
may observe from the symbal it contains sulfor (8
nnd nitrogen (N} nnd the benzene ring (CJ01,) that ar
not found in any of the sugars 1t is several handre
timen swaeter than sugnr, though it has alse o slighth
bitter aftertaste. A minute quantity of it can ther
fore take the place of a Iarge amount of sogar i
syrups, candies and proserves, so beenuse it londs itsel
readily to deception its use in food has been prohibite
in the United Rtates and other countries.  But during
the war, on accounl of the shortage of sugar, it ean
agnin into use. The Furopean governments encour
aged what they formetly tried to prevent, and it be
eame customary in Germany or linly 1o earry about ¢
package of saccharin tablets in the pocket and drop om
or two into the tea or coffec. Ruch reversals of ad
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ninistrative attitude are not uncommon. When the
tse of hops in beer was new it was prohibited by Brit-
shlaw. But hops became customary nevertheless and
ow the law requires hops to be used in beer. When
vorkingmen first wanted to form unions, laws were
assed to prevent them. But now, in Australia for
nstance, the laws require workingmen to form unions.
tovernments naturally tend to a conservative reaction
gainst anything new.

It is amusing to turn back to the pure food agitation
f ten years ago and read the semnsational articles in
he newspapers about the poisonous nature of this
angerous drug, saccharin, in view of the fact that it is
-eing used by millions of people in Europe in amounts
‘reater than once seemed to upset the tender stomachs
f the Washington ‘‘poison squads.”” But saccharin
‘0es not appear to be responsible for any fatalities yet,
hough people are said to be heartily sick of it. And
rell they may be, for it is not a substitute for sugar
xcept to the sense of taste. (lucose may correctly be
alled a substitute for sucrose as margarin for butter,
ince they not only taste much the same but have about
he same food value. But to serve saccharin in the
lace of sugar is like giving a rubber bone to a dog.
t is reported from Europe that the constant use of
accharin gives one eventually a distaste for all sweets.
‘his is quite likely, although it means the reversal
7ithin a few years of prehistoric food habits. Man-
ind has always associated sweetness with food value,
or there are few sweet things found in nature except
he sugars. We think we eat sugar because it is sweet.
Jut we do not. We eat it because it is good for us.
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The reason it tastes sweet to us is beeause it is good
for us. So man makes a virtue out of necessity, a
pleasure out of duty, which is the essence of othies,

In the ancient days of Ind the great Kaja Trishanku
possessed an earthly paradise that had been eon.
structed for his delectation by a magicinn.  Therein
grew all manner of beautiful flowers, savory herbs and
delicious fruits such us had never been known before
outside heaven.  Of them all the Raja and his harems
liked none better than the reed from which they could
suck honey,  But Tudra, being a jealous god, was wroth
when he looked down and beheld mnere mortals enjoying
such delights.  So he willed the destraetion of the en-
chanted gnrden. With drought and fempest it was
devastated, with fire nnd hail, until not a leaf was left
of its luxuriant vegeiation and the ground wins bare an
fn threshing floor.  But the roots of the sugnr eane are
not destroyed thongh the stalk be cut down; so when
men ventured to enter the desert where ance had been
this garden of Eden, they found the eane had grown up
again and they earried away cultings of it and calti-
vated it in their gardens,  Thus it happenced that the
neetar of the gods descended first to monarchs and
their favorites, then was spread among the people and
carried abroad to other lands until now any child with
a perny in his hand may boy of the hest of it. Ro it
has been with many things. Bo may it be with all
things,



X
WHAT COMES FROM CORN

The discovery of America dowered mankind with a
world of new flora. The early explorers in their haste
to gather up gold paid little attention to the more valu-
able products of field and forest, but in the course of
centunies their usefulness has become universally rec-
ognized. The potato and tomato, which Europe at first
considered as unfit for food or even as poisonous, have
now become indispensable among all classes. New
World drugs like quinine and cocaine have been
adopted into every pharmacopeia. Cocoa is proving
a rival of tea and coffee, and even the banana has made
its appearance in European markets. Tobacco and
chicle occupy the nostrils and jaws of a large part of
the human race. Maize and rubber are become the
common property of mankind, but still may be ecalled
American. The United States alone raises four-fifths
of the corn and uses three-fourths of the caoutchouc of
the world.

All flesh is grass. This may be taken in a dietary as
well as a metaphorical sense. The graminaceae pro-.
vide the greater part of the sustenance of man and
beast; hay and cereals, wheat, oats, rye, barley, rice,.
sugar cane, sorghum and corn. From an American
viewpoint the greatest of these, physically and finan-
cially, is corn. The corn crop of the United States for

1917, amounting to 3,159,000,000 bushels, brought in
181
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more money than the wheat, cotton, potato and rye
crops all together.

When Columbus reached the West Indies he found
the savages playing with rubber balls, smoking incense
sticks of tobacco and eating cakes made of a new grain
that they called mahiz. When Pizarro invaded Peru
he found this same cereal used by the natives not only
for food but also for making alcoholic liquor, in spite of
the efforts of the Incas to enforce prohibition. When
the Pilgrim Fathers penetrated into the woods back of
Plymouth Harbor they discovered a cache of Indian
corn. So throughout the three Americas, from Canada
to Pern, corn was king and it has proved worthy to rank
with the rival cereals of other continents, the wheat of
Europe and the rice of Asia. But food habits are hard
to change and for the most part the people of the Old
World are still ignorant of the delights of hasty pud-
ding and Indian pudding, of hoe-cake and hominy, of
gsweet corn and popcorn. I remember thirty years ago
seeing on a London stand a heap of dejected popcorn
balls labeled ‘‘Novel American Confection. Please
Try One.”” But nobody complied with this pitiful ap-
peal but me and I was sorry that I did. Americans
used to respond with a shipload of corn whenever an
appeal came from famine sufferers in Armenia, Russia,
Ireland, India or Austria, but their generosity was
chilled when they found that their gift was resented as
an insult or as an attempt to poison the impoverished
population, who declared that they would rather die
than eat it—and some of them did. Our Department
of Agriculture sent maize missionaries to Europe with
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farmers and millers as educators and expert cooks to
serve free flapjacks and pones, but the propaganda
made liftle impression and today Americans are urged
to eat more of their own corn because the famished
families of the war-stricken region will not touch it.
Just so the beggars of Munich revolted at potato soup
when the pioneer of American food chemists, Rumford,
attempted to introduce this transatlantic dish.

But here we are not so much concerned with corn
foods as we are with its manufactured products. If
you split a kernel in two you will find that it consists of
three parts: a hard and horny hull on the outside, a
small oily and nitrogenous germ at the point, and a
white body consisting mostly of starch. Each of these
is worked up into various products, as may be seen
from the accompanying table. The hull forms bran
and may be mixed with the gluten as a cattle food.
The corn steeped for several days with sulfurous acid
is disintegrated and on being ground the germs are
floated off, the gluten or nitrogenous portion washed
out, the starch grains settled down and the residue
pressed together as oil cake fodder. The refined oil
from the germ is marketed as a table or cooking oil
under the name of ‘‘Mazola’’ and comes into competi-
tion with olive, peanut and cottonseed oil in the making
of vegetable substitutes for lard and butter. Inferior
grades may be used for soaps or for glycerin and per-
haps nitroglycerin. A bushel of corn yields a pound or
more of oil. From the corn germ also is extracted a
gum called ‘‘paragol’’ that forms an acceptable substi-
tute for rubber in certain uses. The ‘‘red rubber”’
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sponges and the eraser tips to pencils may be made of
it and it can contribute some twenty per cent. to the
synthetic soles of shoes.

CORN PRODUCTS

( table oil

r dyers’ oil
corn oil { soap
germ glycerin
4 rubber substitute

oil cake
Loil meal..............ci0iia cattle food
\ starch table starch

laundry starch

dextrose
glucose
maltose
Corn kernel corn syru

9 hydrol P
tanners’ sugar
body - hydrolyzed { cerelose

white dextrin

canary dextrin
British gum
envelop dextrin
foundry dextrin
lamidex

{vegetable glue
gluten

vegetable casein
gluten meal

L hull....bran

Starch, which constitutes fifty-five per cent. of the
corn kernel, can be converted into a variety of products
for dietary and industrial uses. As found in corn, po-
tatoes or any other vegetables starch consists of small,
round, white, hard grains, tasteless, and insoluble in
cold water. But hot water converts it into a soluble,
sticky form which may serve for starching clothes or
making cornstarch pudding. Carrying the process fur-
ther with the aid of a little acid or other catalyst it
takes up water and goes over into a sugar, dextrose,
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commonly called ‘‘glucose.”” Expressed in chemical
shorthand this reaction is

CH,0s + H,0 > CH,0,

starch  water dextrose
This reaction is carried out on forty million bushels
of corn a year in the United States. The ‘‘starch
milk,”’ that is, the starch grains washed out from the
disintegrated corn kernel by water, is digested in large
pressure tanks under fifty pounds of steam with a few
tenths of one per cent. of hydrochloric acid until the
required degree of conversion is reached. Then the
remaining acid is neutralized by caustic soda and
thereby converted into common salt, which in this small
amount does not interfere but rather enhances the taste.
The produect is the commercial glucose or corn syrup,
which may if desired be evaporated to a white powder.
It is a mixture of three derivatives of starch in about

this proportion:

Maltose .ovveerevonnnnnennennnonnnns 45 per cent.
Dextrose ..ooovveivienrerieeeneennns 20 per cent.
Dextrin covvevrerreiiinrinreeennnnns 35 per cent.

There are also present three- or four-tenths of one
per cent. salt and as much of the corn protein and a
variable amount of water. It will be noticed that the
glucose (dextrose), which gives name to the whole, is
the least of the three ingredients.

Maltose, or malt sugar, has the same composition as
cane sugar (C;,H,,0;,), but is not nearly so sweet.
Dextrin, or starch paste, is not sweet at all. Dextrose
or glucose is otherwise known as grape sugar, for it is
commonly found in grapes and other ripe fruits. It
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forms half of honey and it is one of the two products
into which cane sugar splits up when we take it into the
mouth. It is not so sweet as cane sugar and cannot be
so readily crystallized, which, however, is not alto-
gether a disadvantage.

The process of changing starch into dextrose that
takes place in the great steam kettles of the glucose
factory is essentially the same as that which takes place
in the ripening of fruit and in the digestion of starch.
A large part of our nutriment, therefore, consists of
glucose either eaten as such in ripe fruits or produced
in the mouth or stomach by the decomposition of the
starch of unripe fruit, vegetables and cereals. Glucose
may be regarded as a predigested food. In spite of
this well-known fact we still sometimes read ‘‘poor
food’’ articles in which glucose is denounced as a dan-
geroug adulterant and even classed as a poison.

The other ingredients of commercial glucose, the
maltose and dextrin, have of course the same food value
as the dextrose, since they are made over into dextrose
in the process of digestion. Whether the glucose syrap
is fit to eat depends, like anything else, on how it is
made. If, as was formerly sometimes the case, sulfuric
acid was used to effect the conversion of the starch or
sulfurous acid to bleach the glucose and these acids
were not altogether eliminated, the product might be
unwholesome or worse. Some years ago in England
there was a mysterious epidemic of arsenical poisoning
among beer drinkers. On tracing it back it was found
that the beer had been made from glucose which had
been made from sulfuric acid which had been made
from sulfur which had been made from a batch of iron
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pyrites which contained a little arsenic. The replace-
ment of sulfuric acid by hydrochloric has done away
with that danger and the glucose now produced is pure.

The old recipe for home-made candy called for the
addition of a little vinegar to the sugar syrup to pre-
vent ‘‘graining.’” The purpose of the acid was of
course to invert part of the cane sugar to glucose so as
to keep it from crystallizing out again. The profes-
sional candy-maker now uses the corn glucose for that
purpose, so if we aceuse him of ‘‘adulteration’’ on that
ground we must levy the same accusation against our
grandmothers. The introduection of glucose into candy
manufacture has not injured but greatly increased the
sale of sugar for the same purpose. This is not an
uncommon effect of scientific progress, for as we have
observed, the introduction of synthetic perfumes has
stimulated the production of odoriferous flowers and
the price of butter has gone up with the introduction
of margarin. So, too, there are more weavers em-
ployed and they get higher wages than in the days when
they smashed up the first weaving machines, and the
same is true of printers and typesetting machines.
The popular animosity displayed toward any new
achievement of applied science is never justified, for it
benefits not only the world as a whole but usually even
those interests with which it seems at first to conflict.
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fruits that are short of it will refuse to *‘jcil.”” But
using these for their flavor he adds apple pulp for
pectin and glucose for smoothness and sugar for sweet-
ness and, if necessary, synthetic dyes for eolor, he is
able to put on the market a variety of jellies, jams and
marmalades at very low price. The sume principle
applies here as in the ease of all compounded food
produets. If they are made in cleanly fashion, contain
no harmful ingredients and are truthfully labeled there
is no reason for objecting to them. But if the manu-
facturer goes so fur as to put strawberry seeds—or
hayseed—into his artificial “strawberry jam'’ 1 think
that might properly be ealled adulteration, for it is imi-
tating the imperfections of nature, and man ought to
be too proud to do that.

The old-fashioned open keitle molasses consisted
mostly of glucose and other invert sugars together
with such cane sugar as could not he crystallized out.
But when the vacuum pan was introduced the molasses
was impoverished of its sweetness and beet sugnr doos
not yield any molasses. So we now have in its place
the corn syrups eonsisting of about 85 per cent. of glu-
cose and 15 per cent. of sugnr flavored with maple or
vanillin or whatever we like. It is encournging to sep
the bill boards proclaiming the virtues of **Karo'
syrup and ‘‘Mazola’’ oil when only a few years ago the
products of our national cereal were without honor in
their own conntry.

Many other products hesides foods are made from
corn starch. Dextrin serves in place of the old **gum
arabic’’ for the mucilage of our envelopes and stamps.
Another form of dextrin sold as ‘* Kordex' is used to
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hold together the sand of the cores of castings. After
the casting has been made the scorched core can be
shaken out. Glucose is used in place of sugar as a
filler for cheap soaps and for leather.

Altogether more than a hundred different commer-
cial products are now made from corn, not counting
cob pipes. Every year the factories of the United
States work up over 50,000,000 bushels of corn into
800,000,000 pounds of corn syrup, 600,000,000 pounds
of starch, 230,000,000 pounds of corn sugar, 625,000,000
pounds of gluten feed, 90,000,000 pounds of oil and
90,000,000 pounds of oil cake.

Two billion bushels of cobs are wasted every year in
the United States. Can’t something be made out of
them? This is the question that is agitating the chem-
ists of the Carbohydrate Laboratory of the Depart-
ment of Agriculture at Washington. They have found
it possible to work up the corn cobs into glucose and
xylose by heating with acid. But glucose can be more
cheaply obtained from other starchy or woody mate-
rials and they cannot find a market for the xylose.
This is a sort of a sugar but only about half as sweet
ag that from cane. Who can invent a use for it?
More promising is the discovery by this laboratory that
by digesting the cobs with hot water there can be ex-
tracted about. 30 per cent. of a gum suitable for bill
posting and labeling.

Since the starches and sugars belong to the same
class of compounds as the celluloses they also can be
acted upon by nitric acid with the production of explo-
gives like guncotton. Nitro-sugar has not come into
common use, but - nitro-starch is found to be one of
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safest of the high explosives. On account of the dan-
ger of decomposition and spontaneous explosion from
the presence of foreign substances the materials in
explosives must be of the purest possible. It was for-
merly thought that tapioca must be imported from Java
for making nitro-starch. But during the war when
shipping was short, the War Department found that it
could be made better and cheaper from our home-grown
corn. starch. When the war closed the United States
was making 1,720,000 pounds of nitro-starch a month
for loading hand grenades. So, too, the Post Office
Department discovered that it could use mucilage
made of corn dextrin as well as that which used to be
made from tapioca. This is progress in the right di-
rection. It would be well to divert some of the ener-
getic efforts now devoted to the increase of commerce
to thie discovery of ways of reducing the need for com-
merce by the development of home products. There is
no merit in simply hauling things around the world.
In the last chapter we saw how dextrose or glucose
could be converted by fermentation into alcohol. Since
corny. gtarch, as we have here seen, can be converted into
dextrose, it can serve as a source of alcohol. This was,
in faect, one of the earliest misuses to which corn was
put, and before the war put a stop to it 34,000,000
bushels went to the making of whisky in the United
States every year, not counting the moonshiners’ out-
put. But even though we left off drinking whisky the
distillers could still thrive. Mars is more thirsty than
Bacchus. The output of aleohol, denatured for indus-
trial purposes, is8 more than three times what it was
before the war, and the price has risen from 30 cents a
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gallon to 67 cents. This may make it profitable to
utilize sugars, starches and cellulose that formerly were
out of the question. According to the caleulations of
the ¥orest Products Laboratory of Madison it costs
from 37 to 44 cents a gallon to make alcohol from corn,
but it may be made from sawdust at a cost of from 14
to 20 cents. This is not ‘‘wood aleohol’’ (that is,
methyl aleohol, CH,O) such as is made by the destruec-
tive distillation of wood, but genuine ‘‘grain aleohol’’
(ethyl aleohol, C,H,O), such as is made by the fermen-
tation of glucose or other sugar. The first step in the
process is to digest the sawdust or chips with dilute
sulfuric acid under heat and pressure. This converts
the cellulose (wood fiber) in large part into glucose
(*‘corn sugar’’) which may be extracted by hot water
in a diffusion battery as in extracting the sugar from
heet chips. This glucose solution may then be fer-
mented hy yeast and the resulting aleohol distilled off.
The process is perfectly practicable but has yet to be
proved profitable. But the sulfite liquors of the paper
mills are being worked up successfully into industrial
alcohol.

The rapidly approaching exhaustion of our oil fields
which the war has accelerated leads us to look around to
see what we can get to take the place of gasoline. One
of the most promising of the suggested substitutes is
aleohol. The United States is exceptionally rich in
mineral oil, but some countries, for instance England,
(lermany, France and Australia, have little or none.
The Australian Advisory Council of Science, called to
consider the problem, recommends alcohol for station-
ary engines and motor cars. Aleohol has the disadvan-
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tage of being less volatile than gasoline so it is hard to
start up the engine from the cold. But the lower vola.
tility and ignition point of aleohol are an advantage in
that it can be put under a pressure of 150 pounds to the
square inch. A pound of gasoline contains fifty per
cent. more potential energy than a pound of aleohol,
but sinee the aleohol vapor can be put under twice the
compression of the gasoline and requires only one-third
the amount of air, the thermal efficieney of an aleohol
engine may be fifty per cent. higher than that of a gaso-
line engine. Aleohol also has several other conven-
iences that can count in its favor. Tn the case of in-
compliete combustion the cylinders are iess likely to be
clogged with earbon and the escaping gases do not have
the offensive odor of the gasoline smoke.  Aleohol does
not ignite so easily as gasoline and the fire is more
readily put out, for water thrown upon blazing aleohol
dilutes it and puts out the flame while gasoline floats
on water and the fire is spread by it. It ia possible to
increase the inflammability of alcohol by mixing with it
some hydrocarbon such as gasoline, benzene or acety-
lene. In the Taylor-White process the vapor from low-
grade aleohol containing 17 per cent. water is passed
over caleium carbide. This takes out the water and
adds acetylene gas, making a suitable mixture for an
internal combustion engine.

