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I N T R O D U C T I O N

B Y *hiuvn
Formerly Frwlfoml of ihtt Afti*ri«*»#t tiirmifftt fWiHjf# Ptntnmf *»f

Chemtatry in Tfe«* VnltvtMy nf i J*kii$«»

The recent war as never beton in tho history <»f th«*
world brought to tho nation* of the earth a realization
of the vital plaea which the wimteo of chomiiitry holdn
In the devalopmeitt of the renourecM of a nation* Homo
of the moi t pietttresquc* foaturea of th i i awakening
reached the great publie through tho p r t i i . T h n i , tha
adventurous trips of tho DeuUchland with i t s eargoea
of wneentratud aniline dyc» f valnod tit mill ion* *tf dul-

omphamsed m no oflntr tncidimt otir ftittrmf
e! upon Oornmny far thtmci priidnrtH nf hftr

chemical indtiBtries*

The pnblto readf too, that hor e h t m i i t i Kavedl Cli*r-
many from an early dtsaatroua d t f t i t t tmth in tho fluid
of mi l i ta iy operationa and in tho mat t t r of fitomtftia
suppl ies: nnqiifitioiiably, without tho tromondbQii t1!*
pannion of her plants for ttia prodiiation of fiitrntaii and
ammonia from tho nir hy th«! prnemmn nf Ifatitr, Out-
wald and others of her grntt chi*mintHf ttit* wnr wtitttd
have ended in 1915, or early in l!H8f from oxlmiiiiticin
of Otrmatiy' i snppiien of nitrato c*iplin*ivt*if If nut in*
died from oxhauit ion of her food i t i f iplbs i n a. mmm*
qmnm of tho lack of ntirato itnil ammonia fortilixitr
for her fields. Inventions of inhntitntea t®r notion,
copper, r u b W , wool and many other
1mm reported*



INTRODUCTION

These feats of chemistry, performed under this stress
of dire necessity, have, no doubt, excited tbo wonder
and interest of our public. It is far more important at
this time, however, when both for war and for peaci?
needs, the resources of our country are jitr;iin?d to thi*
utmost, that the public should awaken to a cliwr realiza-
tion of what this science of chemistry reidly mean* for
mankind, to the realization that it* wizardry pvttmmim
the whole life of the nation as a vitalising, protoctivo
and constructive agent very mueli in the mmw way a§
our blood, coursing through our veins iiticl firtc*rttttt

carries the constructive, defensive and Ufa-bringing
materials to every organ in the body*

If the layman will but understand that ebemi*try in
the fundamental science of ths transformation nf trial*
ter, he ynH readily accept the validity of this sweeping
assertion: he wiU realize, for instance, wlsy exaetly the
same fundamental laws of the scianet apply to f tnci
make possible scientific control of, guch widely diver*
gent national industries as agriculture ant! «tai»l manu-
facturing. It governs the troasforniAtion of thu salt*,
minerals and humus of our fields and the oomponetits
of the air into corn, wheat, cotton and the innmaenible
other products of the soil; it governs no k§« tbo trann*
formation of crude ores into steel and dfaf$$ whieb4

with the cunnii^ b o m of ebtmical knowledg»t tmy be
given practically any conetiimblt quality of b i r d n t i t ,
elasticity, toughness or strength. And e u e t i y the
same thing may be said of the hundred* of national HO
tivities that lie between the two i i t r t m t s of ugricul
ture and steel manufacture!

Moreover, the domain of the science of tb#
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rnation of matter includes cwn Hf« tt»^lf an i ts
phase: from our birth to our return tt» dust the lawn of
chemistry arc the controll ing lawa of lif«f health, din-
ease and dnath, and the <*vi*r d e a r e r rwwgnition of thin
relation is the* strongest force that U raining itmlkmm
from the uncertain realm of an art to the niifw sphere
of an exact science. To many scientific) mimln it him
even become evident that those mont wonderful factn
of life, heredity and character, mu»t find their Html *x*
planatton in the chemical C0mpoitUon of thii wnipti-
nents of life producing, germinal protoplaum: mt*m
form and shape a m no longer iitipreme but arn re!o«
gated to their proper place a i the housing only of tho
living matter which fund ion* ehetnkally.

I t must be cpitf* obvtoii* now why thcmghtfiil fnen arn
insist ing that the public ihould hi* awakencul to it brtiitd
realization of the »ifcnificance of tint Hcience of ah^m-
istry for itn national life.

It i i a difficult nelmm in i t i df*ttili f h®mum it Una
found that it can b t i t interpret the vinible phmmmn®*
of the material world <m the b i i i i of t h i c!nti^fiticiM of
invisible minute material atoms ant) m o k c t i k i , putih n
world in st§elff w h o i t properties n n y be tseverthelenn
aeevrately deduced by a rigorou* logie mnimMmg tb«
highest type of scientific iniaginatiofi. But it layman
is interested in the wonder* of great bridge* and «tf
monumental buildings without feeling the nmtl nt in*
quiring into thu painfully minuti! and nt#ndiml mlmh*
tions of tha engineer and iirehiteet of the strains iintl
stresses to which every pin and every bar of ib« g r e a t
bridge m& every bit of *ton#9 t t « r y foot uf $mk in «
monumental edifice, will be exposed* Bn th# public may
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understand and appreciate with the keenest intercut
the results of chemical effort without the nwd of in-
struction in the intricacies of our logic, of our dealing*
with our minute, invisible particles.

The whole nation's welfare demand*, indeed, that
our public be enlightened in the matter of the relation
of chemistry to our national life. Thuaf if our com-
merce and our industries are to aurvivw tin* terrific?
competition that must follow the m?*iaWiHhim*nt of
peace, our public must insist that its representative* in
Congress preserve that independences in chemical man-
ufacturing which the war has forced upon tin in the
matter of dyes, of numberless invaluable remedie* to
cure and relieve suffering; in the mutter, too, of hun-
dreds of chemicals, which our industries need for their
successful existence.

Unless we are independent In these fklds, how easily
might an unscrupulous competing nation r!o us untold
harm by the mere device, for instance, of delaying sup-
plies, or by sending inferior material* to thin count ry or
by underselling our chemical luanufitetiircira and, after
the destruction of our chemical independent*, hattdioap-
ping our industries as they w w a in thi I n t year or
two of the great war! This is not a mm® possibility
created by the imagination, for our eeonomie hintury
contains instance after instanoe of tht purposeful un-
dermining and destruetioa of our industries in flntr
chemicals, dyes and drags by fortigu tntorosts bent on
preserving their monopoly. If one recalls that
through control, for instance, of dyts by a oompttfof
nation, control is in fact also eatablisliad m§r prod-
ucts, valued in the hundreds of mllUooa of dol lar^ in
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which dyes enter an an tmfipntiui factor, one may
indeed the tremendous tnduHtrial uticl ccminwrciiftl
power which in controlled by Urn Bmgki Iitvi^r di«*m
ical dyes. Of even more vital moment h cht'iniHtry in
the domain of health: tho pitiful calla of &ur hospital*
for loeitl anegthetic* to alleviate Huftering on thtt opur-
ating table, the frantic appeal* far the hypnotic thut
soothes the epileptic and tttave* off his mnmn\ tin* ill**
most furious demands for remedy after rriwcly, that
camo in the early y t a n cif tin* wnr t a r t tttiit r i n p n g in
the hearts of many of us. No wondor that our ttrniiil
army of chemists is grirtily dutenniniH.1 not to g ive up
the independence in chemistry which w a r t i n
for u s ! Only a widely fniightened publie9

can insure the permanenci* of what fanu&ittg mm ltav«»
started to accompliHII in d e w l o p i n g the* p«w«*r of i?Jii*m
istry through research in ovi?ry flmnain which ch^min-
try touchen.

The* general public nhouhl rmlim that in thr Nuppnrt
of great chemical reieareh la^nt tor i en of mwmmUm
and technical schools it wilt bn atmfnintng important
centers from which the aeienen which Impnwm
ncti f abo l i ih t i waitep t i t ibt i i l i im mm indtnttriffi
prese i re s life, may rtaeh out h^lpftiily into .itll tint
activities of our great nation, thut ar» dt*pt»mJi%wt on
the tranHformation of matter.

Thci publics is to \m cuni^ratulatrdl upon ttin fuel thni
the writer of the present vohimi; in bfttur c|yaiiflf»il
than any other mm in the country to tiring hmtw t*i
readers totae of the groat remit* of mmfcrn
activity as well a# lome of thi» big probl^mif whi«?h
continue to engage the attention of our ebcmint*. Jlr,
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Slosson has indeed the unique quality of combining an
exact and intimate knowledge of chemistry with the*
exquisite clarity and pointedness of express icm of a
born writer.

We have here an exposition by a muster mintlt nn
exposition shorn of the terrifying and obacuring tech-
nicalities of the lecture room, that will be* m nhmrhmg
reading as any thrilling romance. For th«? »tc*ry «f
scientific achievement is the greatest t*pie this wurltl ban
ever known, and like the great national «*pies of bynrunn
ages, should quicken the life of the nation by n tvn\iz&*
tion of its powers and a picture of its k
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La Chimia jmdde
xm degrS plus iminmt que h% mtrm
parce qu'elle p^nltr® phii pmfm$*m«ml *t
atteint juaqu'aux elemcntM naturrb tJt̂ i Hnn,
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I

H I K E R P K K I O D H O F PKOOKHHH

lory of Rohinnoit Crtinoo in nit a l l egory of
tintory. Man in n cstttititwity upon A d t w r t
golatcd f rom o t h e r inhabi ted wtirWi—If t h e r e
iuch—-by million!* of ntilen of ttntravtfriwble
Sit* Is abso lu te ly cleptnili 'nt upon hi* own wti*r-
r th is wor ld of htn, a^ Wulln n»yn, him no Im-
mpi mrtroriti*» nntl no expor t* of miy kitu).

no wn*c*kfc! nhip from n f o r m e r Aivili'/iitioit
upon f(ir tooln nwd wenponn, Ititt nttwt i t t tHw
in miiy inch r a w ma te r i a l* an h« r u n flntl.

of n a t u r e by nian tboro a m thrui*

ic A p p r o p r i a t i v e P e r i o d *
in A d a p t i v e P e r i o d
w, Croa t iv^ P t r i o d

frnn o\*i»rlapf a n d thr* h u m a n rur^, a r rntht»r
tird, rivilisw»d man, mny \w panitinff in to Ihn
fi» in om» f!t*!*1 of htinmn ^ n d ^ a t ^ r whili* ^fill
in t h t •MPncl o r flrnt in nnmc nthi*r
ly p a r t i c u l a r Jinr* tl$i^ *itf|tii»nny in
iti%*fi m a n piekn tip whiitf*wr hi? csan ftnd avail*
tin nac. H i i iw©wi*#r in th# nmi ntaffv of
b ipea a n d d t i r t k p i t h i i enidlf» ifnttrtnttitnt



4 C R E A T I V E C H E M I S T R Y

until i t becomes more suitable for his purpose . B u t
in the course of t ime man often finds t h a t he can m a k e
something new which is bet ter than anything in n a t u r e
or natural ly produced. T h e savage discovers. T h e
barbar ian improves . The" civilized man invents . T h e
first finds. The second fashions. The t h i r d f a b -
ricates.

The pr imit ive m a n was a t roglodyte. H e s o u g h t
shelter in any cave or crevice that he could find. L a t e r
he dug it out to make it more roomy and piled u p s t o n e s
at the entrance to keep out the wild beasts . T h i s a r t i -
ficial barr icade, th is false fagade, was g r a d u a l l y ex-
tended and solidified unt i l finally man could b u i l d a
cave for himself anywhere in the open field f r o m
stones he qua r r i ed out of the hill. Bu t man w a s n o t
content with such mater ia l s and now puts up a b u i l d i n g
which may be composed of steel, brick, t e r r a e o t t a ,
glass, concrete and plaster , none of which m a t e r i a l s
a re t o be found in na ture .

T h e un tu to red savage might cross a s t ream a s t r i d e a
floating t ree t runk. B y and by it occurred to h i m to
sit inside the log ins tead of on it, so he hollowed i t o u t
with fire or flint. La te r , much later, he cons t ruc ted an
ocean liner,

Cain, or whoever i t was first slew his b ro ther m a n ,
made use of a s tone or stick. Af te rward i t was f o u n d
a be t te r weapon could be made by tying the stone t o t h e
end of the stick, and as murde r developed into a fine a r t
the stick was converted into the bow a n d th is i n t o t h e
catapult a n d finally into the cannon, while the s t o n e
was developed in to the h igh explosive projecti le.

The first masie^to soothe the savage breafct w a s t h e
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g g of the wind through this trees. Them Hiring*
were stretched across a crevice for the! wind t« play
upon and there was the* /Kciliim harp. The second
stage was entered when Hermes strung the ttirtoist!
shell and plucked it with his finger* and when Athenn,
raising the wind from her own hi»gsv forced it through
a hollow reed. Prom thesis beginnings we Imvo the
organ and the orchestra, producing such smutds tm
nothing in nature can equal.

The first idol was doubtless a meteorite fallen from
heaven or a fulgurite or concretion picked up from tint
sand, bearing some sl ight resemblance to a human
being. Litter man made godn in his own imago, and m
sculpture and painting grew until now tho ereation*
of futuristic art could be worsh ipod^t f mm wanted
to—without violation of the* second commnndmt»nt» for
they are not tin* likt»nc»*M of anything that m in liPitvim
above or that in in the* earth betumtit or tlmt in in tho
water under the earth.

In tho textile industry the name dktvalopnumt in oh*
aervable* The primitive mini mud the »ktnn of animals
ha hud slain to protect his own skin. In the* anumn of
time he—or more probably bis wife, for it !M to tlttf
women rather than to the men that wa ow« tin* ifurly
steps in thn arts and HCteneen—^faMtcncul ittavi** tog«'tb«*r
or pounded out bark to niiikt! garmentH. l ^ t r r i l l^m
ware plucked from tlict nhgepskin, the w e o o n and tbtt
ootton-bali9 t w i i t t d togtsther and woven into d o t h .
Nowadays it i t possible to make n eomplata suit of
dotbes f from hat to thenm* of any t l t i i r a b k textur*,
form and color^ and not include any sttbutanGe to tm
found in nature. Tho I n t m t t a l i atai labln wtrn
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found free in nature such as gold and coppt<r. In a
later age it was found possible to extract iron from it**
ores and today we have artificial alloys niiuto of multi-
farious combinations of rare me tain. Th« nwAWnm
man dosed his patients with decoctions of meh root*
and herbs as had a bad taste or queer look. Tin* phar-
macist discovered how to extract from thrni* thmr
medicinal principle such as morphine, quinine* am! co-
caine, and the creative chemist has dificov«»rt«l how to
make innumerable drugs adapted to spwi fk itimmmm
and individual idiosyncrasies.

In the later or creative stages wa £*ttc?r the domain
of chemistry, for it is the ehemiHt alone who pnmmm*n
the power of reducing a substance to iU conntitwnt
atoms and from them producing suhjttiitt©c*§ entirely
new. But the chemist has bean slow to nmlm* hi*
unique power and the world has boon still slower to
utilize his invaluable services. Until recently tmlwd
the leaders of chemical seienea e i p r e i i l y disclaimed
what should have been their proudest boast. The
French chemist Lavoisier in 1793 defined ebemttttry a*
"the science of ana lys i s / ' The Gorman dtonstst tier-
hardt in 1844 said: " I have demonstrated that thu
chemist works in opposition to living nature*, that ho
burns, destroys, analyzes, that th§ vital fore* a b u t
operates by synthesis, that i t rieonstroeti tilt t i l if lw
torn down by the chemical I O M N U "

It is quite true that chemists up to th§ middla of tho
last century were so absorbed i i th« doatmetive aide of
their science that they were blind to th§ eomtmet lvo
side of i i l a this respeet toty ware hm pmmiml than
their contemned predecessors, tha akh«iiifaitaf who t foul*
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ish and p r e t e n t i o u s as they were, aspired at least to the
f o r m a t i o n o f s o m e t h i n g new.

I t w a s , I t t i i i a k , the French chemist Berthelot who
first c l e a r l y p e r c e i v e d the double aspect of chemistry,
for he d e f i n e d , i t as "the science of analysis and synthe-
sis/9 o f t a k i n g apart and of putting together. The
motto o f c h e m i s t r y , as of all the empirical sciences, i s
savotr c e&t %>o%ivoir} to know in order to do. This i s
the p r a g m a t i c t e s t of all useful knowledge. Berthelot
goes ou t o s a y :

Chemistry c r e a t e s its object. This creative faculty, com-
parable t o t h a t o f art itself, distinguishes it essentially from
the n a t u r a l a n d . historical sciences. . . . These sciences do
not control t h e i r * object. Thus they are too often condemned
to an e t e r n a l i m p o t e n c e in the search for truth of which they
mxmt c o n t e n t t h e m s e l v e s with possessing some few and often
uncertain fragTax exits. On the contrary, the experimental sci-
pnceJ* have t h e p o w e r to realize their conjectures. . . . What
tht*y dream o f - t h a t they c^n manifest in actuality. . . •

Chemistry p o s s e s s e s this creative faculty to a more eminent
degree t h a n t h e other sciences because it penetrates more pro-
foundly a n d a t t a i n s even to the natural elements of exist-
ences*

S ince R e r t i i e l o t ' s time, that is , within the last fifty
yearn, c h e m i s t x y has won its chief triumphs in the field
of s y n t h e s i s . O r g a n i c chemistry, that is , the chemistry
of the e a r b o n c o m p o u n d s , so called because it was for-
merly a s s u m e d ! , a s G-erhardt says, that they could only
bt f o r m e d b y " vital force" of organized plants and
animals , h a s t a k e n a development far overshadowing
i n o r g a n i c e h t e z n i s t r y , 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 "organic mnn»
pounds," few of which occur in the natural world.

But this conception of chemistry is yet fur from hav-
ing been accepted by the world at large. Thin was
brought forcibly to my attention during the publication
of these chapters in "The Independent19 by vnrimas
letters, raising such objections m the following:

When you say in your article on "What Cmnm from Coal
Tar" that "Art can go ahead of nultire in On* tlyeHtuft htmi*
ness" you have doubtless for the moment allowed your rntbu-
siasm to sweep you away from the mooring* of r*a*on.
Shakespeare, anticipating you and your ^Cnmtiv® Cbmn'm*
try," has shown the utter untentblenirnii of your pc*#ifii*t*:

Nature is made better by no mean,
But nature makes that mmn: m u*<er thai mi,
Which, you say, adds to mturtp k ait art
That nature makes.

How can you say that art ftsrpatnatt nature whtit you know
very well that nothing man in able to malt run m my way
equal the perfection of all nature\H pmdndMi

It 20 blasphemous of you to claim tlint mm mat impmm
the works of God m they appear in nature. Only id* C«a-
tor can create. Man only iruitato, dmlmyn or i%Mm Qtd*§
handiwork

No, it was not in momentary afaeenoi of mind that I
claimed that mast could improve upon nature in tiit
maMag of dyes, I not only said it, but 1 proved I t
I not only proved it, but I oaii ba«k it up, 1 will ft*©
a million dollars to anybody Ending In ualttrt dymitiiffa
as numerons, varkd* brilliant, pum and dbtap an tham
that are manufaetared in the kboratoiy . 1 h a v e n 9 !
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that amount of money with IIW id the moiiiflMt^ hot t i i
dyern would be glad to put it up far ihn d l M o w r y of
a satisfactory natural Houm* for thotr tinctorial mate-
rials. This is not an opinion of mitio but a matter of
fact, not to be decided by Shitkf*$p«*ttrt% who was tint
acquainted with the aniline product*.

Shakespeare in the passage quoted in indulging in bis
favorite amusement of a play upon words. Then* in a
poasiblc* and a proper Heine of the word " n a t u r e 1 1 that
makes it include everything txaept the supernatural .
Therefore mtm and all his works bttloug to the m a t e
of nature, A tenement houm in this mmm m i i A<iuifc-
ura l" as a bird fa nei t , a peapod or m cryntal.

But such a wick eEten ibn of the term dontroya it«
distinctive value. It m mom convenient and quitfi M
correct to use " n a t u r e " an I have utted it, in eontradiii*
tinction to " a r t , M fneiinttiK by th«» former the prnchaotn
of the mineral! vegetable and animal kingilomHi t^xultid*
ing the deaijpiHv inventions and construction* of mmn
which we call " a r t / 1

W e cannot, in it general and abstract failiioii, mf
which is superior, art or nature, \wmnm it nil dkrpimd*
on the point of view. The worm lovnt m rotten log into
which he can b o m Man pmf^m a steal <$nbim?t into
which the worm cannot bori*. If fttftn eanttot Imprnvm
upon nature hn ban no motive! for milking unytliitig.
Artificial products ure therefore superior to fiiitttrml
products a s measured by mm% mnv^nmnm^ o ih»rwi i#
they would Imvi* no reason for f*xt*i*nc&

Scitnee and Christianity nrn a t ottt in abhorring tlm
natural man and calling upon fhn civi l i i#d mmm fn % h t
and subdue him* T h t ^ a c p i t t of naturit, not tb« imi-
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tation of nature , is the whole duty of man. Metch-
nikoff and St. Pau l uni te in criticizing the body wo WITO
b o m with. St. August ine and Huxley a r e m agree-
ment as to the eternal conflict between niun and n a t u r e .
In his Bomanes lecture on "Evo lu t ion ami Ethic?*"
Huxley sa id : " T h e ethical progress of mwh'ty tie-
pends, not on imitat ing the cosmic proc?**, at ill hmn on
running away from it, but on combat ing it»f l and
again : " T h e history of civilization dctftik thi* Mt«*pft
by which man has succeeded in building up nn artificial
world within the cosmos ."

There speaks the t rue evolutionist, whence* on** &min*
is to get away from na ture an fa»t and fur an po**ibl<?.
Imitate Nature? Yes, when wi» cannot improve upon
her. Admire N a t u r e ! Possiblyv ba t bo not blindrt) to
her defects. Lea rn from N a t u r a l W«» nhoutti nit
humbly a t he r feet unt i l wa can s tand Greet ami go o u r
own way. Love N a t u r e ! N e v t r l Shi* in our trwidb-
erous and unsleeping foe,ever to \m feared und watched
and circumvented, for a t any moment and m *ptt0 of nil
our vigilance she may wipe out the human race by
famine, pestilence or ear thquake and within it few e^tt-
turies obliterat© every trace of i t i Mh'wvs*tiwni* Th«
wild beasts tha t man has kept a t \my fa r m fctw mmturlm
will in the end invade his p a k c e i : the munu will i!n»
velop his walls and the lichen d i s rup t them* T h e chm
may survive man by as many millennia an it p r e t t i e d
him. I n the nl t imate devolution of th§ world an imal
life wiU disappear before v tg t t ab l§ f I h t h igher p lan t*
will be killed off before the lower, i n d finally the t l i r t t
kingdoms of na ture will be reduaed to one, the minera l .
Civilized man, enthroned in his oltadtl a n d d*ftnded
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by all the forces of nature* that he tuts brought limit* r
his control, is after all in tin? mnw tiituntirm an a MHV-
age, shivering in the darkiwns b«»Kid«* hh Jin% lintciiing
to the pad of predatory fe«»tt th«* ruMth; of H«'rp«*i*U ustd
the cry of bircin of prr*y, knowing that only th«* fir*'
keeps his enemies ofTf hut knowing too that i*vrry stick
he lays on the* fire icmseiiM \m fuel supply and hastens
the inevitable time whim the beasts of tin* jufigli* will
make their fatal rush.

Chaos is the " n a t u r a l " state of the u n i v e r s e C W
mos is the rare and temporary exception. Of nil tlw
million spheres this is apparently tho only our* habit*
able and of this only a $mnll part—4hn readier mny driiw
the boundaries to suit htrnmlf-HBan be rallftd <3ivili*mL
Anarchy is the natural state* of th« humnn mm, ft
prevailed ejccluiivaly all o w r the* world up to nmtw flvn
thousand yearn a/fof sincf* whirh n fi»w propU*M hav«
for a time su£ci*edt*d in oHtablisbsug1 n wrtnin *b*irTi*r* of
peace and order. This , however, enn bo nuiintnifiwi
only by strenuous and pi*r»if*ti»nt e f f o r t s fnr mwwty
tends naturally to tink into flirt dtaos out of whmh it him
arisen.

It is only by overcoming nature that tnitn can rin«.
The sole salvation for ilw human mm \im In tiin re-
moval of the priitiiil earnnf tbi» wnti»ncr of hard labor
for life* that was imponod on mitn itn \w h*tl t'arntlifM**
Borne folks arc* trying to Hpvato th« Intmrinir rlans**sj
somo ®m trying to k w p them down. Thr* HcientUt hn*
a more radical remedy; h«* wants lo unnihikti* lh« k
boring classes by abolishing labor, Tlwm m n« lf»ngnf
any mud for humnn labor in ttu» S0ni^ »f pf*r«*nml toil,
for the physical energy n e ^ s i a r y U$ acmmptiiib «JI



12 CREATIVE CHEMISTRY

kinds of work may be obtained from external
and it can be directed and controlled without extreme*
exertion. Man's first effort in thin direction wan to
throw part of his burden upon the horm» and ox or upon
other men. But within the last century It hm b w n
discovered that neither human nor animal nrrvitttilc i*
necessary to give man leisure for the* higher lifts f*tr by
means of the machine he can do the work of g k « t «
without exhaustion. But the* introduction of maehim**,
like every other step of human progri*8nv mrt with th«
most violent opposition from those* it wan to benefit.
"Smash 7em!" cried the workin#man. "Rmnah Vwi ! M

cried the poet "Smash fwn! f f erieil the artful.
"Smash 'em!" cried the theologian, "8ntii*h V m ! M

cried the magistrate. This opposition yet linger* ami
every new invention, especially in cbemifttry, h gntetwl
with general distrust and often with lejfialativi* prahi*
bition.

Man is the tool-using animal, and the machine, that
is, the power-driven tool, in his peeulinr achtwentent*
It is purely a creation of the human mini* Thif wheiflv

its essential feature, does not exiiit In nature. The
lever, with its to-and-fro motion, w«* find in thti l imbi
of all animals, but the continuous and revolvin«r 1«vw#

the wheel, cannot be formed of bont and fitoftb. Mats an
a motive power is a poor thing. He a»n 0nly convert
three or four thousand ealoriea of energy i day and he
does that very inefficiently. B i t fet oan mulct an onjftni*
that will handle a hundred thouaaod time* Ibul, tmim
as efficiency and three times as long. In thin way only
can he get rid of p&ia and toil and gain the waalth hm
wants.
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Gradually then he will substitute for the natural
"World an artificial world, molded nearer to his heart's
d e s i r e . Man the Artif ex will ultimately master Nature
a n d reign supreme over his own creation until chaos
s h a l l come again. I n the ancient drama it was deus ex
'machina that came in at the end to solve the problems
o f the play. It is to the same supernatural agency, the
d i v i n i t y in machinery, that we must look for the salva-
t i o n of society. It is by means of applied science that
t l i e earth can be made habitable and a decent human
l i f e made possible. Creative evolution is at last be-
c o m i n g conscious.



II

NITROOKN
P B E S E B V E R AND DESTROYER OF M F K

In the eyes of the chemiMt the Cir^nt War wnn «*fw?n-
tially a series of explosive reaction* resultinff in tin*
liberation of nitrogen. Nothing life** it Jinn bwti . w u
in any previous wars. The fir«t battle* wt*r^ futtght
with cellulose* mostly in the form of cltiba. Th«* m»xt
Vere fought with silica, mostly in the Form «f flint
arrowheads and spear-poinif*. Then vnmv t\w nwta.1*,
bronze to begin with and later Iron. Tin? nitrafffnotut
era in waiiais§ began when F r k r Rog<*r Bacon or Friar
Schwartz—^iidbever it wa§—ground f«gclbc*r in l$t«
mortar saltpeter, charcoal and itilftir. Th« rhim*rtf»9

to be sure, had invented ganpowder long bpforp, but
they—-poor innocents—did not know of iinything warm
to do with it than to make it into fire-creeker*. With
the introduction of ^villainoiii «aitprti»rM war rrtiuti
to be the vocation of the nobfoman »nd niuei* th» noble*
man had no other vocation h i began to become #*tinet,
A bullet fired from a mild a w i y i i no rmpmim of pmr*
sons. It is just as likely to kill a knight i t a pea*iwt f

and a brave man as a coward, ¥011 eannot frnee with
a cannon ball nor overawe it with a phmml b a t Tim
only thing you can do is to hide and ifanoi hack. Now
you cannot hide if you send up a eolnmn of atnoke by
day and a pillar of fire by night—the moat Mnapiettntia
of signals—-every tima you shoot, 8 0 the next Mep

14
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was the invention of a HmukdeHM powder. In thin tin1

oxygen necessary for the ccintbtuiticm in already in nuuh
clone combination with its fu*'lf the carbon ami hydro*
gen, that no black particle* of carbon can get away
ttnburnt. In the old-fashioned gunpowder th«s my%*m
necessary for the coznbuHtion of tlit* carbon nml mtlfnr
was in a separate package, in tin* molt'tuile of putm*-
slum nitrate, and however finely tin* mixture WJIH
ground, mnw of Dw atom»v in tin* rxcitwrntnt of tin* **i*
plosion, failed to find t h d r proper pnrtni^rK ut th» mo*
ment of dinp^r^al Tlii* n<*w gttnpowdor h^Hifl̂ i* \win%
»mokol«ft» m nHhleim, Tlwrp in no blnek i t i fky mimii
of potassium snltn M t to fowl tht* p i n barn*!.

The gunpowder period of warfare wan act ively initi-
ated at the battle of Cnway, in which, m a contempo-
rary historian mty^ < 4The KnjclsHli gttnn made nmnv lilm
thunder and canned Hindi IOHH in tn**n and liorM»*ii.M

SmokeleHH powder an invented by Paul Vieilli* wim
adopted by the Freaeh Oovrrnmcitt in 188?, Thin,
then f might be called the beginning r»f the guncaHtm *tf
n|trocoilulose perioil—or! perhapi in dr*f«*retii!f* to tint
i v e n n | | club, tho aocotid eelklnnti period of human
warfare." Better, doubtles» f to .cal l it the Ml$igh **.
plosivn poriod,11 for vnrtottM othrr ftttTfi-eontpoumlit W
sides jpuncotton are being; tw»d.

The important thinjf to not** in flint all tho f*xpIt»jijV0ft
from fnmpowder down coittiiin nitroffr*n an tho rr**nfitinl
element. It in mntntnnry t«i eall nltmmm "mi
element*9 because it wan hard to get it into
tioti with other elementii. It might, on lb« other ttanclf

be looked upon an an active element braauiu^ it aatn §#
energetically in getting: mi of ttn eonipounclii., We can
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dodge the question by Baying that nitrogen In a mmt
unreliable and unsociable element. Like Kipling'* eat
it walks by its wild lone.

It is not so bad as Argon the Lasy and thi* oth«*r ecli-
bate gases of that family, where1 each individual atom
goes off by itself and absolutely return** to unite vwn
temporarily with any other atom. Tin* nitrogen ntmim
will pair off with each other ami stick toKcthiT, but
they are reluctant to associate with ot!u*r vhmmit^ and
when they do the combination is ltkt*ly to bmtlt up any
moment. You all know people* liki* that, K°od rnmsgh
when by themselves but auro to hmik up any club,
church or society they get into* Now, flu* vulm* «f
nitrogen in warfare in due* to the? fiid that all f h«* ntomn
desert in a body on the field of battle. Million** *»f thv-tn
maybe lying packed in a gun cartridge a* nmH n* you
please, but l i t a little diBturbanc** ntart in tin- n**i%Mmr*
hood—say a grain of mercury fulminate ttim** up nm\
all the nitrogen atoms gut to trrmblintf nn vi«*l* ufly
that they cannot be reatraindL Tlu* nh«rk *pr**ih
rapidly through tha whole mm%. Thi* hydrofoil AII«1
carbon atoms catch up the oxygen ?iri*l in nn i
they are off on a stampede, erowdittK in vvrry
tion to find an exit, and got ting mmv \wntt«\ up nil
time. The only movable mte Is ih<* mntioii tutli in
front, so they all pound a p i n s t that and give it inch
a shove that it goes ten mites before it ttufii, Th§
extenml bombardoaent by th i cannon hall it f thtrtfcirt,
preceded by an internal bombardment on Use oannon
ball by the moleOTles of the hot ga§et t whose §pm& i i
about as great as the speed-of the projeetile that t h e j
propeL
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The active agwit in all t l n w t«xplofiivf»8 in tho nitro-
gen atom in combination with two oxygen atom*, which
the chcmiHt call* the "n i tro group f f atsfi which hi* repre-
sents by N()3 . Thta group wan, a* I him* HUSCI, orig-
inally UHf*il in Urn form of #nttp<<t«ir or potumtium til-
trute, but mm* tin* c?ln*titi*»t did not wurtt tin* potaHHium
part of it—for it foult'd hi** guiia~~ho took thu mtro
group out of tin* nit rat D by nwntm of imlfurta neni nntl
by the* mmm menu* hooktnl it on to isoiiw coiupouitd of
carbon and hydrogon that would Inirti without kmving
any ri^icltit% and xiv«* notliing but gaiK»»* On«* of the
Himpirnt of theHo hydroenrbon di*rivntivi9fi In glyi!4*riii|
the annm as you UM« fur Hunburn. Thi« mixoil with
nitric and sulfurie a e k k givc»n itttrofttywrttt, nn mny
thing to mnkt f though 1 ultoult! not itdvtfut unybaily to
try making it unlcfin hi* hun \\\H lift* in*uri*d. But isitro*
glycerin in uncc*rtntn ntnft to hn*p unit Iwiitg n liquid in
awkwanl to hmulh\ Ho it WHM mi%ni with ^awdiint or
porous earth or lofftfttliing fiku that woutd Innk it up«
Thin molded into atkukit in our ordinary dynftniiUi.