Aleohol can be made from anything of a starchy,
sugary or woody nature, that is, from the main sub-
stance of all vegetation. If we start with wood (eellu-
lose) we convert it first into sugar (glucose) and, of
course, we ocould stop here and use it for food instead
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of carrying it on into aleohol. This provides one fac-
tor of our food, the carbohydrate, but by growing the
yeast plants on glucose and feeding them with nitrates
made from the air we can get the protein and fat. So
it is quite possible to live on sawdust, although it would
be too expensive a diet for anybody but a millionaire,
and he would not enjoy it. Glucose has been made
from formaldehyde and this in turn made from carbon,
hydrogen and oxygen, so the synthetic production of
food from the elements is not such an absurdity as it
was thought when Berthelot suggested it half a cen-
tury ago.

The first step in the making of aleohol is to change
the starch over into sugar. This transformation is ef-
fected in the natural course of sprouting by which the
insoluble starch stored up in the seed is converted into
the soluble glucose for the sap of the growing plant.
This malting process is that mainly made use of in the
production of alcohol from grain. But there are other
ways of effecting the change. It may be done by
heating with acid as we have seen, or according to a
method now being developed the final conversion may
be accomplished by mold instead of malt. In applying
this method, known as the amylo process, to corn, the
1neal is mixed with twice its weight of water, acidified
with hydrochloric acid and steamed. The mash is then
cooled down somewhat, diluted with. sterilized water
and inmoculated with the mucor filaments. As the
mash molds the starch is gradually changed over to
glucose and if this is the product desired the process
may be stopped at this point. But if aleohol is wanted

[o]
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yeast is added to ferment the sugar. By keeping it al
kaline and treating with the proper bacteria a higk
yield of glycerin can be obtained.

In the fermentation process for making alcoholic
liquors a little glycerin is produced as a by-produet.
Glycerin, otherwise called glycerol, is intermediate be-
tween sugar and alcohol. Its molecule contains three
carbon atoms, while glucose has six and aleohol two.
It is possible to increase the yield of glyeerin if desirec
by varying the form of fermentation. This was de-
gired most earnestly in Germany during the war, for
the British blockade shut off the importation of the
fats and oils from which the Germans extracted the
glycerin for their nitroglycerin. Under pressure of
this necessity they worked out a process of getting
glycerin in quantity from sugar and, news of this being
brought to this country by Dr. Alonzo Taylor, the
United States Treasury Department set up a speecial
laboratory to work out this problem. John R. Eoff and
other chemists working in this laboratory succeeded in
getting a yield of twenty per cent. of glycerin by fer-
menting black strap molasses or other syrup with Cali-
fornia wine yeast. During the fermentation it is neces-
sary to neutralize the acetic acid formed with sodium
or calcium carbonate. It was estimated that glycerin
oould be made from waste sugars at about a quarter of
its war-time cost, but it is doubtfal whether the process
would be profitable at normal prices.

‘We can, if we like, dispense with either yeast or bac-
teria in the production of glycerin. Glacose syrup sus-
pended in oil nnder steam pressure with finely divided
nickel as a catalyst and treated with nascent hydrogen
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will take up the hydrogen and be converted into gly-
cerin. But the yield is poor and the process expensive.

Food serves substantially the same purpose in the
body as fuel in the engine. It provides the energy for
work. The carbohydrates, that is the sugars, starches
and celluloses, can all be used as fuels and can all—
even, as we have seen, the cellulose—be used as foods.
The final products, water and carbon dioxide, are in
both cases the same and necessarily therefore the
amount of energy produced is the same in the body as
in the engine. Corn is a good example of the equiva-
lence of the two sources of energy. There are few bet-
ter foods and no better fuels. I can remember the good
old days in Kansas when we had corn to burn. It was
both an economy and a luxury, for—at ten cents a
bushel—it was cheaper than coal or wood and prefer-
able to either at any price. The long yellow ears, each
wrapped in its own kindling, could be handled without
crocking the fingers. Kach kernel as it crackled sent
out a blazing jet of oil and the cobs left a fine bed of
coals for the corn popper to be shaken over. Drift-
wood and the pyrotechnic fuel they make now by soak-
ing sticks in strontium and copper salts cannot compare
with the old-fashioned corn-fed fire in beauty and the
power of evoking visions. Doubtless such luxury
would be condemned as wicked nowadays, but those
who have known the calorific value of corn would find
it hard to abandon it altogether, and I fancy that the
Western farmer’s wife, when she has an extra batch
of baking to do, will still steal a few ears from the crib.



XI
SOLIDIFIED SUNSHINE

All life and all that life accomplishes depend upon
the supply of solar energy stored in the forw of food.
The chief sources of this vital energy are the fats and
the sugars. The former contain two and a guarter
times the potential energy of the latter. Both, when
completely purified, consist of nothing but carbon, hy.
drogen and oxygen; elements that are to be found
frecly everywhere in air and water. So when the
sunny southland exports fats and oils, sturches and
sugar, it is then sending away nothing material but
what comes back to it in the next wind. What it is
sending to the regions of more slanting sunshine is
merely some of the surplus of the radiant energy it has
received so abundantly, compacted for convenience into
a portable and edible form.

In previous chapters I have dealt with some of the
uses of cotton, its employment for cloth, for paper, for
artificial fibers, for explosives, and for plastica. But
I have ignored the thing that cotton is attached to and
for which, in the economy of nature, the fibers are
formed; that is, the seed. It is as though I had de-
seribed the aeroplane and ignored the aviator whom it
was designed to carry. But in this neglect I am but
following the example of the human race, which for
three thousand years used the fiber but made po nse
of the seed except to plant the next erop.

196
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Just as mankind is now divided into the two great
lasses, the wheat-eaters and the rice-eaters, so the
ncient world was divided into the wool-wearers and
be cotton-wearers. The people of India wore cotton;
he Europeans wore wool. When the Greeks under
\lexander fought their way to the Far East they were
urprised to find wool growing on trees. Later travel-
rs returning from Cathay told of the same marvel
nd travelers who stayed at home and wrote about what
hey had not seen, like Sir John Maundeville, misunder-
tood these reports and elaborated a legend of a tree
hat bore live lambs as fruit. Here, for instance, is
ow a French poetical botanist, Delacroix, deseribed
t in 1791, as translated from his Latin verse:

Upon a stalk is fixed a living brute,

A rooted plant bears quadruped for fruit;

It has a fleece, nor does it want for eyes,

And from its brows two wooly horns arise.

The rude and simple country people say

It is an animal that sleeps by day

And wakes at night, though rooted to the ground,
To feed on grass within its reach around.

But modern commerce broke down the barrier be-
ween East and West. A new cotton country, the best
n the world, was discovered in America. Cotton in-
‘aded England and after a hard fight, with fists as well
.8 finance, wool was beaten in its chief stronghold.
Jotton became King and the wool-sack in the House of
sords lost its symbolic significance.

Still two-thirds of the cotton crop, the seed, was
vasted and it is only within the last fifty years that
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methods of using it have heen developed to any extent.

The cotton crop of the United States for 1917
amounted to about 11,000,000 bules of 500 pounds each.
When the Great War broke out and no cotton could be
exported to Germany and little to Englund the South
was in despair, for cotton went down to five or six cents
a pound. The national Government, regurdiess of
states’ rights, was called upon for aid and everyhody
was besought to “‘buy a bale.”” Those who respouded
to this patriotic appeal were well rewarded, for cotton
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But the chemist has added some $150,000,000 a yea:
to the value of the crop by discovering ways of utilizing
the cottonseed that used to be thrown away or burnec
as fuel. The genealogical table of the progeny of the
cottonseed herewith printed will give some idea of theix
variety. If you will examine a cottonseed you will see
first that there is a fine fuzz of cotton fiber sticking to
it. These linters can be removed by machinery and
used for any purpose where length of fiber is not essen-
tial. For instance, they may be nitrated as described
in previous articles and used for making smokeless
powder or celluloid.

On cutting open the seed you will observe that it con-
sists of an oily, mealy kernel encased in a thin brown
hull. The hulls, amounting to 700 or 900 pounds in a
ton of seed, were formerly burned. Now, however,
they bring from $4 to $10 a ton because they can be
ground up into cattle-feed or paper stock or used as
fertilizer.

The kernel of the cottonseed on being pressed yields
a yellow oil and leaves a mealy cake. This last, mixed
with the hulls, makes a good fodder for fattening cattle.
Also, adding twenty-five per cent. of the refined cotton-
seed meal to our war bread made it more nutritious and
no less palatable. Cottonseed meal contains about
forty per cent. of protein and is therefore a highly
concentrated and very valuable feeding stuff. Before
the war we were exporting nearly half a million tons
of cottonseed meal to Europe, chiefly to Germany and
Denmark, where it is used for dairy cows. The British
yeoman, his country’s pride, has not yet been won over
to the use of any such newfangled fodder and conse-
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juently the British manufacturer could not compete
vith his continental rivals in the seed-crushing busi-
tess, for he could not dispose of his meal-cake by-
yroduct a8 did they.

Let us now turn to the most valuable of the cotton-
seed products, the oil.  The seed contains about twenty
ser cent. of oil, most of which can be squeezed out of
:he hot seeds by hydraulic pressure. It comes out as a
red liquid of a disagrecable odor. This is decolorized,
Jeodorized and otherwise purified in various ways: by
treatment with alkalies or acids, by blowing air and
steam through it, by shaking up with fuller’s earth, by
settling and filtering. The refined product is a yellow
oil, suitable for table use. Formerly, on account of the
popular prejudice against any novel food produects, it
used to masquerade as olive oil. Now, however, it
boldly competes with its ancient rival in the lands of
the olive tree und America ships some 700,000 barrels
of cottomseed vil n year to the Mediterranean. The
Turkish Government tried to check the spread of cot-
tonseed oil by ealling it an adulterant and prohibiting
its mixture with olive oil. The result was that the sale
of Turkish olive o1l fell off because people found its
flavor too strong when undiluted. Italy imports cot-
tonseed oil and exports her olive oil. Denmark im-
ports cottonsced meal and margarine and exports her
butter.

Northern nations are accustomed to hard fats and
do not take to oils for cooking or table use as do the
southerners. Butter and lard are preferred to olive oil
and ghee. But this does not rule out cottonseed. It
can be combined with the hard fats of animal or vege-
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table origin in margarine or it may itself be hardened
by hydrogen.

To understand this interesting reaction which is pro-
foundly affecting international relations it will be nec-
essary to dip into the chemistry of the subject. Here
are the symbols of the chief ingredients of the fats and
oils. Please look at them.

Linoleic acid . ....oovvveiieesiiiiinnnn, C,.H;,0,
Oleic acid ..ccvvvenvrevrnnrinninnnnnn.. C,H,,0,
Stearic acid .....ciiiiiiiiiiiiiiiias, C,.H,;,0,

Don’t skip these because you have not studied chem-
istry. That’s why I am giving them to you. If you
had studied chemistry you would know them without
my telling. Just examine them and you will discover
the secret. You will see that all three are composed of
the same elements, carbon, hydrogen and oxygen. No-
tice next the number of atoms of each element as indi-
cated by the little low figures on the right of each letter.
You observe that all three contain the same number of
atoms of carbon and oxygen but differ in the amount
of hydrogen. This trifling difference in composition
makes a great difference in behavior. The less the
hydrogen the lower the melting point. Or to say the
game thing in other words, fatty substances low in hy-
drogen are apt to be liquids and those with a full com-
plement of hydrogen atoms are apt to be solids at the
ordinary temperature of the air. It is common to call
the former “‘oils’’ and the latter ‘‘fats,”’ but that im-
plies too great a dissimilarity, for the distinetion de-
pends on whether we are living in the tropies or the
arctic. It is better, therefore, to lump them all to-
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gether and call them ¢‘soft fats’’ and ‘‘hard fats,’’ re-
spectively.

Fats of the third order, the stearic group, are called
‘‘saturated’’ because they have taken up all the hydro-
gen they can hold. Fats of the other two groups are
called ‘‘unsaturated.”” The first, which have the least
hydrogen, are the most eager for more. If hydrogen is
not handy they will take up other things, for instance
oxygen. Linseed oil, which consists largely, as the
name implies, of linoleic acid, will absorb oxygen on
exposure to the air and become hard. That is why itis
used in painting. Such oils are called ‘‘drying’’ oils,
although the hardening process is not really drying,
since they contain no water, but is oxidation. The
‘‘gemi-drying oils,’’ those that will harden somewhat on
exposure to the air, include the oils of cottonseed, corn,
sesame, soy bean and castor bean. Olive oil and peanut
oil are ‘‘non-drying”’’ and contain oleic compounds
(olein). The hard fats, such as stearin, palmitin and
margarin, are mostly of animal origin, tallow and lard,
though coconut and palm oil contain a large proportion
of such saturated compounds.

Though the chemist talks of the fatty ‘‘acids,’’ no-
body else would call them so because they are not sour.
But they do behave like the acids in forming salts with
bases. The alkali salts of the fatty acids are known to
us as soaps. In the natural fats they exist not as free
acids but as salts of an organic base, glycerin, as I ex-
plained in a previous chapter. The natural fats and
oils consist of complex mixtures of the glycerin com-
pounds of these acids (known as olein, stearin, ete.), as
well as various others of a similar sort. If you will
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get a bottle of salad oil in the ice-box you will see i
separate into two parts. The white, erystalline soli
that separates out is largely stearin. The part tha
remains liquid is largely olein. You might separat:
them by filtering it cold and if then you tried to sell the
two products you would find that the hard fat woul¢
bring a higher price than the oil, either for food o1
soap. If you tried to keep them you would find that the
hard fat kept neutral and ‘‘sweet’’ longer than th¢
other. You may remember that the perfumes (as wel
as their odorous opposites) were mostly unsaturated
compounds. So we find that it is the free and unsatn.
rated fatty acids that cause butter and oil to become
rank and rancid.

Obviously, then, we could make money if we could
turn soft, unsaturated fats like olein into hard, sata.
rated fats like stearin. Referring to the symbols we
see that all that is needed to effect the change is to get
the former to unite with hydrogen. This requires a
little coaxing. The coaxeris called a catalyst. A cata-
lyst, as I have previously explained, is a substance that
by its mere presence causes the union of two other sub-
stances that might otherwise remain separate. For
that reason the catalyst is referred to as ‘‘a chemical
parson.”’ Finely divided metals have a strong cata-
Iytic action. Platinum sponge is excellent but too ex-
pensive. So in this case nickel is used. A nickel salt
mixed with charcoal or pumice is reduced to the metal-
lic state by heating in a current of hydrogen. Then it
is dropped into the tank of oil and hydrogen gas is
blown through. The hydrogen may be obtained by
splitting water into its two components, hydrogen and
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tygen, by means of the electrical current, or by pass-
g steam over spongy iron which takes out the oxygen.
he stream of hydrogen blown through the hot oil con-
'rts the linoleic acid to oleic and then the oleic into
earic. If you figured up the weights from the sym-
)1s given above you would find that it takes about one
mund of hydrogen to convert a hundred pounds of olein
- stearin and the cost is only about one cent a pound.
he nickel is unchanged and is easily separated. A
ace of nickel may remain in the produect, but as it is
:ry much less than the amount dissolved when food
cooked in nickel-plated vessels it cannot be regarded
3 harmful.

Even more unsaturated fats may be hydrogenated.
ish oil has hitherto been almost unusable because of
s powerful and persistent odor. This is chiefly due
» a fatty acid which properly bears the uneuphonious
ame of clupanodonic acid and has the composition of
18H250,;. By comparing this with the symbol of the
Jorless stearic acid, C,;H;¢0,, you will see that all the
ink fish 01l lacks to make it respectable is eight hydro-
an atoms. A Japanese chemist, Tsujimoto, has dis-
yvered how to add them and now the reformed fish oil
nder the names of ‘‘talgol’’ and ‘‘candelite’’ serves
or lubricant and even enters higher circles as a soap or
rod.

This process of hardening fats by hydrogenation re-
ilted from the experiments of a French chemist, Pro-
sssor Sabatier of Toulouse, in the last years of the last
:ntury, but, as in many other cases, the Germans were
1e first to take it up and profit by it. Before the war
16 copra or coconut oil from the British Asiatic colo-
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nies of India, Ceylon and Malaya went to Germany at
the rate of $15,000,000 a year. The palm kernels grown
in British West Africa were shipped, not to Liverpool,
but to Hamburg, $19,000,000 worth annually. Here the
oil was pressed out and used for margarin and the
residual cake used for feeding cows produced butter or
for feeding hogs produced lard. Half of the copra
raised in the British possessions was sent to Germany
and half of the oil from it was resold to the British
margarin candle and soap makers at a handsome profit.
The British chemists were not blind to this, but they
could do nothing, first because the English politician
was wedded to free trade, second, because the English
farmer would not use oil cake for his stock. France
was in a similar situation. Marseilles produced 15,-
500,000 gallons of oil from peanuts grown largely in
the French African colonies—but shipped the oil-cake
on to Hamburg. Meanwhile the Germans, in pursuit
of their policy of attaining economic independence,
were striving to develop their own tropical territory.
The subjects of King George who becauge they had the
misfortune to live in India were excluded from the
British South African dominions or mistreated when
they did come, were invited to come to German East
Africa and set to raising peanuts in rivalry to French
Senegal and British Coromandel. Before the war Ger-
many got half of the Egyptian cottonseed and half of
the Philippine copra. That is one of the reasons why
German warships tried to check Dewey at Manila in
189€ and German troops tried to conquer Egypt in 1915.

But the tide of war set the other way and the German
plantations of palmnuts and peanuts in Africa have
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come into British possession and now the British Gov-
ernment is starting an educational campaign to teach
their farmers to feed oil cake like the Germans and
their people to eat peanuts like the Americans.

The Germans shut off from the tropical fats supply
were hard up for food and for soap, for lubricants and
for munitions. Every person was given a fat card that
reduced his weekly allowance to the mirimum. Millers
were required to remove the germs from their cereals
and deliver them to the war department. Children
were set to gathering horse-chestnuts, elderberries,
linden-balls, grape seeds, cherry stones and sunflower
heads, for these contain from six to twenty per cent. of
oil. Even the blue-bottle fly—hitherto an idle creature
for whom Beelzebub found mischief—was conseripted
into the national service and set to laying eggs by the
billion on fish refuse. Within a few days there is a
crop of larve which, to quote the ‘‘Chemische Zentral-
blatt,”’ yields forty-five grams per kilogram of a yellow
oil. This product, we should hope, is used for axle-
grease and nitroglycerin, although properly purified it
would be as nutritious as any other—to one who has no
imagination. Driven to such straits Germany would
have given a good deal for one of those tropical islands
that we are so careless about.

It might have been supposed that since the United
States possessed the best land in the world for the pro-
duction of cottonseed, coconuts, peanuts and corn that
it would have led all other countries in the utilization
of vegetable oils for food. That this country has not
8o used its advantage is due to the fact that the new
products have not merely had to overcome popular



208 CREATIVE CHEMISTRY

conservatism, ignorance and prejudice—hard things tc
fight in any case—but have been deliberately checked
and hampered by the state and national governments in
defense of vested interests. The farmer vote is a
power that no politician likes to defy and the dairy
business in every state was thoroughly organized. In
New York the oleomargarin industry that in 1879 was
turning out produets valued at more than $5,000,000 a
year was completely crushed out by state legislation.!
The output of the United States, which in 1902 had
risen to 126,000,000 pounds, was cut down to 43,000,000
pounds in 1909 by, federal legislation. According to
the disingenuous custom of American lawmakers the
Act of 1902 was passed through Congress as a ‘‘revenue
measure,’’ although it meant a loss to the Government
of more than three million dollars a year over what
might be produced by a straight two cents a pound tax.
A wholesale dealer in oleomargarin was made to pay a
higher license than a wholesale liquor dealer. The
federal law put a tax of ten cents a pound on yellow
oleomargarin and a quarter of a cent a pound on the
uncolored. But people—doubtless from pure preju-
dice—prefer a yellow spread for their bread, so the
economical housewife has to work over her oleomar-
garin with the annatto which is given to her when she
buys a package or, if the law prohibits this, which she
is permitted to steal from an open box on the grocer’s
counter. A plausible pretext for such legislation is
afforded by the fact that the butter substitutes are so
much like butter that they cannot be easily distin-
guished from it unless the use of annatto is permitted

1 United Btates Abstract of Census of Manufactures, 1914, p. 84.
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to butter and prohibited to its competitors. Fradulent
sales of substitutes of any kind ought to be prevented,
but the recent pure food legislation in America has
shown that it is posSible to secure truthful labeling
without resorting to such drastic measures. In Europe
the laws against substitution were very striet, but not
devised to restrict the industry. Consequently the
margarin output of Germany doubled in the five years
preceding the war and the output of England tripled.
In Denmark the consumption of margarin rose from
8.8 pounds per capita in 1890 to 32.6 pounds in 1912.
Yet the butter business, Denmark’s pride, was not in-
jured, and Germany and England imported more butter
than ever before. Now that the price of butter in
America has gone over the seventy-five cent mark Con-
gress may conclude that it no longer needs to be pro-
tected against competition.