If initaad of g lyetr in wit titki! r^llitlmiit in | h r form
of wood pulp or notion and tnmt thin w i t h p l l r i e mkl
in 4ht presenet of inlftiria wo gr*t ttitrcKwllufafMt nr gun .
ctotton, which in thu chief tngrmiioitt of amoki*!?1** |HIW-
dor.

Kow guncotton look* IJICM rommmi rotton, It in too
light and loom* to park w**ll into A gun. 8 0 it in din-
solved with ftthtr IIIH} alt'ohnl or iicwtoitft tn tnnkt* n
pla»tic5 mam that can fw molded tutu rmh nnd irtit into
grains of i u i t a b k nhapt iind mm. in burn nt tin*

Htrt . thtfti, Wf h«vi* a liquid «*xpttniivo#
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that has to be soaked up in some poroun «olitlf and A
porous solid, guncotton, that has to aonk up nome
liquid. Why not solve both difficulties together by
dissolving the guncotton in the nHroKlywrin ami no
get a double explosive! This is a Bimpie idea. Any
of us can see the sense of it—once it is HUKW*U**1 to tin.
But Alfred Nobel, the Swedish chemist, who thmight it
out first in 1878, made millions out of it. Thf»if appar-
ently alarmed at the possible! consequence of \m In
vention, he bequeathed the fortune lie had wmlf by it
to found international prizes for medical, chrfnical and
physical discoveries, idealistic litc*rattirc! and thr* pro-
motion of peace. But his posthumous efforts for Urn
advancement of civilization anil the abolition of war
did not amount to much and hi i high explosives wvm
later employed to blow into pieces the doctor*, ehfftn-
ists, authors and pacifists he wished to reward.

Nobel's invention, "cordite /* i i composed of fittro-
glycerin and nitrocellulose with a little* mineral j**Hy or
vaseline. Besides cordite and iiniiiar ntixtureii of
nitroglycerin and nitrocellulose there um two other
classes of high explosives in common use.

One is mad^ from carbolic add , winds i i famtHitr to
us all by its use as a dmnfecUmt If thin i i trmtml
with nitrie and ralfurio acids wa get from it picric acid,
a yellow crystalline solid. Every government has i ts
own secret formula for this typa of exploaiv*. Th#
British call theirs "lyddite,M the i'miidb ^mel tnt to"
and the Japanese "shimose ."

The third kind of high txp lo i iv i s uses as it* haao
toluoL This is not so familiar to us as glyo*rtfi9 cotton
or carbolic ac id It i s one of th§ coal tar products, an
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if lammable liquid, resembling benzene. When treated
i" th nitric acid in the usual way it takes up like the
otters three nitro groups and so becomes tri-nitro-
>1TLOL Realizing that people could not be expected to
J e such a mouthful of a word, the chemists have sug-
* s t e d various pretty nicknames, trotyl, tritol, trinol,
l i t e and trilit, but the public, with the wilfulness it
v v a y s shows in the matter of names, persists in calling
T N T , as though it were an author like G. B. S., or
3 L CL, or F. P. A. T N T is the latest of these high

p>losives and in some ways the best of them. Picric
i<3L has the bad habit of attacking the metals with
l i c h it rests in contact forming sensitive picrates that
0 easily set off, but TNT is inert toward metals and
e p s well. T N T melts far below the boiling point of
i t e r so can be readily liquefied and poured into shells.
i s insensitive to ordinary shocks. A rifle bullet can
fired through a case of it without setting it off, and

l i g h t e d with a match it burns quietly. The amazing
.xxg about these modern explosives, the organic ni-
i t e s , is the way they will stand banging about and
ratling, yet the terrific violence with which they blow

-when shaken by an explosive wave o|La particular
• o c i t y like that of a fulminating cap. Like picric
. c l , TNT stains the skin yellow and causes soreness
1 sometimes serious cases of poisoning among the
j p l o y e e s , mostly girls, in the munition factories. On
i other hand, the girls working with cordite get to
xxg it as chewing gum; a harmful habit, not because
a n y danger of being blown up by it, but because
r og lycer in is a heart stimulant and they do not need
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T N T in by no mean-it amokdeHN, Tho German
that exploded with it cloud of blitck nmokf* nticl which
Britinh Holdiurti called l 4Blnrk Maria*," l lcoal*box«ti l f

or 4 'Jack Johnson*" war*? londiui with i t Hut it in ait
Advantage to have a »ht*ll »how whim* it *triki*8y it!
though a diHadviintaRi* to have it nhow wh«rt' if, HtartH.

It in ihvm* high c»xploHiVI»H that have revolutionized
warfare. An mum an this firnl (Irniian nh^H imck«*ct
ucrith theme* new nitrates burnt itumlf? th« CJru^ou cupola
it Lic'go and tore* out i t * * t w ) and eoneri'tt* by l\w rotitn
:ho world knt*w that the day of tin* fixml fortrrnn wan

nntiit»i dfmi*rtfd thi*ir axpcmmvHy fir^pitrfiti
and took to the* tr^neh^i. Thii Hritinh

roopi In Franco found thi*Ir wrapon* fntili* tittd nctnt
teross the* Channel the* cry of fiBrti«l nn hiirh rtpUinivMH
>r we* p^rmh!*f Thr* home Oov«rnmt«nt WJW i4{*iw tn
iwd thi» appeal, hut no proifr«*8K wax miitl«* iiKfiiimt tho
"}f»rrn?uis until the All ies had the iii**iiiiH to blunt thi*m
>ut «f their entri»nrhmr»ntn by whelk lonfiecl w i th flvo
ninclreil poumlM of T N T .

All thftio i»xploiiti*i*ii lira madt fmm nitrin nfitd and
-hist used to be made from nttritto* nuc?h an p«*ti4Hiiuni
titrate or naltpeter. But nitraten ure rarely fautii] m
rtrge quanti t ies Napoleon nmt Lw bud a hurt! tittia
o acrape up enough wiltpi»tt*r from the compoiti ht«apHv

ellarM and mvm for their gunpunrder, ami lbt»y 4$d
iot uict a« much nitrogen in n whol« mmt$mign mn WUH
reed in a few day*1 ciinnotiiiding on tlif Hommis. K«w
here t i one plaee in the world—und no fur an wit know
<ne only—where nitratcn an* to \m found nbtituliintly.
?M§ is in a d#it*rt on the western nlofii* of tb«i Anden

aueitnt p i a n o d e p o i i t i ba%'i? tkm$mputm4 and
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there was not enough ra in to wash away the i r
Here is a bed two miles wide, two hundred milvn long
and five feet deep yielding some twenty to fifty p e r m i t .
of sodium n i t ra te . The deposit originally belong*?*! to
Peru , but Chile fought her for it and got it in JKHI.
Here all countries came to ge t their n i t r a tes for agr i -
culture and powder making, Germany wan the target
customer and imported 750,000 tons of Chilean n i t r a t e
in 1913, besides us ing 100,000 tons of o ther n i t rogen
salts. B y this means her old, wornotit fieltfc wen* made*
to yield grea te r ha rves t s than o u r fronh land. Oi*r-
many and England were like two dueliata buying pow-
der a t the same shop. The Chilean Government ,
pocketing an export du ty tha t aggrega ted hulf a hi It ton
dollars, permit ted the sa l tpeter to be shoveled impar-
tially into Bri t i sh and German ship*, mid mi two nilru*
gen atoms, torn from thei r Paeifie home uticl pa r t ed ,
like Evangeline a n d Gabriel, by t r anspor ta t ion o v e m a ,
may have found themselves flung into oad i o the r *§ firma
from the mouths of opposing howttsera in the a i r of
Flanders . Goethe ooald wr i te a romance nn *ucb a
theme.

Now the moment war broke out this mmrm of supp ly
was shut off to both parties* for t l i ty blockaded ttadt
other. The Br i t i sh fleet d o s e d u p tbo Gorman p o r t s
while the German cruisers in the Pacific took u p a po*i-
tion off the coast of Chile in o r d t r to Interaept ilm i h i p t
carrying n i t ra tes to England and Franca. Tti# Pan-
ama Canal, designed to afford relief in inch an vimr*
gmey, caved in most inopportunely. The Brilinh aent
a fleet to the B&eifie to clear the n i t r a t e tmU$$ b» i i t mm
outranged and def ta ted on N o ? t m b t r 1,1014, The a a



N I T B O G E N 23

stronger British fleet wan Kent out and smashed the*
Germans off the Falkland Inland)! on December 8. But
for seven weeks the nitrate* route had been cloned while
the chemical reaction;* on the Ma m e and Yser were
decomposing nitrogen-compounds tit an unheard of
rate.

England was now free to get nitrate* for her muni-
tion factories, bat Germany wan still bottled up. She
had stored up Chilean nit rates in anticipation of the
war and as soon as it was teen to be coming the bought
all she could get in Europe. But thin supply was altct*
gether inadequate and the war would have come to an
end in the first winter if German chemists had not
provided for such a eontirtfttney in advance by work*
ing out methods of get t ing nitrogen from the air. Lung
ago it was said that the British ruled the *t*a and the
French the land BO that left nothing to the* German but
the air. The OermaiiH necm to have* taken thin jtbn
seriously and to have set themselves tc* make* tlw nttist
cf the aerial realm in order to challenge tin* Brit ish ami
French in the fields they had appropriated* They hud
auceecitlcfd so far that the Knitter when he declared war
might well have considered himself the I*rtne# of the
Power of the Air. He had a fleet of ZepfMilirin am! In*
had means for the fixation of nitrogen such m nn other
nation possosned. The Zeppelins burst tike wind bags f

b i t the nitrogen plants worked and mmh Germany in*
dependent of t,1iikf not only tlnrinif the war, but in Ittts
time of peace.

Germany during the war used 200,000 tons of ttiirin
acid tt year in explosives* y#t her supply of nitrogen
i s h l
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HXIR

World production and coniumptbn of fixed i iwgiai
in t«»»j* nitr<*«**«

From Tlhf Journal of IndwKrial and tingtmwfim Ctomk**9, MM**. Wli.-

N i t r o g e n i s f r e e a s air* T h a i i i t h e t r o u b l e ; i t i« too

f r e e . I t i s fixed n i t r o g e n t h a t wn w a n t i n d t h a t w$! iin*

wi l l i ng t o p a y f o r ; n i t r o g e n i n c o m b i n a t i o n w i t h n a m e

o t h e r e l e m e n t s in t h e f o r m of f o o d m fertiliser no we

c a n m a k e u s e of i t a s w e s a t i t f r i t , F h t t i n i t r o n

i n i t s c h e a p e s t f o r m , Ch i l e sa l tpe ter y rose t o # 2 5 0 d u r -

i n g t h e w a r . F r e e n i t r o g e n c o t t i n o t h i n g a n d m

f o r n o t h i n g . I f a l a n d - o w n e r h a s a r i g h t t o nn e

i n g p y r a m i d of a i r a b o v e h i m t o t h e l i m i t s o f tin* »tfi3i»§*

p h e r e — a s , I be l i eve , t h t c o u r t s h « ? § d ^ i d t d i n t h e

e a v e s - d r o p p i n g c a s e s — t h e n f o r e v e r y n q i t a r t f o o t o f
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his ground he own* n« much nitrogen m be ernild buy
for $2500. The ttir i« four-fifth* free nitrogen ami If
we could absorb it in our lung* an w« do the oxygen
of the other fifth a ttm minute* breathing wimtd g i v e
us a full meal. But we let thin free nitrogen nil out
again through our nnmm arid then go and pay 35 w n t *
a pound for steak or 60 cent* it dtixeo for *gg* in order
to get enough combined nitrogen to live on. Though
man m immersed in an ocean of nitrogen, yrt bci munut
make use of i t He i i like Coleridgt^s *f Ancient Muri
n e r " with 4I water, wattr f evorywborti aor any drop to
drink.91

Nitrogen in, a§ Hood i i i d not i o tn i ly about go]clf

"hard to get and hard to ho ld ." The bacteria that
form the nodules on tha rooti of pmn and heann have
the power that man hnn not of util ising free nitrogen.
Instead of this qmpt incon^ptcuauH proce^H ninn Unn to
call upon the? lightning when he wiuiti to Hi nitragrii .
The air contains the oxygon nnd nitrogen which it in
dent red to combine to form nitraiet but tbti atonin are
paired, like to Hke, F a i l i n g an t le t tr ie npnrk through
the air breaks up tome of t h t i t p i i r i and in the wnfu
sion of the shock the lout ly atom* mlm on their neareal
neighbor and no may gctt partner* of the other aort.
I have nc»en thin mime thing happen in a nquare 4nnm
whore Homebafiy made a blunder* It i i eauy tii ttttder*
stand the reaction if w$i ruprenent the atom* of toty&n
and nitrogen by the initial* cif their name* in thin
fashion;

KN -f- IK) -
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The — > represents Jove's thunder
artificial lightning. We see on the 1
of oxygen and nitrogen, before taking
ment, as separate elemental pairs, a n d
of the arrow we find them as compoi
nitric oxide. This takes up another
from the air and becomes NOO, or "U
figure to indicate the number of a t o i
repeating the letter, N 0 2 which is t b
group of nitric acid (HO—NO2) a n d
nitrates, and of its organic compoun<
plosives. The NX32 is a brown and e
which when dissolved in water ( H O .
oxidized is completely converted into x

The apparatus which effects this t r
essentially a gigantic arc light in a e".
which a current of hot air is blown,
oughly the air comes under the action o j
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 N N and 0 0 . S o
spread out the electric arc as widely i
then run the air through it rapidly. Ix]
process the electric arc is a spiral flarr
feet long through which the air streams
motion. In the Birkeland-Eyde furru
series of semi-circular arcs spread out I
force of a powerful electric magnet in
seven feet in diameter with a temperati
In the Pauliiig furnace the electrodes
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the current strikes are two ami iron tubes curving up-
ward ami outward like the horn** of a Tentn »lw?r and
cooled by a utrcam of water panning through them.
These electric furnaces produce two or thruis oiineen of
nitric acid for each kilowatt-hour of current eonmtim*d.
Whether they can compete with tho natural nitrate?*
and the products of other proeettna* depend** upon liow
cheaply they can get their electricity, Before the war
there wera several large installation* in Norway itnd
elsewhere whore abundant water power wan available
and now the Norwegians are using half it million harm*
power continuously in the fixation of nitrogen ami the
rest of the world m much again. T h e d^tmimn had
invested largely in thesd foreign oxidation plft»t## but
shortly before the w a r they had sold out nn& turner!
their attention to other predefine!* not requiring HO murh
electrical energy, for their country in poorly provitli.nl
with water power. The Hither proccmt, that th<«y mat lit
most of, is baaed upon a* simple n reaetton an that we
have been consider ing, for it earniatu in unttinK two
elemental gases to m a i n a eompotind! but the ttlententi
in this case are not nitrogen and oxygctn9 but. ttitrogen
and hydrogen* T h i i given ammonia taftiwul of nitrlo
acid, bat ammonia i i v i e f a l for it» own pnrptmtm nm\ it
can be converted into nitric a d d if thin h thmirmh Tim
reaction i s :

HN + HII + nil 4* a n + Nitnn -•' mum

T h t animal* g o in two by lwo f but they mnm mit ttmr
by four. Four m o k e n k i of th® mtxifd «*U*numU
t n n w d into two motecolos m4 t o tlit gm *hrtnkn tn
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its volume. At the same time it acqu ire fin o d o r -
familiar to us when we are curing a cold—that w i t h e r
of the original gases had. The agent that effwtn thi*
transformation in this case is not the electric apark—
for this would tend to work the reaction backward*—
but uranium, a rare metal, which has the prculinr prop-
erty of helping along a reaction while seeming ti» t*ik<*
no part in i t Such a substance in called,a t'lttalyat.
The action of a catalyst is rather mynteriouH ami when-
ever we have a mystery we need an analogy. We* nuiy,
then, compare the catalyst to what in known an " a good
mixer" in society. You know the sort of nt&u I nioati.
He may not be brilliant or especially tnlkativp, but
somehow there is always iAsomething do ing" at a pic-
nic or house-party whan ha m along. Tho tactful bont-
ess, the salon leader, i i a social catalyst. Tin* trouble
with catalysts, either human or metiillte, in that they
are rare and that sometimes they get sulky and woiTt
work if the ingredients they ara suppoaed to mix are
unsuitable.

But the uranium, omnium, platinum fir whatever
metal is used as a catalyzing agent i i ex|M*n*iv0 nml al»
though it is not used up it i i easily "poiwnitt l ," na tin*
chemists say, by impurities in the gates , The attrag*ii
and the hydrogen for the H t b t r p r o w s i mtiat then be*
prepared and purified before iryiag to eombitiir tlirm
into ammonia. Th© nitrogen is obtained by licguefyifiif
air by cold and pressure and tfata boiling o f tbn nitro-
gen at - 1 9 4 ° 0 . The o x y p n left i i Hatful fur nthtr
purposes. The hydrogen needtd i i ©itraeted by a tim-
ilar process of fractional distillttlon from f*w«t#r*

the blue-flmna buraiiig p § ueed for



NITROGKN 29

Then the nitrogen mu\ hydrogen, mixed in the propor-
tion of one to three, an nhuwn in tint reaction givim
above, are oomprogfted to two hmtdrwl atmoftphorfMt,
heated to 1300s* F . and paMiwd ov«*r Uu» fifthly divided
uranium. The at roam of gan that cotm** out contain*!
about four per e*mt. of ammonia, which ia WIUIIMHWI to
a liquid by cooling and the* ttncombitwd hydrogen ami
nitrogen passed again through thu appanttu*.

The ammonia enn be employed in refrigeration ami
other ways but if it i s demired to get the intrcigMi into
the form of nitric a d d it ha* to be oxidtoml by tbo an*
called Ostwald proeom. This in th# roaotton:

i i i i i

The catalyst used to offiwt thin combination I* the
metal platinum in tin* fWm of flnr* wire* ffnuw, Kin î* the
action takoH place only on tho mirfner*, Thr ammonia
ga» in mixed with itir which KupplicH the oxygen iiml
the heated mixture run through the platinum grttm* at
the rate of nevt*ral yurdu a ii*eond» Although thii giimm
eoma in eontact with tint platinum only a fivt»--htmdritflth
part of a second y t t tighty«iv© p t r mnL m converted
into nitrie aoid.

The l laber pmmmn for th« making of ftmtriiiniii by
direct «yiithi*niii from it* comttitupnt f*lefiii*iitn untt thr*
nupplemental Ontwald prcK»i*»» for the convention of
th# ammonia into nitric? a d d were the inlviitirin of Oi*r*
many. An toon a* the Ctartnan* naw t h i t tht*ir dnnh
toward P a n * had b®m i toppud i t th« Marm* thoy kmm
that tibsy were in for a long war und at mm mada plans
for a supply of ftead nitrogan. T h i chief Oortnan # #
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factories, the Badisehe Amlin ami Soda Fnlir ik,
promptly p u t $100,000,000 into enlarging it« p lan t mid
raised its production of ammonium nulfatt* from llofXM
to 300,000 tons. One German electrical firm with Aid
from the city of Berl in contracted to provide 6<i,!J00fCKJ<l
pounds of fixed ni trogen a yea r a t a coat of tlir*-i»
a pound for the next twenty-fivt* year*. The 75
tons of Chilean n i t ra te imported annual ly by Cl
contained about 116,000 tottn of the* w r i i f i i i l i-l^m^nt
nitrogen. The fourteen la rge plant* erected d a r i n g
the w a r can fax in the form of n i t ra te* SWjrinu tun* of
nitrogen a year , which is more thim twit*** tin* amount
needed for internal consumption. So (farmimy h now
not only independent of the outHitln world but will
a surplus of mtrogem productn which could he #*ald
in America a t about half whitt the fnn twr km
paying for South Amertean naltp^ter.

33esides the Haber or direct procemi there a r e
methods of making ammonia which nrt% »t Irani
of Germany, of more importaneo* Mo*t prominont c»f
these is the eyanamid proc^i i , Thin require* i*li«titrj»
cal power since it utarta with n product of th* *4mlmd
furnace, calcium carbide, familiar to m i l l ** n mmm.
of acetylene gas .

If a s t ream of ni t rogen i t pumml m®r hot mhmm
carbide i t is taken u p by iU e&rbidt aowniifig to Uw
following equat ion:

calcium carbide nUtt^m mMwm wpmmM

Calcmm cyanamia was d i M W t n d ia igBS by Caro
and F ranke whan th#y w t r t t ry ing to work out a a t *
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process for milking cyanide) to MM* in contracting gold,
It looks like stone and, umitT the* nam« of limtMtitrogcn,
or Kalkstiekstoflf, or nitrolitn, in noltl nn a furti l iwr.
If it is desired to got ammonia, it in treated with Hiipi$r»
heated steam. The reaction produeim heat and pr**ti»
sure, so it is neepanary to carry it cm in atout auto-
claves or enclosed kettle*. The* cyanamid in completely
and quickly converted into pure ammonift and milmutn
carhon&tv, which in the aamo an thi! limmtmw from
which carbide wan made. The reliction i«:

Another electrical furnace method, tho Serpftk
;, uses aluminum instead of ealeium for the fixation

of nitrogen* Bauxite, or impure aluminum oxide, tho
ordinary mineral UMHI in the manufacture of metallic*
aluminum, is mixed with coal and heated in n revolving
electrical furnace through which nitrcigvn in panning.
The equation in:

A?A + «C + K, -4- IAIN -4- MM*
aluminumoiitfe turban niU**%m nUmrimtmnitri4« mrhm

Then the aluminum nitride in treated with
under pri*n»un% which proilucen ammonia imtl givm
hack the original aluminum oxid**, hut in n |iur«*r form
than the mineral from which wan made

SAIN + Sff/I -»• tSU% 4- AIA

The S t r p t k proe^«s i i ^mployvd to ionw i*icti»nt in
France in oonneetion with the alnmiriuin iriiluitry*
These ar t the priaoipal prooetaet for the fixation of
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nitrogen now in une, bat tht»y by m* rnvnun vxhnnni thi*
possibilities- For inatance, ProiVxwr Juhn i \ Hm-hi«r,
of Brown University, created n t a x a t i o n in VM7 by
announcing a new process which h«» had worked mat
with admirable compkteneriH and which IIIIH *«*IIK' %wy
attractive features. It needa no flwetric i*<*w<«r »r
pressure retorts or liquid air apparatus !!«
fills a twenty-foot tube with brir|uot» riuitl** «*nf nf »w\&
ash, iron and coko and pnmm prmhmr mm ihrmuh Urn
heated tube. Producer gas contain* nttrrij(<*u ^ii$w i t
is made by passing air nvi»r hot coal. 1*JP* r̂ JictiMW in *

Hoditun Mirtan nil T<*#r ft
carbonat#

The iron here acts M tlm c*ntiiJynt ami convert* twn
harmless substa!iei!if modiuiii earbonntc, which i** ram-
mon washing soda^ and carbon, into two of tlir m«mt
deadly compounds known to man, cyanide ami tmtimm
monoxide, which is what kill* you when yon Wow nut
the gas. Sodium cyanide* in a unit of hydrocyanic nciil»
which for some curious raaton in eaHw) *• Prnm^ n c i i i f t

It is so violent a pomon that, a§ tlttt fn*nbinafi *-n<I ID a
chexmstry recitation,<f a «iiif k drop of it plaopil un t b t
tongue of a d ^ will kill a man. **

But sodium cyanide i§ not only wmfnl In iUclf, fw
the extraction of gold and cleaning of nilver, but
be converted into ammonia, and i variety of ntlirr
pounds such as urea and oximm), which art gtnicl Ur*
tilissers; sodium f#rro^fa»id^ that- nmkti Prtt«iiati
blue; and oial ic acid utad k dyting, Profaiaar Ilttcbtr
claimed that Mi furnace could lit m% tip in n clay at n
cost of less than $100 and could turn out im poum!* of





Courtesy of E. I. du Pont de Nemours Co.
BURNING Alii IN A BIKKELAND-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. On the sides of the chamber are seen 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 feet in diameter and appears to be continuous although an al ter-
nating current of fifty cy cl es a second is used. The electric arc is spread into this d isle
flame by the repellent power of an electro-magnet the pointed pole of which is seen
at bottom of the picture. Under this intense heat a part of the nitrogen and oxypen
of the air combine to form oxides of nitrogen which when dissolved in water form the
nitric acid used in explosives.

Courtesy of E. I. da Pont de Nemours Co.
A BATTERY OP BIRKELAND-ETDB JFURNACES TOR THE FIXATION OF NITRCX1KN1

AT THE DTJ PONT PÎANT

[To face
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Bodium cyanide in twtmty-four hours. This process
was placed freely at the dispoiml of tho United S ta te s
Government for the war and a 10-ton plant w a s built at
Saltville, Va., by the Ordnance Department. But the
armistice put a atop to its* operations and left the future
of the proccsB undetermined.

We might have expected that the fixation of nitrogen
by passing an electrical np&rfc through hot air would
have been an American invention, mnee it w a s Frankl in
who snatched the l ightning from the heavens a s well a s
the scepter from the tyrant nm! ®inm our output of hot
air ig unequaled by any cither nation. But little atten-
tion was paid to thet nitrogen problem until 1916 when
it became evident that we ahotilcl noon be drawn into a
war "with a first claim power /* On June 3, 1916, Con-
gress placed #20,000,000 at the dinpoHal of the* president
for invcHtigiition of ** the hurt, cheapest and rnont avail-
able zueaiiH for the production of nitrate and other
product** for munition* of war and useful in the manu-
facture of fertiliMro and other unoful products by
water power or any other p o w e r . " But by the t ime
war was declared on Apri l 0 t 1017, no definite program
hud btiti approval and by the timci tlici armistice w a s
signed on N w e m b e r l l f W18f no plants ware in act ive
operation. But five plant* line! brnm ntnrtecl and two
of tlic*iti wc»re nearly rwuly to bctgtn work when they
warn closed by tho ending of tlici wmr. Uni ted Stilton
Nitrate Plant No, 1 was located at Sheffield, Alabama,
and was detigtsndl for tho production of ammonia by
"diract action f f tmm nitrogen nnd hydrogen Jicaord-
ing to the p k n s of the American Chemical Company.
Its capacity was mimhted at €OfOCKJ poundH of anhy-
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drous ammonia a day, half of whirh wan to he* o x i d i z e d
to nitric acid. Plant KIK 2 WHH *<r**Hi*d at Muscles
Shoals, Alabama, to urn* the* i»roc<**t.H of tin* A m e r i c a n
Cyanamicl Company. Thh wan mninmUni to p r o d u c e
110,000 tons of ammonium nitraf i* a y*ar mid l a t er t w o
other cyanamid plant.** of half that cupacity were*
started at Toledo and Ancnr, Ohio.

At Muscle Slioali a imuhrmnn rity of 2*\mjo sprang*
up on an Alabama cotton fi«*hl in $h months. T h e r a w
material, air, wan as abundant tli**r** an anywhrre a n d
the power, water, could bo nbtuinwl from tin* tiovcrn*
ment hydro-efectrio plant an th« TVum***™* I l iver , b u t
this was not available during tlif war t K«I Htvnm wim e m -
ployed instead. Th«j hr*nt cif the* rani wn« iini'di to cool
the air down to the liquefying point. The* princuplc* o f
this procais i i simple. Evt*rybiHly know^ that h r a t
expands and eold eontnietn, but not f*wryknly tmn real-
ized the converse of this rale*, that p%pnnmm% eooln a n d
compre$m#n heats. If nir in fwrc*i*tt into umitlipr ^pnei^
as in a tiro pump, it heats lap iiinl if i*Jbwi*«i to e x p a n d
to ordinary pressure it eonl* off again. Hut if the* a i r
while compre§sc*d i$ coolwl ami thim allowp4 to o x p n n d
it must get still colder and tin* prow** enti get mt t i l l i t
becomes eold enough to eongiwl, That i i f by i?x|mnd-
ing a great detl of air, a l i t tk of it can lm ritdliieatl t o
the liquefying point At Mundta Sbaal* flic? p lant for
liquefying air, in order to get tho nitrogen out o f it f

consisted of two down towers tath capable of produo*
ing 1765 cubic feet of pure nitrogen p w bcttar, T h e a i r
was drawn in through two pipes, m yard aero**, and
passed through scrubbing towtrs to r f f u w t impuritic*H.
The air was then compressed U 600 p m n i l i p t r
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ino tenth** of the! air was permit ted to expand
ind* and thin expanmon cooled down the other
II under high pri?tf*»urt% to tin* l iquefying point.
ig towern 24 feet high were ntacked with trayn
air from which the nitrogen wan continually
off Htnco it« boiling point in twelve

U* lower thau that of oxygon. Vnrv
etcd at the top of thit tower and the renidual

f now about half oxygDn, wan allow***! to (!H<utpi»
ttom.

trogen WAR them run through pipiw into th«
og«»n ovi*ns. Thorct were* 1536 nf theno iitiout
tqaarc and each holding IQilO pound* of pul-

aleitim carbide. T h i i is at flrit huatocl by an
current to utitrt thct reaction which n f t e r w a n k
enough heat to keep it going. An tin* tttream

en gun pitMHen 0Vi*v thn finely dtvidini i*nrW«le it
ed ti* form ealciunt cyanamid an d^Hitribiid on
\XH page* Thin product in eurilifd, powderctd
to d w t r o y any quicklime} or <uirhtti« l i f t un-

Thifii it i i charged into atttoelnven mul i t t a m
Lc*mpi*ratitre and p r t i i i i r t in mlmtttf!«I, Tho
ting on thn eynnnaiicl notn free ammonia gun
carried to toworn clown which eold fnt t i r in
giv ing the ammonia water, famil iar to tho

ml the bathroom.
jice nitria acid rather than nmmoniii wan
ir munit ion^ the oxygen of the a i r had to tin
to play* Thin procenn, an alrently <»xplatnm]f

I on by aid of a eutnlygpr, In thin eauo p
t MQIKSIO Bhoaln there w e m 696 of then**
m* Tim iktnniomti gun, miicfil with air to pro*
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vido the nccc»s«ary oxyjpw, wan admitted a t the to
and passed down through & »bcct of platinum gnu?
of 80rnesh to the? inch, heated to Mctmdt*Hcc*u<H! by vhn
tricity. In contact with this tiie ammonia In eonvwtc*
intogaseom* oxidbs ot nitrogen {Urn familiar red tmttt
of the laboratory) which, curried off in pipes, cooled a n
dissolved in water, f«*nn nitric ntsid.

But since none of tin? n&tionnl p k n t n could lit* gu
into action during* the vnr f th« United 8tat€*H WIIB
polled to draw upon Houth Aiitc*rku far itn
The imports of Chiloati iiilfpc4i»r rone from linlf
million tons in 1914 to it million and a luilf in If l l l
After peace was made* the Department of W a r titrncn
over to the Department of Agriculture* its marpltu* m
saltpetor, 150,000 Um% and it w i l l sold to
farmers at east, $81 a tern.

For nitrogen plays n double* rule in human y
It app<M|n like Brahma in t w o a»p<*ctit Vinhnu the ¥*r®
serrar itid Siva the I)eitrf>y«»r« Here I have b w n c o n

»itrogen in i t i nmlefieetit aipi*etf I t i urn h
Wo now turn to itii b^nafte^iat aspeei , iu nm h



I l l

F E E D I N G T U B BOIL

The Orenf War not only starved prwph*: it fttnrvod
the land. Knough nitrogen wan thrown away in mvnm
iiuleeimve battle an tint Aitrn** to mm* Ini'lin from a
famine*. Thu population of Knropi* $m it whole* him not
been lessened by the wnrf but thit not! linn been robbed
of ita power to support the population* A plant rc»»
quires certain chemical elements for itn growth a n d
all of these miiit lie within ri*nrfi «»f tt« root let^ for it
will accept nn mihtititutp*. A whi*at Ktalk in France
licft^n* tlit* war had placed at UH f«#f»t ttitrat^n frtun
(Jhih% phoHphatrn from Florida and potnnh front <Ji*r-
many. All th«*m* wvrt* nhtit ctfT by the* firing lino fltul
the Hhortiige of shipping.

Out cif the eighty e lemenU only thirUwn nrii Hfft|S*
sary for cropn* Four of them itn* gmm: hydro^yni,
oxygen, nitrogen and cliloriite. Fi%fe nn? metaiti: po«
tat)niumv magtieMiiim, c-alctunt, iron and mnU^Ht, F o u r
are non-mc*tnllic Moltdn: ertrbon, Mulfur9 pho||(lmrttM and
mlicon. Tlirw? r$f thi*iep hydrogt«n9 t$%yff0T\nml ctnrb<mf

miikiiig tip the bulk of tin* jilntit, iim cibtatnftblci ad libi-
tum from the inr niid w«U#r. Tkt* other ton iit the form
of iitltH are cliiitolved in tfii* water that in Hurkr*d u p
from the so i l The quantity n«wlt*d by Urn plant i« «o
itnall and the quantify eontaittwl in the noil in no f r e n t
that ordinarily we need not bother about tht$ supply

m
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except in case of three of tlwin. Th«-y ar**
potassium and phosphorus Thvm* wmihl h«* u*<'}<»** «r
fatal to plant life in the <*lc»in<«ntnl form, Imt fix«»d m
neutral salt they are essential plant fowl*. A ton of
wheat takes away from the* HOII about 47 pound* of
nitrogen, 18 pounds of phoaphorir nrid ami 12 putinflu
of potash. If then the farmer dm*H u^t r«-tUtu* thi«
much to his field every year he **• drawing ti|«m bin
capital and this must lead to tmnkroptey in fit** Ion*
run.