The ‘‘compound lards’’ or ‘‘lard cempounds,’’ con-
sisting usually of cottonseed oil and oleo-stearin, al-
though the latter may now be replaced by hardened oil,
met with the same popular prejudice and attempted
legislative interference, but succeeded more easily in
coming into common use under such names as ‘‘Cotto-
suet,”’ “Kream Krisp,”’ ‘‘Kuxit,”’ ‘‘Korno,”’ ‘‘Cotto-
lene’’ and ““Crisco.”’

Oleomargarin, now generally abbreviated to mar-
garin, originated, like many other inventions, in mili-
tary necessity. The French Government in 1869 of-
fered a prize for a butter substitute for the army that
should be cheaper and better than butter in that it did
not spoil so easily. The prize was won by a French
chemist, Mége-Mouries, who found that by chilling beef

3
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fat the solid stearin could be separated from an oil
(oleo) which was the substantially same as that in milk
and hence in butter. Neutral lard acts the same.

This discovery of how to separate the hard and soft
fats was followed by improved methods for purifying
them and later by the process for converting the soft
into the hard fats by hydrogenation. The net result
was to put into the hands of the chemist the ability to
draw his materials at will from any land and from the
vegetable and animal kingdoms and to combine them as
he will to make new fat foods for every use; hard for
summer, soft for winter; solid for the northerners and
liquid for the southerners; white, yellow or any other
color, and flavored to suit the taste. The Hindu can
eat no fat from the sacred cow; the Mohammedan and
the Jew can eat no fat from the abhorred pig; the vege.
tarian will touch neither; other people will take both.
No matter, all can be accommodated.

All the fats and oils, though they consist of scores of
different compounds, have practically the same food
value when freed from the extraneous matter that gives
them their characteristic flavors. They are all prace-
tically tasteless and colorless. The various vegetable
and animal oils and fats have about the same digesti-
bility, 98 per cent.,' and are all ordinarily completely
utilized in the body, supplying it with two and a quarter
times as much energy as any other food.

It does not follow, however, that there is no differ-
encein the products. The margarin men accuse butter
of harboring tuberculosis germs from which their prod-
uet, because it has been heated or is made from vege-

1 United States Department of Agriculture, Bulletin No. 508.
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table fats, is free. The butter men retort that mar-
garin is lacking in vitamines, those mysterious sub-
stances which in minute amounts are necessary for life
and especially for growth. Both the claim and the
objection lose a large part of their force where the
margarin, as is customarily the case, is mixed with
butter or churned up with milk to give it the familiar
flavor. But the difficulty can be easily overcome. The
milk used for either butter or margarin should be free
or freed from ‘disease germs. If margarin is alto-
gether substitated for butter, the necessary vitamines
may be sufficiently provided by milk, eggs and greens.

Owing to these new processes all the fatty substances
of all lands have been brought into competition with
each other. In such a contest the vegetable is likely to
beat the animal and the southern to win over the north-
ern zones. In Europe before the war the proportion
of the various ingredients used to make butter substi-
tutes was as follows:

AVERAGE COMPOSITION OF EUROPEAN MARGARIN

Per Cent.
Animalbhard fats ... ....ccccoeeiiinnennn 25
Vegetable hard fats .............ocoen... 35
(8] ) 2 R IR 29
Palm-kernel .. ....covveerimmiicoiion. 6
Vegetable soft fats .......coooeiiiinnan. 26
Cottonseed veovvivet it iiiriineaaenn 13
PEANTUE evcvvrvvviceroreroosraannoacns 6
COGANNE . evvvvrvenrvrocoesvsacasersnens 6
Soya-beBn . ... ..iieieiiiiiiiiiiiiaens 1
Water, milk, salt ......oooieieiiorieenn. 14
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This is not the composition of any particular brand
but the average of them all. The use of a certain
amount of the oil of the sesame seed 18 required by the
laws of Germany and Denmark because it can be easily
detected by a chemical color test and so serves to pre-
vent the margarin containing it from heing sold as
butter. ‘“Open sesame!’ is the password to these
markets. Remembering that margarin originally was
made up entirely of animal fats, soft and hard, we can
see from the above figures how rapidly they nre heing
displaced by the vegetable fats. The cottonsced and
peanut oils have replaced the original oleo oil and the
tropical oils from the coconut (copra) and Afriean
palm are crowding out the animal hard fats. Since
now we can harden at will any of the vegetable oils it
is possible to get along altogether without animal fats,
Such vegetable margarins were originally prepared for
sale in India, but proved unexpectedly popular in Eu-
rope, and are now being introduced into America.
They are sold under various frade namex suggesting
their origin, such as “palmira,”” “ palmona,’’ ““milko-
nut,’’ “‘cocose,’’ ‘“‘coconut oleomargarin’’ und **nucoa
nut margarin.’””  The last named is stated to be made
of eoconut oil (for the hard fat) and peanut oil {for the
soft fat), churned up with a culture of pasteurized milk
(o impart the butter flnvor). The law requires such a
product to be branded *‘oleomargarine’’ nlthough it is
not. Such cases of compulsory mislabeling are not
rare. You remember the ‘‘Pigs is Piga’ story.

Peanut butter has won its way into the Ameriean
menu without any camouflage whatever, and as a salad
oil it is almost equally fravk about its lowly origin.
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This nut, which grows on a vine instead of a tree, and
is dug from the ground like potatoes instead of being
picked with a pole, goes by various names according to
locality, peanuts, ground-nuts, monkey-nuts, arachides
and goobers. As it takes the place of cotton oil in
some of its produets so it takes its place in the fields
and oilmills of Texas left vacant by the bollweevil.
The once despised peanut added some $56,000,000 to
the wealth of the South in 1916. The peanut is rich in
the richest of foods, some 50 per cent. of oil and 30 per
cent. of protein. The latter can be worked up into meat
substitutes that will make the vegetarian cease to envy
his omnivorous neighbor. Thanks largely to the chem-
ist who has opened these new fields of usefulness, the
peanut-raiser got $1.25 a bushel in 1917 instead of the
30 cents that he got four years before.

It would be impossible to enumerate all the available
sources of vegetable oils, for all seeds and nuts contain
more or less fatty matter and as we become more
economical we shall utilize of what we now throw away.
The germ of the corn kernel, once discarded in the
manufacture of starch, now yields a popular table oil.
From tomato seeds, one of the waste products of the
canning factory, can be extracted 22 per cent. of an
edible oil. Oats contain 7 per cent. of 0il. From rape
geed the Japanese get 20,000 tons of oil a year. To
the sources previously mentioned may be added pump-
kin seeds, poppy seeds, raspberry seeds, tobacco seeds,
cockleburs, hazelnuts, walnuts, beechnuts and acorns.

The oil-bearing seeds of the tropics are innumerable
and will become increasingly essential to the inhabi-
tants of northern lands. It was the realization of this
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that brought on the struggle of the great powers for
the possession of tropical territory which, for years
before, they did not think worth while raising a flag
over. No country in the future can consider itself safe
unless it has secure access to such sources. We had a
sharp lesson in this during the war. Palm oil, it seems,
is necessary for the manufacture of tinplate, an indus-
try that was built up in the United States by the Me-
Kinley tariff. The British possessions in West Africa
were the chief source of palm oil and the Germans had
the handling of it. During the war the British Govern-
ment assumed control of the palm oil products of the
British and German colonies and prohibited their ex-
port to other countries than England. Americans pro-
tested and beseeched, but in vain. The British held,
quite correctly, that they needed all the oil they could
get for food and lubrication and nitroglycerin. But
the British also needed canned meat from America for
their soldiers and when it was at length brought to their
attention that the packers could not ship meat unless
they had cans and that cans could not be made without
tin and that tin could not be made without palm oil the
British Government consented to let us buy a little of
their palm oil. The lesson is that of Voltaire’s story,
¢“Candide,’” ‘‘Let us cultivate our own garden’’—and
plant a few palm trees in it—also rubber trees, but that
is another story.

The international struggle for oil ied to the partition
of the Pacific as the struggle for rubber led to the par-
tition of Africa. Theodor Weber, as Stevenson says,
‘‘harried the Samoans’’ to get copra much as King
Leopold of Belgium harried the Congoese to get
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soutchouc. It was Weber who first fully realized that
1e South Sea islands, formerly given over to cannibals,
irates and missionaries, might be made immensely
aluable through the cultivation of the coconut palms.
Vhen the ripe coconut is split open and exposed to the
an the meat dries up and shrivels and in this form,
alled ‘“copra,’’ it can be cut out and shipped to the
actory where the oil is extracted and refined. Weber
rhile German Consul in Samoa was also manager of
7hat was locally known as “‘the long-handled concern”’
Deutsche Handels und Plantagen Gesellschaft der
Miidsee Inseln zu Hamburg), a pioneer commercial and
emi-official corporation that played a part in the Pa-
ific somewhat like the British Hudson Bay Company
n Canada or East India Company in Hindustan.
Chrough the agency of this corporation on the start
Yermany acquired a virtual monopoly of the transpor-
ation and refining of coconut oil and would have be-
ome the dominant power in the Pacific if she had not
seen checked by force of arms. In Apia Bay in 1889
mnd again in Manila Bay in 1898 an American fleet
‘aced a German fleet ready for action while a British
varship lay between. So we rescued the Philippines
ind Samoa from German rule and in 1914 German
yower was eliminated from the Pacific. During the ten
7ears before the war, the production of copra in the
Ferman islands more than doubled and this was only
he beginning of the business. Now these islands have
seen divided up among Australia, New Zealand and
Japan, and these countries are planning to take care of
the copra.

But although we get no extension of territory from
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the war we still have the Philippines and some of th
Samoan Islands, and these are capable of great devel
opment. From her share of the Samoan Islands Ger
many got a million dollars’ worth of copra and we
might get more from ours. The Philippines now lead
the world in the production of copra, but Java is a close
gecond and Ceylon not far behind. If we do not look
out we will be beaten both by the Dutch and the British,
for they are undertaking the cultivation of the coconut
on a larger scale and in a more systematic way. Aec
cording to an official bulletin of the Philippine Govern-
ment a coconut plantation should bring in ‘“dividends
ranging from 10 to 75 per cent. from the tenth to the
hundredth year.”” And this being printed in 1913 fig-
ured the price of copra at 314 cents, whereas it brought
414 cents in 1918, so the prospect is still more encourag-
ing. The copra is half fat and can be cheaply shipped
to America, where it can be crushed in the southern oil-
mills when they are not busy on cottonseed or peanuts.
But even this cost of transportation can be reduced by
extracting the oil in the islands and shipping it in bulk
like petroleum in tank steamers.

In the year ending June, 1918, the United States im-
ported from the Philippines 155,000,000 pounds of coco-
nut oil worth $18,000,000 and 220,000,000 pounds of
copra worth $10,000,000. But this was about half our
total importations; the rest of it we had to get from
foreign countries. Panama palms may give us a little
relief from this dependence on foreign sources. In
1917 we imported 19,000,000 whole coconuts from Pan-
ama valued at $700,000.

A new form of fat that has rapidly come into our
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SPLITTING COCONUTS ON THE 1SLAND OF TAHITI
After drying in the sun the meat is picked and the oil extracted for making coconut butter

[To fave p. 216.
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arket is the oil of the soya or soy bean. In 1918 we
1ported over 300,000,000 pounds of soy-bean oil,
ostly from Manchuria. The oil is used in manufac-
re of substitutes for butter, lard, cheese, milk and
eam, as well as for soap and paint. The soy-bean can
t raised in the United States wherever corn can be
‘own and provides provender for man and beast.
he soy meal left after the extraction of the oil makes
good cattle food and the fermented juice affords the
10ya sauce made familiar to us through the popularity
t the chop-suey restaurants.

As meat and dairy products become scarcer and
earer we shall become increasingly dependent upon
1e vegetable fats. We should therefore devise means
f saving what we now throw away, raise as much as we
an under our own flag, keep open avenues for our
oreign supply and encourage our cooks to make use
f the new products invented by our chemists.



CHAPTER XII
FIGHTING WITH FUMES

The Germans opened the war using projectiles severr~
teen inches in diameter. They closed it using projec—
tiles one one-hundred millionth of an inch in diametex -
And the latter were more effective than the formex-
As the dimensions were reduced from molar to mole~
cular the battle became more intense. For when the
Big Bertha had shot its bolt, that was the end of it.
‘Whomever it hit was hurt, but after that the steel frag—
ments of the shell lay on the ground harmless and
inert. The men in the dugouts could hear the shells
whistle overhead without alarm. But the poison gas
could penetrate where the rifle ball could not. The
malignant molecules seemed to search dut their vietims.
They crept through the crevices of the subterranean
ghelters. They hunted for the pinholes in the face
magks. They lay in wait for days in the trenches fox
the soldiers’ return as a cat watches at the hole of &
mouse. The cannon ball could be seen and heard.
The poison gas was invisjble and inaudible, and some-
times even the chemical sense which nature has given
man for his protection, the sense of smell, failed to give
warning of the approach of the foe.

The smaller the matter that man can deal with the
more he can get out of it. So long as man was depend-

ent for power upon wind and water his working capac-
218
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7 was very limited. But as goon as he passed over
e border line from physics into chemistry and learned
w to use the molecule, his efficiency in work and war-
re was multiplied manifold. The molecular bom-
rdment of the piston by steam or the gases of com-
stion runs his engines and propels his cars. The
&t man who wanted to kill another from a safe dis-
nee threw the stone by his arm’s strength. David
(ded to his arm the centrifugal foree of a sling when
: slew Goliath. The Romans improved on this by
neentrating in a catapult the strength of a score of
aves and casting stone cannon balls to the top of the
ty wall. But finally man got closer to nature’s se-
et and discovered that by loosing a swarm of gase-
18 molecules he could throw his projectile seventy-
re miles and then by the same force burst it into
ring fragments. There i8 no smaller projectile than
ie atom unless our helligerent chemists can find & way
" using the electron stream of the enthode ray. But
8 8o far has frured only in the pages of our scien-
fic romancers and has not yet appeared on the battle-
eld, 1f, however, man could tap the reservoir of
ih-atomie energy he need do no more work and would
ke no more war, for unlimited powers of construe-
on and destruction would be at his command. The
ywees of the infinitesimal are infinite.

The reason why a gas is 80 active is because it is 5o
goistic. Psychologically interpreted, a gas consists
f particles having the utmost aversion to one another.
ach tries to get as far away from every other as it can.
'hore is no cohesive foree; no attractive impulse ; noth-
1g to draw them together oxcept the all too feecble
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power of gravitation. The hotter they get the more
they try to disperse and so the gas expands. The gas
represents the extreme of individualism as steel repre-
sents the extreme of collectivism. The combination of
the two works wonders. A hot gas in a steel cylinder
is the most powerful agency known to man, and by
means of it he accomplishes his greatest achievements
in peace or war time.

The projectile is thrown from the gun by the expan.
give force of the gases released from the powder and
when it reaches its destination it is blown to pieces by
the same force. This is the end of it if it 18 a shell of
the old-fashioned sort, for the gases of combustion
mingle harmlessly with the air of which they are nor-
mal constituents. But if it is a poison gas shell each
molecule as it is released goes off stroight into the air
with a speed twice that of the cannon ball and earries
death with it. A man may be hift hy a heavy picce of
lead or iron and still survive, but an unweighable
amount of lethal gas may be fatal to him.

Most of the novelties of the war were merely exten-
sions of what was already known. To inerease the eali-
ber of a cannon from 38 to 42 centimeters or its range
from 30 to 75 miles does indeed make necensary a de-
cided change in tactics, but it is not comparable to the
revolution effected by the introduction of new weapons
of unprecedented power such as airplanes, submarines,
tanks, high explosives or poison gas. If any army had
been as well equipped with these in the beginning as all
armies were at the end it might easily have won the
war. That is to say, if the general staff of any of the
powers had had the foresight and confidence to develop
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and practise these modes of warfare on a large scale in
advance it would have been irresistible against an
enemy unprepared to meet them. But no military
genius appeared on either side with sufficient courage
and imagination to work out such schemes in secret
before trying them out on a small scale in the open.
Consequently the enemy had fair warning and ample
time to learn how to meet them and methods of defenge
developed concurrently with methods of attack. For
instance, consider the motor fortresses to which Luden-
dorff ascribes his defeat. The British first sent out a
few clumsy tanks against the German lines. Then they
set about making a lot of stronger and livelier ones,
but by the time these were ready the Germans had field
guns to smash them and chain fences with concrete
posts to stop them. On the other hand, if the Germans
had followed up their advantage when they first set the
cloud of chlorine floating over the battlefield of Ypres
they might have won the war in the spring of 1915 in-
stead of losing it in the fall of 1918. For the British
were unprepared and unprotected against the silent
death that swept down upon them on the 22nd of April,
1915. What happened then is best told by Sir Arthur
Conan Doyle in his ‘“History of the Great War.”’

From the base of the German trenches over a considerable
length there appeared jets of whitish vapor, which gathered
and swirled until they settled into a definite low cloud-bank,
greenish-brown below and yellow above, where it reflected the
rays of the sinking sun. This ominous bank of vapor, im.
pelled by a northern breeze, drifted swiftly across the space
which separated the two lines. The French troops, staring
over the top of their parapet at this curious sereen which en-
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sured them a temporary relief from fire, were observed su
denly to throw up their hands, to clutch at their throats, ar
to fall to the ground in the agonies of asphyxiation. Mar
lay where they had fallen, while their comrades, absolutel
helpless against this diabolical agency, rushed madly out «
the mephitic mist and made for the rear, over-running t}
lines of trenches behind them. Many of them never halte
until they had reached Ypres, while others rushed westwar(
and put the canal between themselves and the enemy. Tt
Germans, meanwhile, advanced, and took possession of t}
successive lines of trenches, tenanted only by the dead ga
risons, whose blackened faces, contorted figures, and ljj
fringed with the blood and foam from their bursting lung
showed the agonies in which they had died. Some thousans
of stupefied prisoners, eight batteries of French field-gun
and four British 4.7’s, which had been placed in a wood b
hind the French position, were the trophies won by this di
graceful victory.

Under the shattering blow which they had received, a blo
particularly demoralizing to African troops, with their fea
of magic and the unknown, it was impossible to rally the
effectually until the next day. It is to be remembered in e:
planation of this disorganization that it was the first exper
ence of these poison tactics, and that the troops engaged r
ceived the gas in a very much more severe form than our ow
men on the right of Langemarck. For a time there was
gap five miles broad in the front of the position of the Allie
and there were many hours during which there was no sul
stantial force between the Germans and Ypres. They waste
their time, however, in consolidating their ground, and ti
chance of a great coup passed forever. They had sold the
souls as soldiers, but the Devil’s price was a poor one. Ha
they had a corps of cavalry ready, and pushed them throug
the gap, it would have been the most dangerous moment «
the war.
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A deserter had come over from the German side a
‘week before and told them that eylinders of poison gas
had been laid in the front trenches, but no one believed
him or paid any attention to his tale. War was then, in
the Englishman’s opinion, a gentleman’s game, the
royal sport, and poison was prohibited by the Hague
rules. But the Germans were not playing the game ac-
cording to the rules, so the British soldiers were stran-
gled in their own trenches and fell easy victims to the
advancing foe. Within half an hour after the gas was
turned on 80 per cent. of the opposing troops were
knocked out. The Canadians, with wet handkerchiefs
over their faces, closed in to stop the gap, but if the
Germans had been prepared for such success they could
have cleared the way to the coast. But after such trials
the Germans stopped the use of free chlorine and began
the preparation of more poisonous gases. In some way
that may not be revealed till the secret history of the
war is published, the British Intelligence Department
obtained a copy of the lecture notes of the instructions
to the German staff giving details of the new system
of gas warfare to be started in December. Among the
compounds named was phosgene, a gas 8o lethal that
one part in ten thousand of air may be fatal. The
antidote for it is hexamethylene tetramine. This is not
something the soldier—or anybody else—is accustomed
to carry around with him, but the British having had a
chance to cram up in advance on the stolen lecture
notes were ready with gas helmets soaked in the re-
agent with the long name.

The Germans rejoiced when gas bombs took the
Pplace of bayonets because this was a field in which in-
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telligence counted for more than brute force and in
which therefore they expected to be supreme. Asusual
they were right in their major premise but wrong in
their conclusion, owing to the egoism of their implicit
minor premise. It does indeed give the advantage to
skill and science, but the Germans were beaten at their
own game, for by the end of the war the United States
was able to turn out toxic gases at a rate of 200 tons a
day, while the output of Germany or England was only
about 30 tons. A gas plant was started at Edgewood,
Maryland, in November, 1917. By March it was filling
shell and before the war put a stop to its activities in
the fall it was producing 1,300,000 pounds of chlorin,
1,000,000 pounds of chlorpicrin, 1,300,000 pounds of
phosgene and 700,000 pounds of mustard gas a month.

Chlorine, the first gas used, is unpleasantly familiar
to every one who has entered a chemical laboratory or
who has smelled the breath of bleaching powder. It is
a greenish-yellow gas made from common salt. The
Germans employed it at Ypres by laying cylinders of
the liquefied gas in the trenches, about a yard apart,
and running a lead discharge pipe over the parapet.
‘When the stop cocks are turned the gas streams out
and since it is two and a half times as heavy as air it
rolls over the ground like a noisome mist. It works
best when the ground slopes gently down toward the
enemy and when the wind blows in that direction at a
rate between four and twelve miles an hour. But the
wind, being strictly neutral, may change its direction
without warning and then the gases turn back in their
flight and attack their own side, something that rifle
bullets have never been known to do.
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GQERMANS STARTING A GAS ATTACK ON THE RUSSIAN LINES

Behind the cylinders from which the gas streams are seen three lines of German troops waiting
to attack. The photograph was taken from above by a Russian airman
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Because free chlorine would not stay put and was de-
pendent on the favor of the wind for its effect, it was
later employed, not as an elemental gas, but in some
volatile liquid that could be fired in a shell and so re-
leased at any particular point far back of the front
trenches.

The most commonly used of these compounds was
phosgene, which, as the reader can see by inspection of
its formula, COC],, consists of chlorine (Cl) combined
with carbon monoxide (CO), the cause of deaths from
illuminating gas. These two poisonous gases, chlorine
and carbon monoxide, when mixed together, will not
readily unite, but if a ray of sunlight falls upon the
mixture they combine at once. For this reason John
Davy, who discovered the compound over a hundred
years ago, named it phosgene, that is, ‘‘produced by
light.”” The same roots recur in hydrogen, so named
because it is ‘‘produced from water,’’ and phosphorus,
because it is a ‘‘light-bearer.”’

In its modern manufacture the catalyzer or instiga-
tor of the combination is not sunlight but porous car-
bon. This is packed in iron boxes eight feet long,
through which the mixture of the two gases was forced.
Carbon monoxide may be made by burning coke with
a supply of air insufficient for complete combustion,
but in order to get the pure gas necessary for the
phosgene common air was not used, but instead pure
oxygen extracted from it by a liquid air plant.

Phosgene is a gas that may be condensed easily to a
liquid by cooling it down to 46 degrees Fahrenheit.
A mixture of three-quarters chlorine with one-quarter
phosgene has been found most effective. By itself

Q
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phosgene has an inoffensive odor somewhat like green
corn and so may fail to arouse apprehension until a
toxic concentration is reached. But even small doses
have such an effect upon the heart action for days after-
ward that a slight exertion may prove fatal.

The compound manufactured in largest amount in
America was chlorpierin. This, like the others, is not
so unfamiliar as it seems. As may be seen from its
formula, CCL,NO,, it is formed by joining the nitric
acid radical (NO,), found in all explosives, with the
main part of chloroform (HCCl;). This is not quit
so poisonous as phosgene, but it has the advantage
that it causes nausea and vomiting. The soldier s
affected is forced to take off his gas mask and then ma;
fall victim to more toxic gases sent over simultane
ously.

Chlorpicrin is a liquid and is commonly loaded in ;
ghell or bomb with 20 per cent. of tin chloride, whic
produces dense white fumes that go through gas masks
It is made from picric acid (trinitrophenol), one o
the best known of the high explosives, by treatmen
with chlorine. The chlorine is obtained, as it is in th
household, from common bleaching powder, or ¢ chl
ride of lime.”” This is mixed with water to form
cream in a steel still 18 feet high and 8 feet in diamete:
A solution of caleium picrate, that is, the lime salt ¢
picric acid, is pumped in and as the reaction begir
the mixture heats up and the chlorpicrin distils ove
with the steam. When the distillate is condensed tt
chlorpierin, being the heavier liquid, seftles out unds
the layer of water and may be drawn off to fill

shell.
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Much of what a student learns in the chemical labora-
tory he is apt to forget in later life if he does not fol-
low it up. But there are two gases that he always re-
members, chlorine and hydrogen sulfide. He is Iucky
if he has escaped being choked by the former or sick-
ened by the latter. He can imagine what the effect
would be if two offensive fumes could be combined
without losing their offensive features. Now a com-
bination something like this is the so-called mustard
gas, which is not a gas and is not made from mustard.
But it is easily gasified, and oil of mustard is about
as near as Nature dare come to making such sinful
stuff. It was first made by Guthrie, an Englishman,
in 1860, and rediscovered by a German chemist, Vietor
Meyer, in 1886, but he found it so dangerous to work
with that he abandoned the investigation. Nobody
else cared to take it up, for nobody could see any use
for it. So it remained in innocuous desuetude, a mere
name in ‘‘Beilstein’s Dictionary,’’ together with the
thousands of other organic compounds that have been
invented and néver utilized. But on July 12, 1917,
the British holding the line at Ypres were besprinkled
with this villainous substance. Its success was so
great that the Germans henceforth made it their main
reliance and soon the Allies followed suit. In one
offensive of ten days the Germans are said to have
used a million shells containing 2500 tons of mustard
gas.

The making of so dangerous a compound on a large
scale was one of the most difficult tasks set before the
chemists of this and other countries, yet it was sue-
cessfully solved. The raw materials are chlorine, al-
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cohol and sulfur, The aleohol is passed with steam
through a vertical iron tube filled with kaolin and
heated. This converts the aleohol into a gas known
as ethylene (C,H,). Passing a stream of chlorine gas
into a tank of melted sulfur produces sulfur mono-
chloride and this treated with the ethylene makes the
“‘mustard.”” The final reaction was carried on at the
Edgewood Arsenal in seven airtight tanks or “‘re-
actors,’’ each having a capacity of 30,000 pounds. The
ethylene gas being led into the tank and distributed
through the liquid sulfur chloride by porous blocks
or fine nozzles, the two chemicals combined to form
what is officially named ‘‘di-chlor-di-ethyl-sulfide’’
(C1C,H,SC,H,Cl). This, however, is too big a mouth-
ful, so even the chemists were glad to fall in with the
commonalty and call it ‘“mustard gas.”

The effectiveness of ‘‘mustard’ depends upon its
persistence. It is a stable liquid, evaporating slowly
and not easily decomposed. It lingers about trenches
and dugouts and impregnates soil and cloth for days.
Gas masks do not afford complete protection, for even
if they are impenetrable they must be taken off some
time and the gas lies in wait for that time. In some
cases the masks were worn continuously for twelve
hours after the attack, but when they were removed
the soldiers were overpowered by the poison. A place
may seem to be free from it but when the sun heats up
the ground the liquid volatilizes and the vapor soaks
through the clothing. As the men become warmed
up by work their skin is blistered, especially under the
armpits. The mustard acts like steam, producing
burns that range from a mere reddening to serious
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ulcerations, always painful and incapacitating, but if
treated promptly in the hospital rarely causing death
or permanent scars. The gas attacks the eyes, throat,
nose and lungs and may lead to bronchitis or pneu-
monia. It was found necessary at the front to put all
the clothing of the soldiers into the sterilizing ovens
every night to remove all traces of mustard. General
Johnson and his staff in the 77th Division were pois-
oned in their dugouts because they tried to alleviate
the discomfort of their camp cots by bedding taken
from a neighboring village that had been shelled the
day before.

Of the 925 cases requiring medical attention at the
Edgewood Arsenal 674 were due to mustard. During
the month of August 314 per cent. of the mustard plant
force were sent to the hospital each day on the average.
But the record of the Edgewood Arsenal is a striking
demonstration of what can be done in the prevention
of industrial accidents by the exercise of scientific pru-
dence. In spite of the fact that from three to eleven
thousand men were employed at the plant for the year
1918 and turned out some twenty thousand tons of the
most poisonous gases known to man, there were only
three fatalities and not a single case of blindness.

Besides the four toxic gases previously desecribed,
chlorine, phosgene, chlorpicrin and mustard, various
other compounds have been and many others might
be made. A list of those employed in the present war
enumerates thirty, among them compounds of bromine,
arsenic and cyanogen that may prove more formidable
than any so far used. American chemists kept very
mum during the war but occasionally one could not
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refrain from saying: ¢‘‘If the Kaiser knew what I
know he would surrender unconditionally by tele.
graph.” No doubt the science of chemical warfare
is in its infancy and every foresighted power has
concealed weapons of its own in reserve. One deadly
compound, whose identity has not yet been disclosed,
is known as ‘‘Lewisite,”’ from Professor Lewis of
Northwestern, who was manufacturing it at the rate
of ten tons a day in the ‘‘Mouse Trap’’ stockade near
Cleveland.

Throughout the history of warfare the art of de-
fense has kept pace with the art of offense and the
courage of man has never failed, no matter to what
new danger he was exposed. As each new gas em-
ployed by the enemy was detected it became the busi-
ness of our chemists to discover some method of ab-
sorbing or neutralizing it. Porous charcoal, best made
from such dense wood as coconut shells, was packed
in the respirator box together with layers of such
chemicals as will catch the gases to be expected. Char-
coal absorbs large quantities of any gas. Soda lime
and potassium permanganate and nickel salts were
among the neutralizers used.

The mask is fitted tightly about the face or over the
head with rubber. The nostrils are kept closed with a
clip so breathing must be done through the mouth and
no air can be inhaled except that passing through
the absorbent cylinder. Men within five miles of the
front were required to wear the masks slung on their
chests so they could be put on within six seconds. A
well-made mask with a fresh box afforded almost com
plete immunity for a time and the soldiers learned
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within a few days to handle their masks adroitly. So
the problem of defense against this new offensive was
solved satisfactorily, while no such adequate protection
against the older weapons of bayonet and shrapnel has
yet been devised.

Then the problem of the offense was to catch the
opponent with his mask off or to make him take it off.
Here the lachrymators and the sternutators, the tear
gases and the sneeze gases, came into play. Phenyl-
carbylamine chloride would make the bravest soldier
weep on the battlefield with the abandonment of a
Greek hero. Di-phenyl-chloro-arsine would set him
sneezing. The Germans alternated these with diabol-
ical ingenuity so as to catch us unawares. Some shells
gave off voluminous smoke or a vile stench without
doing much harm, but by the time our men got used to
these and grew careless about their masks a few shells
of some extremely poisonous gas were mixed with them.

The ideal gas for belligerent purposes would be
odorless, colorless and invisible, toxic even when di-
luted by a million parts of air, not set on fire or ex-
ploded by the detonator of the shell, not decomposed
by water, not readily absorbed, stable enough to stand
storage for six months and capable of being manufac-
tured by the thousands of tons. No one gas will serve
all aims. For instance, phosgene being very volatile
and quickly dissipated is thrown into trenches that are
soon to be taken while mustard gas being very tenacious
could not be employed in such a case for the trenches
could not be occupied if they were captured.

The extensive use of poison gas in warfare by all
the belligerents is a vindication of the American pro-
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test at the Hague Conference agminst its prohibition.
At the First Conference of T8O Captain Maban argued
very sensibly that gas shells were no worse than other
projectiles and might indeel prove more mereiful and
that it was illogical to prohibit & weapon merely be
cnuse of it novelly.  The British delegates voted with
the Americann in opposition to the elause *‘the con.
tracting parties agree to abstain from the use of pro.
jeetiles the sole objeet of which is the diffusion of
asphyxiating or deleterions gases.”’  Bat hoth Great
Brituin and Germany later agreed to the provision.
The use of poison gas by Germany without warning
war therefors an act of trenchery and s violation of
hoer pledge, but the United States has consistently re.
fused to bind herself to any such restriction.  The facts
reported by Genernl Amos A, Fries, in command of the
oversens braneh of the Ameriean Chemical Warfare
Serviee, give ample support to the American conten.
tion at The Hague:

Out of 100U gas cnsualtics there are from 30 to 40 Tatalition,
while vyt of 1000 Jugh cxplosive casunltion the number of
fatalitivn run from 200 to 250, While exact flgures are an
yet not available concerning the men permanently enippled
or Blinded by high cxplosives one has only o witnem the
debarkation of n shiplond of treops ta be ronvinesd that the
nusshor s very large. O the othet hand there is, s Yar
#s knnwn at present, not & single case of permanent disbility
or hlindness among cur troops due to gas and this in face of
the fact that the Uermans ussd relalively large quantitios of
this material,

In the light of these facts the prejudice agminst the use of
gos must gradually give way, for the statement made to the
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effect that it8 use is contrary to the principles of humanity
will apply with far greater force to the use of high explosives.
As a matter of fact, for certain purposes toxic gas is an ideal
agent. For example, it is difficult to imagine any agent more
effective or more humane that may be used to render an
opposing battery ineffective or to protect retreating troops.

Captain Mahan’s argument at The Hague against
the proposed prohibition of poison gas is so cogent and
well expressed that it has been quoted in treatises on
international law ever since. These reasons were,
briefly :

1. That no shell emitting such gases is as yet in practical
use or has undergone adequate experiment; consequently, a
vote taken now would be taken in ignorance of the facts as to
whether the results would be of a decisive character or whether
injury in excess of that necessary to attain the end of warfare
—the immediate disabling of the enemy—would be inflicted.
2. That the reproach of cruelty and perfidy, addressed against
these supposed shells, was equally uttered formerly against
firearms and torpedoes, both of which are now employed with.
out secruple. Until we know the effects of such asphyxiating
ghells, there was no saying whether they would be more or less
merciful than missiles now permitted. That it was illogical,
and not demonstrably humane, to be tender about asphyxiating
men with gas, when all are prepared to admit that it was al-
lowable to blow the bottom out of an ironclad at midnight,
throwing four or five hundred into the sea, to be choked by
water, with scarecely the remotest chance of escape.

As Captain Mahan says, the same objection has been
raised at the introduction of each new weapon of war,
even though it proved to be no more cruel than the
old. The modern rifle ball, swift and small and ster-
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ilized by heat, does not make so bad a wound as the
ancient sword and spear, but we all remember how
gunpowder was regarded by the dandies of Hotspur’s
time:

And it was great pity, so it was,

This villainous saltpeter should be digg’d

Out of the bowels of the harmless earth

‘Which many a good tall fellow had destroy’d

So cowardly ; and but for these vile guns

He would himself have been a soldier.

The real reason for the instinctive aversion mani-
fested against any new arm or mode of attack is that it
reveals to us the intrinsic horror of war. We naturally
revolt against premeditated homicide, but we have be-
come so accustomed to the sword and latterly to the
rifle that they do not shock us as they ought when we
think of what they are made for. The Constitution of
the United States prohibits the infliction of ‘‘cruel and
unusual punishments.”” The two adjectives were ap-
parently used almost synonymously, as though any
‘“‘unusual’’ punishment were necessarily ‘‘cruel,”’ and
8o indeed it strikes us. But our ingenious lawyers
were able to persuade the courts that electrocution,
though unknown to the Fathers and undeniably ‘‘un-
usual,”’ was not unconstitutional. Dumdum bullets are
rightfully ruled out because they inflict frightful and
often incurable wounds, and the aim of humane warfare
is to disable the enemy, not permanently to injure him.

In spite of the opposition of the American and Brit-
ish delegates the First Hague Conference adopted the
clause, ‘‘The contracting powers agree to abstain from
the use of projectiles the [sole] object of which is
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From ** America’s Munitions'
THE CHLORPICRIN PLANT AT THE EDGEWOOD ARSENAL
From these stills. filled with a mixture of bleaching powder, lime, and picric acid, the poisonous gas. chlorpierin, distills off.
This plant produced 31 tonsin one day
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the diffusion of asphyziating or deleterious gases.’’
The word ‘“sole’’ (unique) which appears in the origi-
nal French text of The Hague convention is left out
of the official English translation. This is a strange
omission considering that the French and British de-
fended their use of explosives which diffuse asphyxiat-
ing and deleterious gases on the ground that this was
not the ‘‘sole’” purpose of the bombs but merely an
accidental effect of the nitric powder used.

The Hague Congress of 1907 placed in its rules for
war: ‘‘It is expressly forbidden to employ poisons
or poisonous weapons.’”” But such attempts to rule
out new and more effective means of warfare are
likely to prove futile in any serious conflict and the
restriction gives the advantage to the most unscrupu-
lous side. We Americans, if ever we give our assent
to such an agreement, would of course keep it, but our
enemy—whoever -he may be in the future—will be, as
he always has been, utterly without principle and will
not hesitate to employ any weapon against us. Be-
sides, as the Germans held, chemical warfare favors
the army that is most intelligent, resourceful and diseci-
plined and the nation that stands highest in science
and industry. This advantage, let us hope, will be on

our side.



CHAPTER XIII
PRODUCTS OF THE ELECTRIC FURNACE

The control of mun over the materinls of nature
has been vastly enhanced by the recent extension of
the range of temperature at his command. When
Fahrenheit stuck the bulb of his thermometer into a
mixture of snow and salt he thought he had reached
the nadir of temperature, so he scratehed a mark on
the tube where the mereury stood and called it zero.
But we know that absolute zero, the total ahsence of
heat, is 459 of Fahrenheit's degrees lower than his
zero point. The modern seientist can get close to that
lowest limit by making use of the cooling by the ex-
pansion principle. He first liquefies air under pres.
sure and then releasing the pressure allows it to boil
off. A tube of hydrogen immersed in the liquid air
as it evaporates is cooled down until it can be liquefied.
Then the boiling hydrogen is used to liguefy helium,
and as this boils off it lowers the temperature to within
three or four degrees of absolute zere.