So much is easy to ste f but aettudly tli<* t|ii«^tioii i«
extremely complicated. When the Herman e
Justus von Liobigf pointed out in 1H40 tW poK
of maintaining soil fertility by the api*li«tti»i» of
cals it seemed at first a i though the qu«^tinti Wi-r
tically solved. Chemists mmmml thut nil tlify hn<l to
do was to analyze tht soil atid mi^ly/*^ tin* rrop nnd
from this figure out^ as eautly HH lmlnnruitf a IHHIJC h«*okt

just how much of each tngricliifiit wutitd Imv«* to h* m*
stored to the soil every year* But ntwi«*h«*ir it 4i*l nut
work out that way and the pmetien! ANTICUMtiriM, find
ing that the formnlas did not fit tiin (mm, mv*r**t\ nt ili»
professors and whonever they cit^d Li^tug t« him Ji$»
irreverently transposed the* syllable* of tin* nunp\ Tin*
chemist when h© went dttpur intu thi» stibjvct miw thut
he had to deal with tho ecill0idif thmp, np
gummy bodies that lie bad hitbtrto fought nby «f
cause they would not cryatallife m filter, H*i
ist called to his aid tbn physidst m thf on«» bund
the biologist on th© other and thtn thi*y both hml ihnr
hands f u l l , The physicist found t l i t # fa bud to thml
with a polyvariaat iystem of solldi, tifiuidbi «ml g»n#i
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mutually xninciblf* in phan«4H too numeroiiH to IMS h a n -
dled by Gibbs'H Half. Th<* biologist found that hi* h a d
to deal with the invisible flora nntl f auna of a n e w
world.

P lan t s ahoy the* injunct ion of T«*imy*on and riwt* on
the* s tepping s tonea of the i r dead m*Iv«*H to h i g h e r
things. Kadi HUceeH*uvi« gene ra t i on liven on w h a t In
left of the ]a8t in the noil phut wha t it add* from tho
a i r and sunshine. A H man ti* n tent t ir trm* t r u n k falla
to the g round i t m iukm in chitrgc* b y n wrtntking c r e w
composed of a m y r i a d of mir*roneopk nrgmthnm w ho
proceed to break it u p Into HM componen t fmrt« MO theme
can be USCHI for bui ld ing n mw edifion. Thtt p roecsg i s
called " r o t t i n g 1 1 and tho produc t , tho b!iinky g u m m y
stuff of a fertile! 8otif in callod " l i u m u n . " Thci p l a n t s
tha t i», the h igher plant**, nn% no t nblit to Itvo on t h e i r
own proteldn a.s the* nnimaln ar«% Hut tht*ru n r e l owor
plantn, cf*rtain kinda of imrtf*riav t ha t run break u p tho
big complicated p r o t r i d nrnhnntUm in to tlwnr c o m p o n e n t
par tu and redurc? tho n i t rogen in th«*tn to a m m o n i a o r
ammoniii4ikc» compoumlfi. H a v i n g donci thin thuy ii top
a n d t u r n m^t the j o b to a n o t h e r ml of Imctntriii t o bu
carr ied th rough tbo nctit it«?p. F o r you tnts#t k n o w
tha t soil society in nn i!ctrriplc»x a n d g|HH*ijtItJU"d itn t h a t
above ground and tho tiiiit*nt bacHertum would din
r a the r than violati? tho ttnion ru!«?H, Tim ftfcond m*t of
bacter ia clmnga thi* iimntfmiii ovnr t«» nitrtti*M a n d thitn
a th i rd net, th«i A m a l g a m a t e d t 'n imi of Hitniti* W o r k -
orsv s teps in a n d complcti** I bo prm&m of ox ida t i on
with an efficiency t h a t Ctatwald might î ri%*>% fnr n i n e t y -
g i i pe r cent, of thu amtnonin of the noil in c o n v e r t e d
into n i t ra tes . B u t if the oondittonn mm no t junt r i g h t ,
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if the food is insufficient or unwholesome* nr if th* nir
tha t circulates through t\w mil in emiimnlnntM with
poison gases, the bacter ia go cm a «tnkc*. Tin* f a rmer ,
not seeing the thing from tho titamlpaint of tin* hn&
teria, says the soil m " s i c k " and lit* pttwnU to t l w t o r
it according to his own notion of what ait* if. Fi rnt
perhaps he tr ies running in atrtki* brwikf«rn. II** g w n
to one of the firms tha t makes* a bu*im*** «f Ktipplyitig
nitrogen-fixing bacteria from the. nwilm or luHlulfft of
the clover roots and gcattpra thrift mUnh*^ « v r r tho
field. But if the l iving condition* tmmin biscl tlw* new-
comers will soon quit work too and tin? fiirm^r hrn.^n h i i
money. If he is wiae, thc?nf ho will m n m l y th» rontli-
tions, pu t t ing a bet ter vontiliition i*y*trm in hi* *oil
perhaps or neutra l is ing the noarnoiii by rwnr t i of lima
or killing off the ameboid bandi t t i that p r^y upon the
peaceful bacteria engaged in tho n i t rogen tndkintry. i t
is not an easy job tha t thtt fa rmer h a i in k r r p i n g bil-
lions of billions of subterranean servant* c«>iif«*iit<*fl and
working together, but if he im$ nut m^mmA a t t l i i i h<t
wastes his seed and labor*

The layman regards the toil a s a platform ctr *ndbt»r-
ing place 011 which to i t t p lants , l i t ni^fiiurfin itn
value by its superfieial mm withimt oans id^r ing it*
contents/which is as nbHunl a t to mllnmtm n mnn'n
wealth by the size of his aafe. The MUwmm in poin t
of view is well i l lustrated by the old i t u r y of th* ci ty
ehap who was showing h k farmtr uneta t b t i tgh tu of
New Y o r k When he took him to Centra l P a r k h# tri«d
to astonish him by saying " T h i s l i n d i t wurlfa |Sfi0l9Q0
an a c r e . " The old fa rmer ding bis t o t Into the ground,
kicked out a clod, broke It opin 9 looked a t iff t p i t on i t
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and squeezed it in his hand and then said, "Don' t you
believe i t ; 'tain't worth ten dollars an acre. Mighty
poor soil I call i t . " Both were right.

The modern agriculturist realizes that the soil i s 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
tnan began to settle down and the ancient methods of
maintaining 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-
sand 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 fattening 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-
Qg 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 remains of dead
ir<Js and the fishes they fed upon was piled up to a
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depth of 120 feet. From this 1*1* «f IVnsuin*
is not that described by Anatoli? Fruiiw a Iniluni tfaU
lavs' worth of guana wan taken ami the fo\nmi witu
soon exhausted.

Then the attention of tht* world wan rlir<*ct**tl fn tho
mainland of Peru and Chilis whrr«* *iroiliir inmiiu de-
posits had been accumulated and, n^t l*-inu wimhtni
away on account of tht* tack at rain, had t.**̂ «-i* «i«*jt^if <*4
as sodium nitrate or **w*Uj*rU*r.ff T V M * 1*'<l* went
discovered by a Oerman, Tndd«*rt Ifiii*nk*% in iwiji, hilt
it was not until the IIIHI quarfrr »f tint «vu!tiry Umt the
nitrates cama into cornmctn win? «* a f^r i i l i^r Hiiiw
then more than 53,00(1,000 t.on»« hiivr* b<^n lakfii «*tit nf
these beds and the importation hAn ri«*«*n to it rut** i»f
2,500,000 to 3,000f000 tons n yi*ar. Ihm much
they will last is a mutter of opinion IIIPI *iffiiiio«
largely influence*] iiy whether you h a w y«tir
invested in Chilonn nitmte utock or in oni» of ib<* mm
synthetic processes for making nitrnt**. Th*» r«iti*4
States Departmont of Agrkwlftire miyn ftt** tiifritt^ Wd«
will bo exhausted in a few yonrn, On tin* **thc»r hunil
the Chilean Inspector (Ii*neriil «f Nit ruff* tJi*priniti in
his latest official report says thiit they will lust for
hundred years at the pntwnt rat** unil ttmt th«*n
are incalculable a r t l i (tf low graclt flrpniiifi
less thaa ete?ea per cent.v to lie tiriwn npcui.

Anyhow, thu 8o«th Amerieiui bwls atnftot IOIIK nap--
ply tha wor lds netd «if nitrates ftiwi w# ihntl wwii* t ime
be starring unless erattiv* ehemistrjr mmm In tb« iv«-
cue. In 1898 Sir William Crtrnkft—1h# ffi»cwvt>r*r of
the MOrookes tubes / 1 tht radionettr »nd r»4Iant
ter—startled the British Aaweiatioa for ihif
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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 As ia would continue to increase.
Sir William was laughed at then as a sensationalist.
H e was, but his sensations were apt to prove true and it
i s 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: x

THE WHEAT FIELDS OF THE WORLD

Acres
1881-90 192,000,000
1890-1900 211,000,000
1900-10 242,000,000
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
b y 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 nt 12.7 btt*hf»l* to the
acre, which is more than it i§ in the n«*w Inmh of tho
United States, Australia and Kuania, but h*m than in
Europe, where the soil i» well fed, What can tw* clone*
to increase the yield may be men from them? fi*pin*H:

GAIN IK THE YIW-0 or WJI1WT IN ItK.'KtlKÎ  1'ttH

Germany • . . . . . . . . . . . . . . . . - . ' i*1 :i**
Belgium - * :ir»
France IT ISO
United Kingdom . . . . . . . . . . . . . . 2» n
United States 12 IS

The greatest gain was made In (fornutny nn*l w<*
a reason for it in the fact that the Gi»rmnn im
of Chilean saltpeter was 85,000 toim In 1 W*f* »n«1747fOWl
tons in 1913. In potatmis, tCK>f Otrinany grf» twin* m
big a crop from the samt gronnii m wi* flu, 223 liii#ht*Jii
per acre instead of oar 113 btiihtln. Hut ttw t*iiit#ij
States nses on the a w m g a only 28 potintk of fi*rtt)t«ar
per acre, while Earope nmn 5M)0.

It is clear that w# cannot r^ly upon Otii# f but m u l t
nitrates for ourselves as Q®rm$mj bi l l to in war linin.
In the first chapter wo mnmdm&A th© n«w ni^tbml$ of
fixing the free nitrogen from tht air. B i t th* flxntion
of nitrogen is a ntw business in tbit coantry «i»*I our
cMef relianoe so far h t s bt tn tbt eokn ov^tis. Wbtn
coal is heated in ritort« or ov«ns for milking a u l t or
gas a lot of ammonia eomtt off with tbt other prodaet*
of decomposition and is M i g h t in !hn rolftirk a d d
used to wash tht p i a t ammonium ratfato, Clnr
American ooke-maiers bafa b i t n In th# habit of It If ing
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t h i s e s c a p e i n t o t h e a i r a n d c o n s e q u e n t l y w e h a v e b e e n

l o s i n g s o m e 7 0 0 , 0 0 0 t o n s o f a m m o n i u m s a l t s e v e r y y e a r ,

e n o u g h t o k e e p o u r l a n d r i c h a n d g i v e u s a l l t h e e x p l o -

s i v e s w e s h o u l d n e e d . B u t n o w t h e y a r e r e f o r m i n g

a n d p u t t i n g i n o v e n s t h a t s a v e t h e b y - p r o d u c t s s u c h a s

SwWurUiniJ 2676*R*

.Scandinavia
OtfierCpuntncs

Courtesy of Scientific American.
Consumption of potash for agricultural purposes i n

different countries

a m m o n i a a n d c o a l t a r , s o i n 1 9 1 6 w e g o t f r o m t h i s

s o u r c e 3 2 5 , 0 0 0 t o n s a y e a r .

G e r m a n y h a d a n a t u r a l m o n o p o l y o f p o t a s h a s C h i l e

h a d a n a t u r a l m o n o p o l y o f n i t r a t e s . T h e a g r i c u l t u r e

o f E u r o p e a n d A m e r i c a h a s b e e n v i r t u a l l y d e p e n d e n t

u p o n t h e s e t w o s o u r c e s o f p l a n t f o o d s . N o w w h e n t h e

w o r l d w a s c l e f t i n t w a i n b y t h e s h o c k o f A u g u s t , 1 9 1 4 ,

t h e A l l i e d P o w e r s h a d t h e n i t r a t e s a n d t h e C e n t r a l

P o w e r s h a d t h e p o t a s h . I f G e r m a n y h a d n o t h a d u p

h e r s l e e v e a n e w p r o c e s s f o r m a k i n g n i t r a t e s s h e c o u l d

n o t l o n g h a v e c a r r i e d o n a w a r a n d d o u b t l e s s w o u l d n o t

h a v e v e n t u r e d u p o n i t . B u t t h e o u t s i d e w o r l d h a d n o



46 CREATIVE C H K M I 8 T U V

such substitute for the Oernmn ptitjttth unit* nnd hat
not yet discovered ontt. Cttii*K**|i**#i*lIy tin* prim of
potash in the United Btatea jumped frwro f io in |-|IJO
and the cost of food mmt tip with if. Kven UIUIIT the
stimulus of prices ton times the norinn! and with chcm*

P*ftCg 990 M f§t<* i&M JMtA iMi*
mm

TON

from tfei Journal »f Imtmtrmt ttmt M*0*m*im$ * k*m**Uv «| July, l»$J
shows bow th<> supply tif fmtemlwm mmuam Utm fJ
in 1014 and how ils pir

ists searching furnace mrannim »»il (mil Irnidn
United States was able In acrai^ up Irmt than 10#000
tons of potash in 1916f iinJ thi.# mm b§r#ly ivfiQiigh t#
satisfy our mmh for two wt#k§i

Yet potash eomponndt a r t a t t h t g p m fl irt Pfdk
up a handful of f rawl mi y o i will to ablv to flml ninth
of it feldspar or othtr mineral mnUiniug mm® im per
cent of potash. Unfortomlefy It i t in «mibiii*ti<m
with sillea, wbkh i t harder to break up than n
trust

But "constant nmtMfif man away e tonea" a i d tb t
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p o t a s h t h a t tho m e t a l l u r g i s t finds too h a r d to e x t r a c t
in his ho t t e s t fu rnace in washed out in the c o u r s e of
t ime t h r o u g h the d r o p p i n g of the gen t l e r a i n f rom
heaven. " A l l f i ve r s run to the s e a 1 ' a n d so t he t§e&
gets sal t , all s o r l s of saltn, p r inc ipa l ly sod ium ch lor ide
(our table sa l t ) a n d nex t magnes ium, ca lc ium a n d po-
tass ium chlor ides o r nulfa tcs in thin o r d e r of abun-
dance . B u t if we e v a p o r a t e s ea -wa te r down to d r y -
ness all these a r e left in a mix t o g e t h e r a n d i t is h a r d
to s o r t them out . Only p a t i e n t N a t u r e h a s ti ino for i t
and she only d id on a l a rge scale in one p lace , t h a t is a t
S t a s s fu r t , G e r m a n y . I t fteems t h a t in the d a y s when
n o r t h w e s t e r n P r u s s i a w a s u n d e t e r m i n e d w h i t h e r i t
should bo sea o r land i t w a s flooded a n n u a l l y by *&&->
w a t e r , A s th i s slowly e v a p o r a t e d tho d i sso lved s a l t s
crys ta l l ized ou t a t t he cr i t ica l po in t s , l eav ing beds of
v a r i o u s combinat ions . Each y e a r tlu*n» would bo d e -
pos i ted thrac* to five inches of Halts wi th a thin lnynr of
c*taium su l fa te or g y p s u m on top . C o u n t i n g thc*sa a n -
nua l l aye r s , like the r ings on a s t u m p , we find tha t t h e
S t a s s f u r t beds were tun thousand y e a r s in the* mutcing.
T h e y were first worked for t h e i r §ait> common salt f

alone, bu t in 1837 the P r u s s i a n G o v e r n m e n t began p r o s -
pec t ing for new a n d d e e p e r depomts a n d found, no t tfot
clean rock sa l t t h a t they wanted , bu t b i t t e rn 9 Inrgnly
magnes ium milfatc* o r Kpsom sal t , which i i not a t nil
nice for table* use . Thin stuff was first t h rown nwiiy
unt i l i t was real ized t h a t it was much m o r e va luab le f o r
the p o t a s h i t con ta ins t han w a s the rook sa l t thtiy w e n t
after* T h e n the G e r m a n s began to pur i fy t h e Htasn-
fu r t s a l t s a n d m a r k e t them t h r o u g h o u t the w o r l d
T h e y con ta in f rom fifteen t o twenty-fire p e r e e n t o f
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magnesium chloride mixed with mag
"carnallite," with magnesium 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's
can dealers were getting unheard of 1
German Government stepped in and c
peting corporations to recombine nn<
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 spec
money for chemicals that he never h<
not pronounce he—quite rightly—h
Well, he was shown. I t was, if I rem<
in the nineties that the German Kal:
operations in America and the Unite
meat became its chief advertising
state there was an agricultural experi
these were provided liberally with iUu
on Stassfurt salts with colored wall c
samples and free sacks of salts for i
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The station mem, finding that they could rely upon the
scientific accuracy of the information suppl ied by K a l i
and that the oxpcrimentH worked out well, became en-
:husiastic advocates cif potash fertilizers- The s tat ion
>ulk*tiim—which U n d e Bam was kind enough to carry
free to all the farmers of the s tate—somet imes were
corded HO like? the Kal i Company advertis ing that the
company might have raised a complaint of plagiariz-
ng, but they never did. The Chilean nitrates, which
iro under British control, were later introduced b y
similar methods through tho agency of the state agri -
cultural experiment stat ions.

As a result of all this missionary work, which cost
:he Kali Company $50,000 a year, the attention of a
largo proportion of American farmers was turned to-
ward intensive farming and they began to realize the
icceHHity of feeding the* noil that was feeding them.
They grew dependent upon these two foreign and
widuly separated nourcen of supply. In the year be-
fore the war the United S ta te s imported a mill ion tons
>f Stan&furt naltst, for which the farmers pa id more
than $^ laa0vn00. Then a declaration o f American in-
Jependeneo—the d e r m a n embargo of 1915—cut u s off
from Htasufurt and for five yearn we had to rely upon
mr own rojtourcim. Wi» hitve men how Germany—shut
:>ff from ('hilt* - «olverl the? nitrogen problem for her
Itelds and munition plants* It wa» not so easy for u s —
ihut off from Oermany-—to solve the potash problem.

Them 11 tm more luck at potash in the rocks than
there ia of nitrogen in the nir* but the nitrogen is free
ind has only to ba caught and combined, while the pot-
l ib is shut up in a grani te prison from which i t is hard
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to get i t 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. I t i s only solvent potash that passes
current.

In the days of our grandfathers we had not only
national independence but household independence.
E v e r y 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 "sof t soap," or as the
chemist would call it, potassium stearate. I f she
wanted hard soap s h e ' ' 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 u n d e r the st imulus
of tenfold prices the amount of p o t a s h produced as
pearl ash was only 412 tons—and w e n e e d 300,000 tons
in some form. It would, of course, be v e r y desirable
as a conservation measure if all the s a w d u s t and was te
wood were utilized by charring It in re tor t s . The g a s
makes a handy fuel Tbe tar w a s h e d f r o m the g a s
contains a lot of valuable products- A n d potash can be
leached out of the charcoal or from i t s a s h e s whenever
Lt is burned. But this at best would not g o far toward
solving the problem of our national s u p p l y .

There are other potash-bearing w a s t e s that might be
atilized. The cement mills which use f e ldspar in com-
bination with limestone give off a p o t a s h dust, v e r y
much to the annoyance of their neighbors- This can
be collected by running the furnace c louds into large
settling chambers or long flues, where the dust may be
caught in bags, or washed out by w a t e r sprays or
;hrown down by electricity* The b las t furnaces f o r
ron also throw off potash-bearing fumes .

Our six-million-ton crop of sugar b e e t s contains s o u p
^2,000 tons of nitrogen, 4000 tons of phosphoric acl<t
md 18,000 tons of potash, all of wh ich i s lost except
vhere the waste liquors from the s u g a r factory are
ised in irrigating the beet lancL T h e beet molasses ,
ifter extracting all the sugar poss ible b y means of
ime, leaves a waste liquor from which the potash can
>e recovered by evaporation and charr ing and leaching
he residue. The Germans get 5CKX) t o n s o f potassium
yanide and as much ammonium sul fate annual ly from
he waste liquor of their beet sugar fac tor ies and if i t
>ays them to save this it ought to p a y m where potash
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is dearer- Various other industries can put in a bit
when Uncle Sam passes around the contribution basket
marked " P o t a s h for the Poor ." Wool wastes and fish
refuse make valuable fertilizers, although they will not
go far toward solving the problem. If we saved all our
potash by-products they would not supply more than
fifteen per cent, of our needs.

Though no potash beds comparable to those of Stass-
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,
California. Here 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 potassium
chloride. The quantity is sufficient to supply the coun-
try for over twenty years , but it is not an easy or cheap
30b to separate the potassium from the sodium salts
which are five times more abundant. These being less
soluble than the potassium salts 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 V/2 per
cent, is removed from the fertilizer for a double reason.
I t is salable by itself and it i s detrimental to plant life.

Another mineral source of potash i s alunite, which is
a sort of natural alum, or double sulf ate 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
Q the potassium sulfate can be leached out. The
mite 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
les.
!?he tourist going through Wyoming on the Union
sific will have to the north of him what is marked on
map as the "Leucite Hi l l s ." If he looks up the

rd 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.
3 of the lavas of the Leucite Hills, that named from
native state "Wyomingite ," gives fifty-seven per
t. of its potash in a soluble form on roasting with
lite—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 w a y of utilizing
by-products, say the silica in cement and the alumi-
1 as a metal, they cannot solve our problem,
ince it is so hard to get potash from the land it has
a suggested that we harvest the sea. The experts
he United States Department- of Agriculture have
jed high hopes in the kelp or giant seaweed which
ts in great masses in the Pacific Ocean not far off
a the California coast. This is harvested with ocean
3ers 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 i t 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 is
fermented in vats producing acetic acid (vinegar).
From the resulting liquid can be obtained lime acetate,
potassium chloride, potassium iodide, acetone, ethyl
acetate (used as a solvent for guncotton) and algin, a
gelatin-like gum.

PRODUCTION OF POTASH IN THE UNITED STATES

Source
1910

Tons K*O
Per cent.
of total

production

1917

Tons KaO
Per cent.
of total

production
Mineral sources:

Natural brines
Alunite
Dust from cement

mills
Dust from blast fur-

naces
Organic Sources:

Kelp
Molasses residue from

distillers
Wood ashes
Waste liquors from

beet-sugar refiner-
ies

Miscellaneous indus-
trial wastes

3,994
1,850

1,556

1,845
412

63

41.1
19.0

16.0

19.0
4.2

.7

20,652
2,402

1,621

185

3,752

2,846
621

369

305

63.4
7.3

5.0

0.6

10.9

8.8
1.9

1.1

1.0

Total 9,720 100.0 32,573 100.0

—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 potassium salts. The minimum yearly
requirements of the United States are, estimated to be 250,000 tons of
potash.

T h i s c o m p l e t e s o u r s u r v e y of t h e v i s i b l e s o u r c e s of

p o t a s h i n A m e r i c a , I n 1917 u n d e r the p r e s s u r e of t he
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embargo and unprecedented prices the output o f potash
(K 0) in various forms was raised to 32,573 t o n s , but
this2 is only about a tenth as much a s we needed . I n
1918 potash production was further r a i s e d t o 52,135
tons, chiefly through the increase of the output from
natural brines to 39,255 tons, nearly twice w h a t i t was
the year before. The rust in cotton and the resu l t ing
decrease in yield during the war are laid t o lack of
potash. Truck crops grown in soils deficient in potash
io not stand transportation w e l l T h e B u r e a u of
Ajiimal Industry has shown in exper iments i n Aroos-
took County, Maine, that the addition of moderate
amounts of potash doubled the yield of po ta toes .

Professor Ostwald, the great L e i p z i g chemist ,
boasted in the war:

America went into the war like a man with a rope round
lis neck which is in his enemy 'n hands and in pretty tightly
Irawn. With its tremendous depa*it« tlermany has a world
nonopoly in potash, a point of immmm value which cannot
)e reckoned too highly when onee this war is going to be set-
led. It is in Germany's power to dictate which of the na-
ions shall have plenty of food and which shall starve.

If, indeed, some mineralogist or meta l lurgis t wi l l cut
ihat rope by showing us a supply of d i o a p po tash we
will erect him a monument m big a t Wash ington ' s .
But Ostwald is wrong in supposing that Amer ica is as
Jependent as Germany upon potash* T h e balk of our
:ood crops are at present raised without the use of any
:ertilizers whatever.

As the cession of Lorraine in 1871 g a v e G e r m a n y the
phosphates she needed for feriilJj&eri s o the retroces-
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sion of Alsace in 1919 gives France the p o t a s h she
needed for fertilizers. Ten years before the w a r a "bed
of potash was discovered in the Forest of Monnebruck ,
near Hartmannsweilerkopf, the peak for which F r e n c h
and Germans contested so fiercely and so long. T h e
layer of potassium salts is 16% feet thick and t h e t o t a l
deposit is estimated to be 275,000,000 tons of p o t a s h .
At any rate it is a formidable rival of Stassfnrt a n d its
acquisition by France breaks the German m o n o p o l y .

When we turn to the consideration of the third p l a n t
food we feel better. While the United States h a s no
such monopoly of phosphates as Germany had o f p o t -
ash and Chile had of nitrates we have an a b u n d a n c e
and to spare. Whereas we formerly imported a b o u t
$17,000,000 worth of potash from Germany a n d $ 2 0 , -
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 g r e w
thicker around a buried bone he lived so long a g o t h a t
we cannot do honor to his powers of observat ion, b u t
ever since then—whenever it was—old bones h a v e "been
used as a fertilizer. But we long ago used up a l l t h e
buffalo bones we could find on the prairies a n d o u r
packing houses could not give us enough b o n e - m e a l t o
go around, so we have had to draw upon the old b o n e -
yards of prehistoric animals. Deposits of lime p h o s -
phate of such origin were found in South C a r o l i n a i n
1870 and in Florida in 1888. Since then the i n d u s t r y
has developed with amazing rapidity until in 1 9 1 3 t h e
United States produced over three million tons of p h o s -
phates, nearly half of which was sent abroad* T h e
chief source at present i s the Florida pebbles, w h i c h
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Iredged 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-
ire more limited than the pebble beds and may be
listed in twenty-five or thirty years, but Tennessee
Kentucky have a lot in reserve and behind them
[daho, Wyoming and other western states with
ms 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 biecause 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 ^superpho§phate.n The sulfuric acid is
5 mos t ly from iro|L pyrite and this we have been
mt to import, over 800,000 tons of it a year, largely
. Spa in , although we have an abundance at home.
B the shortage of shipping shut off the foreign sup-
are are xtsing more of our own pyrite and also our
•sits of native sulfur along the Gulf coast. But as
lsequence of this sulfuric acid during the war went
:om $5 to $25 a ton and acidulated phosphates rose
jspondingly.
irmany i s short on natural phosphates as she is
on natural potash. But she has made up for it by
sing a by-product of her steelworks. When phos-
us occurs in iron ore, even in minute amounts, it
3s the steel brittle. Much of the iron ores of
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Alsace-Lorraine were formerly considered unworkable
because of this impurity, but shortly after G-ermany
took these provinces from France in 1871 a method w a s
discovered by two British metallurgists, Thomas and
Gilchrist, by which the phosphorus is removed f r o m the
iron in the process of converting it into steeL T M s
consists in lining the crucible or converter with l i m e
and magnesia, which takes up the phosphorus f r o m the
melted iron. This slag lining, now rich in phosphates ,
can be taken out and ground up for fertilizer. S o t h e
phosphorus which used to be a detriment is n o w a n
additional source of profit and this British invent ion
has enabled Germany to make use of the territory she
stole from France to outstrip England in thesteel b u s i -
ness. In 1910 Germany produced 2,000,000 t o n s of
Thomas slag while only 160,000 tons wexe produced i a
the United Kingdom. The open hearth process now
chiefly used in the United States gives an acid i n s t e a d
of a basic phosphate slag, not suitable as a ferti l izer.
The iron ore of America, with the exception of s o m e of
the southern ores, carries so small a percentage o f
phosphorus as to make a basic process inadvisable.

Recently the Germans have been experimenting w i t h
a combined fertilizer, Schroder's potassium phosphate,
which is said to be as good as Thomas slag for p h o s -
phates and as good as Stassfurt salts for pota&h.
The American Cyanamid Company is just p u t t i n g
out a similar product, "Ammo-Phos," in which t h e
ammonia can be varied from "thirteen to twenty p e r
cent and the phosphoric acid from twenty to f o r t y -
seven per c e n t so as to give the proportions d e s i r e d
for any crop. W e have then the possibility of g e t t i n g
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iree 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-
ive been l iving on the unearned increment of the
upied land. B u t n o w that all our land has been
I out i n homesteads and we cannot turn t o new
rhen w e have u s e d up the old, we must learn, as
der r a c e s have learned, how to keep up the supply
int food . Only i n this way can our population in-
e and prosper. A s we have seen, the phosphate
ion n e e d not bother us and we can see our way
t o w a r d solving the nitrate question. W e gave

tovernment $20,000,000 to experiment on the pro-
on of nitrates f rom the air and the results will
s for fields as we l l as firearms. But the question
L independent supp ly of cheap potash i s still un-
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COAL-TAR COLOES

If yon put a bit of soft coal into a test tube ( o r , i f y o n
have n't a test tube, into a clay tobacco pipe a n d l i x t e i t
over with clay) and heat it you will find a g a s corn ing
out of the end of the tube that will burn with a y e l l o w
smoky flame. After all the gas comes off you Tvill &nd
in the bottom of the test tube a chunk of dry , p o r o u s
coke. These, then, are the two main products o f t h e
destructive distillation of coal. But if y o n a r e an
unusually observant person, that is , if you a r e a "born
chemist with an eye to by-products, yon w i l l n o t i c e
along in the middle of the tube where it is n e i t h e r t o o
hot nor too cold some dirty drops of water a n d s o m e
black sticky stuff. I f you are just an ordinary p e r s o n ,
you won't pay any attention to this because t h e r e i s
only a little of it and because what you are a f t e r i s t h e
coke and gas. You regard the nasty, smelly m e s s t h a i
comes in between as merely a nuisance because I t dc>gs
up and spoils your nice, clean tribe.

H W that is the w a y the gas-makers a n d e o k e -
makers—being- for the most part ordinary p e r s o n s a n d
not born chemists—used to regard the crater a m i t a r
that got into their pipes. They washed it out s o a s to
haTe the gas clean and then ran it into the creek. B u t
the neighbors—especially those irho fished i n t h e
stream below the gas-works—made a fnss a b o u t s p o i l -



A ba
PRODUCTION 0 F

_ WAil TAR
of̂ one of thf o v 7 n ? ^ Steel Company. Sparrows Point. Maryland. The
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ing the water, so the gas-men gave a w a y the tar to the
boys for use i n celebrating the F o u r t h of July and
election night or sold it for roofing.

But this same tar, which for a h u n d r e d years w a s
thrown away and nearly half of which i s thrown away
yet in the United Sta tes , turns out to he one of the mos t
useful things in the world- I t is one of t h e strategic
points in war and commerce. I t wounds a n d heals. I t
supplies munitions and medicines. I t i s l ike the magic
purse of Fortunatus from which anyth ing wished for
eould he drawn. T h e chemist puts h i s h a n d into the
black mass and draws out all the colors of the rainbow.
This evil-smelling substance beats the r o s e in the pro-
duction of perfume and surpasses t h e honey-comb i n
sweetness.

Bishop Berkeley, after having proved t h a t all mat-
ter was in your mind, wrote a book to p r o v e that wood
iar would cure al l diseases. Nobody r e a d s it now.
The name is enough to frighten them off: " S i r i s : A
3hain of Philosophical Reflections and Inquir ies Con-
cerning the Yirtues of T a r W a t e r / ' H e h a d a sort o f
nystieal idea that tar contained the quintessence of the
?orest, the purified spirit of the t ree s , which could
jomehow revive the spiri t of man. P e o p l e sa id he w a s
jrazy on the subject, a n d doubtless he w a s , but the in-
crest ing thing about it i s that not e v e n M s active and
ngenious imagination could "begin to s u g g e s t all of the
itrange things that can be got out of t a r , whether wood
>r coal.

The reason w h y tar supplies all sorts of use fu l mate-
rial is because it i s indeed the quintessence of the for-
est, of the forests of unto ld millenniums i f i t i s coal tar.
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If you are acquainted with a village tinker, one o f t l * ° ^ ^
all-round mechanics who still survive in this age o f &JP ^
cialization and can mend anything from a b a b y - c a r r i * * « £
to an automobile, you will know that he has on t h e ^ * ? ° |
of his back shop a heap of broken ma.chiaeryIrpm w i x * e

he can get almost anything he wants, a copper vri&&9 ^
zinc plate, a brass screw or a steel rod. Now c o a l ta*** *•
the scrap-heap of the vegetable kingdom. I t i * *
a little of almost everything that makes up t rees .
you must not imagine that all that comes out o f
tar is contained in it. There are only about a d
primary products extracted from coal tar, b u t
these the chemist is able to build up hundreds o f t h . o t * -
sands of new substances. This is true creative c h e m i s -
try, for most of these compounds are not to b e
in plants and never existed before they were m a d e
the laboratory. I t used to be thought that
compounds, the products of vegetable and a n i m a l
could only be produced by organized beings, t h a t
were created out of inorganic matter by the
touch of some "vital principle/ ' But since the
ist has learned how, he finds it easier to make o r g a n i c
than inorganic substances and he is confident t h a t JCMB
can reproduce any compound that he can analyze . 3 E f ®
cannot only imitate the manufacturing p r o c e s s e s o f *
the plants and animals, but he can often beat t h e m
their own game.