The early metallurgist had no hotter a fire than he
could make by blowing chiarcoal with a bellows. This
was barely enough for the smelting of iron. But by
the bringing of two carbon rods together, as in the elee-
tric arc light, we can get enough heat to volatilize the
carbon at the tips, and this means over 7000 degrees
Fahrenheit. By putting a pressure of twenty atmos.

pheres onto the arc light we can raise it to perhaps
238
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14,000 degrees, which is 3000 degrees hotter than the
sun. This gives the modern man a working range of
about 14,500 degrees, so it is no wonder that he can
perform miracles.

When a builder wants to make an old house over into
a new one he takes it apart brick by brick and stone
by stone, then he puts them together in such new fash-
ion as he likes. The electric furnace enables the chem-
ist to take his materials apart in the same way. As
the temperature rises the chemical and physical forces
that hold a body together gradually weakeun. First
the solid loosens up and becomes a liquid, then this
breaks bonds and becomes a gas. Compounds break
up into their eloments. The elemental molecules break
up into their component atoms and finally these begin
to throw off corpuscles of negutive eleetrieity eighteen
hundred times smaller than the smallest atom.  These
electrons appear to be the building stones of the uni-
verse. No indication of any smaller units has been
discovered, although we need not assume that in the
clectron seience has delivered, what has been ealled, its
‘“‘ultim-atom.’”’ The Greeks ecalled the elemental par-
ticles of matter ‘‘atoms”’ because they esteemed them
“indivisible,”’ but now 4n the light of the X-ray we can
witness the disintegration of the atom into electrons.
All the chemical and physienl properties of wmmatter,
except perhaps weight, seem to depend upon the num-
ber and movement of the negative and positive clee-
trons and by their rearrangement one clement may
be transformed into another.

So the electric furnace, where the highest attainable
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temperature is combined with the divisive and directive
force of the current, is a magical machine for accom-
plishment of the metamorphoses desired by the creative
chemist. A hundred years ago Davy, by dipping the
poles of his battery into melted soda lye, saw forming
on one of them a shining globule like quicksilver. It
was the metal sodium, never before seen by man. Now-
adays this process of electrolysis (electric loosening)
is carried out daily by the ton at Niagara.

The reverse process, electro-synthesis (electric com-
bining), is equally simple and even more important.
By passing a strong electric current through a mixture
of lime and coke the metal calcium disengages itself
from the oxygen of the lime and attaches itself to the
carbon. Or, to put it briefly,

Ca0 + 3C > CaC + CO
lime coke calcium carbon
carbide monoxide

This reaction is of peculiar importance because it
bridges the gulf between the organic and inorganie
worlds. It was formerly supposed that the substances
found in plants and animals, mostly complex com-
pounds of carbon, hydrogen and oxygen, could only be
produced by ¢‘vital forces.”’ If this were true it meant
that chemistry was limited to the mineral kingdom
and to the extraction of such carbon compounds as
happened to exist ready formed in the vegetable and
animal kingdoms. But fortunately this barrier to hu-
man achievement proved purely illusory. The organio
field, once man had broken into it, proved easier to
work in than the inorganie.
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But it must be confessed that man is dreadfully
clumsy about it yet. He takes a thousand horsepower
engine and an electric furnace at several thousand de-
grees to get carbon into combination with hydrogen
while the little green leaf in the sunshine does it quietly
without getting hot about it. Evidently man is work-
ing as wastefully as when he used a thousand slaves
to drag a stone to the pyramid or burned down a house
to roast a pig. Not until his laboratory is as cool and
calm and comfortable as the forest and the field can the
chemist call himself completely successful.

But in spite of his clumsiness the chemist is actnally
making things that he wants and cannot get elsewhere.
The calcium carbide that he manufactures from in-
organic material serves as the raw material for pro-
ducing all sorts of organic compounds. The electric
furnace was first employed on a large scale by the
Cowles Electric Smelting and Aluminum Company at
Cleveland in 1885. On the dump were found certain
lumps of porous gray stone which, dropped into water,
gave off a gas that exploded at touch of a mateh with
a splendid bang and flare. This gas was acetylene,
and we can represent the reaction thus:

C&C; + H,O ‘+ Csz + CaO,Hs
calcium added to water gives acetylene and slaked lime
carbide

We are all familiar with this reaction now, for it is
acetylene that gives the dazzling light of the automo-
biles and of the automatic signal buoys of the seacoast.
‘When burned with pure oxygen instead of air it gives
the hottest of chemical flames, hotter even than the
oxy-hydrogen blowpipe. For although a given weight
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of hydrogen will give off more heat when it burns than
carbon will, yet acetylene will give off more heat than
either of its elements or both of them when they are
separate. This is because acetylene has stored up
heat in its formation instead of giving it off as in most
reactions, or to put it in chemical language, acetylene
is an endothermic compound. It has required energy
to bring the H and the C together, therefore it does
not require energy to separate them, but, on the con-
frary, energy is released when they are separated.
That is to say, acetylene is explosive not only when
mixed with air as coal gas is but by itself. Under a
suitable impulse acetylene will break up into its origi-
nal carbon and hydrogen with great violence. It ex-
plodes with twice as much force without air as ordinary
coal gas with air. It forms an explosive compound
with copper, so it has to be kept out of contact with
brass tubes and stopcocks. But compressed in steel
cylinders and dissolved in acetone, it is safe and com-
monly used for welding and melting. It is a marvelous
though not an unusual sight on city streets to see a
man with blue glasses on cutting down through a steel
rail with an oxy-acetylene blowpipe as easily as a car-
penter saws off a board. With such a flame he can
carve out a pattern in a steel plate in a way that re-
minds me of the days when I used to make brackets
with a scroll saw out of cigar boxes. The torch will
travel through a steel plate an inch or two.thick at a
rate of six to ten inches a minute.

The temperatures attainable with various fuels in
the compound blowpipe are said to be:
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Courtesy of the Carborundum Co., Niagara Falls

A BLOCK OF CARBORUNDUM CRYSTATLS

Courtesy of the Carborundun Co.. Niagara Palls
MAKING CARBORUNDUM IN THE ELECTRIC FURNACE
At the end may be seen the attachments for the wires carrying the electric ourrent
and on the side the flames from the burning carbon

[To face p 241,
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Acetylene with oxygen...... ... 7878° F.
Hydrogen with oxygen........ 6785° F.
Coal gas with oxygen.......... 6575° F.
Gasoline with oxygen......... 5788° F.

If we compare the formula of acetylene, C,H,, with
that of ethylene, C,H,, or with ethane, C,H;, we see
that acetylene could take on two or four more atoms.
It is evidently what the chemists call an ‘‘unsaturated’’
compound, one that has not reached its limit of hydro-
genation. It is therefore a very active and ener-
getic compound, ready to pick up on the slightest
instigation hydrogen or oxygen or chlorine or any
other elements that happen to be handy. This is why
it is so useful as a starting point for synthetic chem-
istry.

To build up from this simple substance, acetylene,
the higher compounds of carbon and oxygen it is neces-
sary to call in the aid of that mysterious agency, the
catalyst. Acetylene is not always acted upon by water,
as we know, for we see it bubbling up through the water
when prepared from the carbide. But if to the water
be added a little acid and a mercury salt, the acetylene
gas will unite with the water forming a new compound,
acetaldehyde. We can show the change most simply
in this fashion:

CH, + HO > C.H.0
acetylene added to water forms acetaldehyde

Acetaldehyde is not of much importance in itself, but
is useful as a transition. If its vapor mixed with hy-
drogen is passed over finely divided nickel, serving as

R
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a catalyst, the two unite and we have aleohol, accordin
to this reaction:

C,H,0 -+ H, - CHO
acetaldehyde added to hydrogen forms alcohol

Aleohol we are all familiar with—some of us to
familiar, but the prohibition laws will correct tha
The point to be noted is that the aleohol we have mad
from such unpromising materials as limestone and co:
is exactly the same alcohol as is obtained by the fe
mentation of fruits and grains by the yeast plant as i
wine and beer. It is not a substitute or imitation. ]
is not the wood spirits (methyl aleohol, CH,O), pre
duced by the destructive distillation of wood, equall
serviceable as a solvent or fuel, but undrinkable an
poisonous.

Now, as we all know, cider and wine when expose
to the air gradually turn into vinegar, that is, by tk
growth of bacteria the aleohol is oxidized to acetic acii
We can, if we like, dispense with the bacteria and spee
up the process by employing a catalyst. Acetaldehyd:
which is halfway between aleohol and acid, may also k
easily oxidized to acetic acid. The relationship is reac
ily seen by this:

CoHgo
GO o —>» CHO,
alcohol acetaldehyde acetic acid

Acetic acid, familiar to us in a diluted and flavore
form as vinegar, is when concentrated of great valt
in industry, especially as a solvent. I have alread
referred to its use in combination with cellulose as
‘“dope’’ for varnishing airplane canvas or making no
inflammable film for motion pictures. Its combinatic
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with lime, calcium acetate, when heated gives acetone,
which, as may be seen from its formula (C,H,O0) is
closely related to the other compounds we have been
considering, but it is neither an aleohol nor an acid.
It is extensively employed as a solvent.

Acetone is not only useful for dissolving solids but
it will under pressure dissolve many times its volume
of gaseous acetylene. This is a convenient way of
transporting and handling acetylene for lighting or
welding.

If instead of simply mixing the acetone and acety-
lene in a solution we combine them chemically we can
get 1soprene, which is the mother substance of ordinary
India rubber. From acetone also is made the ‘‘war
rubber’’ of the Germans (methyl rubber), which I have
mentioned in a previous chapter. The Germans had
been getting about half their supply of acetone from
American acetate of lime and this was of course shut
off. That which was produced in Germany by the dis-
tillation of beech wood was not even enough for the
high explosives needed at the front. So the Germans
resorted to rotting potatoes—or rather let us say, since
it sounds better—to the cultivation of Bacillus ma-
cerans. This particular bacillus converts the starch
of the potato into two-thirds alecohol and one-third
acetone. But soon potatoes got too scarce to be used
up in this fashion, so the Germans turned to calcium
carbide as a source of acetone and before the war ended
they had a factory capable of manufacturing 2000 tons
of methyl rubber a year. This shows the advantage
of having several strings to a bow.

The reason why acetylene is such an active and ac-
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quisitive thing the ch*@mist eX lains, or rather ex-

presses, by picturing its structq?e in this shape:
HE—(=C—H

Now the carbon atoms'are holding each other’s hands
becanse they have nothing else to do. There are no
other elements around to hitch on to. But the two car-
bons of acetylene readily loosen up and keeping the
connection between them by a single bond reach out
in this fashion with their two disengaged arms and
grab whatever alien atoms happen to be in the vi-

cinity:
are

Carbon atoms belong to the quadrumani like the
monkeys, so they are peculiarly fitted to forming chains
and rings. This accounts for the variety and complex-
ity of the carbon compounds.

So when acetylene gas mixed with other gases is
passed over a catalyst, such as a heated mass of iron
ore or clay (hydrates or silicates of iromtor aluminum),
it forms all sorts of curious combinations. In the pres
ence of steam we may get such simple compounds as
acetic acid, acetone and the like. But when th&iaoety-
lene molecules join to form a ring of six carbofRatoms
we get compounds of the benzene series such as ‘were
described in the chapter on the coal-tar colors. If am-
monia is mixed with acetylene we may get rings with
the nitrogen atom in place of one of the carbons, like
the pyridins and quinolins, pungent bases such as are
found in opium and tobacco. Or if hydrogen sulfide is
mixed with the acetylene we may get thiophenes, which
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have sulfur in the rigg. So, %arting with the simple
combination of two atdms of carbon with two of hydro-
gen, we can get directly by this single process some of
the most complicated compounds of the organic world,
as well as many others not found in nature.

In the development of the electric furnace America
played a pioneer part. Provost Smith of the Univer-
sity of Pennsylvania, who is the best authority on the
history of chemistry in America, claims for Robert
Hare, a Philadelphia chemist born in 1781, the honor
of constructing the first electrical furnace. With this
crude apparatus and with no greater electromotive
force than could be attained from a voltaic pile, he con-
verted charcoal into graphite, volatilized phosphorus
from its compounds, isolated metallic calcinm and
synthesized calcinm carbide. It is to Hare also that
we owe the invention in 1801 of the oxy-hydrogen blow-
pipe, which nowadays is used with acetylene as well as
hydrogen. With this instrument he was able to fuse
strontia and volatilize platinum.

But the electrical furnace could not be used on a
gommercial scale until the dynamo replaced the battery
as a source of electricity. The industrial development
of the elgtrical furnace centered about the search for a
cheap method of preparing aluminum. This is the me-
’gir%@"base of clay and therefore is common enough.

% clay, as we know from its use in making porcelain,
is very infusible and difficult to decompose. Sixty
years ago aluminum was priced at $140 a pound, but
one would have had difficulty in buying such a large
quantity as a pound at any price. At international
expositions a small bar of it might be seen in a case
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Iabeled ““silver from clay.”’ Mechanies were anxious
to get the new metal, for it was light and untarnishable,
but the metallurgists could not furnish it to them at a
low enough price. In order to extract it from clay a
more active metal, sodinm, was essential. But sodium
also was rare and expensive. Inthosedays a professor
of chemistry used to keep a little stick of it in a bottle
under kerosene and once a year he whittled off a piece
the size of a pea and threw it into water to show the
class how it sizzled and gave off hydrogen. The way
to get cheaper aluminum was, it seemed, to get cheaper
sodium and Hamilton Young Castner set himself at
this problem. He was a Brooklyn boy, a student of
Chandler’s at Columbia. You can see the bronze tab-
let in his honor at the entrance of Havemeyer Hall
In 1886 he produced metallic sodium by mixing caustic
soda with iron and charcoal in an iron pot and heating
in a gas furnace. Before this experiment sodium sold
at $2 a pound; after it sodium sold at twenty cents a
pound.

But although Castner had succeeded in his experi-
ment he was defeated in his object. For while he was
perfecting the sodium process for making aluminum
the electrolytic process for getting aluminum directly
was discovered in Oberlin. So the $250,000 plant of
the “ Aluminium Company Litd.”’ that Castner had got
erected at Birmingham, England, did not make alumi-
num at all, but produced sodium for other purposes
instead. Castner then ¢turned his attention to the elec-
trolytic method of producing sodium by the use of the
power of Niagara Falls, electric power. Here in 1894
he succeeded in separating common salt into its com-
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ponent elements, chlorine and sodium, by passing the
electric current through brine and collecting the sodium
in the mercury floor of the cell. The sodium by the
action of water goes into caustic soda. Nowadays
sodium and chlorine and their components are made in
enormous quantities by the decomposition of salt.
The United States Government in 1918 procured nearly
4,000,000 pounds of chlorine for gas warfare.

The discovery of the electrical process of making
aluminum that displaced the sodium method was due
to Charles M. Hall. He was the son of a Congrega-
tional minister and as a boy took a fancy to chemistry
through happening upon an old textbook of that science
in his father’s library. He never knew who the author
was, for the cover and title page had been torn off.
The obstacle in the way of the electrolytic production
of aluminum was, as I have said, because its compounds
were so hard to melt that the current could not pass
through. In 1886, when Hall was twenty-two, he solved
the problem in the laboratory of Oberlin College with
no other apparatus than a small crucible, a gasoline
burner to heat it with and a galvanic battery to supply
the electricity. He found that a Greenland mineral,
known as cryolite (a double fluoride of sodium and
aluminum), was readily fused and would dissolve
alumina (aluminum oxide). When an eleetric current
was passed through the melted mass the metal alumi-
num would collect at one of the poles.

In working out the process and defending his claims
Hall used up all his own money, his brother’s and his
uncle’s, but he won out in the end and Judge Taft held
that his patent had priority over the French claim of
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Hérault. On his death, a few years ago, Hall left his
large fortune to his Alma Mater, Oberlin.

Two other young men from Ohio, Alfred and Eugene
Cowles, with whom Hall was for a time associated,
were the first to develop the wide possibilities of the
electric furnace on a commercial scale. In 1885 they
started the Cowles Electric Smelting and Aluminum
Company at Lockport, New York, using Niagara
power. The various aluminum bronzes made by ab-
sorbing the electrolyzed aluminum in copper attracted
immediate attention by their beauty and usefulness in
electrical work and later the company turned out other
products besides aluminum, such as caleium carbide,
phosphorus, and carborundum. They got carborun-
dum as early as 1885 but miscalled it ‘‘crystallized
silicon,’’ so its introduction was left to E. A. Acheson,
who was a graduate of Edison’s laboratory. In
1891 he packed clay and charcoal into am iron bowl, con-
nected it to a dynamo and stuck into the mixture an
electric light carbon connected to the other pole of the
dynamo. When he pulled out the rod he found its end
encrusted with glittering crystals of an unknown sub-
stance. They were blue and black and iridescent, ex-
ceedingly hard and very beautiful. He sold them at
first by the carat at a rate that would amount to $560 a
pound. They were as well worth buying as diamond
dust, but those who purchased them must have re-
gretted it, for much finer crystals were soon on sale at
ten cents a pound. The mysterious substance torned
out to be a compound of carbon and silicon, the sim-
plest possible compound, one atom of each, CSi. Ache-
son set up a factory at Niagara, where he made it in
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ten-ton batches. The furnace consisted simplv of a
brick box fifteen feet long and seven feet wide and
deep, with big carbon electrodes at the ends. Between
them was packed a mixture of coke to supply the car-
bon, sand to supply the silicon, sawdust to make the
mass porous and salt to make it fusible.

The first American eleciric furmace, construeted Robert Hare of
Philadelphia. ¥rom “Chemistry in Ameriea,” by r Fahs Smith

The substance thus produced at Niagara Falls is
known as ‘‘carborundum’’ south of the American-Cana-
dian boundary and as ‘‘erystolon’’ north of this line,
as ‘‘carbolon’’ by another firm, and as ‘‘silicon car-
bide’’ by chemists the world over. Since it is next to
the diamond in hardness it takes off metal faster than
emery (alominum oxide), using less power and wasting
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less heat in futile fireworks. Itis used for grindstones
of all sizes, including those the dentist uses on your
teeth. It has revolutiomzed shop-practice, for articles
can be ground into shape better and quicker than they
can be cut. What is more, the artificial abrasives do
not injure the lungs of the operatives like sandstone.
The output of artificial abrasives in the United States
and Canada for 1917 was:

Tons Value
Silicon carbide ............. 8,323 $1,074,152
Aluminum oxide ........... 48,463 6,969,387

A new use for carborundum was found during the
war when Uncle Sam assumed the rdle of Jove as
¢“‘clond-compeller.”” Aecting on ecarborundum with
chlorine—also, you remember, a product of electrical
dissolution—the chlorine displaces the carbon, forming
silicon tetra-chloride (SiCl,), a colorless liquid resem-
bling chloroform. When this comes in contact with
moist air it gives off thick, white fumes, for water de-
composes it, giving a white powder (silicon hydroxide)
and hydrochloric acid. If ammonia is present the acid
will unite with it, giving further white fumes of the salt,
ammonjum chloride. So a mixture of two parts of sili-
con chloride with one part of dry ammonia was used
in the war to produce smoke-screens for the conceal-
ment of the movements of troops, batteries and vessels
or put in shells so the outlook could see where they
burst and so get therange. Titanium tetra-chloride, a
similar substance, proved 50 per cent. better than sili-
con, but phosphorus—which also we get from the elec-
tric furnace—was the most effective mistifier of all.
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Before the introduction of the artificial abrasives fine
grinding was mostly done by emery, which is an impure
form of aluminum oxide found in nature. A purer
form ds made from the mineral bauxite by driving off
its combined water. Bauxite is the ore from which i3
made the pure aluminum oxide used in the electric fur-
nace for the production of metallic aluminum. For.
merly we imported a large part of our bauxite from
France, but when the war shut off this source we de-
veloped our domestic fields in Arkansas, Alabama and
Georgia, and these are now producing half a million
tons a year. Bauxite simply fused in the electric fur-
nace makes a better abrasive than the natural emery
or corundum, and it is sold for this purpose under the
name of ‘‘“aloxite,’’ ‘‘alundum,’’ ‘‘exolon,’’ ¢ lionite’’
or ‘‘coralox.”” When the fused bauxite is worked up
with a bonding material into erucibles or muffles and
baked in a kiln it forms the alundum refractory ware.
Since alundum is porous and not attacked by acids it
is used for filtering hot and corrosive liquids that would
eat up filter-paper. Carborundum or erystolon is also
made up into refractory ware for high temperature
work. When the fused mass of the carborundum fur-
nace is broken up there is found surrounding the car-
borundum core a similar substance though not quite
so hard and infusible, known as ‘‘carborundum sand’’
or ‘“siloxicon.’’ This is mixed with fireclay and used
for furnace linings.