When coal is heated in the open air it is b u r n e d j p
and nothing but the ashes is left. But heat the c o a l i m
aa enclosed vessel, say a big fireclay retort, and i t
not bum up because the oxygen of the air cannot ,
to i t So it breaks up. All parts of it that can b e



COAL-TAB COLORS 63

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 distil lation."
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 a n d now nearly
our coke is made in them.

Although the products of destructive d i s t i l l a t i o n
vary within wide limits, ye t the fol lowing table
serve to give an approximate idea of what may be
from a ton of soft coal:

Gas, 12,000 cubic feet
Liquor (Washings)^ (?_25 p o u l l d 8 )

*" benzene (10-20 poundLB>

1 ton of coal may give
Tar (120 pounds) .

toluene (3 pounds)
xylene (1V& pounds)
plienol (V2 pound)
naphthalene (% poun.cl>
anthracene (& pound.)
pitch (80 pounds)

Coke (120O-15OO pounds)

When the tar is redistilled we get , among o t h e r
things, the ten "crudes" which are fundamental m a t e s -
xial for making dyes. Their names a r e : benzene, t o -
luene, xylene, phenol, cresol, naphthalene, a n t h r a c e n e *
methyl anthracene, phenanthrene and carbazol.

There! I had to introduce y o u to the whole r e c e i v i n g
line, but now that that ceremony is over we are at 1IT>-
erty to do as we do at a reception, meet our old f i i e n c l ® *
get acquainted with one or two more and turn our l a e i c s
on the rest. Two of them, I am sure, you've met " b e -
fore, phenol, which is common carbolic acid, and n a p h -
thalene, which we use for mothballs. B u t notice oxim
thing in passing, that not one of them is a dye. T h e y
are all colorless liquids or white sol ids. Also they" a l l
have an indescribable odor—all odors that 7011 d o n *£
know are indescribable—which g ives them and t h e i s r
progeny, even when odotless, the name of " a r o m a t i c
compounds/'
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T h e m o s t important of the ten because he is the
father of the fami ly i s benzene, otherwise called benzol,
but m u s t not be confused with " b e n z i n e " spelled w i t h
an i which we used to burn and clean our clothes with.
" B e n z i n e " i s a kind of gasoline, but benzene alias ben-
zol has quite another constitution, a l though it looks and
burns the same. N o w the search for the constitution
of benzene i s one of the most exci t ing chapters in chem-
i s t r y ; a l so one of the most intricate chapters, but, i n
spi te of that , I bel ieve I can make the main point of i t
c lear e v e n to those who have never s tudied chemistry—
provided they re ta in their childish l iking for puzzles.
I t i s rea l ly much like putting together the old six-bloek
Chinese puzzle. The chemist can work better if he h a s
a p icture of w h a t he is working with. N o w his unit i s
the molecule , which i s too small even to analyze w i t h
the microscope, no matter how high powered. So h e
makes u p a sort of d iagram of the molecule, and since
ho known the number of atoms and that they are some-
how at tached to one another, he represents each a tom
by the first l e t ter of i ts name and the points of attach-
ment or bonds by straight lines connecting the atoms of
the different e lements . N o w it i s one of the rules of t h e
g a m e that al l the bonds must be connected or hooked u p
with a toms at both ends, that there shal l be no f ree
hands reaching out into empty space. Carbon, for in-
stance, h a s four bonds and hydrogen only one. T h e y
unite , therefore , in the proportion of one atom of car-
bon to four of hydrogen, or CH 4 , which i s methane o r
marsh g a s and obviously the s implest of the hydro-
carbons* B u t w e have more complex hydrocarbons
such a s C4H14, known as hexane. N o w if you try t o
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draw the diiignium or structural formula* of thc?H«* twa
compounds you will easily get

u H it if H U H

II r if ii<r.t*-rrr.r 11

If if ft II lift it

Each carbon atom, yon wv, him it 8 four hand* mit*
fitretehed and duly griutppd by mu*4tMuhnl h y d r o s r t
atoms or by neighboring; carbon atcuiin in th«* rhititt.
We a m have nudi chniutf na long an you jd«»a.Hi% th ir ty
or more in a chain; they are all contained in krr*M«*nft
and paraffin.

80 far the chemiftt (omttl it eany to cmiHtrtirt iliii*
gramij that would niifiufy hi« mnmv of the* fittteMH o f
things, but whc*n hn found that hwwvnv hud tin* r«'im|H>»
sition 0«H t ha was pti^lerL If you try to draw tilts
picture of C t l l f you will get nomcsthing like thin:

1 1 ] M II ' c r r n *

which is an abntmJify h*mnm umm thnn hulf of l lm
carbon hand« nre waving wildly iirttiintl mtkttig to be
held by ionwihing* Bfm^tii*, C^Hif evidently U
hexanti Cg!!U f in having n chuin of mx mr\nm
but it hart dropped Its II'« likci an Eugliihitian, M
of tha HfH art iniii ing,

Now one of fhi» nn»n who wan worried over thin
mm p u a l e wnt the Qartmn ehtmiiit, KeluM, Om> w a -
ning after working over th# problem all tiny hi? t « i
sitting by tbt fire trying to rest, but bo emi t l n o t
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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:

H

i
H-C C-H
HU in

V
i

Professor Kekule saw at once that the demons of his
subconscious 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 "Kekule ring"
or rather hexagon. Then he rubs out an H and hooks
a nitro group (N02) on to the carbon in place of it;
next he rubs out the 02 of the nitro group and puts in
H2; 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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The name of thin Is sodium ditolyl-disazo-bota-naph-
thylamine- 6 - tttt]fonic-beta-iiaplitbylamino*3.ti-di0ttlfon*
a to.

These chemical 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 arc*
hyphenated because they como from Qermany. The*
name given above IB no more of a mouthful than "a~
square-plus-two»ii-b-plus-b-squaren or " T h i r d Ass i s t -
ant Secretary of War to the President of the United
States of Amer ica ." 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 name
any chemist familiar with such compounds could draw
its picture, tell how it would behave and what it wan
made from, or even make it. The* old alchemist was a
secretive and pretentious person and used to invent
queer names for the purpose of mystifying and awing
the ignorant. But the chemist in dropping the &l» has
dropped the idea of secrecy and his names, though
equally appalling to the layman, are designed to reveal
and not to conceal.

From this brief explanation the render who ha* not
studied chemistry will, I think, lie able to get some idea
of how theme very intricate compounds a m built tip s tep
by step. A completed! house h hard to undenitnml t but
when we sen the mason laying one* brick cm top of an-
other it cloet not i t e m no difficult, although if w« triad
to do it we should not find it no «m*y m wo think. Any-
how, let mm gim you a h i n t If you want to mulct a
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good impression on a chemist don't tell him that ho
seems to you a sort of magician, master of u black art,

COAL
100% COKE

72% of Coal GAS
2 2 *

of Coal

-COHPARISON or COAL AND

ITS DISTILLATION PRODUCTS
From CR Tht TnHuary of ihr

trial and Mn$immim$far Ptm*» Jfmmrmi. mf tmlm*

and all that nonsense* The chemist bmi bra» trying
for three hundred years to li?e down tint r^putittioa of
being inspired of the devil and it nutkti him tnml to
have Ms past thrown up at him in this fftahbiu If bii
tactless admirers would stop »aying "it ii all a my*-
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t e r y a n d a miracle* t o mc% a n d I c a n n o t u n d e r f t t a n c l i t "

a n d p a y a t t e n t i o n t o w h a t h e ie t e l l i n g t h e m t h e y w o u l d

u n d e r s t a n d i t a n d w o u l d find t h a t i t w n o m o r e o f a

m y s t e r y o r a m i r a c l e t h a n a n y t h i n g e l s e . Y o u c a n

m a k e a n e l e c t r i c i a n m a d in t h e s w n o w a y b y i n t e r -

r u p t i n g h i s e x p l a n a t i o n of a d y n a m o b y a s k i n g : " B u t

y o u c a n n o t to l l m e w h a t e l e c t r i c i t y n m l l y in . 1 1 T h e

e l e c t r i c i a n d o e s n o t c a r e a r a p w h a t e l e c t r i c i t y u r e a l l y

i s " — i f t h e r e r e a l l y in a n y m e a n i n g t o t h a t phr i iHe .

A H h e w a n t s t o k n o w la w h a t h o c a n d o w i t h i t

T h e t a r o b t a i n e d f r o m t h e g a s p l a n t o r t h e c o k e p l a n t

h a s n o w t o b e r e d i s t i l l e d , g i v i n g off t h e t e n " c r u d e * M

a l r e a d y m e n t i o n e d a n d l e a v i n g iit t h e s t i l l s i x t y - f i v e p e r

c e n t of p i t c h , w h i c h m a y be u s e d f o r r o o f i n g , p a v i n g

a n d t h e l ike . T h e t e n p r i m a r y p r o d u c t s o r c r u d e * a r «

t h e n c o n v e r t e d i n t o s e c o n d a r y p r o d u c t s o r u i n t e r m e d i -

a t e s M b y p r o c e s s e s like* t h a t f o r the* c o n v e r s i o n of bt»n»

zctM* i n t o aniline*. T h e r e arc* s o m e thrw h u n d r e d tif

t h e s e i n t e r m w i i u t e K in IIH« a n d f n n i i t h e m a n * b u i l t u p

m o r e t h a n t h r o e Uni t ' s a s m a n y d y e s . T h e y t t a r b e f o r e

t h e w a r t h e A m e r i c a n c u s t o m h o u s a Hstocl 5 6 7 4 d t n t t n c t

b r a n d s of s y n t h e t i c t!y«*n i m p o r t H l , diic*fly f r o m O u r -

m a n y , b u t s o m a of t h o s o w o r n tritdi? namom f o r t l m i a n i n

p r o d u c t madf! b y d i f f e r e n t firms o r r ^ p r o s t t n t m l b y dif-

f e r e n t d o g r o o s of p u r i t y o r f a r m of p r e p a r a t i o n . Al«

t h o u g h t h e n « i i i b * r of poHsible p r o d u c t s in t i t i l t m i U d

a n d o v e r five* thouHi tml dy im art* k n o w n , y e t o n l y a b o u t

n i n e h u n d r e d a r e in urn* W e c a n s u m m i t r k e s t h e

fion mt

10

O r , t o b o r r o w t h e n e a t s i m i l e UICNJ b y l>r- f i e r n h a r d C
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Hesse, it is like cloth-making where "ten fibei
300 yarns which are woven into 900 patterns.77

The advantage of the artificial dyestufifs ove
found in nature lies in their variety and adapi
Practically any desired tint or shade can be m
any particular fabric. 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 n<
brighter hues.

More and more the chemist is becoming the ai
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. ^
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 thirteei
was an extra course of lectures on chemistry gi
the noon recess, so he skipped Ms lunch to t a b
in. Hearing that a German chemist named Ho
had opened a laboratory in the Royal College o
don he headed for that. Hofmann obviously 1
fear of forcing 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 s lowly, M H e
admitted young Perkin at the age of fifteen and started
him on research at the end of his second year. A n
American student nowadays thinks he in lucky if hci g e t s
started on his research five yearn older than Perkin.
Now if H of ma mi 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 hu had heard this and be-
lieved it, he would not have allowed Perkin to gpcmd
two years in fruitless endeavors to isolate pheman*
threne from coal tar and to prepare artificial quinine—«
and m that case Perkin would never have discovered
the aniline dyes . But Perkin, so far from being dis-
couraged, set up a private laboratory HO hit could work
over-time. Whilf working lu»r« during the Kanter va-
cation of lHJift—the* date is us well worth remembering
as lOfifi—lu* wan oxidizing some* aniline* oil wlu*n ho got
what chemists most detest, a black, tarry mass iimtiincl
of tikis d e a n crystals. When hit went to wash thin out
with alcohol lm was surprised to find that it gave a
beautiful purplit solution. Thin was "mtittvit,1' tho
first of the aniline dyes.

The funny thing iihout it was that wht*n IVrktn triad
to repeat tin* $*xpi*ritwnt with purc*r anilim* bit could
not get hi** color. It wiw bwriiUHt* It** wim working with
impure* chemical*, with aniliitc cnnttaintng a littlit tolui
dino, that his tlUeovorctd mauvt*. It wan, m I sniil^ it
lucky accident. But it was not accidental that tin! mset*
dent happened tn the yottng fellow who upcint b i i noon-
ings and vacations «t tli0 i t ydy of ohdtnistry. A.
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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 choici
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 tim<
half a million tons a year were raised. A couple ol
French chemists, Kobiquet and Colin, extracted fron
madder its active principle, alizarin, in 1828, but it wa*
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 betweei
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 1 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 yean
the sale of artificial alizarin reached $8,000,000 an-
nually. The madder fields of France were put to othei
uses and even the French soldiers became dependeni
on made~in-Germany dyes for their red trousers. The
British soldiers were placed in a similar situation as
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regards their r ed coats when af ter 1878 the azo scarlets
p u t the cochineal bug out of business.

The modern chemist has robbed royal ty of i t s most
distinctive insignia, T y r i a n purp le . I n ancient t imes
to be " p o r p h y r o g e n e , " tha t is " b o r n to the p u r p l e , "
was like admission to the Almanach de Gotha a t the
presen t time, for only princes or their wea l thy r ivals
could afford to p a y $600 a pound for cr imsoned linen.
The precious dye is secreted by a snail-like shellfish of
the eas tern coast of the Medi te r ranean . F r o m a t iny
sae behind the head a drop of thick whit ish liquid,
smelling like garl ic, can be extracted. If this is sp read
upon cloth of any kind and exposed to a i r and sunlight
i t t u r n s first green, next blue and then purp le . I f the
cloth is washed with soap—that is, set b y alkali—it
becomes a fast crimson, such as Catholic cardinals still
wea r as princes of the church. The Phoenician mer-
chants made for tunes out of the i r monopoly, bu t a f te r
the fall of T y r e i t became one of " t h e lost a r t s " — a n d
accordingly considered b y those whose faces a r e set
toward the pas t as much more wonderful than any of
the new a r t s . Bu t in 1909 F r i ed l ande r p u t an end to
the superst i t ion by analyzing Tyr i an purp le a n d find-
ing tha t i t was a l ready known. I t was the same as a
dye tha t had been p r e p a r e d five years before b y Sachs
but had not come into commercial use because of i t s
infer iori ty to o thers in the marke t . I t r equ i red 12,000
of the mollusks to supply the lit t le mate r ia l needed for
analysis, bu t once the chemist h a d identified i t he d id
not need to bother the Murex fur ther , for he could make
i t by the ton if he h a d wanted to. The coloring p r in -
ciple turned out t o be a di-brom indigo, t ha t i s the
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same as the substance extracted frtmi tht» Indian
plant, but with the1 additon of two atom* of bromine.
Why a particular kind of a ahfUfiali nhuuld havp got
the habit of extracting tint* run? t»li»im»nt from mm
water and stowing it away in thin peculiar f*wm k
"one of those things no fellow can find out,*9 lint
according to the chemist the* Murex stiolltifik madis a
mistake in hitching the bromine to tin* wrong carbon
atoms. He find® as hi* would word if that On* li:6*di«
brom indigo secreted by the* HtwllfUh in not m K****1 its
the 5:5'<li-brom indigo now snantifadurrd at n clwap
rate and in unlimited quantity. But wi* intuit not ex-
pect too much of a mollunkvii mind. In tbrnr d%*mpnvm
lies the offense of thct attilinn dyim in thi* rnindfi t*f notne
people. Our modem artKtoeratA would d«'ltj(bt tci b§
entitled ^porphyrogeniti1 f and to wmtr c*xdtif«ivi* guwnt
of "purple and scarlet from tbi« i«b« of Kltiibiili99 m
was done in Ezeki<*lf8 timt f but wlitn any nbopgtr! or
sailor can wear the royal eolor it niioiln it» brnuty in
their eyes. Applied newnm aooontptiftb^n n r w l de-
mocracy such m legislation km ever f«ilrd t«i vntubUstu

Any kind of dye found in nature mn tut niniln in tilt
laboratory whenever its eoniponition %$> undurstood ind
usually it can be mad© cheaper and pnmr thmi it mm
be extracted from the p lant But it* wurk mi A pnM-
able process for making it lyntbifiejdly i§ mmtttimm a
task requiring high ikiUf persistent labor md heavy
expenditure. One of the latest and moat utrikinir of
these achievements of synthetic clmrmniry is t h i itmuu-
facture of indigo.

Indigo is one of the oldest a i d f a s i t i t of t h i ift»
stuffs. To see that i t i s both nmumi nml fagUng look
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at the unfaded blue cloths that enwrap an Egypt ian
mummy. When Caesar conquered our Brit ish ances-
tors ho found them tattooed with woad, the* native) in-
digo. But the chief source of indigo was, an its namo
implies, India. In 1807 nearly a million acres in India
were growing the indigo plant and the annual value of
the crop was $20,000,000. Then tho fall began and by
1914 India was producing only $300,000 worth! What
had happened to destroy this profitable* indus try !
Some blight or insect? No, it was l i m p l y that tho
Badischo Anilin-irad-Soda Pabrik had worked out a
practical process for making artificial indigo*

That indigo on breaking up gave off aniline wa$
discovered as early as 1840. In fact that was how ani-
line got Its name, for when Fritssscho dintilled indigo
with caustic soda he called the colorless cltstillato
" a n i l i n e / 1 from the Arabic name for indigo, " a n i l "
or "nl -ni l ," that in, " the blw-aluff ." But how to re-
verse the process and get indigo from aniline? puftfttwt
chemists for more than forty yours until finally it wan
solved by Adolf von Biteyer of Munich, who dbt l in
1917 at the age of oighty-four. He worked on the prob-
lem of the constitution of indigo for fifteen yearn ami
discovered several ways of making it, It m poaitibie to
start from benzene, toluenes or naphthalene, The flrnt
process* was the eiinient, but if you will refer to tb«n
products of thi! distil lation of tur you mnll find that tho
amount of toluene* producrd in lea* than th<* naphthA-
lene, which is* hard to dispose of. That i i f if a dyct fun-
tory had worked mt a proee»n for niaking indigo from
toluene it would not In? p r i e t k i b k h^mm® thori* w$m
not enough toluene produced to supply tJie tbmitiid for
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Indigo- So the* more* complicated !iaj»thalf»m
was chosen in preference to the other** in nnler to uti-
lize this by-product

The Badische Anilin-und-Sodti Fabrik npvni $»\mm,»
000 and seventeen yearn in eht*miea! n^rarch Wfctrti
they could make indigo, but thtty gainm! n momipoly
(or, to bo exact, ninety-nix pc*r cvnt.) nf On* wurM'a
production. A hundred yeiim ago indigo c«**t ;i* much
as $4 a pound. In 1914 we uvre paying f i fWn w*nU a
pound for it. Even thci pauper lab«r of India iwtilil not
compete with the Herman ehetniHti* at that prim*. At
the beginning of the prenent century (Jenwmiy wan |wy»
ing more than |3,O0C)ffKWl a year for tmligo. Fourteen
years later Germany wan miling ituligo to flu* amount
of $12,600,000. Benidei ita dheapn<*Ht»y iirtifiriiil iniltgo
is preferable beeauMO it in of uniform quality mitt
greater purity. Vegetubli* intliga eontain* fr«im forty
to eighty per cent of tmpuritiM9 among tlu*m v&nm§
other tinctorial iubitatieei. Artificial incligti in nta«lo
pure and of any dummd itrengllt, no the dy^m mn
depend on it.

The value of the anilino ecibm litii in tlipir tnfintUs
variety. Some are fa«it9 gom« will fmh§ $-mn^ will
stand wear and woathor aa long us the fiibrii^ aoma
will wash out or s p o t Dyni mm b# nnicl# f hut will at*
tach thernfielvcm to wool, to silk or In aiittfin, nn*\ pv§
it any shade of any eolor* Thu period of tlinffnvory by
accident has long gono bjr. Th# ohamitt nowadays dto*
ddes first just what kind of a d y t h# watitu, ami tint a
goes to work systematically to » a k § i t II# fogina by
drawing a diagram of tht molecule, &mbk*Vmking ni
trogen or carbon mi o i y p n tiUnm to g i f t
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intensity, putting in acid or basic radicals* to fasten it
to the fiber, shift ing the color baek and forth a long Urn
spectrum at will by introducing methyl groups, until ho
gets it just to his liking.

Art can go ahead of nature in tho dy OH tuff business.
Before man found that he could inako all the* dyes he*
wanted from tho tar ho hud been burning up a t homn
he searched the* wide* world over to find colors by which
he could make himself—or his wife—garments an boAU-
tiful as those that arrayed the flower, the bird and the
butterfly. Ho sent divers down into the Mediterranean
to rob the murex of his purple. He sent ships to tht»
new world to get Brazil wood and to the oldest world
for indigo* H e robbed the lady cochineal of her sear*
let c o a t W h y these peculiar substances were formed
only by these particular plant*, mussels and insects i t
i s hard to understand. I don't know that Mr«. Cacti
COCCUH derived any benefit from her scarlet uniform
when khaki would be safer, and I ean*t imagine that to
a shellfish it was of advantage to turn red as it rots
or to an indigo plant that its leaves in dtmompamng
should turn bluet. But anyhow, it wan man that took
advantage of them until lie? learned how tci imikft h i s
own dyemtuffs.

Our independent ancestors got along MO far m pos-
sible! with what grew in the neighborhood. Hwcwtappln
bark gave a flms saffron yellow, itibhons were* g iven
the hue of the roue by poke berry juice?. The (fonf«d»
eratat in their botUtrnut-colored uniform wnn* almost
as inviiibli* nn if in khaki or fetdgrau. Madder mm
eoltivated in the kitchen ganion. Only logwood from
Jamaica and indigo from India had to ba imported.
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That we arc not so imh>pt»!irif*nt tminy in our own fanlt,
for wo waste enough coal tar to supply ourH«lv<»f* find
other countries with nil t\w iurw dyi*n iu*vth<*lt U i§
essentially a question of economy ami nrwmhutitm.
We have forgotten how to cconomisfe*, but we hav*
learned how to organize!.

The British Government ptvi* th«« tlixouwrrr of
mauve a title, but it did not glw him any »tipp«*rt in
his endeavors to develop tin* imhiKtry, iilthotiic)i K«g»
land led t!ie world in texttlrM and t$***««i***i mor«* clymi
than any other country. So in IH#4 Kir William Vw*
kin relinquished the attempt in mattufartun* the* flym
he had discovered becauw, nn tw nai»I, f l%for«l mul i'rnii*
bridge refused to c*ductif<* chntiirttii nr in carry fin re-
search. Their Htmletttnp fruin^fl in fhr rlaMic* fwr ttii
profession of beinft a K<*ntlf*friiiiif nb»wi*ff| n ilrriiird
repugBanca to the laboratory m $m**mnt »f i u bid
smells. So when Hofmann went lwm<* hv \atrttially
took the infant industry along with him i« (l<*rfi)Anyf

where PLD. 's warf* cthi*ap ami plentiful itncl n«i afraid
of bad smells. There the* tmntm*** thr«iv«*
and by 1914 the (Mmmm Wf*rn nttinitfactttrinK
than thred-fourtha of all th«* coal-tar jirmlttrtn of flit
world and supplying material for immt of tbo r w t
The British e u n t d tht oniwrsi t ios for thti* imporil-
ing the nation through tlit»ir nurrowtu^nii mint
but thii acctJHnlionr though niittsra)y wait nut
fair, for at leant half tht> bfam& ihonld m td tin* firifiib
dyer, who did not care whera his ccilori camr from* m
long as they were cheap. Whea finally tb«
did tara over a ntw leaf andl b t f »n to ,

the manufacturers would not t m p k y l\mn, Vkfme i b i
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war six English factories producing dyeshrffs 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 Q-erman 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
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met because these also art* largely conl-tnr products.
Picric acid is both a dye and an «?xplo*ivr\ It U made
from carbolic acid and the fnimwH trinitrotoluene is
made from toluene, both of which you will find in the
list of the ten fundamental " m u l e * . 1 1

Both Great Britain ami the l*ntte«l Staten realized
the danger of allowing Germany to r w m v r her fur*
mer monopoly, and both havi* t*ha*~ti n ronclittr-ttii tn
cast overboard their traditional putini** t« mwt tliii
emergency. The British (lowrnnwnt ban cli^«v**rtd
that a country without a tariff in a land without wills.
The American Government lian di*tcowr«-d that it it it*
dustry is not benefited by Wing cut up init* m\n\\ pit&es.
Both government** are now doing nil they run to build
up big concerns and to provide them with prat ration*
The British Government wtiistetl in ih« formation of
a national company for tint tniuttsf net tire of nytithetio
dyes by taking ona-stxth of the nUwk a.n«l providing
$500,000 for a research laboratory* Hut thin effort is
now reported to be < fa great fatlurttfl beams*. th« fllov-
crnment put it in eliargt of tba prilitkiaiii mtU'tul of
the chemists.

The United States, like Engktiil f had tattim? depend-
ent upon Germany for its t iytituffi , \Vi» tiifportad
nin©-tenth§ of what we naed and mmi of ihnm tJbtt
were produced htre wert made from imported interme-
diates* Whtn tha war brokt out tber© wart only n w t i
firms and 528 persona employed in the mmtmtmimn ef
djea in the United State*, On« of t b t p t th«
kopf Aniline and Chtmltsiii Wnrki f nf B i f f i H
mention, for it h i d stndt it mi tvar a i n » l i f t , and to
1914 was making 106 dyea In J u a ^ I f I f t thia
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with tho encouragement of the G o v e r n m e n t B u r e a u of
F o r e i g n ami Domest ic Commerce , jo ined with Home of
the oilier Amer ican p r o d u c e r s to form a t r a d e combina-
t ion, the Na t iona l Ani l ine a n d Chemical C o m p a n y .
The l )u P o n t C o m p a n y a l so en t e r ed the field on a n
extensive scale a n d mnm t h e r e wero 118 concern** on-
gaged in it wi th g r e a t profit . D u r i n g the w a r $200,-
000,000 was invested in the* domes t ic dywttifT i n d u s t r y -
T o p ro tec t th is i n d u s t r y Congres s p u t on a specific d u t y
of five oents a pound a n d an ad va lo rem d u t y of 30
pe r cent, on impor t ed dyes tu f f s ; bu t if, a f t e r five y e a r s ,
Amer ican m a n u f a c t u r e r s a r e no t p r o d u c i n g 60 p e r eent ,
in value of the domes t ic consumpt ion , tint p ro tec t ion m
to be removed* F o r some reason , n o t c lea r ly u n d e r -
s tood a n d there fore hot ly discussed, C o n g r e s s a t t he
las t moment s t ruck off the specific d u t y from two of t he
mos t impor t an t of the* dycstufTn, indigo and a l i za r in ,
an well an from all medicinals and flavors.

Th« m a n u f a c t u r e of dy<m In no t a b ig bus iness , hut i t
in a s t r a t eg i c bus iness . Hel igo land in no t a b ig inland,
bu t Kngland would have been g lad to buy i t back d u r i n g
tho w a r a t a high pr ice p e r aqua re y a r d . A m e r i c a n
indus t r i e s employ ing ovctr two mill ion mm a n d women
and p roduc ing ove r t h r ee billion do l l a r s 9 w o r t h of p r o d -
ucts a y e a r a r« d e p e n d e n t upon dyes. Chief of these iw
of course text i les , u s ing morn than half t he dyim; n e x t
come lea ther , p a p e r , pa in t a m i ink. W« have been im-
por t ing more t h a n $12,OttOtMO wor th of coa l - t a r p r o d -
ucts a y e a r , bu t the cottonHewl oil we e x p o r t e d in 1912
would alone Huffiee tn p a y t h a t bill twiett over . Hut
al though the m a n u f a c t u r e of dye* canno t be eaHml a b ig
b u i i n e i i f in w m j m m u n wi th mnu> o t b u r i , i t b a
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ing business when well mitnuK*'d. Tin? (fcrmaii mn*
corns paid on an average? 22 j«#r c«*nl. diviiJfiul.s mi their
capital and sometime** a* high an &o JUT e«*nt. Muat of
the standard dyes havu lnu?n HO l«n*r in u*# that ih i
patents ara off and the protvssw* atv wrll enough
known. We have the coal tar and Wf h a w tin* eh**m-
ists, so there seems no good reaimn why wv jthuuld not
make our own dyes, at least wtmigh nf th«-m *« \v«* will
not be caught napping an wi* W<TI* in liil I, It wig
decidedly humiliating for our Cl«v«»rnini*«t to havi* to
beg Germany to B«H U» i*nnugh CMIHW t« print our
stanipg and greenbackit and then have* to Iwg tlnml
Britain for permiasiion t« bring thnii uvvr hy Duteb
ships*

The raw material for th*» product ion of eonl-tnr prod-
nets we have in abtindiitiw if wi* will niily titkii tlie
troublo to t a v i it* In 1914 th<* rntdt^ light «*il aillrctud
from the coke-ovens would lmvi? prmfam«4 wnly About
4,500,0W) gallons of benxol niifJ 1,5**1,01*1 KAIIOH* «f tn-
luol, but in 1917 thin output wan ruiwtj to #i^ll t«liiJ
gallons of bcnssol and W*f*l,mi of t«ilii*iL Tin? tuliicil
was used mostly in the* mnnufmUtrt* mf trinitrotoluol
for urn in Europe. When the war bruit* tint in 11114 it
shut off our supply of phtwil («s»rboli« arid) fm whieb
wa wara dcipindtnt upoii foreign mntmm. Thin threat-
ened not only to afllict us with headaeh^s by depriving

f«s of aspirin but tkh® to remove the consolatiott of
mmtof for phenol i t uttd in making phonograph ree-
ords. Mr, Edmm with hl i wmmiummt t n t r g y put up
a factory within a few w t t k i for tht mannfsietiifii of
ijmthetio phenol. When wt e n l t m l the war tfin n e H
for phtnoi became yet mor@ inptralivft , for it waa
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eeded to make picric acid for filling bombs. This de-
land 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 products, as we see, serve many

urposes. For instance, picric acid appears in three
laces in this book. It is a high explosive. I t is a
Dwerful and permanent yellow dye as any one who
as touched it knows. Thirdly it is used as an anti-
jptic to cover burned skin. Other coal-tar dyes are
ged for the same purpose, "malachite green," "bril-
ant green," "crystal violet ," "ethyl v i o l e t " and
Victoria b l u e / ' so a patient in a military hospital i s
3corated like an Easter egg. During the last five
*ars surgeons have unfortunately had unprecedented
>portunities for the study of wounds and fortunately
ey have been unprecedentedly successful in finding
iproved 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 P e r u . "
he 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-
ints, resulted in the course of five thousand years i n
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
id Metchnikoff, that the cause of wound infection i s
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the bacterial eni*mic*a af man which Hwnrm by f ho mil-
lion into any breach in hi* proti*rtivf armor, tin* Mn.
Now when n breach i i mmte in n lim* «>f if»trr»ttchff)<*fit4
the defenders rush troopa to the* thrt'at<*n«-tl *|mt for
two purposes, conBtrartive and «lw*trttetivi% **mtmwn
and warriors, tho former t« build up th<« mmpart with
sandbags, the latter to kill the* n i n n y . S« WIHJI the
human body w invaded tin* blood bring:* i*» th«* h r i w h
two kinds of defender*. iHw h tin* w r u m wliidi u«ni«
tralizcs the bactorial p«>J«o« and by crmmUaiiiiK f«iraui
a new nkin or wrab over the f»x|ioHc*d ih^h, TIi«* utht»r
is the phagocytes or white cwrptutelc?*, tlw« fr«?i» InneifS
of our eorperenl militia, which Attack ii«4 kill th* in-
vading baeteria. The aim of tin* pbyniekm l\u*n in to
aid these defenders a i mtieh n* pon#iW« withotst. tntt*r«
faring with them. Therefore tin* »nti*r»ptir 1*̂  in nwk*
ing is one that will aa*i»t tin* ni^rutti in prot«vtintr unti
repairing tho broken ttMtif*ii it ml will kill the* Jiontiln
bacteria without killing tin* frifcmlly |ilinn<*ryfc«nt f*nr«
bolio acid, the most fiimiliftr af lh«» ninl tur imf im»ptkif

will destroy thti bacteria whwi it in dtlutiNtl with 230
parts of watur, but unfortunately it put* a $tnp to flit
fighting aetivitifi of the* pbafttieyti?* when it i i only
half that §trtngtJif or titm to Soci» i n it eantiot *I*mtrt$y
the infection without hindiritig tttit I^-HIUIK

In this starch for mbatanws that would attack t
sptcifie d i i t t s t p r a out of tli« leadtnic inwftttKatora'
was Prof, F a i l Ehrlidbf a Otrwa» ptiyniaiiti of tho
Htbraw racs®. Ho found that th# ani)ini» dy#a wtro
usiful for ataining alldta ind#r th# tmkfmmp®.9 for
they would pick out particular o t l k and I#iv# olhtr§
uaeolortd t a d from thi i f t t r t in f point b t
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organic nnd metallic compound* which would destroy
the bacteria and paramttm that cauno some of the most
dreadful of dint'iincr*. A year after thu war broke* out
Profeaaor Khrlich di«u.l while working in his laboratory
on how to h«?al with coal-tar compounds the wounds in-
flicted by explf>wvc?H from the tiume source.

One of the mot-si valuable of the aniline! antisepticA
employed by Khrlieh is flavine or* if the reader prefers
to call it by it** full name, diaminomothylacridinium
chloride* Flavin®, as its name implies, i s a yel low dye
and will kill tho gcrma causing ordinary abscesses whan
in solution as dilute tm one part of the dye to 200,000
partu of water, but it does not interfere with the bac-
tericidal action of the white blood corpuscles unless the
solution is 400 t imes as strong an this, that in ono part
in 500. Unlike carbolic aeid and other antiseptics it
is said 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 Inst itute i s that called by European
physicians ehloramine~T and by American physicians
chlornzene and by chamist i para-toluenf^Hodium-HiUfo-
cliloramidc*.

This may sitrve to illustrate haw a chemiMt is able to
rnakc* mich n»mi»riic*H an th« doctor noodH, ittHtc*nd of
depending upon tin? aaeiflcmtal by-products of plants*.
On an earlier piî «* I «*xplairu?d how by start ing with
thu simplffHt of rinic-compoufidH, the* b(*n/*r»nc» of coal
tar, W0 eould gc*t aniline?. Suppose we go n stop fur-
ther and boil tho milling oil with acetic aciclf which i i
th# aeid of vinegar minun its wntor- Thin nany pr?)O-
em pm$ u i aeetanilicl, which when introduced into thci
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market someywira ago under the uaino o f ' 'ant i fobrtn"
made a fortune! for its maker*.

The making of medicine* from coal tar began in 1H74
when Kolbe mack* Halicy!ie acid front carbolic nctd*
Salicylic acid is it rheumatism remedy IUMI had previ-
ously bean extracted from willow bark. If now we
treat salicylic acid with concentrated arHic acid we
get "aspirin.1 ' From aniline a Kit in aro mud** "phen*
aeetin," "ant ipyrin" and a lot of oth*r tlrttgit that have
become altogether too papular an hiwdactu* mnai i tr t—
say rather "headache reliever*."

Another class of »ytith^ttcn equally u^fttl nn4 like*
wise abusod, are tho Hoporiflrn, titsch n* M«tulph»niilt

vv

u veronal f t and 4 <medinal/ f When it in not druirtd to
put the patient to *l«?!?p but inertly to r**ndrr inm*nnible
a particular plaei*f as wb«nn n Uwth i« tn tit* piillc*df

cocain may be used. Thin, like alcohol and mftrpiiine,
has proved a enrte i § well an m bhmmnu and ita mh
has had to bo rontrieted \~mmm of ihi? umny %*intimi to
the habit of uiinif thii drug. Cocsnin ijn obtaincNl fr im
the leaves of the South Anwriemt c«cn !r^»f btit can
be made artiflcially from eoaMiir prmlmim TI IP lab*
oratory i i superior to the forcit bcHsntiM «>tti*?r f u n m
of local anfgth§ticif inch aa tuoitri utiti n#%'tifiitiif mu
be made that are bitter timn tht natural alkaloid b<?-
cause more i f f tet iv i and k i t {Miitotictiiii*

1 most nut forgtt to tntntiofi int i thtr lot of c/>fi) U r
derivativt'H in which snitii of my rrmhtn will titk# a
personal interesi That is t i t photographic d w t t o p -
ers. 1 am old enough to mmmmimr whttt w§ ®tm& to
darclop o»r plates in ferrous sulfate scrfotion and yon
never nm nk%t n t p U f t i tha i w@ got with iL l o t
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when pyrogallic tmtl caim* In wit Mwitchcd over to that
ev**n though it did gtuiu our fiugera and sometimes our
platen. Later canio n nwarm of now organic reducing
agents* under varioun fancy nanum, nuch an mctol, hydro
(short for liydro-qiiinom?) ami tiikongen ("the imago-
maker f f ) . Kvcry fallow fixed tip hit* own formula and
called hia fifHuvr-mottilwrn of the camera club fools for
not adopting it though he secretly hoped they would
not.

Under the double sttmaluH of patriotism and high
prices th« American drug and dyentuif indutftry devel-
oped rapidly. In 1917 about an many pounds of dyes
wc»r<* manufactured In America as were imported in
1.913 and our exports of American-made dyes exceeded
in value our imports before this war. In 1914 the out-
put of American dyes was valued at $2tf>00t000. In 1917
it amounted to over $57fOOOfO00. This doe» not moan
that the problem wan «olvcd t for l\m home products
were not e«|Ufd in variety and sometimes not in qual i ty
to those mado in Germany. Many valuable dyes were
lacking and the cost was of eourw much higher.
Whether the American industry can compete with the
foreign m an op tn market aad on ciqunl terms is i m -
poHHtble to say becaune inch csondttionn did not preva i l
bi*fon» On* war and th«y ari» not going to prevail in the
future. Fcirnifrly the* largo Cforman eartels through
their agf*ntH and brancho* in this country kept the busi-
H0ii in th<*ir own handH nnd twm the American manu-
facturer*! are di?t«*rmin<?d to maintain the independence
they havct aeiiutrml. Thoy will ncit depend hereafter
upon the tariff to ant off competition but have adopted
more effective nie&*uri4s. Thy 4500 German el iemieal



90 CREATIVE UHKMISTMY

patents that had bvvn mnml by the Al ini P
CuHtodian wi*re KOUI by him f**r $2S«v«»o t** thv
cal Foundation, tin nwoeMtion «»f Ann*ri<%*iti i i e
turera organiwd "for tlu* AmrrivnuiznUnn of &uHi in*
stitutionB as may be* aflfwrtiul tlifr^hy, f<«r th«< <*%r)u>»t«»n
or elimination of ali«-n IUUWHI* hmiih nr il^triimiitul
to said induHtru*H n«rl for th«« adv;iu<vti4«-iit **f rh<*yiue4il
and allied nciemv and induHtry in iln» r u i t n l Hlnt^,1*
The Foundation h«K a l a w li^hiau* fuiid H« that it
"may be ahln to entnuwtm* imni>"<liat«-]y ;ii*«l |fr<tn«*mtir
with thi! utmcutt viK^r infriiij^<-tn«-t*i |ir<«rr« *linic^ urhfii-
over the fir«t (Icrmait ntf^iiijil nhall UvrmfU't U* made
to import into thin country.11

So much mynti#ry hm hvm mmh t*f th«* »^hii*wm^iiU
of German chi»mi>»t*-- it« though th^ lViii«*ui^ limin bod
a special loba for thut fami ly , larkiittr it* ntlirr rraiti*
ums~that I want to qtiott* what l*r I I^M* nayn utmtit
his first impr^iiiciiii of a Cirritiiiti la)*<»rjit«»ry ui
trial reaciarch:

Directly aff#r irraittistittK tnm% th* t*iii% r̂w$iy «f <'%tiir«|io
is 1896,1 <*ni**rtd tbt» f*tnplajr of Ib* laatfwt c«Mil-i#r <lj*r i»«irki
in tha world »l itn pl*wt in ihtnmmy att«I iti*J«*#fi m i»n# »f iU
^»ireh lihoriicirii?n, Thin w#« wjr it%-i trip atitaiit* the
United SUtai and it wa»f iif nniiw, ott **mt «f th^ H M toog*
oltiide tor me to be lit itirop*1! ami, *« a etonuM, \m \m m
Germany, in a Otnuiis mmhlMf 4ym pUmt, «iifl im mp tt ill m
iU rt*m»Brrh ltt!^r»tory n rrol M»trliiip JMrncî iiM ffir rhrm-
irts. In a dborl time ifo daily fontitiip wi>r# ili# itciwltf atf
my experience and 1 Htm miiM *h>wn %m mtm analfik tml
di«pa««ionate apprni^l of my «nrfii^iifliii#« mni
what wa» tetoaUy btfort^ and armm*j m
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I found that the ftpncral laboratory equipment waa no better
than what I had berni neaiHtomtnt to; that my colleagues l a d
no better fundamental training thnn I had enjoyed nor any
better fact—or mtt«ii|>ulativit~t»*|uipmrnt than I; that those
in charge of tin? work had no Wtter general kteliccitual equip-
ment nor any mem* native ability than had my instructors; in
abort f them wan nothing mw about it all, nothing that w<j did
not have back home, nothing-—except tkt upeetflc problems
that wi»re engaging th«»ir attention, unrl tht* upedat opportuni-
ti«?K <if attack snic thfm. TIio»e proliirittM were of no higher
ordkr of caniptexity than Hum 1 had been aecuBtomcd to for
ymw, in fart, mewk <if thfm nrrr« not very complex from a
purely intollftttttal viewpoint. Thî n? wm nothing inherently
unv&nny, magienl nr wixnrdly about their occupation what-
ever* It wa* aotbing but plain hard work and keeping ever-
Imtingly at it, Nbwf what wa» the actual thing behind that
chemical laboratory that we did not have at home! It was
nwnty, willing ft* bittrk nnvh aHivity, mnvimwd that in the
final tnjtaf»mey a ptu&l would IH» miitic*; moiuy, willing to take
uiiivcmify gracluato exprrrtitig tmm them no gp^eial knowl-
t*df0 othrr fhtM a good ami ikirongh groii«(Iing in scientific
rmrarch md provide iJhrm with opportunity to become special-
istif miitfd to the factory fg

It i i evidently not impomibk to make the Uni ted
Httttra nelf-sofificknt In thct matter o f <?nal-tnr products.
W(* *v^ jfot thr» tnr; wo fvc» pjot tint mem; wo Ve go t the
xiumey> too. WhHlicr «ucli a policy would p a y us in
thit b u g run or whether it is nreoHHary m i% measure of
military or commercial Hitlf-doffifiHo m attothor quofltioa
thai can not hero bit ditdclr«l But whatever share w e
may hare* In it th* conl-tur ittdtintry hn» tnor^aflod the

of civilization und ndikd to tin* 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.



SYNTHETIC PEKFUMES AND FLAVOES

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
send 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-
ization, began before Jhe dawn of history and lasted
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for tmn# t^if Wi» mnn^l mint$»<» urbtt thi*
mn da. I f w» |o<ik mkm4 ihratuth IIM» «tjrtt of
b# fff^al#nl nf f"r

l i what m® iball •##*
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of »Hmwl, with ^r^^» ^ rr, »^J U->rt>
i*km Craw iW «r§tî  m i
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drawn from I hi? air. . . . Tht* day will come when each, per-
mm will t?«rry far hi* nourfchmimt his little nitrogenous tablet,
his pat (if fatty »iatt<*rf h'm package of utareh or sugar, his
vial of aromatic Kpiccii miifcfd la bin pttrnonai taste; all manu-
faelural ectuiomiejiUy ami in unlimited quantities; all inde-
pendent of irrrmttnr W'UHOIIH, drought and rain, of the heat
thai withrrH the* plant and of tht* front that blights the fruit;
all free from pathogenic microhm, the origin of epidemics and
the eneniii** of human life. On thai day diemintry will have
accomplished a world-wide revolution that cannot be esti-
matrtl There will no longer be hilln covered with vineyards
and field* filled with cattle. Man will gain in gentleness and
morality beeatiw he will ceaie to live by tha carnage and de-
atruction of living creature*. • * . The earth will be covered
with zriixH, flowers and woodi and in it the human race will
dwell in the abundance and joy of the legendary age of gold
—provided that a spiritual ehemiitry has been discovered
that change* the nature of mm m profoundly as our chemis-
try transforms material nature.

But this is looking $« far into tha future that we can
trui t no man's eymight , not evra Barthelot's . There
m apparently no impossibil i ty about the manufacture
of synthetic food, but at present there is no apparent
probability of i t T h e m in no likelihood that the labor-
atory will ever rival thc wheat field. The cornstalk
will a lways b«* abl« to work chimppr than the chemist in
tht! manufacture of starch. But in rarer and choicer
product** of nature? tht? clwmtfit !UIB proved his abil i ty
to compete and c*v*m to exwl.

What h&vi* bt*r»n from tht* dnwn of history to the r ise
of synthetic chemti try thit most <*mt\y products of na-
ture ! What could tempt a merchant to bravo the
perils of a carnvaii journey over the deserts of A s i a
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wit l i Ami * r**hWt*1 \\hx\ m'lu<v<| tbi»
nml K|«ini*b it4;»r»n<T* t«* n*k tln-ir f ra i l twrk§

oit jwriloui* wiiti-rti «»f tj««- O§j**y «f *I**«M1 Jl<tpcr or ib*
l l n n i f Tin* chu-t |#ri/*-H « r t > jwrfutn«-\ >»|jir^iif ding*
ii««l s;i»tiw. Ami why I'M***- rather th:m what IH»W

tin* Imlk ot uKt-t*vn I I I I 4 Mi-rr];m<) e

I f tin* iiti*rrliinif *̂s»t 1*a*'k »«»f|% rt't^r n }«-*ir «r two with
a littli* fliii*k «»f «»tt« <»f r«*v*» ;t iiiickmc** *»f ^aitiplMir itui
a few jtritrin rrinr<*iiJr4 m hm u*ir»n-i*ti> JIIH fortune
made* If n #i!ig!if *lujt »f tli«» n?n«*»y *i*-nt **m
hmlmn vntm* hnrk with a loarl af n««4filwn*iiit in*i i |^ or
ttuttiif*x it w « ^ r«*iraHM n^ » #tirr#n#fiil v^ntur«*. Yo»
kttciw ffittti r^n*ling tli«* IliWK «r i f not flmt, from yaor

of Arnt*bii K i t lit it, thnl « f*rw irmini of fmtik*

gift« wortbjr th*» «rr^fitimc^ of m
prc>dtieti of the Ori«-t»t w<*r** ^utailjr in

by tint tailrl »nil th«* t*»ini»l<*. *TV unrtMrium w«g §g
nf {In* Komnn tmtbr<mm. Kin*1* h»4 to b®
«ntl ftnnipitf*4 twr»foro th*»y w«»r<» tbooitbt lit to

tit upon ft fhrom»* Tbrr<* w#n n theory, nu| y*»| alto*
getber txtinrff tb»t ntvflirinM Hrouirbt from n «ii§itjiite§

|
•hrt, tbty tn«li»4 bail lifcr myrrli «r ttnrll«I burl like att»
fitida* Anil if tb#-m* faitrtj tn MVI^ HIP prinwly pafkttt
b# wai cmhalnud in aromatirn or, gg w^ mm cnll tbtn^
nttttpttea of tbt t*n«4«n* aerim4

f §^y» ai always, w n ir# willing lo pay blgb for
tbt tlUOatioii of tb# i#niwi of mnclt anil laalt. T i t
Afr iwi satipi will trtrlt nff an l%*ory teak for a piiM
of w&p tmMmg with iyntb^tie mitttk* Tb# cluhamn
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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
"bouqiit11 that can only \m produced on the sunny
slopes of Champagne* or in the valley of the Rhine.
But very likely the reader is quite m 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 contains; the rest is mere water and
alcohol. But you would not want the pure undiluted
oil if you could gtt 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 tall how the atoms aro put together.
These twin senses stand like sentries at the portals of
the body, where they closely scrutinise everything that
enters. Sounds and sights may be disagreeable, but
they ar§ mvw fatal A man can live in a boiler fac-
tory or in a cubist art gallery, but ha cannot live in a
room containing hydrogen nulftde. Hinee it is more
important to he warned of danger than guided to de-
lights our utmsem art! mack* mnm ttonftttivo to pain than
pleasure. We emn detect by the* HineH ono two-millionth
of a milligram of oil of rases or musk, but we can de-
teet one two-billionth of a milligram of mercaptan,
which is the vilest iintlling compound thut man has so
far invented* If you do not know how much a milli*

it
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gram is consider a drop picked up by the point
needle and imagine that divided into two HUion p
Al so try to estimate the weight of the odorous par1
that guide a dog to the fox or warn a deer of the ]
ence of man. The unaided nostril can rrral the i
troscope in the detection and analysis of unweigl
amounts of matter.

"What we call flavor or savoi i s a joint effect of 1
and odor in which the latter predominates. Ther€
only four tastes of importance, acid, alkaline, bitter
sweet. The acid, or sour taste, is the perceptio:
hydrogen atoms charged with posit ive electricity,
alkaline, or soapy taste, is the perception of hyctr
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 Q
sense organs, the taste and smell buds, are sunk m
moist raucous membrane they can only be touched
substances soluble in water, and to reach the sent*
smell they must also be volatile so as to be diffuse*
the air inhaled by the nose. The "taste'5 of fw«
mostly due to the volatile odors of it that cxeep up
back-stairs into the olfactory chamber.

A chemist given an unknown substance would hay*
make an elementary analysis and some tedious tc
to determine whether it contained methyl or et
groups, whether i t was an aldehyde or an ester, whet1

the carbon atoms were singly or doubly linked «
whether i t was an open chain or closed* Bat let h
get a whiff of i t and he can give instantly a p*®
shrewd guess as to these points. H i s nose knows



SYNTHETIC PEEFUMES AND FLAVORS

Although the chemist does not yet know enough fo
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
alcohol (say ethyl or common alcohol) and an acid (say
acetic or vinegar )and a combination 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 alcohol—though amyl alcohol (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:

(CH8)aC = CHCHaCHaC(CH8)a = CHCHjOH
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-ol-8.
Geraniol by oxidation goes into the aldehyde, citral,'
which occurs in lemons, oranges, and verbena flowers.
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Another compound of this group, liimlnul, i« found in
lavender, bergamot and tmmy flower*.

Ooraniol, as you would mm if you drrw up iln #true-
tural formula in this way I ikiaribrd in tin* taut r)iA|it«*r9

contains a chain of six carbon atouiH, thnt is, tlii* namo
number as make a benwnc* ring. Nuw if in* f*lmkc* up
geraniol and other compound* at Urn unmp \i)w tliufa-
fines) with diluted mttfurie nc?id tin* cnrbtiu rbwin hunk®
up to form a benzene riiifc, but with ili^ uilwr mrlmn
atoms stretched ncroan it; rather t»o r«)in|dicoti*d la
depict JHTO. Thi»fu» *iirid.gi*d ritigii'* of iht* furtnula
C6Hg, or some multipte of that, c«m*titttt«' itir titi|ifir-
tant group of the torp^mm which wei ir in tur|H^nUni»
and such wild and woodsy tliiniri m« i»n|p% lavi?mli?rt

caraway, pina mtetlli** and i»tietilyt)t«iii. CJuitig furthtr
In this direction we &m led into Hw tmlnt «f l)
oriental odors, imtebouli, M.ndalwoai!9 w<lnr,
gingar and camphor* Ciunphor « n now IM* mail** di*
rcctly from torpentino so w« may bn intl«*|w^iciifnt of
Formosa and Borneo*

Whim we havo a nil earhon rinir witiioiit IJCIUIJJI? link*
ings (eyclo-aliphatic) nr with »ti© rtr two nuelif w«» g«t
soft and delicate pi*rfuitii?i lik# the violet (toftriftr and
Iron©), Bat whra them |i»#i intti IJ10 hmnmm ring
with its tbrt i doubia titikiKfti tlm u«iar kti?iiiiif*a niurt
powerful and so ebaractoriatie that flit ttaim* ••aro-
matic eompound11 h n bttn c*iti?tidi*fl to iha rtitir» olaaa
of bensena derivativta, a l t h o i f h many of
odorlerts. The t i inntia! #i l i of
soms tmusk f heliotrope, tntaraeit, y f j $ f

sist mostly of thin t i n t and can bt imui*' f r^m th#
men source of arottuitic compinnuh, c<***l tar.
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The ftynthittic flnvorg and perfumes are made in the
name way an the dycm by fttarting with tsoxne coal-tar
product or other crude material and building up the
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gether a« art, tar or rot OT< U% t;ik«* ;i m«»r«( ;ipti<»j»)t<»
illutftratioii, evrry hoM**** kimw* that fli** hiK*-*-** «»f |)(»r

dinner depend* upon h*>w *h«« n^at* h**r g u ^ t * around
the table. Hci iti tin* «**«• of iir«m.'iti<% f̂ >ifi|̂ *im«I*i9 n
little diflerenre in the K«*atii»K *irrttiitf<'in«-tii ur<iun<| tlm

ring rhmiRt^ th** r!mriiri<*r. Th«- t\^i 4**rivii-.
of ph(*tifilv whicJi wr nr«* n**w r*«nHi«l<-riiii», hnvo

two HttliHtituttnx Krt*«|iH. ihu- in O !l i r n l M tb<i
bydroxyl Kruttp). Tb«* i*fl$rr ir-* 4 Il» > irnli* 4 tin* nl*
dobyde t<roup)* If tiit*nt» nr«* i»pp«**iir i«v»l]« 4 i

bnvi» itn o«lorl<^f» *h»t«* »oli«|. If »b
e by Hide (ealKl tin* ortlm pHMtiv»ni *«• b»\«'

with the odor of m«*««lMWHWi*i'l. TfMilin»c lb«* m
Aolid with methyl Alrnbo) w<» g**t fiu<^)tit)r l«ir
aldehyde) wbieh in the |K*rfii«*«* «»f 1mwllic*r«
But ir«?fititt»? the ntb^r cif tb«* twin |*r<«lurK tin" fm»
grant oil, with dry ni^lir ntut ("IVrfciir*
we get eumiirin, wbieh in Ibn |H*rfmn«* |i«rl «rf Ih**
or tonrjiiin lieani that our ft*tvf*ihrt* n*<**l l« carry in
their mtnfT boxi«n. tin** otinw «f m m a r i n if* c^ual to
fottr poundu nf tonka bran*. It wn<4k utiflinrnily l i l«
vanilla to bo UWHI an a inil*n!ittit«* f**r it i t i vUv»p m*
traeU* In perfumery it in known a* t f n«*w m»*n Imy.ff

Yoa niay rtmeinlier what 1 *ai«l on « f*#niirr pag*
th# earwr of William U n i f y IVrktn. liie tmy

0b^miiti>f brtl«*r tban p*tinir, an«l how bt
tbp ooaMar dy##. W^ll, it i# nlno to hi i

inpnions aoiittil that wu am§ the Martin* of thr enal«
Uf p t r f i n t bmitt f i i wbirb baa hml almort an impor*
tant A dmlopmmit . Parkin made a t i raHn in I W ,
but tbis, Ukt UM dy« indtmtry, rMnped fnun Kngliih
bands and flow over ib§ Mortb H* a. IJ^f^r.^ tb# 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 fancy bottles with
French names and sold to Americans at fancy prices.

The real vanilla flavor, vanillin, was made by Tie-
mann in 1874. A t 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 coordinate
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 violinists and the
man who blows a single blast or tinkles a triangle 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. H e would
then listen outside the window and analyze the sound
in this fashion: " F i f ty 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 i t 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 i s 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 single 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. For instance, 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 proc-
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 alcohol.
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-
side 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, aad 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 alcohol.

But many sweet flowers do not readily yield an essen
tial oil, so in such cases we have to rely altogether upoi
more or less successful substitutes. For instance, th<
perfumes sold under the names of " heliotrope," "lilj
of the val ley," " l i l a c / ' "cyclamen," "honeysuckle/
"sweet pea ," "arbutus," "mayflower" and "mag-
nol ia" 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 " E a u de Mille F l e u r s " are the civet c$t,
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 contains traces
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of indols and skatols which have most disgust ing odors .
Though our olfactory organs cannot detect the i r p r e s -
ence yet we perceive their absence so they have to be
pu t into the artificial perfume. J u s t so a brief but
violent discord in a piece of music or a g lar ing color
contrast in a pa in t i ng may be necessary to the ha rmony
of the whole.

I t is absu rd to object to " a r t i f i c i a l " perfumes, for
practically all per fumes now sold a r e artificial in the
sense of being compounded by the a r t of the pe r fumer
and whether the mater ia l s he uses a r e der ived f rom
the flowers of yes te ryea r or of Carboniferous E r a is
nobody's business but his. And he does not tell. The
mater ia ls can be purchased in the open marke t . V a r i -
ous recipes can be found in the books. Bu t eve ry fa-
mous per fumer gua rds well the secret of his fo rmulas
and hands i t as a legacy to his pos ter i ty . The ancient
Roman family of F r a n g i p a n i has been made immor t a l
by one such h e r e d i t a r y recipe. The F a r i n a family sti l l
claims to have the exclusive knowledge of how to m a k e
E a u de Cologne. This famous perfume was first com-
pounded by a n I ta l ian , Giovanni Mar i a F a r i n a , who
came to Cologne in 1709. I t soon became fashionable
and was for a t ime the only scent allowed a t some of
the German courts . The var ious published recipes
contain from six to a dozen ingredients , chiefly the oils
of neroli, ro semary , bergamot , lemon and lavender dis-
solved in v e r y p u r e alcohol and allowed to age like wine.
The invention, in 1895, of artificial nerol i (o range flow-
ers) has improved the product .

F r ench pe r fumery , like the German, h a d i ts or ig in
in I ta ly , when Ca ther ine d e ' Medici came to P a r i s a s
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the bride of Henri II. Hhu brought with her, among
other artists, her perfumer, Situir Toub/trelli, who i»«.
tablished himself in the* flowery laud of U r a ^ e , H«ro
for four hundred years the induMry han ri'ttminttd
rooted and the family formula* have Iweti handed down
from generation to generation. In tht* city of (httmm
there were at the outbreak of the war fifty e*tabliffh-
ments making perfume*. Th** French jji*rfmti«'r due*
not confine himself to a ningle wnw, He appeal* as
well to sight and sound and nmrnmimn, Hi* add* to
the attraetivtwsn of bin creation by n qunititly nlmjied
bottle, an artintic hot ami nn **iitifing iiiiin** ntjrfi aa
"DanH les Nuos f

f f MLi» Cirur dr* Ji»ii«iif*t}r%ff "Xt i i l de
Chine/ 1 " U n Air BmbAum^ff

M " L P
Vieux T e m p i / ' " I / I f r o w I*Irw t

M ••Nuit
^Qudques F t e n n / 9 " D j i f r K i i w / 1

The requiremints of a raowinfol urimt nn*
strict A perfume must be Innting* but n«t g
AH its ingredient! mtint continue to £VApf»rafo iti the
same proportion, othtrwiiie it will ddntiic^ «*I»r nnd
deteriorate* Heenti kill one another an csolorn do, Tb«
minutest traua of some impurity or foreign mlor may
spoil th§ whole effect. To mix the iinrredtenljt i« A
vessel of any mttnl but nlummnm nt PX®U in i\U^r
through a tin funnel k Ukdy to impair Ik* jjcrfttnu*.
Hi# odoriftrout mmpm®4% &m very ttpnuittvi* nnd m«
stable bodies, othtrmim they would have no eflfoet upon
th© olfactory organ. The eombinAtion that wottld bo
suitable for a toilet water would not b» jpwd fur A tmh
mm powdltr and might apoil In m mmp, Pvrtunwry k
used mm in the " a e e n t b a s " f » w i i e n a«d AOAIHI. In
f& i i i now u«ed morr «xtenaiv §lyf if l t « i latmjii v t Iyt
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han ever before in the history of the world. During
he Unwashed Ages , commonly called the Dark A g e s
>etween the destruction of the Roman baths and the
instruct ion of the modern bathroom, the art of the
wrfumer, like nil the fine arts, Buffered an eclipse.
•The odor of sanct i ty" w a s in highest esteem and
tfhal that odor wag may be imagined from reading the
iven of the saints. But In the course of centuries the
refinements of life began to seep back into Europe from
the Rant by means of the Arabs and Crusaders, and
chemistry, then chiefly the art of cosmetics, began to
revive. When science, the greatest democratizing
igent on earth, got into action it elevated the poor to the
ranks of kings and priests in the delights of the palate
ind the nose* W e should not despise these delights,
for the pleasure they confer is greater, in amount
at toast, than that of the so-called higher senses. W e
i*at threw timofl a day; mnm of ns drink of toner; few of
tin visit th<* concert hull or tho art gal lery as often as
wa do tho dining room. Than, too, these primitive
mmnesj have a stronger influence upon our emotional
nature than those acquired later in the course of evo-
lution. A i Kipl ing puts i t :

Hmf*H* »r<* mtr**r limit Rourufc or sights
To make your h«?Art-»tring*



V I

CELLULOSE

Organic compounds, on which our life and living d<
pend, consist chiefly of four elements: carbon, hydrc
gen, oxygen and nitrogen. These compounds ai
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 u n l e s s 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 h
the second chapter, their direct combination by the elec
trie spark is possible. Hydrogen is free in the form o:
water but expensive to extricate by means of the elec
trie current. But we need more carbon than anything
else and where shall we get that? B i t s of crystallized
carbon can be picked up in South Africa and else-
where, but those who can afford to buy them prefei
to wear them rather than use them in making synthetic
food. Graphite is rare and hard to melt. W e musi
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 thie carbon and get it into combination with the
other elements would be a difficult and expensive

no
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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 hydrogei: in the remains of modern or fossil
vegetation. The synthetic products on which modern
chemistry prides itself, such as v a n i l l i ^ ^ n ^ h o r and
rubber, are not built up out of their lleinents, C, H
and 0 , although they might be as a laboratory stunt.
Instead of that the raw material of the organic chemist
i s chiefly cellulose, or the products of its recent or re-
mote destructive distillation, tar and oil.

I t 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 Eomans 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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wan slow, HO it wan not until iiw<rutiirr» wan put on a
pupt»r Imnin that democratic viUmtium t^ennm jwi-
*ibli\ At tbr prrn^nt tin*** i*h«>*-j*̂ kii4 in only um*t| for
dtp]umiiHiv trrntifn im«l othiT antiquated dricutnenti^
Ami t«vi*n if $mr diplonm in written in i-atin it m
liki*iy t« Iw niA-do of Hulfutinl ^llulm**,

Tbi» trxtili? industry II«H followed th^ )tamo lnw af
tirvrlupm^nt. that 1 bav»" iudi«^itrtl in tlu* otbt*r in-
cliiHtri«#*t. I l r r r niurain w<» flml th«* thm» ning^i of
pn»tfr<'HHt 111 utilistatiuu ut naturnl prc*4tiet^ (2) oil*
tivatioit of li i i lnrii l prudtiHH, i : ! | niiii iufiirftiri ' of nrfi*
final pr*Hlurt*« The anri^ntfi wrfi* *I«*p«"ii4t*iit

l int Ami IiitJiit 11***4 r*#t|oj|. In 111*" r<ittr»<* tif cttitivt-
linii fi»r ihr<u* t)i<>UMn<i )^«r* I ho rniitiinl itit<i %

«*«l. Hut ttt i»»t «mn J*w« rtM*n f** tin** I«*vcl of tbt

i#

tint ifrimln tiji iriM-% !»• K**t 1*U wJSuW^ A K
tirm^jiiijirr t i * * * njf iK.irh- 'JUK** Jim**- «»f f«r«*#t
Tb«* VmtM Himi^^ gnt^h up iilwiut Hv*» msllio
of w«K«t n yr^r in HIP tiwiiittfiwol«if# of ptilp fur \*u\m

I l l ItwiifiH ^tHrcliWlirjiI |«l||p*f fW hI<Hk# of

t)it* iftmn «jf»i»#l w#| HTinitiik»^nii, }Jat in wood
f i W Hie CMriluIcNMf i.# in fluff #*>mhm**l frith

i i i r ^ r i ^ i ^ n IHMI«|I»4MI T« hf»m% up tbn
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s n o t g r o t m d fine, but cut tip by d isk ch ippe r s .
p s a r e d i g e s t e d for severa l hou r s u n d e r h e a t
assure w i t h acid o r alkali . T h e r e a r e t h r e e
m in vogue. In the mmt common p roces s t h e

is ca lc ium sulfiti1, made by p a s s i n g su l fu r
;SO 2 ) i n t o liino wa te r . I n ano the r p roces s a

of c aus t i c of soda is used to d i s i n t eg ra t e the
T h e third* known a s the " s u l f & t e " p roces s ,
r a t h e r be ca l led t he sulfltde p rocess since the
igent is a n a lka l ine solut ion of sodium sulfide
r r o a s t i n g s o d i u m sul fa te wi th t he ca rbonaceous
ext rac ted f r o m the wood. T h i s aul fa te p roces s ,
t he mos t r e c e n t of the th ree , m be ing inc reas -
ap loyed In t h i s coun t ry , for by m e a n s of i t t h e
3 p i n e w o o d of the Sou th can be worked u p

final p r o d u c t , known a s k ra f t p a p e r because
ong, is u s e d for wrapp ing ,
w h a t e v e r t h e proe&sa wt> get n e a r l y p u r e
B which, a s y o u can see by examin ing this p a g e
. mic roscope , consis ts of a t ang led web of th in
ibers , t h e r e m a i n s of the o r ig ina l cell wallf*
to t h e s e v e r e t r e a t m e n t i t ha§ u n d e r g o n e wood
p a r does n o t l a s t so long a i the l inen r a g p a p e r
• o u r a n c e s t o r s . T h e pagcii of the n e w s p a p e r s ,
ties and b o o k s p r i n t e d n o w a d a y s a r e likely t o
brown a n d br i t t l e in a f#w y e a r s , no g r e a t Ions
m o s t p a r t nines they Imvct s e rved thciir p u r -

lough i t i s a p i t y thut a few eopies of t he worufc
i could n o t be print&d on p e r m a n e n t p a p e r f o r
ration in l i b r a r k i .HO t h a t fu ture g e n e r a t i o n s
congra tu la t e t h a m a e l f l i m t he i r p r o g r e s s in
l ion .
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But in our absorption in the* printed pajco wo miwt
not forget the other UHCH of pajwr. Tin* pap**r clotii-
ing, so often prophonied, haa not yet a r r i w d . Kven
paper collars have gum* out of fashion—if tht»y «?vnr
were in* In Germany during1 tin* war paper was umd
for socks, shirts and shorn an w d l as hmi'lkt*n*htttfa
and napkins but it could not «tnn«l w«»ar awl wantiing.
Our sanitary engintu'rtf h a w nH UH to tlrinkiiiR out
of sharp-edged paper eupn and wi* blot our furra in-
stead of wiping thorn. Twine it* «pwi of jiapi*r itnd fur*
niture made of the twine, n rival of rattan, ( l o t h mid
matting woven of pnp**r yarn ari* \n*htu nnml for burlap
and grass in the making of bug* and miitni.i««*fi.