Many new forms of refractories have come into use
to meet the demands of the new high temperature work.
The essentials are that it should not melt or crumble
at high heat and should not expand and contract greatly
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under changes of temperature (low coefficient of
thermal expansion). Whether it is desirable that it
should heat through readily or slowly (coefficient of
thermal conductivity) depends on whether it is wanted
as a crucible or as a furnace lining. Lime (caleium
oxide) fuses only at the highest heat of the electric fur-
nace, but it breaks down into dust. Magnesia (magne-
sium oxide) is better and is most extensively employed.
For every ton of steel produced five pounds of mag-
nesite is needed. Formerly we imported 90 per cent.
of our supply from Austria, but now we get it from
California and Washington. In 1913 the American
production of magnesite was only 9600 tons. In 1918
it was 225,000. Zirconia (zirconium oxide) is still
more refractory and in spit. of its greater cost zirkite
is coming into use as a lining for electric furnaces.

Silicon is next to oxygen the commonest element in
the world. It forms a quarter of the earth’s crust, yet
it is unfamiliar to most of us. That is because it is
always found combined with oxygen in the form of
silica as quartz crystal or sand. This used to be con-
sidered too refractory to be blown but is found to be
easily manipulable at the high temperatures now at the
command of the glass-blower. So the chemist rejoices
in flasks that he can heat red hot in the Bunsen burner
and then plunge into ice water without breaking, and
the cook can bake and serve in a dish of ‘‘pyrex,”
which is 80 per cent. silica.

At the beginning of the twentieth century minute
specimens of silicon were sold as laboratory curiosities
at the price of $100 an ounce. Two years later it was
turned out by the barrelful at Niagara as an accidental
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by-product and could not find a market at ten cents a
pound. Silicon from the electric furnace appears in
the form of hard, glittering metallic orvstals.

An alloy of iron and silicon, ferro-silicon, made by
heating a mixture of iron ore, sand and coke in the
electrical furnace, is used as a deoxidizing agent in the
manufacture of steel.

Since silicon has been robbed with difficulty of its
oxygen it takes it on again with great avidity. This
has been made use of in the making of hydrogen. A
mixture of silicon (or of the ferro-silicon alloy contsin-
ing 90 per cent. of silicon) with soda and slaked lime is
inert, compact and can be tramsported to any point
where hydrogen is needed, say at a battle front. Then
the ‘‘hydrogenite,>’ as the aixtare is named, is ignited
by a hot iron ball and goes off like thermit with the
production of great heat and the evolution of a vast
volume of hydrogen gas. Or the ferro-silicon may be
simply burned in an atmosphere of steam in a closed
tank after ignition with a pinch of gunpowder. The
iron and the silicon revert to their oxides while the
hydrogen of the water is set free. The French sili-
kol’’ method consists in treating silicon with a 40 per
cent. solution of soda.

Another source of hydrogen originating with the
electric furnace is ¢‘hydrolith,’” which consists of eal-
cium hydride. Metallic calcium is prepared from lime
in the electric furnace. Then pieces of the ealecinm are
spread out in an oven heated by electricity and a cur-
rent of dry hydrogen passed through. The gas is ab-
sorbed by the metal, forming the hydride (CaH,).
This is packed up in cans and when hydrogen is desired
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it is simply dropped into water, when it gives off the
gas just as calcium carbide gives off acetylene.

This last reaction was also used in Germany for fill-
ing Zeppelins. For calcium carbide is convenient and
portable and acetylene, when it is once started, as by
an electrie shock, decomposes spontaneously by its own
internal heat into hydrogen and carbon. The latter is
left as a fine, pure lampblack, suitable for printer’s ink.

Napoleon, who was always on the lookout for new
inventions that could be utilized for military purposes,
seized immediately upon the balloon as an observation
station. Within a few years after the first ascent had
been made in Paris Napoleon took balloons and ap-
paratus for generating hydrogen with him on his ‘“‘ar-
cheological expedition’’ to Egypt in which he hoped
to conquer Asia. But the British fleet in the Mediter-
ranean put a stop to this experiment by intercepting
the ship, and military aviation waited until the Great
‘War for its full development. This caused a sudden
demand for immense quantities of hydrogen and all
manner of means was taken to get it. Water is easily
decomposed into hydrogen and oxygen by passing an
electric current through it. In various electrolytical
processes hydrogen has been a wasted by-product since
the balloon demand was slight and it was more bother
than it was worth to collect and purify the hydrogen.
Another way of getting hydrogen in quantity is by pass-
ing steam over red-hot coke. This produces the blue
water-gas, which contains about 50 per eent. hydrogen,
40 per cent. carbon monoxide and the rest nitrogen
and carbon dioxide. The last is removed by running
the mixed gases through lime. Then the nitrogen and
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carbon monoxide are frozen out in an air-liquefying
apparatus and the hydrogen escapes to the storage
tank. The liquefied carbon monoxide, allowed to re-
gain its gaseous form, is used in an internal combus-
tion engine to run the plant.

There are then many ways of producing hydrogen,
but it is so light and bulky that it is difficult to get it
where it is wanted. The American Government in the
war made use of steel cylinders each holding 161 cubic
feet of the gas under a pressure of 2000 pounds per
square inch. Kven the hydrogen used by the troops
in France was shipped from America in this form.
For field nse the ferro-silicon and soda process was
adopted. A portable generator of this type was ca-
pable of producing 10,000 cubic feet of the gas per
hour.

The discovery by a Xansas chemist of natural
sources of helium may make it possible to free balloon-
ing of its great danger, for helium is non-inflammable
and almost as light as hydrogen.

Other uses of hydrogen besides ballooning have al-
ready been referred to in other chapters. It is com-
bined with nitrogen to form synthetic ammonia. It
is combined with oxygen in the oxy-hydrogen blowpipe
to produce heat. It is combined with vegetable and
animal oils to convert them into solid fats. There is
also the possibility of using it as a fuel in the internal
combustion engine in place of gasoline, but for this
purpose we must find some way of getting hydrogen
portable or producible in a compact form.

Aluminum, like silicon, sodium and calcium, has been
rescued by violenee from its attachment to oxygen and
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like these metals it reverts with readiness to its former
affinity. Dr. Goldschmidt made use of this reaction in
his thermit process. Powdered aluminum is mixed
with iron oxide (rust). If the mixture is heated at any
point a furious struggle takes place throughout the
whole mass between the iron and the aluminum as to
which metal shall get the oxygen, and the aluminum
always comes out ahead. The temperature runs up to
gsome 6000 degrees Fahrenheit within thirty seconds
and the freed iron, completely liquefied, runs down into
the bottom of the crucible, where it may be drawn off by
opening a trap door. The newly formed aluminum
oxide (alumina) floats as slag on top. The applica-
tions of the thermit process are innumerable. If, for
instance, it is desired to mend a broken rail or crank
shaft without moving it from its place, the two ends are
brought together or fixed at the proper distance apart.
A crucible filled with the thermit mixture is set up
above the joint and the thermit ignited with a priming
of aluminum and barium peroxide to start it off. The
barium peroxide having a superabundance of oxygen
gives it up readily and the aluminum thus encouraged
attacks the iron eoxide and robs it of its oxygen. As
soon as the iron is melted it is run off through the bot-
tom of the crucible and fills the space between the rail
ends, being kept from spreading by a mold of refrac-
tory material such as magnesite. The two ends of the
rail are therefore joined by a section of the same size,
shape, substance and strength as themselves. The
same process can be used for mending a fracture or
supplying a missing fragment of a steel casting of any
gize, such as a ship’s propeller or a cogwheel.
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For smaller work thermit has two rivals, the oxy-
acetylene torch and electric welding. The former has
been described and the latter is rather out of the range
of this volume, although I may mention that in the lat-
ter part of 1918 there was launched from a British
shipyard the first rivetless steel vessel. In this the
steel plates forming the shell, bulkheads and floors are
welded instead of being fastened together by rivets.
There are three methods of doing this depending upon
the thickness of the plates and the sort of strain they
are subject to. The plates may be overlapped and
tacked together at inervals by pressing the two elec-
trodes on opposite sides of the same point until the spot
is sufficiently heated to fuse together the plates here.
Or roller electrodes may be drawn slowly along the
line of the desired weld, fusing the plates together con-
tinuously as they go. Or, thirdly, the plates may be
butt-welded by being pushed together edge to edge
without overlapping and the electric current being
passed from one plate to the other heats up the joint
where the conductivity is interrupted.

It will be observed that the thermit process is essen-
tially like the ordinary blast furnace process of smelt-
ing iron and other metals except that aluminum is used
instead of carbon to take the oxygen away from the
metal in the ore. This has an advantage in case car-
bon-free metals are desired and the process is used for
producing manganese, tungsten, titanium, molybdenum,
vanadium and their alloys with iron and copper.

During the war thermit found a new and terrible
employment, as it was used by the airmen for setting

buildings on fire and exploding ammunition dumps.
s
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The German incendiary bombs consisted of &
forated steel nose-piece, a tail to keep it fallin g st:
and a cylindrical body which contained a tube ©
mit packed around with mineral wax containlX
tassium perchlorate. The fuse was ignited as th
sile was released and the thermit, as it heaté€
melted the wax and allowed it to flow out togethe
the liquid iron through the holes in the mos¢&:
The American incendiary bombs were of a still
malignant type. They weighed about forty ¥
apiece and were charged with oil emulsion, t1]
and metallic sodinum. Sodium decomposes W&
that if any attempt were made to put out with
a fire started by one of these bombs the streary of
would be instantaneously changed into a jet of k
hydrogen.

Besides its use in combining and separating
ent elements the electric furnace is able to <ha
single element into its various forms. Carbon,
stance, is found in three very distinct formas s ix
transparent and colorless erystals as the Aiarm«
black, opaque, metallic scales as graphite, and in
less masses and powder as charcoal, coke, laxxx-
and the like. In the intense heat of the elect
these forms are convertible one into the othex :
ing to the conditions. Since the third form
cheapest the object is to change it into one of th
two. Graphite, plumbago or ‘‘blacklead,”’ as it
sometimes called, is not found in many places an
rarely found pure. The supply was not equual
demand until Acheson worked out the process «
ing it by packing powdered anthracite between +:
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nace. In this way graphite can be
in any desired quantity and quality.
18 infusible and incombustible except
h temperatures, it is extensively used
1 electrodes. These electrodes are
>t the various forms of electric lamps
m rods one-sixteenth of an inch in
a foot thick and six feet long. It is
ith fine clay to give it the desired
s that forms the filling of our “lead”’
round and flocculent graphite treated
be held in suspension in liquids and
filter-paper. The mixture with wa-
the name of ‘‘aquadag,’”’ with oil as
.grease as ‘‘gredag,’’ for lubrication.
ery scales of graphite in suspension
ier easily and keep the bearings from
wch other.
nore difficult metamorphosis of car-
1ation of charcoal into diamond, was
iplished by Moissan in 1894. Henri
icologist, that is to say, a Professor
he Paris School of Pharmacy, who
ting with the electric furnace in his
did more to demonstrate its possi-
ther man. With it he isolated flao-
f the elements, and he prepared for
reir purity many of the rare metals
mnd industrial employment. He also
of the various metals, including the
um carbide. Among the problems
and solved was the manufacture of
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artificial diamonds. He first made pure charcoal by
burning sugar. This was packed with iron in the
hollow of a block of lime into which extended from op-
posite sides the carbon rods connected to the dynamo.
When the iron had melted and dissolved all the carbon
it could, Moissan dumped it into water or better into
melted lead or into a hole in a copper block, for this
cooled it most rapidly. After a crust was formed it
was left to solidify slowly. The sudden cooling of the
iron on the outside subjected the carbon, which was held
in solution, to intense pressure and when the bit of
iron was dissolved in acid some of the carbon was found
tn he arvetallized aa diamond. althoneoh most of it was
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ventor of a process for making cheap diamonds could
keep his electric furnace secretly in his cellar and mar-
ket his diamonds cautiously he might get rich out of
it, but he would not dare to turn out very large stones
or too many of them, for if a suspicion got around that
he was making them the price would fall to almost noth-
ing even if he did sell another one. For the high
price of the diamond is purely fictitious. It is in the
first place kept up by limiting the output of the nat.
ural stone by the combination of dealers and, further,
the diamond is valued not for its usefulness or beauty
but by its real or supposed rarity. Chesterton says:
¢“All is gold that glitters, for the glitter is the gold.”’
This is not so true of gold, for if gold were as cheap as
nickel it would be very valuable, since we should gold-
plate our machinery, our ships, our bridges and our
roofs. But if diamonds were cheap they would be good
for nothing except grindstones and drills. An imita-
tion diamond made of heavy glass (paste) cannot be
distingunished from the gennine gem except by an ex-
pert. It sparkles about as brilliantly, for its refractive
index is nearly as high. The reason why it is not
priced so highly is because the natural stone has pre-
sumably been obtained through the toil and sweat of
hundreds of negroes searching in the blue ground of
the Transvaal for many months. It is valued exclu-
sively by its cost. To wear a diamond necklace is the
same as hanging a certified check for $100,000 by a
string around the neck.

Real values are enhanced by reduction in the cost of
the price of production. Fictitious values are de-
stroyed by it. Aluminum at {wenty-five cents a pound
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is immensely more valuable to the world than when i
is a curiosity in the chemist’s cabinet and priced a
$160 a pound.

So the scope of the electric furnace reaches from th
costly but comparatively valueless diamond to th
cheap but indispensable steel. As F. J. Tone says, i
the automobile manufacturers were deprived of Ni
agara produets, the abrasives, aluminum, acetylene fo
welding and high-speed tool steel, a factory now tur:
ing ont five hundred cars a day would be reduced to on
hundred. I have here been chiefly concerned with ele:
tricity as effecting chemical changes in combining o
separating elements, but I must not omit to mentio
its rapidly extending use as a source of heat, as in th
production and casting of steel. In 1908 there wer
only fifty-five tons of steel produced by the electri
furnace in the United States, but by 1918 this had rise
to 511,364 tons. And besides ordinary steel the ele
tric furnace has given us alloys of iron with the onc
‘‘rare metals’’ that have created a new science of meta

lurgy.



CHAPTER XIV
METALS, OLD AND NEW

The primitive metallurgist could only make use of
such metals as he found free in nature, that is, such as
had not been attacked and corroded by the ubiquitous
oxygen. These were primarily gold or copper, though
possibly some original genius may have happened upon
a bit of meteoric iron and pounded it out into a sword.
But when man found that the red ocher he had hitherto
used only as a cosmetic could be made to yield iron by
melting it with charcoal he opened a new era in civiliza-
tion, though doubtless the ocher artists of that day
denounced him as a utilitarian and deplored the deca-
dence of the times.

Iron is one of the most timid of metals. It has a
great disinclination to be alone. It is also one of the
most altruistic of the elements. It likes almost every
other element better than itself. It has an especial
affection for oxygen, and, since this is in both air and
water, and these are everywhere, iron is not long with-
out a mate. The result of this union goes by various
pames in the mineralogical and chemical worlds, but
in common language, which is quite good enough for
our purpose, it is called iron rust.

Not many of us have ever seen iron, the pure metal,
soft, ductile and white like silver. As soon as it is
exposed to the air it veils itself with a thin film of

rust and beecomes black and then red. For that reason
268
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there is practically no iron in the world except what
man has made. It is rarer than gold, than diamonds;
we find in the earth no nuggets or crystals of it the
size of the fist as we find of these. But occasionally
5
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ctesy Mineral oto~tn.
From Agricola’s "De Re Metallica 1550.” Primitive furnace for
smelting iron ore (1550 A.».).
there fall down upon us out of the clear sky great
chunks of it weighing tons. These meteorites are the
mavericks of the universe. We do not know where
they come from or what sun or planet they belonged
to. They are our only visitors from space, and if all
the other spheres are like these fragments we know
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euniverse. For they contain rustless
iron does not rust man cannot live,
T animal or any plant.

be same reason that a stone rolls down
ets rid of its energy that way. All
rerse are constantly trying to get rid
man, who is always trying to get more
.ond thought, we see that man is the
ift of all, for he wants to expend so
'y than he has that he borrows from
reams and the coal in the rocks. He
[ plants of the energy which they have
id for their own purposes, just as he
its honey and the silk worm of its

iiness is in reversing the processes of
the way he gets his living. And one
inmphs was when he discovered how
.and get the metal out of it. In the
irs since he first did this he has accom-
in in the millions of years before.
the value of iron rust man could at-
culture of the Aztecs and Incas, the
3 and Assyrians.

r of modern states is dependent on
n rust which they possess and utilize.
States, Germany, all nations are com-
ch can dig the most iron rust out of
ake out of it railroads, bridges, build-
battleships and such other tools and
; them relapse into rust again. Civ-
easured by the amount of iron rusted
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per capita, or better, by the amount rescued from rust.

But we are devoting so much space to the considera-
tion of the material aspects of iron that we are like to
neglect its esthetic and ethical uses. The beauty of
nature is very largely dependent upon the fact that
iron rust and, in fact, all the common compounds of
iron are. colored. Few elements can assume so many
tints. Look at the paint pot cafions of the Yellowstone.
Cheap glass bottles turn out brown, green, blue, yellow
or black, aceording to the amount and kind of iron
they contain. We build a house of cream-colored brick,
varied with speckled brick and adorned with terra cotta
ornaments of red, yellow and green, all due to iron.
Iron rusts, therefore it must be painted; but what is
there better to paint it with than iron rust itself? It
is cheap and durable, for it cannot rust any more than
a dead man can die. And what is also of importance,
it is a good, strong, clean looking, endurable color.
Whenever we take a trip on the railroad and see the
miles of cars, the acres of roofing and wall, the towns
full of brick buildings, we rejoice that iron rust is red,
not white or some less satisfying color.

We do not know why it is so. Zinc and aluminum
are metals very much like iron in chemical properties,
but all their salts are colorless. Why is it that the
most useful of the metals forms the most beautiful com-
pounds? Some say, Providence; some say, chance;
some say nothing. But if it had not been so we would
have lost most of the beauty of rocks and trees and
human beings. For the leaves and the flowers would
all be white, and all the men and women would look
like walking corpses. Without color in the flower what
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would the bees and painters do? If all the grass and
trees were white, it would be like winter all the year
round. If we had white blood in our veins like some
of the insects it would be hard lines for our poets.
And what would become of our morality if we could not
blush?

““As for me, I thrill to see
The bloom a velvet cheek discloses!
Made of dust! I well believe it,
So are lilies, so are roses.”’

An etiolated earth would be hardly worth living in.