Hera, however, wo are not n« much int^rmlmi m
xnanufaeturei of cellu)o#<? itn«*lf, that i*f wood, paper
and cottonf at we art* in ttn rhfintriil il«*riviittve«*
Cellulos©, as we can mm fnmt the nyttibnlt C^II^C)^, i*
eompostd of tht three element« of e4rlioiit hydrogen
and oxygen. These «r« prunent in fht1 mtn& propor*
tion as in stareh (C«Ht«O4)v whili* glt ic i i^ or grape
sugar (C*H,,()4) fiisi aw* mofcml* of wator more*
But glucose i i soluble in mild wiitrr mid atardb in ml*
ubla in hot, white a?lliiloit» ia aoliiM«» in tiotther, CJ<m»
flcquently colhiionr cannot n?rv# tin tm fmn
some of lbs T«gttaria.n imtmala, notably tin* §c«nif

a digtftivt apparatus that mn hamlte it.. In Finland
and Germany bircli wood pulp and straw mett u«*d not
only as an ingredient of eattle tw*& but also put into
war bread. It it not likely, bowwwr, that the I m a m
ntomach mm umfcr the ^ t t i u r t of faminif i i ib l# to
g$t much nutriment out ^ lawdl t i i t . H i t hy flignAtinf
with dilute a d d sawduit i t o be trmniform^l into
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s u g a r s and these by fe rmenta t ion Into alcohol, so it
would be poss ible for a m a n a f t e r he h a s r e a d h is
m o r n i n g p a p e r to ge t d r u n k on i t

I f the cellulose, ins tead of be ing d iges ted a l ong
time in d i lu te acid, is d ipped into a solut ion of sulfur io
acid (50 to 80 p e r cent . ) a n d then washed a n d d r i e d
it acqui res a h a r d , tough and t r ans lucen t coa t ing t h a t
makes it wa te r -p roof a n d grease-proof . T h i s is t he
" p a r c h m e n t p a p e r 1 9 t h a t h a s l a rge ly r ep laced sheep-
skin. S t r o n g alkal i has a s imi la r effect to s t r o n g acid.
I n 1844 J o h n Mercer , a Lancash i re calico p r i n t e r , d i s -
covered t h a t by p a s s i n g cot ton cloth o r y a r n t h r o u g h
a cold 30 p e r cent* solut ion of caust ic soda t h e fiber i s
sho r t ened and s t r eng thened . F o r over fo r ty y e a r s
l i t t le a t t en t ion w a s pa id to th i s d iscovery, b u t when i t
was found tha t if the ma te r i a l w a s s t re tched so t h a t
it could not sh r ink on d r y i n g the twis ted r ibbons of t he
cotton fiber were changed into smooth-wal led cy l inders
like Bilk, the p rocess came in to genera l use a n d nowa-
d a y s much t h a t p a s s e s for silk i s " m e r c e r i z e d ' 1 cot ton.

A n o t h e r s t ep w a s taken when Cross of London d is -
covered t h a t when the meree r i r^d cotton w a s t r e a t e d
with carbon dimilfide i t w a s dissolved to a yel low
liquid. Thin liquid conta ins the cellulose in solut ion
iiK a cellulose* x a n t h a t c and on acidi fying or h e a t i n g
the cellulose! is recovered in a h y d r a t e d form. If th i s
yellow notation of cellulose in squ i r t ed out of t u b e s
through ex t remely minu t e holes into ac idu la ted w a t e r ,
each t iny fttream becomes ins tan t ly solidified in to a
silky t h r ead which m a y be s p u n and woven l ike t h a t
ejected front t he s p i n n e r e t of the s i lkworm, T h e
origin of n a t u r a l silk, if we th ink abou t i t , r a t h e r d t -
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n i t r a t e group** ( — O N O , ) . T h e h i g h e r n i t r a t e s a r e
known an guneot ton a n d form the bas is of m o d e r n dy-
nami te nntl smokeless powder . T h e lower n i t r a t e s ,
known an py roxy l in , a r e less explosive, a l though s t i l l
ve ry inflammable. Al l these n i t r a t e s a r e , l ike the o r ig -
inal cellulose, insoluble in wate r , bu t unl ike the o r ig ina l
cellulose, soluble in a m i x t u r e of e the r and alcohol.
The solut ion is called collodion a n d is now in common
use to s p r e a d a new skin ove r a wound. T h e g r e a t w a r
migh t bo t r aced back to NobaFs cut finger* Alf red
Nobel was a Swedish chemis t—and a pacifist. One d a y
•while work ing in the l a b o r a t o r y he cut h is Anger, a s
chemis t s a r e a p t t o do , and , aga in a s chemis t s a r e a p t
to do, he dissolved some gunco t ton in e ther-a lcohol a n d
swabbed it on the wound . A t th is po in t , however , h i s
conduct d ive rges f rom the o rd ina ry , for ins tead of
s t and ing idle, impa t i en t ly wav ing his h a n d in the a i r to
d r y the film an most people , including chemis ts , a r e a p t
to do, he p u t h is mind on it and it occur red to h im t h a t
th i s st icky stuff, s lowly h a r d e n i n g to a n e las t ic m a s s ,
migh t be j u s t the th ing he w a s h u n t i n g a s an a b s o r b e n t
imd solidifier of n i t rog lyeer in . So ins t ead of t h r o w i n g
a w a y the e x t r a collodion t h a t he h a d made ha mixed
i t with n i t rog lyeer in a n d found t h a t i t se t to a je l ly .
T h e " b l a s t i n g g e l a t i n " thus d iscovered p r o v e d to bo so
insens i t ive to shock t h a t it could be safely t r a n s p o r t e d
o r fired f rom a cannon. Th i s w a s the first of the h igh
explosives t h a t have been the chief fac tor i n m o d e r n
w a r f a r e .

B u t on the whole, collodion has hea led m o r e w o u n d s
t h a n i t has caused bes ides be ing of infinite Bervice to
mank ind o the rwise . I t h a s m a d e m o d e r n p h o t o g r a p h y
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possible, for the film wo une in the* camera ami moving
picture projector congmtn of a gelatin mat ing cm a
pyroxylin backing. If collodion i* forcer! through lhio
glass tubes instead of through a »lit, it vmwH out a
thread instead of a film. If the collodion jr-t h run Into
a vat of cold water the ether and alcohol dix#olvf*; if it
is run into a chamber of warm nix they «*vupornk\,
The thread of nitrated eelluloBe may b«? n*mliTi*«l hm
inflammable by taking nut the nitrate Kmti}** by tn»at-
ment with ammonium or caldum KiilfUU*. Thin rmt**rt*»
the original cellnlone, but now it m an pmllf.s** thread
of any desired thicknra*, whf?r<*a* tht* imt iw fiber mm
in size and length adapted in the mmh of tin* eotftin*
seed instead of the needn of man, The old nmtto% **If
you want a thing dom the way you want it you intuit
do it yourself,11 explains why thct dmtmt ha ft Won
called in to supplement the work of nntiir«? in
to human wants*

Instead of nitrie aeid we may m® i t n m g n
to dissolve thu cotton. The renuitiftK m^llnhm*
are less inflammable than the nitrate?*, hut tb«*y «r«
more brittle and more oxpcnuivi*. Motion pietun* filmn
made from thorn can b# wst»d in tmy bull without th*» nc**
oessity of imprisoning i!i§ operator in n fim-prmtf box
whore if anything happen* he ean burn up all by him-
self without disturbing the audience. The eftlltiltiitt
acetates are being n i i d for auto gogg le • ami giia mmk§
as well as for windows in leather eurtoina and trana-
parent eoverings for index eard** A new mm thni h n
lately become important i i the vnralahlng of aeroplane
wings, as it dloei not readily abaorb watti* or mich I r t
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a n d makes the d o t h t a u t and a i r - t igh t . A e r o p l a n e
wings can be m a d e of cellulose ace ta te shee ts a s traius-
p a r e n t an those of a dragon-fly a n d no t e a sy to see
a g a i n s t the nicy.

The n i t r a t e s , sulfatog a n d ace ta t e s a r e the Baits o r
e s t e r s of the respect ive ac ids , bu t recent ly t r u e e t h e r s
o r oxides of cellulose have been p r e p a r e d t ha t m a y
prove st i l l be t t e r since they con ta in no acid rad ic le a n d
a r e n e u t r a l a n d s table .

These a r e in br ief the chief p rocesses for m a k i n g
w h a t is commonly b u t qu i t e imprope r ly cal led " a r t i -
ficial s i l k / ' T h e y a r e not the same subs tance a s silk-
w o r m silk a n d ough t not to be—though they somet imes
are—sold as such. T h e y a r e none of them a s s t r o n g
a s the silk fiber when wet , a l though if I should v e n t u r e
to s a y which of the v a r i o u s makes weakens the mas t on
we t t ing 1 should g e t myself in to t rouble . 1 will on ly
Bay t h a t if you have u g r u d g e aga ins t Home fmhorman
give h im a fly line of artificial silk, 'most any kind.

T h e n i t r a t e process w a s discovered by Coun t Hi l a i ro
de C h a r d o n n e t whi le lie w a s a t the Po ly techn ic School
of P a r i s , a n d ho devoted his life and his fo r tune t r y i n g
to per fec t i t S a m p l e s of the artificial silk we re exhib-
i t ed a t the P a r i s Expos i t ion in 18H9 a n d two y e a r s
l a t e r he s t a r t e d a fac tory a t Basangon. I n 1892, C r o s s
a n d BevAit, Eng l i sh chem'tnts, d iscovered the viscose
o r x a n t h a t e p rocess , and l a t e r the ace ta te p rocess . B u t
a l though all four of these processes we re invented in
P r a n c e and E n g l a n d , G e r m a n y r eaped m o s t benefit
f rom the new indus t ry , which was b r i ng ing in to t h a t
coun t ry $6>OOOj0OO a ymx before the w a r . T h e l a r g e s t
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Soluble cellulose may enable us in time to dispense
w i t h the weaver as well as the silk-worm. It may by
o n e operation give us fabrics instead of threads. A
r a a c h i n e has been invented for manufacturing net and
l a c e , the liquid material being poured on one side of a
r o i l e r and the fabric being reeled off on the other side.
T h e process seems capable of indefinite extension and
a p p l i c a t i o n to various sorts of woven, knit and reticu-
l a t e d goods. The raw material is cotton waste and the
finished fabric is a good substitute for silk. A s in the
X>rocess of making artificial silk the cellulose is dis-
s o l v e d in a cupro-ammoniacal solution, but instead of
b e i n g forced out through minute openings to form
t l i r e a d s , as in that process, the paste is allowed to flow
u p o n a revolving cylinder which is engraved with the
p a t t e r n of the desired textile. A scraper removes the
e x c e s s and the turning of the cylinder brings the paste
IXL the engraved lines down into a bath which solidi-
fies it.

Tulle or net is now what is chiefly being turned out,
t r a t the engraved design rnay*be as elaborate and artis-
t i c as desired, and various materials can be used.
S i n c e the threads wherever they cross are united, the
f a b r i c is naturally stronger than the ordinary. I t is
a l l of a piece and not composed of parts. In short, we
s e e m . t o be on the eve of a revolution in textiles that is
t h e same as that taking place in building materials.
O u r concrete structures, however great, are all one
s t o n e . They are not built up out of blocks, but cast
a s a whole.

Lace has always been the aristocrat among textiles.
I t 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 to a
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 really
enjoy being a slave driver, either of human or animal
slaves, although he can be hardened to it with shocking
ease if there seems no other way o( 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. I t i s the most powerful of the
forces for democracy. An aristocracy can hardly be
maintained except by distinction in dress, and distinc-
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 t e n d s to b r i n g s tyles a n d fabr ics w i th in
the reach of al l . T h e shopgi r l is a lmost a s well d r e s s e d
on the s t r ee t a s h e r rich cus tomer . T h e m a n who b u y s
ready-made c lo th ing is only a few weeks beh ind the
v a n g u a r d of the fashion. T h e r e is often no difference
percept ib le to the o r d i n a r y eye between cheap a n d
high-pr iced c lo th ing once the price t a g is off. J e w e l s
a s a por tab le fo rm of concen t ra ted cost l iness faava been
in favor from the ea r l i e s t ages , bu t now they a r e los ing
thei r fact i t ious va lue t h r o u g h the advance of invention*
Rubies of unpreceden ted size, no t imi ta t ion , b u t genu ine
rubies , can now be m a n u f a c t u r e d a t r easonab le r a t e s .
And now we m a y hope tha t lace m a y soon be wi th in
the reach of all, no t mere ly lace of the es tab l i shed
forms, bu t new a n d m o r e va r i ed a n d in t r i ca t e and
beautiful des igns , such as the imagina t ion h a s been
able* to conceive, b u t the hand cannot execute .

Dissolving ni t rocel lulose in e ther and alcohol we g e t
the collodion v a r n i s h t h a t we a r e all fami l ia r wi th sineo
we have used it on o u r cu t fingers. S p r e a d it on cloth
instead of y o u r skin a n d i t makes a v e r y good l e a t h e r
subs t i tu te . A s we al l know to o u r cost the n u m b e r of
an imals to bo sk inned h a s no t increased so r a p i d l y in
recent y e a r s a s the n u m b e r of feet to be shod. A f t e r
hav ing gone barefoot for a million y e a r s o r so the ma-
jo r i t y of mankind have decided to w e a r shoes and thin
ehtinge in fashion comes a t a t ime, roughly speak ing ,
when p a s t u r e land is g e t t i n g scarce. Also t he r e arc*
books to be bound a n d o the r new th ings to be done for
whieh l ea the r is needed. T h e war h a s intenmfUul t he
s t r i n g e n c y ; so h a s feminine fashion. T h « convent ion*
requ i r e tha t the shoe- tops ex tend nea r ly to sk i r t -bo t tom
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the "drying o i l s ," although this does not mean that
they lose water, for they have not any to lose. Later,
ground cork was mixed with the l inseed oil and then it
went by its Latin name, "l inoleum."

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. A s 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
alcohol, 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. Wi th 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 fabrics 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. I t 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 F a s h i o n s -
being a fickle lady—may some day relent and let us
wear such sanitary and economical neckwear. F o r
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 i s 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.
B u t 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. A s 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 to rot. 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 alcohol and 200 pounds of crude acetate of lime.
Resinous woods such as pine and fir distilled with steam
give turpentine and rosin. The acetate of lime gives
acetic acid and acetone. The wood (methyl) alcohol 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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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 gett ing 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 w a y 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 infect the
fingers. One day in 1863 Hyatt, finding his fingers
were getting raw, went to the cupboard where was kept
the "liquid cut ic le" used by the printers. But when
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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; if
merely dried up and shrunk. "When the solvent evapo*
rated it left a wrinkled, shriveled, horny film, satisfac-
tory to the surgeon but not to the man who wanted U
make balls and hairpins and knife handles out of i t
In England Alexander Parkes began working on thi
problem in 1855 and stuck to it for ten years before fc@;
or rather his backers, gave up. He tried mixing is
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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—
ucelluloid." 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 layn claim to peculiar merit*. The* ftintlii-
mental product itadf h not pati«nt<»*lf so trad»* turnup
are copyrighted to protect the prodwt . 1 hnv^ «!»
ready mentioned three, " p a r k e m n V "xylonii**" and
"celluloid," and I may add, without exhutijitinff the lint
of species belonging to thU gcmi*, "vitfeoloid,1' **Iifli*
oxyl ," **fil>crloitlf

?f "coralinf*/1 4ii*htir$t.%M itpitlv«»r.
o i d , n " i v o r i n c / 1 upergi4ni«iicl/* <4ilwr«M«Il

M • * i * f

1 4crystalloid/1 "tratwpurfm*,1' MlitntmI.M "'p
l !ip

Celluloid can be givon nny color «r rf^orn l#y
in aniline dyen or metnlltc ptKim»nt** Tti<* r«l«ir niny be
confined to Hie nurfaci* or to tin* interior *»r |ii*rvaijr the
whole** If the nitmtfd tiMMtu* pii|w*r h W<*nrhr4 Uir» m*l*
luloid i i trannparntt or colariejui. In Unit mwf it m
necessary to add an antacid mwh m un*ii tn pt*«vt*ni it#
getting yellow or opaque* To make it optKini* am)
Inflammable oxtdoii or chluriclpn of xin«f al
magnenhirn, etc.f are mixed in,

Without going into the qumlunt nf lh«*lr variations
and relative meritii we may «?niin$dr*r tin* a«K4antaxf<n of
the pyroxylin pla*tie* in wm*ral. IU*TP w<* hav#* a
isubstonee, tb§ product of th* «r^ativi« Krmun »f f

and thi»rc»fcirft itdaptablp tn tiii nr^tin, It in ti^rd btit
%ht f tough but f»iantic, i*ai»i!y mad* ami tolerably
cheap, Hcatrd to thp bosiiitg pciint nf wn!f*r it liN^niiiri
soft and flexible. It ean IK* tnrnfHl9 mrvwi f grnuiiclf

polklied, bt»ntf preaaedf §if§jt!jw»clf mottlrcl or Mown. Tn
make a block of any <fo»irw) m» nimfily pile* up tbe
sheets and put tbtm in a )u>t pri»ii« T o gf4 nb##t« of
any deiirad tbieknti i , i imply atiaw tft^m off th* bloc*.
To makt a t i b t of any d e t i i t d iiae f il*af*i or Uiioknew
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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. Pr int words or pic-
tures on a celluloid sheet, put a thin transparent sheet
over it and weld them together, then you have some-
th ing like the horn book of our ancestors, but better.

Nowadays such things as celluloid and pyralin can
b e 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,
spl i ts and twists, but a " tortoise shel l" comb of cellu-
lo id looks as well and lasts better. Horn articles are
l imited 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
a n d irregularities of the grain of natural ivory. Man's
chief difficulty in all such work is to imitate the imper-
fect ions of nature. His whites are too white, his sur-
f a c e s are too smooth, his shapes are too regular, his
products are too pure.

The precious red coral of the Mediterranean can be
perfect ly imitated by taking a cast of a coral branch
a n d filling in the mold with celluloid of the same color
a n d hardness. The clear luster of amber, the dead
"black of ebony, the cloudiness of onyx, the opalescence
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of alabaster , the g low of carnelian—once confined to
the selfish enjoyment of the r ich—are now within the
reach of every one, thanks to this chameleon material .
Mosaics m a y be mult ipl ied indefinitely by laying to-
gether sheets and sticks of celluloid, sui tably cut and
colored to make u p the p ic ture , fusing the mass , and
then shaving off thin layers f rom the end. T h a t chef
d'ceuvre of the Venet ian glass makers , the Bat t le of
I sus , from the House of the F a u n i n Pompei i , can be
reproduced as fas t as the machine can shave them off
the block A n d the tesserae do not fall out like those
you bought on the Ria l to .

The process thus does for mosaics, ivory and coral
what p r in t ing does for pictures . I t is a mechanical
mult ipl ier and only by such means can we ever at tain
to a s ta te of democrat ic luxury. The produc t , in cases
where the imi ta t ion is accurate, is equally valuable
except to those who delight in th inking tha t coral in-
sects, I t a l i an craf tsmen and elephants have been labor-
ing for yea r s to p u t a t r inket into the i r hands . The
Lord may be t r u s t ed to deal with such selfish souls ac-
cording to the i r deser t s .

But i t is ve ry low p ra i se for a synthet ic product that
i t can pass itself off, more or less acceptably, as a natu-
ra l product . I f t h a t i s all we could do without it. I t
mus t be an improvement in some respects on anything
to bf found in n a t u r e or it does not r ep resen t a real
advance. So celluloid and i t s congeners a r e not con-
fined to the shapes of shell a n d coral and crystal , or to
the g ra in of ivory a n d wood and horn, the colors of
amber and amethys t and lapis lazuli, bu t can be given
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Drms and textures and tints that were never known
efore 1869.
Let me see now, have I mentioned all the uses of cel-

lloid? Oh, no, there are handles for canes, umbrellas,
lirrors and brushes, knives, whistles, toys, blown ani-
lals, card cases, chains, charms, brooches, badges,
racelets, rings, book bindings, hairpins, campaign but-
Dns, cuff and collar buttons, cuffs, collars and dickies,
ags, cups, knobs, paper cutters, picture frames, chess-
len, pool balls, p ing pong balls, piano keys, dental
dates, 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-
)hor will cling around it still. This is not usually
objectionable except where the celluloid is trying to
>ass itself off for something else, in which case it de-
erves no sympathy. It is attacked and dissolved by
Lot acids and alkalies. It softens up when heated,
vhich is handy in shaping it though not so desirable
ifterward. But the worst of i ts 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.
L new and important group of them is now being
)penedup, the so-called "condensation products.^ If

will take down any old volume of chemical research
will find occasionally words to this effect: "The

reaction resulted in nothing but an insoluble resin
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which was not further inveKtigaiiHl.f' Such n pa»«*tge
would bo marked with a tear if chctntKtM wt»re given to
crying over their failure*. For it is* the epitaph of a
buried hope. I t likely meant the lorn of inotttliH of
labor. The reason the chemist did not tin anything
further with the gummy stuff that atuek tip kin teat
tube was because he did not know what to do with i t
I t could not bo dinnolved, it could not lie cryf«tallijsefif

i t could not be distilled, therefore it could not bt* puri-
fied, analyzed and identified.

What had happened was in most ca»M thin. Tho
molecule of tho compound that the ehemitftt wan trying
to make had combined with other* of it* kind to form
a molecule too big to be manitged by *urh moans.
Financiers call the process a **merger/* Chemist* call
i t u polymerisation.n The rensn wa i a tnolaeubtr
trust, iiuii^Holuble, nncontrollnhl^ it id runtarninating
everything it tonehtcl

But chemists—-like gowrnm^ntit—hitvi* learned wit-*
dom in recent yearn. They havt not yi*t diseoveretl in
all cases how to undo the proctwn tif polymerisattoit, orf

if you prefer thv financial p h r i i t y how to nmmfmmhi®
the eggi . But they have found that thane molecular
mergers art very useful things in tht ir way, F W Uh
stance there i t a liquid known a§ i m p r t n e (<\H*)>
This on heating or itandiitg turns into a Kunif thai is
nothing less than rubber, which is «orm* muJtiple of

For another instance ih%m ts formaldehyde, t u acrid
smelling gas, used as a disimftetaiii This hat the gim*
plest possible formula for a carbohydrate 0IISO« But
in the leaf of a plant (Ms molecule multiplies it§#ff by



S Y N T H E T I C P L A S T I C S 137

and turns into a sweet solid glucose ( C « H 1 2 O a ) , or
1 the loss of water into starch ( C 6 H l 0 0 5 ) or ce l lu lose

ut formaldehyde is so insatiate that it not o n l y com-
!g with itself but seizes upon other substances , par-
larly those having an acquisitive nature l i k e its
. Such a substance is carbolic acid (phenol) which,
ire all know, is used as a disinfectant like formalde-
0 because it, too, has the power of attacking decora-
ible organic matter. Now Prof. Adolf von B a e y e r
overed in 1872 that when phenol and formaldehyde
0 brought into contact they seized upon one a n o t h e r
formed a combine of unusual tenacity, t h a t is , a

n. But as I have said, chemists in those d a y s were
of rosins. Kleeberg in 1891 tried to make some-
g out of it and W. IL Story in 1895 went so f a r as
ame the product "r#8ini te f " but nothing c a m e of it
1 190!) when L. II. Itaekelund undertook a s e r i o u s
systematic study of this reaction in N e w York,

keland was a Belgian chemist, born at G h e n t in
I and professor at Bruges , While a s t u d e n t at
nt he took up photography as a hobby and b e g a n to
k on the problem of doing away with the dark-room
wodueing a printing paper that eoald be d e v e l o p e d
er ordinary light. When he came over to A m e r i c a
889 h i brought his idea with him and four y e a r s
r turned out " V e l o x , " with which d o u b t l e s s the
k r in familiar, Velox was never patented b e c a u s e ,
Dr. Baekeland explained in his speech of accept -
& of the Perkin medal from the chemists of A m e r -
lawKuita are too t i p e n i i m Manufacturers seem

m coming generally to the opinion that a s y n t h e t i c
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name copyrighted as a trademark aflforda l e t t er pro-

tection than a patent
Later Dr. Baekelaml ttirin**! bin attention t«» tho

phenol condensation product*, working ifradtially up
from test tubes to ton vats nctuirdinff t« hi** motto:
4'Make your mistaken on a small muh* and your
on a large scale ." Ho found that w h m frjiml
of phenol and formaldehyde were iiiix<*d nml warim*! in
the pronence of an alkaline eatnlytic n^nl flit* itiitution
separated into two layer*, the tipper n«|tt«i)tj* mid th§
lower a resinous pn*cipitnt«*. Thin r«*ain WUH n«ftf vig-
eous and soluble in akrohol or awtatw*. But if it win
heated under pnwHure it ehitngwl into ni$oth**r und a
new kind of resin that wa« hnrd, iti^lfiHti^ tittpidiitio^
infuiible and insoluble. The rhemiejil nninr* of thii
product is flpoiyinerixt*d axytn*n*y! inHbyU'tn* jflyeol
anhydridt," but nobody culls it Umt9 mrt t*vi*n rb«*inisU.
It i i called < cBaketiteM after i u int^ntor,

The two stages in iU pr^parntton urc* mmvmnmt in
many ways. For instance, porous mmd m&y \m miiikdl
ia the soft resin und thi*n by li«*iit ami prrwrora it i i
changed to the bakt*littf form und the wmul mmm o i l
with a hard i n i i h that tuny fa* gwtm th^ tiritliiiiit fiolbb
of J&pantit lacfjutir* Pufmr, imriiboiird, d o t h , wood
pulp, sawdistt a i t i t i to i and lisa lib- may W tinprtf •
M t t d with tht r#iin f prmliieing- tfiuih rnttl kmtl mate-
rial suttabk for f i r i o u t pwpmm$* Bmm work
painted with it and then bukftl »t 300* R a»|i$ir#« A
k a q i e r t d surface that i t ynAffi9eti»fi by soap* Foracd
in powder or sh t t t form into mold* midtr a prmmini
of 1200 to 2(XK) pommii to tht H(juari> inrh i t toiti tbt
most delicak impnmfam* BiJliaird fcmlta of iml§l*t§



SYNTHETIC PLASTICS 139

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-conductor or di-
electric and does not carry off and scatter the electric-
ity collected on the surface by the friction. Bakelite is
used in its liquid form for impregnating coils to keep
the wires from shortcircuiting and in its solid form for
commutators, magnetos, switch blocks, distributors,
and all sorts of electrical apparatus for automobiles,
telephones, wireless telegraphy, electric lighting, etc.

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 circumstances, unite* with flat* aromatic hydro-
carbons to form muttM." Hi* instead of idti'iinl, ut\u*t
coal tar product** 8Ut?h an crenol, naphthol or hcngi*no
itself may bo used. The? carbon llnkn (•— ( i ! i , ~ f mi'th-
ylcno) necessary to hook thi***** carbon ringa tugt'ther
may bo obtained from otlict juibtftuinwK than flu* alde-
hydes*, for instance* from the* ntiiim**, or amttionia de-
rivative**. Three chî mtHtM, L. V. Hwlmnn, A. JL UVith
and F. P. Brot*k, working in l!Hn »u tho ttidiiHtrial
Fellowships of the late Holmrt Kennedy Dtincnti at the
Univormty of Kiutsasf d«*v«*lf.*pr*d a pnm«m tiniti^ for*
min instead of formaldehyde. Kormitt—«r, if you in-
sist upon its full name*, h«»xn*im?tliyl«*n«'4Hrmniw*^4s a
sugar-like subBtancn with a fifth-liki? ntiif»ll. Thin mixed
•with cryatallissed carbolie arid and i^liihtly %varmt*d
melts to a golden liquid that §i*tt§ on pouring into tnctldi*
It is still plastic and a m \w bent into «ny «Iĉ trft*cl $lm$wf

baton further boating it becomes hard without the ucecl
of pressure, Ammonia is given off in thin proton* in-
stead of water whielt in the by-prmltiot in tlw rami of
formaldobyde. The product m ntntilur to bakelitey ex-
actly how similar is a qtietition that the oourtu will have
to dtcidi . The inventorii lhr«*Att?tacrd to cull it l i i i inyl-
endeka-saltKeno-Mligentn9 but, rightly fearing thnt this
would interfere with i t i aabbilityy they have nmned it

A phenolic concltniation prmltict wfamly rniitmi to
bakelitc and rfdmanoi i# aondtiiitt# t ttie itiv#nticin of
Jonas Walter Ayltuworth. A y k i w o r t h w « i tniin«d
in what ha referred to a i " t h e gmattit l wfiiverilty of
the world, tb§ Edison laboratory.9f He entered this
university at tilt age of nineteen at a salary of $3 a
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k, but Ed i son BOOH found tha t he had in his n e w boy
tssistant who could ntand be ing shu t u p in the labor-
:y work ing d a y a n d n igh t a s long a s h e could,
er nine y e a r s of close associa t ion wi th E d i s o n he
u p a l i t t le l a b o r a t o r y in h i s own back y a r d to work
new plant ten. He found t h a t by ac t ing on n a p h -

lime—the moth-ba l l s tuff—with ch lor ine he got a
eg of useful p r o d u c t s cal led " h a l o w a x e s . " T h e
or chlor ina ted p r o d u c t s a r e oils, which m a y be u s e d
i m p r e g n a t i n g p a p e r or soft wood, m a k i n g i t non-

itmmable a n d i m p r e g n a b l e to w a t e r . I f f ou r a t o m s
;hlorine en t e r the n a p h t h a l e n e molecule t h e p r o d u c t
- h a r d wax t h a t r i ngs like a me ta l .
Sondcnsito is a n h y d r o u s a n d infusible, a n d l ike i t s
i ls finds i t s chief emp loymen t in the insula t ion p a r t s
electrical a p p a r a t u s . T h e r eco rds of the E d i s o n
Allograph a r e made of i t S o a r e the b u t t o n s of o u r
G-jndketB. Thu Gove rnmen t a t the ou tb reak of t he
r o rde red 40,000 goggles in conclonHite f r ames t o
>teci the eyes of o u r g u n n e r s f rom the g l a r e a n d ac id

Phe va r ious synthetics p l ayed a n i m p o r t a n t p a r t i n
war* Accord ing to a n anc ien t m i l i t a r y p u n the

luranea of so ld i e r s depend** upon the s t r e n g t h of
ir »o\m. The* new compound r u b b e r soles w e r e
ind useful in o u r a r m y a n d the G e r m a n s a t t r i b u t e
AT nuGcass in m a k i n g a l i t t le l e a the r go a long w a y
ring the la to w a r t o the uso of a new syn the t i c t a n -
ig ma te r i a l known a s "neradol . f f T h e r e a r e v a r i o u s
'ms of this. S o m e are phenol ic condensa t ion p r o d -
:s of f o r m a l d i h y d a l ike those wa have been consid-
ng, bu t Home nm coa l - ta r c o m p o u n d s h a v i n g n o
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phenol groups nueh m nuphthak*tw nttlfonto add,
ThcH« are now being made in Knghtnd umU«r nueh
names us "paradol f

f f *'cre*yntan f l antl "ayntan. 1 1

They have the advantage of tin* natural tannin* *uch
as bark m that they sire of known HtrptiRfh and cms
be varied to suit.

This very grouping compmimJ, f«rmnldi*hydi% will
attack aimoHt anything, PVPII m«l«»eiilr»n nwtiiy timi** tin
sisso. OolatinouH anil nlbumtfiMtiit Mibstaiir^H nf nil
sortB ari3 ftolidtfitul by it. (Um% tik$itii?i**d milk, IIIIKH]V

eggn, yoiiHt, tirrw^r'H nlupH, may by thin mn«tc iiif^nt kt
rescued from wn«t*» and rnipfwiir in nut button*, tintr-
pinnf roofing, phonograph*, *hot»n or »hm* polish, Ttm
French havo madf gn*at «*« of ramnn hiirdrnril l#y fnr*
maldehydc* into whnt in known n* M w l « I i t h M (i. i».f milk*
itono)^ Thin in harder thuti wllulnttl mid tiois^nflitm-
mable9 bttt him tho diimclvatitiiK^* of b*»t«it mor«» brtttla
and of ftbuorbtng moiitttir^, A miicttirf* «f pA*r*in and
celluloid hai «om§thing of thi* m^ritu nf butlt,

The* JapnneAp, nn wr ulionld i»tp^rtf »ro n i i n g tbt
juiet* of tho Hoy boan, fumiJlur n* « rotuliitirnt to i l l
who patronmt thop^ttpy* or u*i» Woiwufariibtri* ^auat.
The soy gludno coAgulntml by frimialin nriv«»fi A pluntk
said to \m better and rlwftprr ttmn wlltiloid* Itn in-
ventorf S* 8ato t of ft<*nd*i I?»ivvr«ityf hut* nnmwl itt
according to Amt*riean pn<(s0ili*tit9

 MHnt«li lo f
M nn& has

organised a million-dotliir Biito)it# Compiiny nt Muk«>-
jima.

This ftlgin extr»etod from tJbt Paelfle kt lp m n to
d l a§ a rtibbtr sttrfogiito for waterproofing dotli .

When oombined with hcavitr alkaline b« i t» it forma m
tough aud i k i t k Hul^tance that can b t rtllidl 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 t i n
the Government commission appointed to devise m e a n s
of preserving fruits recommended the use of cardboard
containers varnished with "msfgramite ." This is a
name the Australians coined for synthetic resin made
from phenol and formaldehyde l ^ k ^ a k e l i t e . Magra-
mite dissolved in alcohol i p&imm on the cardboard
cans and when these are s toved the coating becomes
insoluble.

TarasofT has *n#& & series of condensation products
from phenol and mfmaldohyde with the addition of so l -
fonatod oils. TW&Q are formed by the action of su l -
furie acid on Scormt, castor, cottonseed or mineral
oils. The products of this combination are white p la s -
tics, opaque, insoluble and infusible.

Since* I am hen* chiefly concerned with "Creat ive
Chemistry," that is, with the art of making substances
not found in nature, I have not spoken of shellac, a s -
phaltum, rosin, ozocerite and the innumerable gums ,
resins and w a i t s , animal, mineral and vegetable, that
ara used either by themselves or in combination w i t h
the syntheties. What particular '' dope " or " mud ' ' i s
nmd to eoat a canvas or form a telephone receiver i s
often hard to find out. The manufacturer finds secrecy
safer than the patent office and the chemist of a r iva l
establifibment is apt to be baffled in his attempt to ana-
lyze and imitate* But we of the outside wor ld are no t
concerned with thiaf thoogh we are interested in the
manifold applications of these new materials .

There seems to he no limit to these compounds a n d
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every week the j o u r n a l s r e p o r t new proeomwA ami pa t -
ents. B u t we mus t not allow the mm MWH to crowd
out the remembrance of the oldest and moat tntmmn
of the synthet ic piaster**, ha rd rubber , to which a
ra te chapte r m u s t be devoted*



v i n

T H E R A C E F O R R U B B E R

T h e r e is one l a w t h a t r e g u l a t e s al l a n i m a t e a n d in-
an imate th ings . I t i s f o r m u l a t e d i n v a r i o u s w a y s , for
ins t ance :

R u n n i n g down a hi l l i s easy . I n L a t i n i t r e a d s ,
fadits descensus Averni. H e r b e r t S p e n c e r cal ls i t t h e
dissolut ion of definite cohe ren t he t e rogene i ty i n to in-
definite incoherent homogene i ty . M o t h e r Goose ex-
presses i t in the fab le of H u r a p t y D u m p t y , a n d the bus i -
ness man ex t r ac t s the m o r a l a s , " Y o u c a n ' t u n s c r a m b l e
an e g g . " T h e theo log ian calls i t t h e dogma of
n a t u r a l dep rav i ty , T h e phys ic i s t ca l ls i t t h e second
law of t he rmodynamics . C laus ius f o rmu la t e s i t a s
11 The en t ropy of t he w o r l d t e n d s t o w a r d a m a x i -
m u m / 1 I t is e a s i e r t o s m a s h u p t h a n to bu i ld u p .
Child rein find t h a t t h i s Is t r u e of t h e i r t o y s ; t h e Bo l she -
viki have found t h a t i t i s t r u e of a civi l izat ion. So ,
too, the* ehemts t k n o w s a n a l y s i s is e a s i e r t h a p syn thes i s
and t h a t c rea t ive c h e m i s t r y is t he h i g h e s t b r a n c h of h i s
a r t

Th i s expla ins why chemis t s d i scovered how t o t a k e
rubbur a p a r t over jsisety y e a r s before t h e y could find
oa t how to p a t i t together* T h e first i s easy . J u s t
p u t some r aw r u b b e r In to a r e t o r t a n d h e a t i t . I f y o u
ean s t and the oclor you wil l observe t h e caou tchouc
decomposing a n d a benzine- l ike l iquid dis t i l l ing over ,

L 143
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This is called "isoprene." Any Freshman chemist
could write the reaction for this operation. It is
simply

C1OHW v 2C0H,
caoutchouc isoprene

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 isoprene ~>" 1
caoutchouc, 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 Birmingham Philosophical
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 turned 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 eould 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. I t took the form of an international contest
in which England and Germany were neck and neck
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Courtesy of the "India Rubber "World."
What goes into rubber and what is made out of it
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The English, who had hmn beaten by the Germans
in the dye business where thry had the* start, were
determined not to lose in this. Prof, W. If, Pcrkin,
of Manchester University, was one of the* most eager,
for he was inspired by a personal grudgi* against thi
Germans as well as by patriotism and scientific zmih
It was his father who had, fifty yearn brforo, dis-
covered mauve, the first of the aniJin dyp»f but Kngla&d
could not hold the business and its rich reward* went
over to Germany. Ho in 1909 a corps of chemists
set to work under Professor IVrkin in thr* Manchester
laboratories to solve the problem of nynthcrtie rubber.
What reagent could be found that would ritveme the
reaction and convert the liquid inoprom* into tbi* nolid
rubber! It was discovered, by accident, w«* may say,
but it should be understood that aneh advatitagooue
accidents happen ciiily to those who urn working for
them and know how to utitixt them. In Ju ly , 1910,
Dr. Matthews, who had charge of tbn r«a<*areb, l i t
some isoprene to drying over metallid sodium, a
common laboratory method of freeing a liquid from th#
last traces of water. In Heptetnber h i found that th i
flask was filled with a solid mas* of rr«al mbtM*r inititad
of the volatile a o l o r k i i liquid b t h i d (itit intii it.

Twenty y e a n before the &l$mmry would have been
tisekss f for nodium wns llwn a mm nnd mntlf m<<Ui\>
a little of it in a s t a k d glass tube being pmmi around
the ehemistry class onm a y t a r M a eortotity, m a
tiny bit cut off and dropped in water to aee what a fuse
i t made. But nowadty i mttittlk mri'mm m ehmplf
p r o d u c t by th# aid of eleetrieity. The difficulty lay
rather in the cost of the raw material, lmpmm§* In
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ldustrial 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
le 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
astitute, and after eighteen months' hard work he dis-
svered 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-
ôn had been to obtain as small a proportion of fusel

s possible, for fusel oil is a mixture of the heavier al-
:>hols, all of them more poisonous and malodorous than
ommon alcohol. But here, as has often happened in
lie history of industrial chemistry, the by-product
timed out to be more valuable than the product.
Trom fusel oil by the use of chlorine isoprene can be
irepared, 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 caoutchouc molecule. This
iscovery was to the chemists what the architect's
Ian of a house i s to the builder. They knew then
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what they were trying to construct and could go about
their tank intelligently.

Mark Twain said that ho could understand HOIDQ-
thing about how astronomers could measure the
distance of the planets, calculate* their weights and so
forth, but he never could mm how thry could find
out their names even with the largest tettmcopirs. Thin
is a joke in astronomy but it w not in chemistry, Kur
when the chemist finds out the structure of a com-
pound he given it a name which means that. Th<* stuff
came to be called "caoutchouc," becnutfi4 that was thti
way the Spaniards of Columbus Ts time caught the
Indian word "eithuehu." When Dr. Priestley called
it "India rubber" ha told merely where* it enttie from
and what it was good for. But when Harries tinmed
it "l-5-dimetbyl-cyclo-octadjcn-l*5M any chemist could
draw a picture of it and give a gntm as to how it
could be made* Even a person without aity knowlfdgo
of chemistry can get the main point of it by ttiuroly
looking at this diagram:

1!
iidflf

A1

u -

J!
«n« turn* initi t-»

I

h

U

Ml*

I have dropped the 16 II *» or bydrogtsn atonnp of th t
formula for simplicity1! inke. Tfaty i imply bonk on
wherever they a m . Yon will M O that thct inoprom
consists of a chain of four carbon nUnm (roprtiffnttd
by the C 9 i ) wltb an extra carbon on tlm tide. In the
transformation of this colorless liquid into io f t rubber
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two of the double l inkages break and 80 permit the two
chains of 4 C's to unite to form one ring of eight.
I f you have ever played ring-around-a-rosy you will
ge t the idea- In Chapter I V I explained that the
anilin dyes are built up upon the benzene ring of s ix
carbon atoms. The rubber ring consists of eight at
least and probably more. Any subHtance containing
that peculiar carbon chain with two double l inks
C = C — C = C can double up—polymerize the chemist
calls it—into a rubber-like substance. S o we m a y
have many kinds of rubber, some of which may prove
to be more useful than that which happens to be found
in nattire.

With the structural formula of Harries a s 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 Ilofmann worked out a process for the convert-
ing of pure isoprene into rubber by h e a t Then m
1910 Harries happened upon the same sodium reac-
tion as Matthews, but when he came to ge t 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 fit the great hall of the College of the
City of N e w York when Dr. Carl Duisberg, of the
Elberfeld factory, delivered an address on the latest
achievements of the chemical industry before the
Eighth—and the last for a long t ime—International
Congress of Applied Chemistry- Bulsberg insisted
upon talking in German, although more of his auditors
would have understood him in English, l i e laid full
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emphasis upon German achievements and cast doubt
upon the claim of " t h e Englishman T i l d e a " to have
prepared artificial rubber in the eighties. Parkin, of
Manchester, confronted him with his new proccBa for
making rubber from potatoes, but Duinberg cnuiitercd
by proudly displaying two automobile tires made of
synthetic rubber with which he had made a thousand-
mile run.

The intense antagonism between tha British and
German chemists at thin conftrcs* wan felt by all
present, but we did not foresees Ihnt in two yearn from
that date they would be engaged in manufacturing
poison gas to fire at one another. It wan, however,
realized that more wm at stake than peraonal reputa-
tion and national prestige. Under pressure of the
new demand for automobiles tha price of rubber
jumped from $1.25 to $3 a pound in 19JO, and millions
had been invested in plantations. If Profesaor Perkin
was right when ha told the congress that by hit process
rubber could be made for less than 2Ji cent* a pound
it meant that these plantations would go the way of
the indigo plantations wham tbe Germans auooeeded
in making artificial indifo. If Dr. Duttberg wag right
when he told tha congress that synthetic rubier would
"certainly appear on tht market in a v t r y short t i m e / 1

i t meant that Germany in war or ptaee would become
independent of Brazil In the matter of rubber as ahe
bad become indepemcknt of C b i k in tb t matter of
nitrates*

As i t turned out both sdent l s t s were too sanpi i i e*
Synthetic rubber bas not p i w i d » p a b l # of displacing
natural rubber by underbidding it nor even of rep lao
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ing natural rubber when this is shut out. W h e n 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 g a s
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. E v e r y scrap 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. S o it i s evident that the supply of
synthetic rubber could not have been adequate or
satisfactory. Neither, on the other hand, have the
Britinh made a success of the Pcrkin process, although
they spent $200,000 on it in the first two yearn. But ,
of course, there was not the same necessity for it a s
in tho case of Germany, for England had practically
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
i n Germany when the demand wag 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 nolved
scientifically but not industrially. It can be ma do but
cannot be made to pay. The difficulty is to find a cheap
enough material to start with. W e can make rubber
out of potatoes—but potatoes have other mm. I t
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would require more land ami more vnltifibfo lurid t*»
raise the potatoc* than to rnm* the rubber, \V« can
get isoprene by the distillation of turpentine—but why
not bleed a rubber tree an wt?H n* a pin« tr tv t Turpwi-
tine i i neither cheap nor abundant enough* Any kind
of wood, nawduist for inittanrt*, can hi* utilized by con-
verting the eelluloHe over into migur and fermenting
this to alcohol, but the* proceHH in m*t likely to prove
profitable. Petroleum whim crarkri! up l« nmkr* gmio-
line gtviJH iftoprpno or othrr tloubl**4M»IHI ewitprnindi
that go ovc*r into name form of rttbbwr.

But tlm mont snt0r<*Htinir nn*l mmi prnmtaing of all
is th<! comploto inorganin nyn!lif*nif* that ds«pf*fiwi with
the aid of vegetation itnd Htnrtu with MM\ and litnt*
Th^iii h«»ittt»<l togi^fbrr in lhi» t*!i*efrii* fnrnnem form
caldum earbidt and thii# an fvfliy »titoin«bilint
givas aoetjrtene by eontaet with wnt#r, From ihm
i soprem oan b§ made and tht i«oprfni« wtn^irttcl into
rubber by sodiarn, or acid or alkali m ninipli* htftttng.
A e t t o n ^ whieh in a l io mndt* from umiyh*$wt mn b»
eonverted diriietly into rubber by ftimittg ^tilftirtt? iioitl*
T h i i i t e m i to hav«* b w n tbn procunn cfatrfly ui«*d by t h i
Qennans during thu war* Hm^tml enrbtd^ fttrtoriM
Wire devoted to it. But tlm internn*!i!ittt and by»
products of thc> pro€^ii t itaeh u ulcmbot* meth arid
and ac<?to»(?, w t r t in a t much dtniAiit) fur war pur*
pos t s a i rubber, T h i Otnttitfti nnadt Mint rubbtr
from pitch imports ! from Bwtdltn, T h t y nl**> found
a useful iubi t i tut t in ilunitnufn ttuphtbtnatt inadt
from Baku petroleum, for it i s t l a a t b «ad p k i t i e
can

S o although rubber can be mad^ in rnany different



T H E E A C E F O E E U B B E E 155

ys it is not profitable to make it in any of them. W e
ve to rely still upon the n a t u r a l product , bu t we c a n
iatly improve upon the way na tu re p roduces i t .
len the call came for more rubber for t h e electr ical
1 automobile indust r ies the first a t t empt to inc rease
» supply was to p u t p ressure upon the na t ives t o
n g in more of the latex. A s a consequence the t r e e s
re bled to dea th and sometimes also the na t ives ,
e Belgian atroci t ies in the Congo shocked the civi-
3d world and a t P u t u m a y o on the u p p e r Amazon t h e
ne cause produced the same horrible effects. B u t n o
t t e r wha t cruel ty was practiced the t ropical fo res t s
lid not be made to yield a sufficient increase,- so t h e
t ivat ion of the rubber was begun by fa r -s ighted
n in Dutch J a v a , Sumat ra and Borneo and in B r i t i s h
ilaya and Ceylon.
Brazil, feeling secure in the possession of a n a t u r a l
mopoly, made no effort to compete wi th t he se
rvenus. I t cost about as much to ga the r r u b b e r
>m the Amazon forests as i t did to ra ise i t on a M a l a y
mtat ion , t h a t is , 25 cents a pound. T h e Braz i l i an
)vernment clapped on another 25 cents expor t d u t y
d spent the money lavishly. I n 1911 the t r e a s u r y
P a r a took in $2,000,000 from the rubber t ax a n d a

od share of the money was spent on a magnificent
w thea te r a t Manaos—not on set t ing out r u b b e r
ses. The resul t of this r iva l ry between the collector
id the cult ivator is shown by the fact t h a t in t h e
cade 1907-1917 the wor ld ' s output of p l a n t a t i o n
bber increased from 1000 to 204,000 tons , while t h e
Ltput of wild rubber decreased from 68,000 to 53,000.
asides this t h e p lanta t ion rubber is a c leaner and
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mom even prodnd, carefully cwijftiJftted by acrtic add
instead of brinx «in«*ki*f| over at forent lire. It eomes
in pill** yellow Kiu*et8 inMead of bijf blark bulk loaded
with thf* dirt or trtidctt mid Mtoiirn that the bonrnt Irniian
ttomdimes mid* to ttuike n biirwr lump. What ' s
better, tin* man win* milk* tin* rubber tn*«\4 on a plunta-
tion may Hvn at lumw wln»n» b«* ran \w d e m i t l y looked
after. The* aKHculturint and the* rhr*rniiit nmy do what
tin* pbilnnthropif<t and tflat«'Hiiwni rotild n«»t itraompltiih:
put an t*nd to tbi* c?mt*ll}rn involved in tin* internattoiud
i t r n ^ h * f«r "Mark K*4d.M

Thi* United State* tinen three fourth HI t$f thi* world's
nibber output »nd JPTOWH none of it, Whut in th©
nun of tropieal tioujif^Hiona if we t]t> not make tmo of
them! The PbilippineM w u l d irmw nil mir nibber and
keep m $300trN»,000 biminrin utitlrr *mt flug. Saato
Domingo^ where rubber WUH flr^t fliKrovered» in now
under our sitfiervbton and could l»e ri$ridi^«l by th©
induHtry. Thu Qtiianiu«t wb«*r«# \\w n ib l^r Irei* wai
fimt ntudied, mi^ht In* pnrrhnwil. It in ehiefly for Itek
of a d«*fi«ite colonial t^liey thut our rubber imluitry,
by fur this inrgpA in tJie worlil f km to In* depmitltnt
upon foreign mmtcm for all itn raw ifuitortjilji, Be-
cause tho Philippine* are ltk**ly to kt mnt off at any
»i0iiiint f Amwiean mnufiietiirert mm phdng; their

in U10 t)tttcb or Itritiiib imfmnmiottn. The
Company ban nmur^d a eonwutioti of

in*nr Metiiin in Dutrb Sumatra*
While tb t Unitud S t a t i c in planning to

its Pacific; p o i i t s i t o n t tb^ l lr i t i ih him* mum than
cioubkd their holding! in Mtw Otiinta by the aaquiti*
tion of K t i i t F Wilbftm f s La»t)f ifomj rubbtr 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. Ful ly 90 per cent, of the cultivated
rubber is now grown in British colonies or on Brit i sh
plantations in the Dutch ISast 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 dol lars' worth
of rubber a year. The Brit ish Tropical Life says
of the American invas ion: " A s America i s 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 3 % per cent, dividend. The output is re-
stricted by the Rubber Growers' Association so as to
keep the* price up to 50-70 cents. When the planta-
tions first came into bearing in 1910 rubber was bring-
ing nearly $3 a pound, and since it can bo 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 w a s in the
control of Great Britain caused America great anxiety
and financial lo s s in the early part of the war when
the Brit ish Government, suspecting—not without rea-
son—that some American rubber goods were get t ing
into Germany through neutral nations, suddenly shut
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off our supply. This threatened to kill the* fourth
est of our industries and it wan only by the* b i
of American rubber dealern to the* clonimt Mup«?rvij»ion
and restriction by the British authorities that they
were allowed to continue! their Imsiiu'HM. Hir Francis
Ilopwood, in laying down these* regulations, gavo
emphatic warning "that in cam* any umnufacturctr,
importer or dealer came* under suKpicinn his permits
should be immediately r«?vokwl. lit'intttfitwwnt will
ba slow and diflicult. The British (lovrrnmont will
cancel firnt and investigate nfU*rward.M Of cmiroa
tho British had a right to «ay umU«r what eonditionft
they Hhould BOII their rubber and wi» cimnot blame them
for taking such precautions to prwimt it* gett ing to
their enemies, but it placed tin* United Btiiic*» in a
humiliating position and if wi? had not \wn in sym-
pathy with their sick it would hitvt* nrotisifd fiion* ro«
sontment than it did. But it made mUhnt the de-
sirability of having at least part of mir supply under
our own control andv if poimsblf1, within our own
country. Rubber m not ram in nature, for it i i con-
tained in almost every milky jtiiam Kvi*ry eountry \mj
known that he enn gi*t n m?lf-fi»i»diiig mueilagn bntub by
cutting off a milkwecHl ntalk« Tlie only native nourct no
far utilized in the jpayttk , which growi wile! on the dea*
erts of th# Mexican and the Amnriaan border. Th«
plant wa i diieovertd in 1852 by Dr. <I. M. Iligflow ntar
-SiMondido Orttk# T*»xaa. Profeiwor Ana Qr*y dt*
wribed it and named it Partbenimn ar^ntatom^ or
tht silver Pallas, W b t n obopptd up and inamratdl
faay^lc g i v t i a BatiHfactory quality of eaoutohntic in
profitable amounts. In 1911 i i t t n thousand tout of
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gtzayule were imported from Mexico; in 1917 only
seventeen hundred ton«. Why this fall ing off? Be-
cause the eager exploiters had killed the goose that
laid the golden egg, or in plain language, pnl led up
the plant by the roots. Now guayule is being culti-
vated and in reaped instead of being uprooted. E x -
periments at the Tucson laboratory have recently re-
moved the difficulty of gett ing the seed to germinate
tinder cultivation. This seems the mos t promising of
the home-grown plants and, until artificial rubber can
be made profitable, g ives us the only chance of being
in part independent of oversea supply.

There are various other gums found in nature that
e#n for some purposes be substituted for caoutchouc.
Qutta percha, for instance, is pliable and tough though,
not very elastic, i t becomes plastic by heat so it can
be molded, but unlike rubber it cannot be hardened by
heating with nulfur. A lump of gutta percha was
brought from Java in 17G6 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 German electrician, Sie-
mens, discovered in 1847 that gutta percha was valu-
able* for insulating telegraph lines and it found exten-
sive employment in ttubmarine cables as wel l as for
golf balls, and the* like.

Balata, whieh is found in the forests of the G-uianas,
i i between gutta porcha and rubber, not so good for
Insulation but useful for nhoo soles and machine belts .
The bark of the tree i i so thick that the latex does not
run off like caoutchouc when the bark is cut. S o the
bark hat to be cut off and squeezed in hand presses .
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Formerly this meant cutting down the* trim, but BOW
alternate strips of the bark are cut ofT ami ftqueezed
so the tree continues to live.

When Columbus discovered Santo Domingo he found
the natives playing with balk made from the gum of
the caoutchouc tree. Tho soldiers of Vtznrro, when
they conquered Inea-Land, adopted the Peruvian cms-
torn of smearing caoutchouc over their coat* to keep out
the rain. A French Hctentiiti, M. do lit Coiidamim*, who
went to South America to measure the earth, came back
in 1745 with some specimen*! of caoutchouc from Para
as well as quinine from Peru. The vcmttel on which fas
returned, the brig Minerva, hud a narrow escape from
capture by an English cruiser, for Ureat Britain was
jealous of any trenpasRing on her American itphere of
influence* The Old World nmnl n<»t have wnttetl for
th© discovery of the New f far the rubber tree grows
wild in Arniam as well m Braxi), but none of the Asi-
atics seems to hava discovered any of the many uses of
the juice that exude* from breaks in the hark*

The first practical urn that wat made of it gave It th§
name that has ntndk to it in English ever itnee. Ma-
gellan announced in 1772 that it wa§ good tit remove*
p#nci! marks, A himp of it w a i nent over f m m F r a m e
to Priestley, tha eltrgyman eheiniit whu dtmovered
oxygen and was mobbed out of iftnehisster fur being a
republican and took refuge in Pennaylvanta. He cut
the lump into little euben and gave thtm to his friends
to eradicate their tnistiikif in writing ®f fig
Then they t s k t d Mm what the qvmm things were
ha said that they were "India rubbers.91

The Peruvian native* had used caoutchouc fm water-



Underwood & Underwood
FOREST RUBBER

Compare this tropical tangle and gnarled trunk with thestraight tree and cleared ground of the plantation. At the footof the trunk are cups collecting rubber juice

) Publishers' Photo Service
PLANTATION RUBBER

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 E u r o p e
was slow to take it up, for the stuff was too sticky a n d
melted too bad in hot weather to become fashionable
11 fastidious circles. In 1825 Mackintosh made M s
name immortal by patt ing a layer of rubber between.
;wo cloths.

A German chemist, Ltidersdorf, discovered in 1832
hat the gum could bo hardened by treating it -with,
mlfur dissolved In turpent ine But it was left to a
Iankee inventor, Charles Ooodyear, of Connecticut, t o
^ork out a practical solution of the problem. A fr iend
>f his, Hayward, told him that it had t e e n revealed t o
iim in a dream that sulfur would harden rubber, b u t
12ifortunately the angel or defunct chemist who i n -
spired the vision failed to reveal the details of the
>roee8s. S o Hayward sold out his dream to Good-
war, who spent all his awn money and all ho eould
wrrow from his friends try ing to convert i t into a real-
ty. H<* worked for tern yearfi on the problem before
lie "lucky accident9' came to him. One day in 1839
*<* happened to drop on the hot stove of the kitchen that
m used m a laboratory a mixture of caoutchouc and
ralfur. T o his surprise he »aw the two substances fuse
:ogfcther into something new. Instead of the soft ,
jteky gam and the yc*Ilowf brittle brimstone he had t h e
ouigli, »tabtet elastic solid that lum done BO much since
,o mako ouf footing and w i n d i n g »afo9 swif t and no i se -

Tha gumshoes or galoshes that he w a s then on-
to maki sti l l go b y tha name of " rubbers" i a

liiH couiitr>% although wo do not use them l o r penc i l

Goodyear fmnd tbat he could v a r / this u vulcanised
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rubber" at will. By adding a little num* sulfur he* got
a hard substance which, however, could In* Mofteued by
heat so an to be molded into any form wanted, (Hit of
this "hard r u b b e r 0 "vu lcani te" or u««honiteM were
made combs, hairpins, penholders and tin* like, and it
has not yet been superseded for mnw purpwteH by any
of its recent rivals, the synthetic m*iiw.

The new form of rubber nmdr by !hr ffcrmnnii,
methyl rubber, in said to be a i*up«fri«»r Htilmtitutr* for
the hard variety but not satisfactory for \\w soft, Tho
electrical resistance of the synthetic |iroclnct h 20 per
cent, higher than the natural, so it In excellent for insu-
lation, but it m inferior in elasticity. In the* bitter part
of the war the methyl rubber was ttiuutifadim*d at fhn
rate of 165 tons a month.

The first pneumatics tiren, known them m i% patent
aerial wheels ," wen* invented by Hobi*rt Wiilsam
Thomson of London in 1846, On the follnwittfc yenr n
carriage equipped with them wi$s mm in the streets
of New York City. But thi* pm'timfittc tire ilid not
eomo into uaci until after 1H88, when an Irish horno-
doctor^ John IJoyd Dutihip, af Brifnif^ tii*rl n rutib#r
tub0 around thi! wht»r#l?i of his little* mm*$ v&h*G\peA&*
Within seven years after thai a *25tOOOfOf)O eorponi-
tion was manufacttiriiig Dunlop t i n * Li*ti*r Am^rtcft
took th© lead in this hus i t i tm In 1913 the ttaiUn!
States exported $3f000,000 worth of t i n * mtd ttibM.
In 1917 the American oxporto romi to $I3lf)OOlOCK)f not
counting what went to thu Ai l i t i , Tim number of
pneumatic tires sold in 1917 i t catimatod i t
which at an average eo i t of | 2 5 would amount to
000,000.
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No ma t t e r how much synthe t ic rubber m a y bo m a n u -
factured or how many rubber t rees a r e set ou t the re is
no danger of g lu t t i ng the marke t , for as the p r ice falls
the unes of r ubbe r become more numerous . One can
think of a t housand ways in which rubber could be
used if it were only cheap enough. I n the form of p a d s
and spr ings and t i r e s i t would do much to r ende r traffic
noiseless. Even the e levated r a i l road and the subway
might be opened to conversat ion, a n d the c i ty m a d e
habitable for mild voiced a n d gent le folk. I t would
make one ' s s tep su re , noiseless a n d s p r i n g y , w h e t h e r i t
was used individualis t ical ly a s rubbe r heels o r colloo-
tivisticaily a s c a r p e t i n g and pav ing . I n roofing a n d
siding and p a i n t I t would make o a r building*} w a r m e r
and more du rab l e . I t wotald reduce t h e cost and p e r -
mit the extension of electrical appl iances of a lmos t all
kinds. In shor t , there is h a r d l y a n y o the r ma te r i a l
whom* abundance would contr ibute more to o u r comfor t
and convenience. Noise is a n au toma t i c a l a r m indi-
cat ing lo«t motion a n d was tad mergy. Si lence is
economy and resiliency is s u p e r i o r t o res i s tance . A
gumshoe out las t s a hobnailed sole a n d a r u b b e r tube
full of a i r in be t t e r than a s teel t i re .



I X

T H E RIVAL STJGAKS

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 wildcats 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. B u t 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 K i n g of Prus -
sia, but the industry was not a success until Napoleon
took it up and in 1810 offered a prize of a million francs
for a practical process. H o w the French did make fun
of him for this crazy 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 K i n g of
Eome—known to the readers of Rostand as PAiglon.
The Emperor i s squeezing the juice of a beet into Ms
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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 i t ' 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. A n 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 wwlcL The English at home, especially the mar-
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malade-makers , a t first rejoiced a t the idea of g e t t i n g
sugar for less t h a n cost a t the expense of h e r con t i -
nenta l r ivals . B u t the suffering colonies took a n o t h e r

WAP SHOWING LOCATION or EUROPEAN BEET SuGwrACTORiK-Auso BATTLE Lines AT CLOSE OF 1916
Esrowto THAT Ot-TrtRO OF Wasajfs PRODUCHOH acme -nc WAR WAS PROOUOD wrmn BATTLEUKJ

Courtesy A m e r i c a a S u g a r Ref in ing Co.

v i e w o f t h e s i t u a t i o n . I n 1 8 8 8 a c o n f e r e n c e o f t h e

p o w e r s c a l l e d a t L o n d o n a g r e e d t o s t o p c o m p e t i n g b y

t h e p e r n i c i o u s p r a c t i c e o f e x p o r t b o u n t i e s , b u t F r a n c e

a n d t h e U n i t e d S t a t e s r e f u s e d t o e n t e r , s o t h e a g r e e -

m e n t f e l l t h r o u g h . A n o t h e r c o n f e r e n c e t e n y e a r s l a t e r

l i k e w i s e f a i l e d , b u t w h e n t h e p a r v e n u b e e t s u g a r v e n -

t u r e d t o i n v a d e t h e h i s t o r i c h o m e o f t h e c a n e t h e l i m i t

o f t o l e r a t i o n h a d b e e n r e a c h e d . T h e C o u n c i l o f I n d i a

p u t o n c o u n t e r v a i l i n g d u t i e s t o p r o t e c t t h e i r h o m e -

g r o w n c a n e f r o m t h e b o u n t y - f e d b e e t . T h i s f o r c e d t h e

c a l l i n g o f a c o n v e n t i o n a t B r u s s e l s i n 1 9 0 3 " t o e q u a l -

i z e t h e c o n d i t i o n s o f c o m p e t i t i o n b e t w e e n b e e t s u g a r

a n d c a n e s u g a r o f t h e v a r i o u s c o u n t r i e s , " a t w h i c h t h e

p o w e r s a g r e e d t o a m u t u a l s u p p r e s s i o n o f b o u n t i e s .

B e e t s u g a r t h e n d i v i d e d t h e w o r l d ' s m a r k e t e q u a l l y



168 CKKAT1VK CIIKMIKTIIV

with enm w g a r and tin* two rival* »Uyi*d j
m.»ck and «*#ck until th*« *Jr«*iit War r;u?n», Thin thai
out fri»m Knicland tin* prmlttri «f !**• riiwiny, Atiitrla-
Hungary, Belgium, n<»rih«*rn Frrttn1*' awl lliumin mi
took tin? faniMTM from tli^ir (U*M*. Tin* hat tit* lines §f
ihct CVntrnl I.*owi*n* ri*H«i*i'd ih*« land whirh urn*! to
grow it third of th*? w«*rjip#« t»nj»j*ly uf ^uifiir. In I!J13
the* I w t ami lit** r a w «*ach Htifipli^fl aUmt rum* ttitliioa
toim of HUgar. In HUT th<* ntitjmt «#f ruin* mi git r
]19200V(KXI ami »f h^l Mgnr ft^Mi/nm
quently th«« Ol*l Wurhl ha«l l« i lmw ujton th« New.
Cuha, an whieh tho t*«it^«l Htntrtt- ti«*«*«I la drpfml for
hulf HH Httgnr fKit|i|ily» wtii OVIT 7CM.1/IH totin of r»w
nogftr to Knglatid in t»l«i. Tb* r n i t n t Htntrii mwit u
maeh mor« r«*fiim**I nugar. Thir* Jurk of ^hififiinf inter*
fared with our getting uttgur from our tro|iiMl depend-
encies, Hawaii, IVirto Ifim on«| Uw Iiitliji|iltii*i» Thi
homiigriiwi* beetn give w only » fifth will thi* ernttt of
Loiibtaiift nnd T^na* only n f lftwnth of tb«* mgiir w#
need. An n result w« wi?r« »!4ig«^l to (llo n daiM is
advaneit to gift ii putind of #tijti§r from thf* wrn»r gro-
oery and thon we wer» n|>t t« tn»- fitit off with roek
©»ndyt mtmcoviido or h»nry, t^mon clrofm {irovml HM»
111 for Rmiiion t«*« .»ti*I th« l#|f»tiM n.wi*ftt<*iiiiigH of cmr
fomffttiwrs eatttci ugain into vogui* in tit** form of vurU
out lyrupi* f 'h i Utitt^l Hiniv* mm nmmimtmi to
con^unio afinftg&t a fifth uf alt thr^ ifurnr prcicliiati] in tbo
world—luid tbtn wt wwtd not g t t i t

The ih0rtagf n i id t tit r ta t iw hnw fi^)n«nd#nt w# have
bee®rai upon i n p r . Y t t it wna t an w© h«¥t w»#nf praa*
tically unknown tn th# a n d t n t i and only within H i
pmmnt pn tmt i c in IIIM it bm»m an t t t t t t t ia l faot^r m
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our d i e t A s soon as the chemist made it possible to
produce sugar at a reasonable price all nations began
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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,
C1 2H2 2On . 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 strenuous life sugar has no equal
and only one rival, alcohol. Alcohol 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 alcohol has certain advantages, but used
as a food it has the disqualification of deranging the
bodily meehaaiism. Even a little alcohol will impair
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the accuracy a n d speed of thought a n d act ion, while a
l a rge quan t i ty , a s we al l know from observa t ion if no t
exper ience , will p roduce t e m p o r a r y incapaci ta t ion .