The chlorophyll of the leaves and the hemoglobin
of the blood are similar in constitution. Chlorophyll
contains magnesium in place of iron but iron is neces-
sary to its formation. We all know how pale a plant
gets if its soil is short of iron. It is the iron in the
leaves that enables the plants to store up the energy of
the sunshine for their own use and ours. It is the iron
in our blood that enables us to get the iron out of iron
rust and make it into machines to supplement our fee-
ble hands. Iron is for us internally the carrier of
energy, just as in the form of a trolley wire or of a
third rail it conveys power to the electric car. With-
draw the iron from the blood as indicated by the
pallor of the cheeks, and we become weak, faint and
finally die. If the amount of iron in the blood gets
too small the disease germs that are always attacking
us are no longer destroyed, but multiply without check
and conquer us. When the iron ceases to work
efficiently we are killed by the poison we ourselves
generate.
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Counting the number of iron-hearing corpuscles in
the blood is now a common method of determining dis-
case. It might also he useful in woral dingnosis. A
microscopical and chemical lahoratory attached to the
courtroom would give information of more vilue than
some of the evidence now obtained. For the anemic
and the florid vices need very different treatment.  An
excess or a deficiency of iron in the bady is Hable to
result in criminality. A chemical system of moraly
might he developed on this basis.  Among the ferragi.
nous sins would be pliced murder, violenee and licen.
tiousness. Among the non-ferruginous, cowardiee,
sloth and lying. The former would be mostly sins of
commission, {he latter, sins of omission.  The virtues
could, of course, be similarly classified; the fermginons
virtues would include courage, self-relianee and hope.
fulness; the non-ferruginous, peaceableness, meeknesy
and chastity. According to this ethical eriterion the
moral man would be defined as one whose conduct is
better than we should expect from the per cent. of iron
in his blood,

The reason why iron is able to serve this unigque pur-
pose of conveying life-giving air to all parts of the
body is because it rusts so readily,  Oxidation and de-
oxidation proceed 8o quietly that the tenderest cells
are fed without injury. The blvad changes from yed
to blue and vice versa with greater eane nnd rapidity
than in the corresponding alternations of social statun
in a democracy. It in because iron is a0 rustable that
it is so nseful. The factories with hig serap-heaps of
rusting machinery are making the most money. The
pyramids are the most enduring structures raised by
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the hand of man, but they have not sheltered so many
people in their forty centuries as our skyserapers that
are already rusting.

We have to carry on this eternal conflict against rust
hecuuse oxygen is the most ubiquitous of the elements
and iron can only escape its ardent embraces by hiding
away in the center of the earth. The united elements,
known to the chemist as iron oxide and to the outside
world a8 rust, are among the commonest of compounds
and their colors, yellow and red like the Spanish flag,
are displayed on every mountainside. From the time
of Tubal C'ain man has ceasclessly labored to divorce
these elewents and, having once separated them, to
keep them apart so that the iron may be retained in his
service.  But here, as usnal, man is fighting against
nature and his gaing, as always, are only temporary
Saoner or later his vigilunee is ¢ircumvented and the
metal that he has extricated by the fiery furnace re-
turus to its natural aflinity.  The flint arrowheads, the
bronze spearpoints, the gold ornaments, the wooden
idols of prehisforic man are still to be seen in our
museams, but his earliest steel swords have long since
ernmbled into dust,

Faery vear the blast furnaces of the world release
TLODDOON tonn of iron from its oxides and every year
a lurge part, snid to be o quarter of that amount, re-
verts to its primoeval forms,  If so, then man after five
thousnnd yenrs of metallurgical industry has barely
got three years ahead of nature, and should he cease
Lin offorts for a generation there would be little left
to slhiow that man had ever learned to extract iron from
its ores. The old question, ‘“ What becomes of all the
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pins?”’ may be as well asked of rails, pipes and thresh-
ing machines. The end of all iron is the same,  How-
ever many may be its metamorphoses while in the sery.
ice of mun it relupses at last into its original state of
oxidation. Two save a pound of irou frow corrosion is
then as much a benefit to the world as to produce an-
other pound from the ore.  In fact it is of much greater
benefit, for it takes four pounds of coal to produce one
pound of steel, so whenever a piece of iron is allowed
to oxidize it means that Tour tmes as mnch conl must
be oxidized in order to repluee it.  And the beds of
coal will be exhausted before the beds of iron ore.

If we are ever to gel ahead, if we are to guin any
respite from this enormous waste of labor and natural
resources, we must find waye of preventing the iron
which we have obtained and fashioned into useful tools
from being lost through oxidation.  Now there is only
one way of keeping iron and oxygen from uniting and
that is to keep them apart. A very thin dividing wall
will serve for the purpore, for instanee, a filn of oil,
But ordinary oil will rab off, so it is better to cover the
surface with an il like linseed which oxidizes to o hard
elastic and wdhesive conting. If with linseed oi] wo
mix iron oxide or some other pigment we have n paint
that will proteet iron peefectly so long an it is un.
broken. Bui let the puint wenr off or erack so that air
can get at the iron, then rust will form and spread
underneath the paint on all sides. The same is trao
of the porceluin-like ennmel with which our kitchen
iron ware is nowadays coated. 8o long nx the enamel
holds it is all right but once it is broken throngh at
any point it boginu to seale off and gets into our fuod.
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Obviously it would be better for some purposes if
we could coat our iron with another and less easily
oxidized metal than with such dissimilar substances as
paint or porcelain. Now the nearest relative to iron
is nickel, and a layer of this of any desired thickness
may be easily deposited by electricity upon any surface
however irregular. Nickel takes a bright polish and
keeps it well, so nickel plating has become the favorite
method of protection for small objects where the ex-
pense is not prohibitive. Copper plating is used for
fine wires. A sheet of iron dipped in melted tin comes
out coated with a thin adhesive layer of the latter metal.
Such tinned plate commonly known as ‘‘tin’’ has be-
come the favorite material for pans and cans. But if
the tin is scratched the iron beneath rusts more rap-
idly than if the tin were not there, for an electrolytic
action is set up and the iron, being the negative ele-
ment of the couple, suffers at the expense of the tin.

With zine it is quite the opposite. Zine is negative
toward iron, so when the two are in oontact and ex-
posed to the weather the zine is oxidized first. A zine
plating affords the protection of a Swiss Guard, it holds
out as long as possible and when broken it perishes to
the last atom before it lets the oxygen get at the iron.
The zine may be applied in four different ways. (1)
It may be deposited by electrolysis as in nickel plating,
but the zinc coating is more apt to be porous. (2) The
sheets or articles may be dipped in a bath of melted
zine. This gives us the familiar ‘‘galvanized iron,”’
the most useful and when well done the most effective
of rust preventives. Besides these older methods of
applying zinc there are now two new ones. (3) One



272 CREATIVE CHEMISTRY

is the Schoop process by which a wire of zine or other
metal is fed into an oxyhydrogen air blast of such heat
and power that it is projected as a spray of minute
drops with the speed of bullets and any object sub-
jected to the bombardment of this metallic mist receives
a coating as thick as desired. The zinec spray is so fine
and cool that it may be received on cloth, lace, or the
bare hand. The Schoop metallizing process has re-
cently been improved by the use of the electric current
instead of the blowpipe for melting the metal. Two
zine wires connected with any electric system, prefer-
ably the direct, are fed into the ‘“‘pistol.”” Where the
wires meet an electric are is set up and the melted zine
is sprayed out by a jet of compressed air. (4) In the
Sherardizing process the articles are put into a tight
drum with zine dust and heated to 800° F. The zine
at this temperature attacks the iron and forms a series
of alloys ranging from pure zinec on the top to pure
iron at the bottom of the coating. Even if this cracks
in part the iron is more or less protected from corro-
sion so long as any zinc remains. Aluminum is used
similarly in the calorizing process for coating iron,
copper or brass. First a surface alloy is formed by
heating the metal with aluminum powder. Then the
temperature is raised to a high degree so as to cause
the aluminum on the surface to diffuse into the metal
and afterwards it is again baked in contact with alumi-
num dust which puts upon it a protective plating of the
pure aluminum which does not oxidize.

Another way of protecting iron ware from rusting
is to rust it. This is a sort of prophylactic method like
that adopted by modern medicine where inoculation
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1. Cold-worked steel showing ferrite and sorbite (enlarged . 3. Structure characteristic of air-cooled steel (enlarged so
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2. Steel showing pearlite crystals (enlarged 500 times) 4. The triangular structure characteristic of cast stee}
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with a mild culture prevents a serious attack of the
disease. The action of air and water on iron forms a
series of compounds and mixtures of them. Those that
contain least oxygen are hard, black and magnetic like
iron itself. Those that have most oxygen are red and
yellow powders. By putting on a tight coating of the
black oxide we can prevent or hinder the oxidation from
going on into the pulverulent stage. This is done in
several ways. In the Bower-Barff process the articles
to be treated are put into a closed retort and a current
of superheated steam passed through for twenty min-
utes followed by a current of producer gas (carbon
monoxide), to reduce any higher oxides that may have
been formed. In the Gesner process a current of gaso-
line vapor is used as the reducing agent. The blueing
of watch hands, buckles and the like may be done by
dipping them into an oxidizing bath such as melted
saltpeter. But in order to afford complete protection
the layer of black oxide must be thickened by repeat-
ing the process which adds to the time and expense.
This causes a slight enlargement and the high tem-
perature often warps the ware so it is not suitable for
nicely adjusted parts of machinery and of course tools
would lose their temper by the heat.

A new method of rust proofing which is free from
these disadvantages is the phosphate process invented
by Thomas Watts Coslett, an English chemist, in 1907,
and developed in America by the Parker Company of
Detroit. This consists simply in dipping the sheet iron
or articles into a tank filled with a dilute solution of
iron phosphate heated nearly to the boiling point by

steam pipes. Bubbles of hydrogen stream off rapidly
T
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at first, then slower, and at the end of half an hour oy
longer the action ceases, and the process is complete,
‘What has happened is that the iron has been converteq
into a basic iron phosphate to a depth depending
upon the density of articles processed. Any one who
has studied elementary qualitative analysis will re-
member that when he added ammonia to his ‘“‘un-
known’’ solution, iron and phosphoric acid, if present,
were precipitated together, or in other words, iron
phosphate is insoluble except in acids. Therefore g
superficial film of such phosphate will protect the iron,
underneath except from acids. This film is not a coat-
ing added on the outside like paint and enamel or tin
and nickel plate. It is therefore not apt to scale off
and it does not increase the size of the article. No
high heat is required as in the Sherardizing and Bower-
Barff processes, so steel tools ean be treated without
losing their temper or edge.

The deposit consisting of ferrous and ferric phos-
phates mixed with black iron oxide may be varied in
composition, texture and color. It is ordinarily a dull
gray and oiling gives a soft mat black more in accord-
ance with modern taste than the shiny nickel plating
that delighted our fathers. Even the military nowa-
days show more quiet taste than formerly and have
abandoned their glittering accoutrements.

The phosphate bath is not expensive and can be used
continuously for months by adding more of the con-
centrated solution to keep up the strength and remowv-
ing the sludge that is precipitated. Besides the iron
the solution contains the phosphates of other metals
such as caleium or strontium, manganese, molybdenum,
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or tungsten, according to the particular purpose.
Sinee the phosphating solution does not act on nickel
it may be used on articles that have been partly nickel-
plated so there may be produced, for instance, a bright
raised design against a dull black background. Then,
too, the surface left by the Parker process is finely
etched so it affords a good attachment for paint or
enamel if further protection is needed. Even if the
enamel does crack, the iron beneath is not so apt to
rust and scale off the coating.

These, then, are some of the methods which are now
being used to combat our eternal enemy, the rust that
doth corrupt. All of them are useful in their several
ways. No one of them is best for all purposes. The
claim of ‘‘rust-proof’’ is no more to be taken seriously
than ‘‘fire-proof.”” We should rather, if we were
finical, have to speak of ‘‘rust-resisting’’ eoatings as
we do of ‘‘slow-burning’’ buildings. Nature is in-
sidious and unceasing in her efforts to bring to ruin
the achievements of mankind and we need all the
weapons we can find to frustrate her destructive deter-
Toination.

But it is not enough for us to make iron superficially
resistant to rust from the atmosphere. We should
like also to make it so that it would withstand corro-
sion by acids, then it could be used in place of the large
and expensive platinum or porcelain evaporating pans
and similar utensils employed in chemical works. This
requirement also has been met in the non-corrosive
forms of iron, which have come into use within the last
five years. One of these, ‘‘tantiron,’’ invented by a
British metallurgist, Robert N. Lennox, in 1912, con-
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tains 15 per cent. of silicon. Similar products are
known as ‘‘duriron’’ and ‘‘Buflokast’’ in America,
“‘metilure’’ in France, ‘‘ileanite’ in Italy and ‘‘nen-
traleisen’’ in Germany. It is a silvery-white close-
grained iron, very hard and rather brittle, somewhat
like cast iron but with silicon as the main additional
ingredient in place of carbon. It is difficult o cut or
drill but may be ground into shape by the new abra-
sives. It is rustproof and is not attacked by sulfurie,
nitrie or acetic acid, hot or cold, diluted or concen-
trated. It does not resist so well hydrochlorie acid or
sulfur dioxide or alkalies.

The value of iron lies in its versatility. It is a dozen
metals in one. It can be made hard or soft, brittle or
malleable, tough or weak, resistant or flexible, elastic
or pliant, magnetic or non-magnetic, more or less con-
ductive to electricity, by slight changes of composition
or mere differences of treatment. No wonder that the
medieval mind aseribed these mysterious transforma-
tions to witcheraft. But the modern micrometallur-
gist, by etching the surface of steel and photographing
it, shows it up as composite as a block of granite. He
is then able to pick out its component minerals, ferrite,
austenite, martensite, pearlite, graphite, cementite, and
to show how their abundance, shape and arrangement
contribute to the strength or weakness of the specimen.
The last of these constituents, cementite, is a definite
chemical compound, an iron carbide, Fe,C, containing
6.6 per cent. of carbon, so hard as to scratch glass, very
brittle, and imparting these properties to hardened
steel and cast iron.

With this knowledge at his disposal the iron-maker
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can work with his eyes open and so regulate his melt
as to cause these various constituents to crystallize out
as he wants them to. Besides, he is no longer confined
to the alloys of iron and carbon. He has ransacked the
chemical dictionary to find new elements to add to his
alloys, and some of these rarities have proved to pos-
sess great practical value. Vanadium, for instance,
used to be put into a fine print paragraph in the back of
the chemistry book, where the <class did not get to it
until the term closed. Yet if it had not been for va-
nadium steel we should have no Ford cars. Tungsten,
too, was relegated to the rear, and if the student re-
membered it at all it was because it bothered him to
understand why its symbol should be W instead of T.
But the student of today studies his lesson in the light
of a tungsten wire and relieves his mind by listening to
a phonograph record played with a ‘‘tungs-tone”’
stylus. When I was assistant in chemistry an ¢‘analy-
8is’’ of steel consisted merely in the determination of
its percentage of carbon, and I used to take Saturday
for it so I could have time enough to complete the com-
bustion. Now the chemists of a steel works’ laboratory
may have to determine also the tungsten, chromium,
vanadium, titanium, nickel, cobalt, phosphorus, molyb-
denum, manganese, silicon and sulfur, any or all of
them, and be spry about it, because if they do not get
the report out within fifteen minutes while the steel is
melting in the electrical furnace the whole batch of 75
tons may go wrong. I’m glad I quit the laboratory
before they got to speeding up chemists so.

The quality of the steel depends upon the presence
and the relative proportions of these ingredients, and
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a variation of a tenth of 1 per cent. in certain of them
will make a different metal out of it. For instance, the
steel becomes stronger and tougher as the proportion
of nickel is increased up to about 15 per cent. Raising
the percentage to 25 we get an alloy that does not rust
or corrode and is non-magnetic, although both its com-
ponent metals, iron and nickel, are by themselves at-
tracted by the magnet. With 36 per cent. nickel and
5 per cent. manganese we get the alloy known as
“‘invar,”” because it expands and contracts very little
with changes of temperature. A bar of the best form
of invar will expand less than one-millionth part of its
length for a rise of one degree Centigrade at ordinary
atmospheric temperature. For this reason it is used
in watches and measuring instruments. The alloy of
iron with 46 per cent. nickel is called ‘‘platinite’’ be-
cause its rate of expansion and contraction is the same
as platinum and glass, and so it can be used to replace
the platinum wire passing through the glass of an
electric light bulb.

A manganese steel of 11 to 14 per cent. is too hard to
be machined. It has to be cast or ground into shape
and is used for burglar-proof safes and armor plate.
Chrome steel is also hard and tough and finds use in
files, ball bearings and projectiles. Titanium, which
the iron-maker used to regard as his implacable enemy,
has been drafted into service as a deoxidizer, increas-
ing the strength and elasticity of the steel. It is re-
ported from France that the addition of three-tenths
of 1 per cent. of zirconium to nickel steel has made it
more resistant to the German perforating bullets than
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any steel hitherto known. The new ““stainless” cat-
lery contains 12 to 14 per cent. of chromium.

‘With the introduction of harder steels came the need
of tougher tools to work them. Now the virtue of a
good tool steel is the same as of a good man. Tt must
be able to get hot without losing its temper. Steel of
the old-fashioned sort, as everybody knows, gets its
temper by being heated to redress and suddenly cooled
by quenching or plunging it into water or oil. But
when the point gets heated up again, as it does by
friction in a lathe, it softens and loses its cutting edge.
So the necessity of keeping the tool cool limited the
speed of the machine.

But about 1868 a Sheffield metallurgist, Robert F.
Mushet, found that a piece of steel he was working
with did not require quenching to harden it. He had
it analyzed to discover the meaning of this peculiarity
and learned that it contained tungsten, a rare metal
unrecognized in the metallurgy of that day. Further
investigation showed that steel to which tungsten and
manganese or chromium had been added was tougher
and retained its temper at high temperature better than
ordinary carbon steel. Tools made from it could be
worked up to a white heat without losing their cutting
power. The new tools of this type invented by *“Eff-
ciency’’ Taylor at the Bethlehem Steel Works in the
nineties have revolutionized shop practice the world
over. A tool of the old sort could not cut at a rate
faster than thirty feet a minute without overheating,
but the new tungsten tools will plow through steel ten
times as fast and can cut away a ton of the material in
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an hour. By means of these high-speed tools the
United States was able to turn out five times the muni-
tions that it could otherwise have done in the same
time. On the other hand, if Germany alone had pos-
sessed the secret of the modern steels no power could
have withstood her. A slight superiority in metal-
lurgy has been the deciding factor in many a battle.
Those of my readers who have had the advantages of
Sunday school training will recall the case deseribed
in I Samuel 13:19-22.

By means of these new metals armor plate has been
made invulnerable—except to projectiles pointed with
similar material. Flying has been made possible
through engines weighing no more than two pounds
per horse power. The cylinders of combustion engines
and the casing of cannon have been made to withstand
the unprecedented pressure and corrosive action of the
fiery gases evolved within. Castings are made so hard
that they cannot be cut—save with tools of the same
sort. In the high-speed tools now used 20 or 30 per
cent. of the iron is displaced by other ingredients; for
example, tungsten from 14 to 25 per cent., chromium
from 2 to 7 per cent., vanadium from 14 to 114 per cent.,
carbon from .6 to .8 per cent., with perhaps cobalt up to
4 per cent. Molybdenum or uranium may replace part
of the tungsten.

Some of the newer alloys for high-speed tools eon-
tain no iron at all. That which bears the poetic name
of star-stone, stellite, is composed of chromium, cobalt
and tungsten in varying proportions. Stellite keeps a
hard cutting edge and gets tougher as it gets hotter.
It is very hard and as good for jewelry as platinum
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except that it is not so expensive. Cooperite, its rival,
is an alloy of nickel and zirconium, stronger, lighter
and cheaper than stellite.

Before the war nearly half of the world’s supply of
tungsten ore (wolframite) came from Burma. But
although Burma had belonged to the British for a hun-
dred years they had not developed its mineral resourees
and the tungsten trade was monopolized by the Ger-
mans. All the ore was shipped to Germany and the
British Admiralty was content to buy from the Ger-
mans what tungsten was needed for armor plate and
heavy gans. When the war broke out the British had
the ore supply, but were unable at first to work it be-
cause they were not familiar with the processes. Ger-
many, being short of tungsten, had to sneak over a little
from Baltimore in the submarine Deutschland. In the
United States before the war tungsten ore was selling
at $6.50 a unit, but by the beginning of 1916 it had
Jumped to $85 a unit. A unitis1 per cent. of tungsten
trioxide to the ton, that is, twenty pounds. Boulder
County, Colorado, and San Bernardino, California,
then had mining booms, reminding one of older times.
Between May and December, 1918, there was manufac-
tored in the United States more than 45,500,000 pounds
of tungsten steel containing some 8,000,000 pounds of
tungsten.

If tungsten ores were more abundant and the metal
more easily manipulated, it would displace steel for
many purposes. Itisharder than steel or even quartz.
It never rusts and is insoluble in acids. Its expansion
by heat is one-third that of iron. Itis more than twice
as heavy as iron and its melting point is twice as high.
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Tts electrical resistance is half that of iron and its ten-
sile strength is a third greater than the strongest steel.
It can be worked into wire .0002 of an inch in diameter,
almost too thin to be seen, but as strong as copper wire
ten times the size.

The tungsten wires in the electric lamps are about
03 of an inch in diameter, and they give three times
the light for the same consumption of electricity as the
old carbon filament. The American manufacturers of
the tungsten bulb have very appropriately named their
lamp ‘“‘Mazda’’ after the light god of the Zoroastrians.
To get the tungsten into wire form was a problem that
long baffled the inventors of the world, for it was too
refractory to be melted in mass and too brittle to be
drawn. Dr. W. D. Coolidge succeeded in accomplish-
ing the feat in 1912 by reducing the tungstic acid by
hydrogen and molding the metallic powder into a bar
by pressure. This is raised to a white heat in the elec-
tric furnace, taken out and rolled down, and the process
repeated some fifty times, until the wire is small enough
80 it can be drawn at a red heat through diamond dies
of successively smaller apertures. '

The German method of making the lamp filaments is
to squirt a mixture of tungsten powder and thorium
oxide through a perforated diamond of the desired
diameter. The filament so produced is drawn through
a chamber heated to 2500° C. at a velocity of eight feet
an hour, which crystallizes the tungsten into a continu-
ous thread.

The first metallic filament used in the electric light
on a commercial scale was made of tantalum, the metal
of Tantalus. In the period 1905-1911 over 100,000,000
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tantalus lamps were sold, but tungsten displaced them
as soon as that metal could be drawn into wire.

A recent rival of tungsten both as a filament for
lamps and hardener for steel is molybdenum. One
pound of this metal will impart more resiliency to steel
than three or four pounds of tungsten. The molybde-
num steel, because it does not easily crack, is said to be
serviceable for armor-piercing shells, gun linings, air-
plane struts, antomobile axles and propeller shafts.
In combination with its rival as a tungsten-molybdenum
alloy it is capable of taking the place of the intolerably
expensive platinum, for it resists corrosion when used
for spark plugs and tooth plugs. European steel men
have taken to molybdenum more than Americans. The
salts of this metal can be used in dyeing and photog-
raphy.

Calcinm, magnesium and alaminum, common enough
in their compounds, have only come into use as metals
since the invention of the electric furnace. Now the
photographer uses magnesium powder for his flashlight
when he wants to take a picture of his friends inside
the house, and the aviator uses it when he wants to take
a picture of his enemies on the open field. The flares
prepared by our Government for the war consist of a
sheet iron cylinder, four feet long and six inches thick,
containing a stick of magnesium attached to a tightly
rolled silk parachute twenty feet in diameter when
expanded. The whole weighed 32 pounds. On being
dropped from the plane by pressing a button, the rush
of air set spinning a pinwheel at the bottom which
ignited the magnesium stick and detonated a charge of
black powder sufficient to throw off the case and release
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the parachute. The burning flare gave off a light of
320,000 candle power lasting for ten minutes as the
parachute slowly descended. This illuminated the
ground on the darkest night sufficiently for the airman
to aim his bombs or to take photographs.

The addition of 5 or 10 per cent. of magnesium to
aluminum gives an alloy (magnalium) that is almost
as light as aluminum and almost as sirong as steel
An alloy of 90 per cent. aluminum and 10 per cent.
calcinm is lighter and harder than aluminum and more
registant to corrosion. The latest German airplane,
the “ Junker,”” was made entirely of duralumin. Xven
the wings were formed of corrugated sheets of this
alloy instead of the usual doped cotton-cloth. Duralu-
min is composed of about 85 per cent. of aluminum, 5
per cent. of copper, 5 per cent. of zine and 2 per cent.
of tin.

‘When platinum was first discovered it was so cheap
that ingots of it were gilded and sold as gold bricks to
unwary purchasers. The Russian Government used it
as we use nickel, for making small coins. But thisis an
exception to the rule that the demand ereates the sup-
ply. Platinum is really a ‘‘rare metal,’’ not merely an
unfamiliar one. Nowhere except in the Urals is it
found in quantity, and since it seems indispensable in
chemnical and electrical appliances, the price has con-
tinually gone up. Russia collapsed into chaos just
when the war work made the heaviest demand for plati-
num, so the governments had to put a stop to its use for
jewelry and photography. The ““gold brick’’ scheme
would now have to be reversed, for gold is used as a
cheaper metalto ‘‘adulterate’” platinum. All the mem-
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bers of the platinum family, formerly ignored, were
pressed into service, palladinm, rhodium, osmium, irid-
ium, and these, alloyed with gold or silver, were em-
ployed more or less satisfactorily by the dentist, chem-
ist and electrician as substitutes for the platinum of
which they had been deprived. One of these alloys,
composed of 20 per cent. palladium and 80 per cent.
gold, and bearing the telescoped name of ‘““palan’’ (pal-
ladium an-rom) makes very acceptable crucibles for the
laboratory and only costs half as much as platinum.
‘‘Rhotanium” is a similar alloy recently introdmnced.
The points of our gold pens are tipped with an osmium-
iridium alloy. It is a pity that this family of noble
metals is so restricted, for they are unsurpassed in
tenacity and ineorruptibility. They could be of great
service to the world in war and peace. As the ‘“Bad
Child”’ says in his ¢ ‘Book of Beasts”:

T shoot the hippopotamus with bullets made of platinnm,
Because if I use leaden ones, his hide is sure to flatten ’em.

Along in the latter half of the last century chemists
had begun to perceive certain regularities and relation-
ships among the various elements, so they conceived
the idea that some sort of a pigeon-hole scheme might
be devised in which the elements could be filed away in
the order of their atomic weights so that one counld see
just how a certain element, known or unknown, would
behave from merely observing its position in the series.
Mendeléef, a Russian chemist, devised the most in-
genious of such systems called the ‘“periodic law’’ and
gave proof that there was something in his theory by
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predicting the properties of three metallic elements,
then unknown but for which his arrangement showed
three empty pigeon-holes. Sixteen years later all three
of these predicted elements had been discovered, one
by a Frenchman, one by a German and one by a Scan-
dinavian, and named from patriotic impulse, gallium,
germanium and scandinm. This was a triumph of sci-
entific prescience as striking as the mathematical proof
of the existence of the planet Neptune by Leverrier
before it had been found by the telescope.

But although Mendeléef’s law told ‘‘the truth,”” it
gradually became evident that it did not tell ‘‘the whole
truth and nothing but the truth,’’ as the lawyers put it.
Asusually happens in the history of science the hypoth-
esis was found not to explain things so simply and
eompletely as was at first assumed. The anomalies in
the arrangement did not disappear on closer study, but
stuck out more conspicuously. Though Mendeléef had
pointed out three missing links, he had failed to make
provision for a whole group of elements since discov-
ered, the inert gases of the helium-argon group. As
wé now know, the scheme was built upon the false as-
sumptions that the elements are immutable and that
their atomic weights are invariable.

The elements that the chemists had most difficulty in
gorting out and identifying were the heavy metals
found in the ‘‘rare earths.”” There were about twenty
of them so mixed up together and so much alike as to
baffle all ordinary means of separating them. For a
hundred years chemists worked over them and quar-
reled over them before they discovered that they had
a commercial value. It was a problem as remote from
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sticality as any that could be conceived. The man
he street did not see why chemists should care
ther there were two didymiums any more than why
logians should care whether there were two Isaiahs.
all of a sudden, in 1885, the chemical puzzle became
siness proposition. The rare earths became house-
. utensils and it made a big difference with our
thly gas bills whether the ceria and the thoria in
burner mantles were absolutely pure or contained
28 of some of the other elements that were so dif-
t to separate.
1is sudden change of venue from pure to applied
ice came about through a Viennese chemist, Dr.
Auer, later and in consequence known as Baron
¢ von Welsbach. He was trying to sort out the
earths by means of the spectroscopic method,
h consists ordinarily in dipping a platinum wire
a solution of the unknown substance and holding
a colorless gas flame. As it burns off, each ele-
i gives a characteristic color to the flame, which is
as a series of lines when looked at through the
troscope. But the flash of the flame from the plati-
wire was too brief to be studied, so Dr. Auer hit
i the plan of soaking a thread in the liquid and
ng this in the gas jet. The cotton of course
ed off at once, but the earths held together and
1 heated gave off a brilliant white light, very much
the caleium or limelight which is produced by heat~
& stick of quicklime in the oxy-hydrogen flame.
these rare earths do not require any such intense
as that, for they will glow in an ordinary gas jet.
the Welsbach mantle burner came into use every-
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where and rescued the coal gas business from the de-
struction threatened by the electric light. It was no
longer necessary to enrich the gas with oil to make its
flame luminous, for a cheaper fuel gas such as is used
for a gas stove will give, with a mantle, a fine white
light of much higher candle power than the ordinary
gas jet. The mantles are knit in narrow cylinders on
machines, cut off at suitable lengths, soaked in a solu-
tion of the salts of the rare earths and dried. Artificial
silk (viscose) has been found better than cotton thread
for the mantles, for it is solid, not hollow, more uniform
in quality and continuous instead of being broken up
into one-inch fibers. Thereis a great deal of difference
in the quality of these mantles, as every one who has
used them knows. Some that give a bright glow at
first with the gas-cock only half open will soon break
up or grow dull and require more gas to get any kind
of a light out of them. Others will last long and grow
better to the last. Slight impurities in the earths or
the gas will speedily spoil the light. The best results
are obtained from a mixture of 99 parts thoria and 1
part ceria. It is the ceria that gives the light, yet a
little more of it will lower the Inminosity.

The non-chemical reader is apt to be confused by the
strange names and their varied terminations, but he
need not be when he learns that new metals are given
names ending in -um, suclt as sodium, cerium, thorium,
and that their oxides (compounds with oxygen, the
earths) are given the termination -a, like soda, ceria,
thoria. So when he sees a name ending in -um let him
pioture to himself a metal, any metal since they mostly
look alike, lead or silver, for example. And when he
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comes across & name ending in -¢ he may imagine a
white powder like lime. Thorium, for instance, is, as
its name implies, a metal named after the thunder god
Thor, to whom we dedicate one day in each week,
Thursday. Cerinm gets its name from the Roman
goddess of agriculture by way of the asteroid.

The chief sources of the material for the Welsbhach
burners is monazite, a glittering yellow sand composed
of phosphate of cerium with some 5 per cent. of thor-
ium. In 1916 the United States imported 2,500,000
pounds of monazite from Brazil and India, most of
which used to go to Germany. In 1895 we got over a
million and a half pounds from the Carolinas, but the
foreign sand is richer and cheaper. The price of the
salts of the rare metals fluctuates wildly. In 1895 thor-
ium nitrate sold at $200 a pound; in 1913 it fell to $2.60,
and in 1916 it rose to $8.

Since the monazite contain$ more cerium than thor-
ium and the mantles made from it contain more thorium
than cerium, there is a superfluity of cerium. The
manufacturers give away a pound of cerium salts with
every purchase of a hundred pounds of thorium salts.
It annoyed Welsbach to see the cerium residues thrown
away and accumulating around his mantle factory, so
he set out to find some use for it. He reduced the
mixed earths to a metallic form and found that it gave
off a shower of sparks when scratched. An alloy of
cerium with 30 or 35 per cent. of iron proved the best
and was put on the market in the form of automatic
lighters. A big business was soon built up in Austria
on the basis of this obscure chemical element rescued

from the dump-heap. The sale of the cerite Lighters
U
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in France threatened to upset the finances of the re-
public, which derived large revenue from its monopoly
of matech-making, so the French Government imposed a
tax upon every man who carried one. American tour-
ists who bought these lighters in Germany used to be
much annoyed at being held up on the French frontier
and compelled to take out a license. During the war
the cerium sparklers were much used in the trenches
for lighting cigarettes, but—as those who have seen
““The Better ’Ole’’ will know—they sometimes fail to
strike fire. Auer-metal or cerium-iron alloy was used
in munitions to ignite hand grenades and to blazon the
flight of trailer shells. There are many other pyro-
phoric (light-producing) alloys, including steel, which
our ancestors used with flint before matches and per-
cussion caps were invented.

There are more than fifty metals known and not
half of them have come into common use, so there is
still plenty of room for the expansion of the science of
metallurgy. If the reader has not forgotten his arith-
metic of permutations he can calculate how many dif-
ferent alloys may be formed by varying the combina-
tions and proportions of these fifty. We have seen
how quickly elements formerly known only to chem-
ists—and to some of them known only by name—have
become indispensable in our daily life. Any one of
those still unutilized may be found to have peculiar
properties that fit it for filling a long unfelt want in
modern civilization.

Who, for instance, will find a use for gallium, the
metal of France? It was described in 1869 by Men-
deléef in advance of its advent and has been known in
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person since 1875, but has not yet been set to work
It is such a remarkable metal that it must be good for
something. If you saw it in a museum case on a cold
day you might take it to be a piece of aluminum, but if
the curator let you hold it in your hand—which he
won’t—it would melt and run over the floor like mer-
cury. The melting point is 87° Fahr. It might be
used in thermometers for measuring temperatures
above the boiling point of mercury were it not for the
peculiar fact that gallium wets glass so it sticks to the
side of the tube instead of forming a clear convex curve
on top like mercury.

Then there is columbium, the American metal. It is
strange that an element named after Columbia should
prove so impractical. Columbinm is a metal closely
resembling tantalum and tantalum found a use as elec-
tric light filaments. A columbium lamp should appeal
to our patriotism.

The so-called ‘‘rare elements’’ are really abundant
enough considering the earth’s crust as a whole, though
they are so thinly scattered that they are usually over-
looked and hard to extract. But whenever one of them
is found valuable it is soon found available. A sys-
tematic search generally reveals it somewhere in suffi-
cient quantity to be worked. Who, then, will be the
first to discover a use for indium, germanium, terbinm,
thulium, lanthanum, neodymium, scandium, samarium
and others as unknown to us as tungsten was to our
fathers?

As evidence of the statement that it does not matter
how rare an element may be it will come into common
ase if it is found to be commonly useful, we may refer
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to radium. A good rich specimen of radium ore, pitch-
blende, may contain as much as one part in 4,000,000.
Madame Curie, the brilliant Polish Parisian, had to
work for years before she could prove to the world that
such an element existed and for years afterwards be-
fore she could get the metal out. Yet now we can all
afford a bit of radium to light up our watch dials in the
dark. The amount needed for this is infinitesimal. If
it were more it would scorch our skins, for radium is an
element in eruption. The atom throws off corpuscles
at intervals as a Roman candle throws off blazing balls.
Some of these particles, the alpha rays, are atoms of
another element, helium, charged with positive elec-
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offspring of ionium, which is the great-great-grandson
of uranium, the heaviest of known elements. Putting
this chemical genealogy into biblical language we might
say: Uranium lived 5,000,000,000 years and begot
Uranium X1, which lived 24.6 days and begot Uranium
X2, which lived 69 seconds and begot Uranium 2,
which lived 2,000,000 years and begot Ionium, which
lived 200,000 years and begot Radium, which lived 1850
years and begot Niton, which lived 3.85 days and begot
Radium A, which lived 3 minutes and begot Radium
B, which lived 26.8 minutes and begot Radinm C, which
lived 19.5 minutes and begot Radium D, which lived 12
vears and begot Radium E, which lived 5 days and
begot Polonium, which lived 136 days and begot Lead.

The figures I have given are the times when half the
parent substance has gone over into the next genera-
tion. It will be seen that the chemist is even more lib-
eral in his allowance of longevity than was Moses with
the patriarchs. It appears from the above that half of
the radium in any given specimen will be transformed
in about 2000 years. Half of what is left will disap-
pear in the next 2000 years, half of that in the next
2000 and so on. The reader can figure out for himself
when it will all be gone. He will then have the answer,
to the old Eleatic conundrum of when Achilles will over-
take the tortoise. But we may say that after 100,000
years there would not be left any radium worth men-
tioning, or in other words practically all the radinm now
in existence is younger than the human race. The lead
that is found in uranium and has presumably descended
from uranium, behaves like other lead but is lighter.
Tts atomic weight is only 206, while ordinary lead
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weighs 207. It appears then that the same chemical
element may have different atomic weights according
to its ancestry, while on the other hand different chemi-
cal elements may have the same atomic weight. This
would have seemed shocking heresy to the chemists of
the last century, who prided themselves on the immu-
tability of the elements and did not take into considera-
tion their past life or heredity. The study of these
radioactive elements has led to a new atomic theory.
1 suppose most of us in our youth used to imagine the
atom as a little round hard ball, but now it is conceived
as a sort of solar system with an electropositive nu-
cleus acting as the sun and negative electrons revolving
around it like the planets. The number of free posi-
tive electrons in the nucleus varies from one in hydro-
gen t0 92 in uranium. This leaves room for 92 possible
elements and.of these all but six are more or less cer-
tainly known and definitely placed in the scheme. The
atom of uranium, weighing 238 times the atom of hy-
drogen, is the heaviest known and therefore the ulti-
mate limit of the elements, though it is possible that
elements may be found beyond it just as the planet
Neptune was discovered outside the orbit of Uranus.
Considering the position of uranium and its numerous
progeny as mentioned above, it is quite appropriate
that this element should bear the rame of the father of
all the gods.

In these radioactive elements we have come upon
sources of energy such as was never dreamed of in our
philosophy. The most striking peculiarity of radinm
is that it is always a little warmer than its surround-
ings, no matter how warm these may be. Slowly,
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spontaneously and contiruously, it decomposes and we
know no way of hastening or of checking it. Whether
it is cooled in liquefied air or heated to its melting
point the change goes on just the same. An ounce of
radium salt will give out enough heat in one hour to
melt an ounce of ice and in the next hour will raise this
water to the boiling point, and so on again and again
without cessation for years, a fire without fuel, a real-
ization of the philosopher’s lamp that the alchemists
sought in vain. The total energy so emitted is mil-
lions of times greater than that produced by any chemi-
cal combination such as the union of oxygen and hy-
drogen to form water. From the heavy white salt
there is continually rising a faint fire-mist like the
will-o’-the-wisp over a swamp. This gas is known as
the emanation or niton, ‘‘the shining one.”” A pound
of niton would give off energy at the rate of 23,000
horsepower; fine stuff to run a steamer, one would
think, but we must remember that it does not last.