W h e n m a n feeds on s u g a r he spl i ts i t up by the a id
of a i r in to w a t e r a n d carbon dioxide in this f a sh ion :

ttJH+ 120, ->- HHfO +12CO,
cane sugar oxygen witter carlxm dioxido

W h e n s u g a r is b u r n e d the react ion is j u s t the same.
B u t when the yeas t p l a n t feeds on s u g a r i t ca r r i e s

the process only p a r t w a y and ins tead of w a t e r the
p roduc t is alcohol, a v e r y different th ing , so they s a y
who have t r i ed both as beverages . T h e yeas t o r fer -
menta t ion reac t ion is t h i s :

cane sugar water alcohol carbon dioxide

Alcohol then is the first p roduc t of the decomposi-
t ion of sugar , a d a n g e r o u s half-way house . The twin
produc t , ca rbon dioxide o r carbonic acid, is a gas of
s l ight ly sou r t a s t e which g ives an a t t r ac t ive t a n g a n d
effervescence to the bear , wine, c ider o r champagne*
T h a t is to say , one of these twins is a pes t i len t ia l fel-
low a n d the o t h e r is decidedly agreeable . Ye t for sev-
e ra l thousand y e a r s mank ind took to tha first and let
the second for the most p a r t escape Into the a i r . B u t
when tha chemis t a p p e a r e d on the scene he d iscovered
a way of s e p a r a t i n g tha two and bot t l ing the h a r m l e s s
one for those who p r o f a r i t A n increas ing n u m b e r of
people ware found to p r e f e r it, BO the Amer i can soda-
w a t e r fountain in g r adua l l y d r i v ing Demon R u m ou t
of the civilized wor ld . T h e b r e w e r nowadays c a t e r s t o
two classes of customers* H e bot t les tip the bee r w i th
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the alcohol 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-alcoholic 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, because
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 "sof t 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 eventually, 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 p e r c e n t of l i t t le round h a r d wooden nodules ,
j u s t the so r t to ge t s tuck between the tee th o r c a u g h t
in the v e r m i f o r m append ix . H o w long would i t be
before he w a s sen t t o j a i l for adu l t e r a t i ng foodf B u t
ne i the r ja i l n o r boycott h a s a n y r e f o r m a t o r y effect on
N a t u r e .

N a t u r e is qu i t e h u m a n in tha t respect . B u t you can
re fo rm N a t u r e a s you can human beings by looking out
fo r he red i ty a n d cul ture . I n th i s way Mothe r N a t u r e
h a s been qui te cured of he r bad habi t of p u t t i n g seeds
in b a n a n a s a n d o r anges . F i g s she sti l l pe r s i s t s in
a d u l t e r a t i n g wi th pa r t i c les of cellulose a s nu t r i t i ous a s
s a w d u s t B u t we can c i rcumvent the old l ady a t t h i s .
I go t on C h r i s t m a s a package of figs f rom Cal i fornia
wi thout a seed in them. Somebody h a d t aken out al l
the seeds—it mus t have been a big j ob—and then p u t
the figs toge the r aga in as n a t u r a l looking as life a n d
very much ba t t e r t a s t ing .

S u g a r and alcohol arc* both found in N a t u r e ; s u g a r in
the r ipe frui t , alcohol when it begins to decay. B u t i t
wan the chemis t who discovered how to ex t r ac t them.
H e first worked with alcohol and unfo r tuna te ly sue-
eeededL

Prev ious to t he invention of the still by the
A r a b i a n ehemiaU man could not get d runk aa quickly
a s he wanted to because his l iquors wore l imited to
w h a t the yeas t p lan t could s t and wi thout intoxication*
W h e n the alcoholic content of wine o r bee r rose to
seventeen p e r cent, a t the mos t the p rocess of fe rmen-
ta t ion s topped because the yeas t p l a n t s go t d r u n k a n d
q u i t " w o r k i n g . " T h a t m e a n t tha t a m a n confined to
o r d i n a r y wine o r bee r had to dr ink ten o r twen ty
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quarts -af 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 e ighty per cent, of alcohol. 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 chronic, 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, as we
have seen, has become a large factor in the dietary of
civilized countries. A s a country sobers up it takes to
sugar as a "sel f -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 i s a true nutrient instead of a mere
stimulant. It is a matter of common observation that
those who like sweets usually do not like alcohol.
Women, for instance, are apt to eat candy but tfo
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 g@$-
erally take two lumps in their demi-tasses. W e often
hear it said that whenever a candy store opens up &
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saloon in the s a m e block closes up . O u r g r a n d m o t h e r s
used to w a r n the i r d a u g h t e r s : "Don't m a r r y a m a n
who does not w a n t s u g a r in his tea . H e is l ikely to
take to d r i n k . " So , y o u n g man, when next you g ive
a box of candy to y o u r bes t g i r l a n d she offers you
some, d o n ' t decl ine it . E a t i t and p re t end to like it ,
a t least , for i t is qu i te possible tha t she looked into a
physiology a n d is t r y i n g you out . You never can te l l
wha t g i r l s a r e u p to.

I n the a r m y and n a v y ra t ion the same change h a s
taken place a s in the p o p u l a r d ie t a ry . T h e ra t ion of
r u m has been most ly replaced by an equivalent amoun t
of candy o r m a r m a l a d e . I n s t e a d of the t ipp l ing
t roope r of f o r m e r days we have " t h e chocolate sol-
d i e r . " No p r e v i o u s w a r in h i s to ry h a s been fought
so la rge ly on s u g a r and so l i t t le on alcohol as the las t
one. W h e n the w a r reduced the supply and inc reased
the demand we all felt the s u g a r famine and it became
a m a r k of p a t r i o t i s m to refuse candy a n d to d r ink cof-
fcu* unsweetened. Th i s , however , IB not , a s some think,
the* mere cu r t a i lmen t of a superfluous o r h a r m f u l lux-
u ry , the sacrifice of a p leasan t sensat ion. I t is a r e a l
depr iva t ion a n d a se r ious loss to na t iona l nu t r i t i on .
F o r the re is no reason to think the cons tan t ly r i s i n g
eurve of nugar consumption has ye t reached i ts max i -
m u m o r op t imum. Ind iv idua ls overeat , bu t no t t h e
popula t ion a s a whole*. Accord ing to expe r imen t s of
the D e p a r t m e n t of Agr i cu l tu re mm do ing heavy labor
may a d d t h r ee -qua r t e r s of a pound of s u g a r to t h e i r
dai ly diet w i thou t a n y dele ter ious effects. T h i s is a t
the r a t e of 270 pounds a yea r , which in t h r ee tifn^g t h e
ave rage consumpt ion of E n g l a n d a n d Amer ica , B u t
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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 product^
are more apt to clog up the system. Common sugar
i s 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. I t i s 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 distinct 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 product and the business
of t i e chemist has been merely to extract and purifylt .
But this is not so simple as it seems and every sugar



THE RIVAL, SUGARS
The sugar beet of the north has become a close rival of the sugar cane of the south
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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 infinitesimal 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 0 , 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^E^gOn. 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 partly i s
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 m a y be desired. Practically all candy,
even the cheapest, is nowadays free from deleterious
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ainistrat ive a t t i tude a r e not uncommon. W h e n the
ise of hops in beer was n e w i t was p roh ib i t ed b y Br i t -
sh law. But hops became cus tomary never the less and
LOW the law requi res hops to be used in beer . W h e n
rorkingmen first w a n t e d to fo rm unions , l aws were
lassed to p reven t them. B u t now, in A u s t r a l i a for
astance, the laws r equ i r e work ingmen to f o r m unions .
J-overnments na tu ra l l y t end to a conserva t ive reac t ion
gainst anyth ing new.

I t is amusing to t u r n back to the p u r e food ag i ta t ion
f ten years ago and r e a d the sensa t iona l a r t ic les in
lie newspapers about the poisonous n a t u r e of th i s
angerous drug, sacchar in , in v iew of the fact t h a t it i s
eing used by millions of people in E u r o p e in amoun t s
rea te r than once seemed to upse t the t e n d e r s tomachs
f the Washing ton " p o i s o n s q u a d s . " B u t sacchar in
.oes not appear to be responsible for a n y fa ta l i t ies ye t ,
hough people a r e sa id to be hea r t i l y sick of i t . A n d
rell they m a y be, for i t is not a subs t i tu te for s u g a r
xcept to the sense of t a s t e . Glucose m a y correc t ly be
ailed a subst i tute for sucrose as m a r g a r i n for bu t t e r ,
ince they not only t a s t e much the same bu t h a v e about
he same food value. B u t to serve sacchar in in the
dace of sugar is like g iving a rubbe r bone t o a dog.
t is r epor ted f rom E u r o p e t h a t the cons tan t use of
accharin gives one eventual ly a d i s tas te for all sweets .
?his is quite likely, a l though i t means the r e v e r s a l
rithin a few yea r s of p reh i s to r i c food hab i t s . Man-
ind has always associa ted sweetness w i th food value,
or there a re few sweet th ings found in n a t u r e except
he sugars . W e think we ea t s u g a r because it i s sweet.
Jut we do not. W e ea t i t because i t is good for u s .
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The reason it tastes sweet to \m in heeimne it is good
for us. Bo man maken a virtue out of nec&HHtty, a
pleasure out of duty, which in tho caHeneo of ethic*.

In tho ancient day* of Ind the great Haja Trinhankn
poHHOHBod an earthly paradim? that had been mm*
ntructod for his delectation by n magician. Therein
grew all manner of beautiful flower**, navnry herbs and
delicioufi fruits nuch aa had never been known before
outside heaven. Of them all the Hnjn ntitt Inn harems
liked none better than the reed from which they could
8uck honey. Hut Indrn, being it jealous gnd t wit* wrath
when he looked clown and beheld mere mortal* enjoying
such delights. So he willed the dentrurtion of the en-
chanted garden. With drought and tempent it wai
devantiited, with fire and hail, until not a leaf wa i left
of its luxuriant vegetation find the ground wna bam a i
& threshing floor. But the m o t s of the stignr mm art
not destroyed though the ntulk be rut down; m when
mm ventured to enter itm thmri where itnee hud bum
this garden of Kdenf they found tlirr cunt* had grown up
again and they carried it way rutting* of it ami culti-
vated it in their gardens. Thu* it htppmnnt that tlta
noctar of the god* deft§**ndc?d firnt l o mpnamha and
tbtir favoriti!*, tlicit wan iprend among the prt>|»li» and
carried abroad to other land* until now any child with
a penny in hi i hand may buy of the )***t of i t So it
lm§ been with many thing*, flu mmy i i W with iU
things
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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
centuries 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 called
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 Pi lgr im Fathers penetrated into the woods back of
Plymouth Harbor they discovered a cache of Indian
corn. So throughout the three Americas, from Canada
to Peru, 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
sweet corn and popcorn. I remember thirty years ago
seeing on a London stand a heap of dejected popcorn
balls labeled u 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 little 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, Eumford,
attempted to introduce this transatlantic dish.

But here we are not so much concerned with corn
foods as we are with i ts 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 "Mazo la" 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 i s extracted a
gum called " p a r a g o l " that forms an acceptable substi-
tute for rubSer in certain uses. The " r e d
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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 kernel

CORN PRODUCTS

germ

body

. hull....!

corn oil „

oil cake
oil meal..
starch

'table oil
dyers' oil
soap
glycerin
_rubber substitute

cattle food
rtable starch

-i laundry starch
'dextrose

hydrolyzecL

gluten

bran

glucose
maltose
corn syrup
hydrol
tanners' sugar
cerelose
white dextrin
canary dextrin
British gum
envelop dextrin
foundry dextrin
amidex[vegetable glue

J vegetable casein
[gluten meal

Starch, which constitutes fifty-five per cent, of the
corn kernel, can be converted into a variety of products
for dietary and industrial uses. A s 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 a&d goqp over into a sugar, dextrose,
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commonly called "g lucose ." Expressed in chemical
shorthand this reaction is

C6H10O5 + a > e i a 6
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, i s 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 product 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 45 per cent.
Dextrose 20 per cent.
Dextrin 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. I t 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 1 2 H 2 2 0 n ) , 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 i s
commonly found in grapes and other ripe fruits. I t
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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
eo 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 wMch 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-
gerous 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 syrup
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
snlfurous acid to bleach the glucose and these adds
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 wMcli 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 "gra in ing ." 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 accuse him of "adul terat ion" on that
ground we must levy the same accusation against our
grandmothers. The introduction 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 typesett ing machines.
The popular animosity displayed toward any n ew
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 " j e l l . " But
using these for their flavor he adds apple pu lp for
pectin and glucose for smoothness and sugar for sweet*
ness and, if necessary, synthetic dyes for color , he* is
able to put on the market a variety of jel l ies , jama find
marmalades at very low price. The same principle
applies here as in the case of all compounded foctd
products. If they are made in cleanly fashion, contain
no harmful ingredients and are truthfully labelwl there
is no reason for objecting to them. But if the manu-
facturer goes HO far as to put strawberry ternls-—or
hayseed—into his artificial "strawberry j a m " I think
that might properly be called adulteration, far i t i i imi-
tating the imperfection?* of nature, and man might to
be too proud to do that.

The old-fashioned open kettle molasses ewini i i t t i
mostly of glucose and other invert *ugari» together
with such eane sugar a t could not be* eryHtallt*f*tl out.
But when the vacuum pan was introduced the* n w l a i i t s
was impoverished of ita iwecitness and beet align r does
not yield any molasses* So we now have in it* place
the corn syrups consist ing of about 85 per cent, of glu-
cose and 15 per cent, of iugnr flavored with mnplo or
vanillin or whatever w§ like. I t i s encouraging to st©
the bill boards proclaiming the v irtues of * * K « r o °
syrup and " M a z o l a " oil when only a few years n g o tht
products of our national cereal were without honor in
their own country*

Many other products besides foods are m a d t from
oora starch. Dextrin serves in place of the old " g u m
arable" for the mueilag® of our envelopes and t f a m p t ,
Another form of d t x t r k sold as # i K o r d « f f i t twod to
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hold toge ther the sand of the cores of cast ings . Af t e r
the cast ing h a s been made the scorched core can be
shaken out. Glucose is used in place of s u g a r as a
filler for cheap soaps a n d for lea ther .

Al together m o r e t h a n a hundred different commer-
cial p roduc t s a r e now made f rom corn, not count ing
cob pipes . E v e r y y e a r the factories of t h e Uni ted
States work u p over 50,000,000 bushels of corn into
800,000,000 p o u n d s of corn syrup , 600,000,000 pounds
of starch, 230,000,000 pounds of corn sugar, 625,000,000
pounds of g lu ten feed, 90,000,000 pounds of oil a n d
90,000,000 pounds of oil cake.

Two bill ion bushels of cobs a re wasted every y e a r i n
the Uni ted S t a t e s . C a n ' t something be m a d e out of
them? This is the quest ion tha t i s agi ta t ing the chem-
ists of the C a r b o h y d r a t e Labora to ry of the Depa r t -
ment of Agr i cu l tu re a t Wash ing ton . They h a v e found
i t possible to w o r k u p the corn cobs into glucose a n d
xylose by h e a t i n g wi th acid. B u t glucose can be more
cheaply obta ined f rom other s t a rchy or woody mate-
r ia ls and t hey cannot find a m a r k e t for the xylose.
Th i s is a so r t of a suga r but only about half a s sweet
as tha t f rom cane. W h o can invent a u s e for i t ?
More p romis ing is t h e discovery by this l abora to ry t h a t
by digest ing the cobs wi th hot w a t e r there can be ex-
t rac ted about. 30 p e r cent, of a gum suitable for bill
post ing and label ing.

Since the s t a rches a n d sugars belong to t he same
class of compounds as the celluloses they also can be
acted upon b y n i t r i c acid wi th the production of explo-
sives like guncot ton. Ni t ro-sugar has not come into
common use , b u t n i t ro-s ta rch is found to be one of
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s a f e s t of the high explosives- On account of the dan-
g e r of decomposition and spontaneous explosion from
t h e presence of foreign substances the materials in
e x p l o s i v e s must be of the purest possible. I t was for-
m e r l y thought that tapioca must be imported from Java
f o r making nitro-^starch. But during the war when
s h i p p i n g w>as short, the "War Department found that it
c o u l d be made better and cheaper from our home-grown
c o r n starch. When the war closed the United States
w a s making 1,720,000 pounds of nitro-starch a month
f o r l oad ing hand grenades. So, too, the Post Office
D e p a r t m e n t discovered that it could use mucilage
m a d e of corn dextrin- as wel l as that which used to be
m a d e from tapioca. This i s progress in the right di-
r e c t i o n . I t would be well to divert some of the ener-
g e t i c efforts now devoted to the increase of commerce
to t h . e discovery of ways of reducing the need for com-
m e r c e by the development of home products. There is
n o m e r i t in simply hauling things around the world.

I n the last chapter we s a w how dextrose or glucose
c o u l d be converted by fermentation into alcohol. Since
corn, starch, as we have here seen, can be converted into
d e x t r o s e , i t can serve as a source of alcohol. This was,
in f a c t , one of the earliest misuses to which corn was
p u t , and before the war put a stop to it 34,000,000
"bushels went to the making of whisky in the United
S t a t e s every year, not counting the moonshiners' out-
p u t . But even though we left off drinking whisky the
d i s t i l l e r s could still thrive. Mars is more thirsty than
B a c c h u s . The output of alcohol, denatured for indus-
t r i a l purposes, is more than three times what it was
b e f o r e the war, and the price has risen from 30 cents a
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ga l lon to 67 cents. This may make it profitable to
ut i l i ze sugars, starches and cellulose that formerly were
o u t of the question. According to the calculations of
the Fores t Products Laboratory of Madison i t costs
f r o m 37 to 44 cents a gallon to make alcohol from corn,
but i t may be made f rom sawdust at a cost of from 14
to 20 cents. Th i s i s not " w o o d a lcohol" (that is ,
m e t h y l alcohol, C H 4 0 ) such as i s made by the destruc-
t ive distillation of wood, but genuine " g r a i n a lcohol"
( e t h y l alcohol, C 2 H 6 0 ) , such as i s made by the fermen-
ta t ion of glucose or other sugar. The first step in the
p r o c e s s is to digest the sawdust or chips wi th dilute
mil furic acid under heat and pressure. This converts
the cellulose (wood fiber) in large par t into glucose
( " c o r n sugar") which m a y b e extracted by hot water
in a diffusion battery as in extracting the sugar from
beet chips. This glucose solution m a y then be fer-
mented by yeast and the resulting alcohol disti l led off.
T h e process is perfect ly practicable but has ye t to be
p r o v e d profitable. B u t the sulfite l iquors of the paper
mi l l s are being worked up successfully into industrial
alcohol .

T h e rapidly approaching exhaustion of our oil fields
which the war has accelerated leads u s to look around to
me w h a t wo can get t o take the place of gasoline. One
of the most promis ing of the suggested substitutes i s
alcohol . The Uni ted States is exceptionally r ich in
minera l oil, but some countries, for instance England,
Germany, France and Australia, have little or none.
T h e Austral ian Advi sory Council of Science, called t o
cons ider the problem, recommends alcohol for stat ion-
a r y engines and motor cars. Alcohol h a s the disadvan-
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t a g e of being less volat i le than gasol ine so it is h a r d to
s t a r t up the engine from the cold. B u t the lower vola-
t i l i ty and ignit ion po in t of alcohol a r e an a d v a n t a g e in
tha t it can be p u t u n d e r a p res su re of 150 p o u n d s to tho
square inch. A p o u n d of gasoline conta ins fifty p e r
cent, more potent ia l energy than a pound of alcohol,
bu t since tho alcohol v a p o r can be p u t u n d e r twice tho
compression of the gasoline and requi res only onc*-third
the amount of a i r , the the rma l efficiency of an alcohol
engine may be fifty pe r cent, h igher t h a n tha t of a gaso-
line engine. Alcohol a lso h a s several o the r conven-
iences tha t can count in i ts favor. In the cane of in-
complete combustion the cyl inders a r e less likely to be
clogged with carbon and the escaping g a s e s do not h a w
the offensive odor of the gasol ine smoke. Alcohol does
not ignite so easily a s gasoline a n d the fire is m o r o
readi ly p u t out, for w a t e r th rown upon b laz ing alcohol
dilutes i t and p u t s out the flame while gasol ine floats
on wa te r and the fire is sp read by i t . I t is poss ible t o
increase the inflammabili ty of alcohol by mix ing wi th i t
some hydrocarbon sueh as gasol ine , benzene o r ace ty -
lene. In the Tay lo r -Whi te process the v a p o r f rom low-
grade alcohol conta in ing 17 pe r cent, w a t e r is panned
over calcium carbide. T h i s takes ou t this wit ter fttitl
adds acetylene gas , m a k i n g a sui table m i x t u r e fo r an
internal combustion engine.

Alcohol can be made f rom any th ing of a u t a r ehy ,
suga ry or woody n a t u r e , t h a t mf f rom tha m a i n nub-
stance of all vegetat ion. If we s t a r t with wood (cel lu-
lose) we convert it first in to s u g a r (glucose) ani l , of
course, we could s top here and use i t for food in s t ead
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of carry ing it on into alcohol. This provides one fac-
t o r of our food, the carbohydrate, but by growing the
y e a s t p lant s on glucose and feeding them with nitrates
m a d e f r o m the air we can get the protein and fat . So
i t i s quite possible to l ive on sawdust, although it would
be too expensive a diet for anybody but a millionaire,
a n d h e would not enjoy i t Glucose has been made
f r o m formaldehyde and this in turn made from carbon,
h y d r o g e n and oxygen, so the synthetic production of
f o o d f rom the elements is not such an absurdity as it
w a s thought when Berthelot suggested it half a cen-
t u r y ago .

T h e first step in the making of alcohol is to change
t h e s tarch over into sugar. This transformation is ef-
f e c t e d i n the natural course of sprouting by which the
inso lub le starch stored up in the seed is converted into
t h e soluble glucose for the sap of the growing plant.
T h i s ma l t ing process i s that mainly made use of i n the
p r o d u c t i o n of alcohol from grain. But there are other
w a y s of effecting the change. I t m a y be done by
h e a t i n g w i t h acid as we have seen, or according to a
m e t h o d n o w being developed the final conversion m a y
"be accomplished "by mold instead of malt. In apply ing
t h i s method, known as the amylo process, to corn, the
raeal i s mixed with twice its weight of water, acidified
w i t h hydrochloric acid and steamed. The mash i s then
c o o l e d down somewhat, diluted with sterilized w a t e r
a n d rnnoculated wi th the nracor filaments. A s the
m a s h molds the starch i s gradually changed over to
g l u c o s e a n d if this is the product desired the process
m a y be stopped at this point. B u t if alcohol is "wanted
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yeast is added to ferment the sugar. B y keeping it al-
kaline and treating with the proper bacteria a high
yield of glycerin can be obtained.

In the fermentation process for making alcoholic
liquors a little glycerin is produced as a by-product
Glycerin, otherwise called glycerol, is intermediate be-
tween sugar and alcohol. Its molecule contains three
carbon atoms, while glucose has six and alcohol two,
It is possible to increase the yield of glycerin if desirec
by varying the form of fermentation. T h i s was de-
sired 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 u p a special
laboratory to work out this problem. John E . Eoff and
other chemists working in this laboratory succeeded in
getting a yield of twenty per c e n t of glycerin by fer-
menting black strap molasses or other syrup with Cali-
fornia wine yeast. During the fermentation i t i s neces-
sary to neutralize the acetic acid formed with sodium
or calcium carbonate. I t was estimated that glycerin
could be made from waste sugars at about a quarter of
its war-time cost, but it is doubtful whether the process
would be profitable at normal prices.

W e can, if we like, dispense with either yeas t or bac-
teria in the production of glycerin. Glucose s y r u p sus-
pended in oil under 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. I t w a s
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. Each 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.
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All life and all that life accomplishes depend upon
the supply of solar energy stored in the form of food.
The chief sources of this vital energy are the fats and
the sugars. The former contain two and a quarter
times the potential energy of the latter. Both, when
completely purified, consist of nothing but carbon, hy-
drogen and oxygen; elements that arc to be found
freely everywhere in air and water. So when the
sunny southland exports fats and o ik , starchim and
sugar, it is then sending away nothing material but
what comes back to it in the next wind. What it i i
sending to the regions of more slanting rannhtne ia
merely some of the surplus of the radiant energy it hat
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 eloth, for paper, far
artificial fibers, for explosives, and for plastics. But
I have ignored the thing that cotton i i attached to and
for which, in the economy of nature, the fibers are
formed; that is, the seed. I t is a t though I had de»
scribed the aeroplane and ignored the aviator whom it
was designed to carry. But in this ntglaet 1 am h i t
following the example of the human raco, which for
three thousand years used the fiber but made no use
of the seed except to plant the next crop.



S O L I D I F I E D S U N S H I N E 197

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
he cotton-wearers. The people of India wore cotton;
he Europeans wore wool. When the Greeks under
Jexander 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, described
b 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-
raded England and after a hard fight, with fists as well
ts finance, wool was beaten in its chief stronghold.
Cotton became King and the wool-sack in the House of
jords lost its symbolic significance.

Still two-thirds of the cotton crop, the seed, was
wasted and it i s only within the last fifty years that
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methods of us ing it have been developed to a n y extent .
The cotton crop of the Uni ted S t a t e s for J917

amounted to about 11,000,000 bales of 500 poundH each.
When the Grea t W a r broke out and no cotton could be
exported to Germany and little to E n g l a n d the* South
was in despai r , for cotton went down to five o r nix cents
a pound. The nat ional Government , regardluHH of
s ta tes 7 r ights , wan called upon for a id and everybody
w a s besought to " b u y a b a l e / ' Thorn* who responded
to this pat r io t ic appea l were well r ewarded , for cotton

iJ
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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 theii
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 i t 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
c o n c e n t r e d and very valuable feeding stuff. Before
the war Ve 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 oi any such newfangled fodder and oonse-
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juently the British manufacturer could n o t compete
vith his continental r ivals In the seed-crushing busi-
HB8, for he could not d i spose of h i s meal-cake by-
product as did they.

Let us now turn to the most valuable of the cotton-
seed product*, the oil. T h e seed contains about twenty
?er cent, of oil, mmt of which can be squeezed out of
Jhe hot seeds by hydraul ic pressure. I t comes out as a
red liquid of a d isagreeable odor. T h i s i s decolorized,
ieodorized and otherwise purified in v a r i o u s w a y s : by
treatment with a lkal ies or acids, by b lowing a ir and
steam through it, by shak ing up wi th fu l l er ' s earth, by
settling and filtering. T h e refined product i s a yel low
oil, suitable for table use . Formerly , on account of the
popular prejudice a g a i n s t any novel f o o d products , it
used to masquerade as ol ive oil. N o w , however , i t
boldly competes wi th itn ancient rival in the lands of
the olive tree* and A m e r i c a ships some 700,000 barrels
of cottrmHttcd oil a year to the Mediterranean. The
Turkish Government tried to check the spread of cot-
tonneecl oil by cal l ing it an adulterant and prohibit ing
its mixture with o l ive oil. The result w a s that the sale
of Turkish olivn oil fell off because people found i ts
flavor too strong when undiluted. I t a l y imports cot-
tonseed oil and cfxportn her olive oil, Denmark im-
port** cottonseed meal and margarine a n d exports her
butter.

Northern nations ara accustomed to hard fa t s and
do not take to o i l s for cooking or table u s e a s do the
southerners. B u t t e r and lard are preferred to olive oil
and ghee, But th is dom not rule out cottonseed. I t
can b§ combined wi th 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 C18H8202

Oleic acid C18H84O2

Stearic acid C18H8602

Don't skip these because you have not studied chem-
istry. T h a t ' s why I am giving them to you. If you
had studied chemistry you would know them without
m y 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-
t ice 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
same 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 " o i l s " and the latter " f a t s , " but that im-
plies too great a dissimilarity, for the distinction de-
pends on whether we are l iving in the tropics or the
arctic. I t i s better, therefore, to lump them all to*
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ge the r a n d call them " s o f t f a t s " and " h a r d f a t s , " re -
spectively.

F a t s of the t h i r d order , the stearic g roup , a r e called
" s a t u r a t e d " because they have taken u p all the hyd ro -
g e n they can hold. F a t s of the other two g roups a r e
called " u n s a t u r a t e d . " The first, which have the least
hydrogen, a re the mos t eager for more. If hydrogen is
n o t handy they will take u p o ther th ings , for ins tance
oxygen. Linseed oil, which consists largely, as the
n a m e implies, of linoleie acid, will absorb oxygen on
exposure to the a i r and become ha rd . T h a t is why i t is
u s e d in paint ing. Such oils a re called " d r y i n g " oils,
a l though the ha rden ing process is not rea l ly dry ing ,
since they contain no water , bu t is oxidation. The
" semi -d ry ing o i l s , " those t ha t will h a r d e n somewhat on
exposure to the air , include the oils of cottonseed, corn,
sesame, soy bean and castor bean. Olive oil and p e a n u t
oil a r e " n o n - d r y i n g " a n d contain oleic compounds
(olein) . The h a r d fats , such as stearin, pa lmi t in and
m a r g a r i n , a re most ly of an imal origin, ta l low and la rd ,
though coconut a n d pa lm oil contain a l a rge p ropor t ion
of such sa tu ra ted compounds.

Though the chemist ta lks of the fa t ty " a d d s , " no-
body else would call t hem so because they a r e not sour.
B u t they do behave like the acids in fo rming sal ts wi th
t a s e s . The alkali sal ts of the f a t ty acids a r e known to
u s as soaps. I n the n a t u r a l fa ts they exist not as free
acids but as sal ts of an organic base, glycerin, a s I ex-
pla ined in a previous chapter . The n a t u r a l fats a n d
oils consist of complex mix tu res of the glycerin com-
pounds of these acids (known as olein, s tear in , e tc . ) , as
well as various o thers of a s imi lar sor t . I f you will
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set a bottle of salad oil in the ice-box you will see i
separate into two parts. The white, crystalline soli(
that separates out is largely stearin. The part tha
remains liquid is largely olein. You might separate
them by filtering it cold and if then you tried to sell th(
two products you would find that the hard fat woulc
bring a higher price than the oil, either for food oi
soap. If you tried to keep them you would find that th(
hard fat kept neutral and " sweet" longer than the
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 unsatu-
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, satu-
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 coaxer is 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 i s referred to as " a chemical
parson." Finely divided metals have a strong cata-
lytic action. Platinum sponge i s excellent but too ex-
pensive. So in this case nickel i s 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 ur
blown through. The hydrogen may be obtained by
splitting water into i ts two components, hydrogen an<i
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cygen, 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-
)ls given above you would find that it takes about one
mnd 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 product, but as it is
>ry much less than the 'amount dissolved when food
cooked in nickel-plated vessels it cannot be regarded

i 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
ime of clupanodonic acid and has the composition of

1 8H2 8O2 . B y comparing this with the symbol of the
lorless stearic acid, C18H36O2, you will see that all the
ink fish oil lacks to make i t respectable i s eight hydro-
3n atoms. A Japanese chemist, Tsujimoto, has dis-
>vered how to add them and now the reformed fish oil
ader the names of " ta lgo l" and "candel i te" serves
>r lubricant and even enters higher circles as a soap or
>od.
This process of hardening fats by hydrogenation re-

ilted from the experiments of a French chemist, P r o -
>ssor Sabatier of Toulouse, in the last years of the last
mtnry, but, as in many other cases, the Germans were
le first to take it up and profit by it. Before the war
le copra or coconut oil from the British Asiatic colo-
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nies of India , Ceylon and Malaya went to Germany a t
the r a t e of $15,000,000 a year . The p a l m kernels grown
in Br i t i sh W e s t Afr ica were shipped, no t to Liverpool ,
but t o Hamburg , $19,000,000 wor th annual ly . H e r e the
oil was pressed out a n d used for m a r g a r i n and the
res idual cake used for feeding cows p roduced bu t te r or
for feeding hogs p roduced lard. Hal f of the copra
ra ised in the Br i t i sh possessions was sent to Germany
and half of the oil f rom it was resold to the Br i t i sh
marga r in candle and soap makers a t a handsome profit.
The Br i t i sh chemists were n o t bl ind to this , bu t they
could do nothing, first because the Engl i sh politician
was wedded to free t r ade , second, because the Engl ish
fa rmer would not use oil cake for his stock. F rance
was in a s imilar s i tuat ion. Marsei l les p roduced 15,-
500,000 gallons of oil f rom peanu t s g rown largely in
the F rench Afr ican colonies—but sh ipped the oil-cake
on to Hamburg . Meanwhile the Germans , in pursu i t
of their policy of a t t a in ing economic independence,
were str iving to develop t h e i r own t ropica l t e r r i to ry .
The subjects of K i n g George who because they had the
misfortune to live in I n d i a were excluded from the
Bri t i sh South Afr ican dominions o r m i s t r ea t ed when
they did come, were invi ted to come to G e r m a n E a s t
Africa and set to ra i s ing peanu t s i n rivalry to F rench
Senegal and Br i t i sh Coromandel . Before the w a r Ger-
many got half of the E g y p t i a n cot tonseed and half of
the Phi l ippine copra . T h a t is one of the reasons why
German warsh ips t r i ed to check Dewey a t Manila in
1898 and German t roops t r i ed to conquer E g y p t in 1915.

B u t the t ide of war set the o ther w a y a n d the German
plantat ions of pa lmnu t s and peanu t s in Afr ica 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 minimum. 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 conscripted
into the national service and set to laying eggs by the
billion on fish refuse. Within a few days there is a
crop of larvae 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 i t
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
so used its advantage is due to the fact that the new
products have not merely had to overcome popular
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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 products valued at more than $5,000,000 a
year was completely crushed out by state legislation.1

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 b y 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

i United States Abstract of Census of Manufactures, 1914, p. 34.
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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 i t i s possible to secure truthful labeling
without resorting to such drastic measures. In Europe
the laws against substitution were very strict, 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 compounds," 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 ' l Cotto-
suet," "Kream K r i s p , " " K u x i t , " " K o r n o , " "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, Mege-Mouries, who found that by chilling beef
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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 wil l 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 p i g ; the vege-
tarian will touch neither; other people will take both.
N o 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 prac-
tically tasteless and colorless. The various vegetable
and animal oils and fats have about the same digesti-
bility, 98 per cent.,1 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-
ence in the products. The margarin men accuse butter
of harboring tuberculosis germs from which their prod-
uct, because it has been heated or is made from vag©*

t United States Department of Agriculture, Bulletin No. 505.
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table fats, is free. The butter men retort that mar-
garin is lacking i n yitamines, those mysterious sub-
stances "which in minute amounts are necessary for l ife
and especially for growth. Both the claim and the
objection lose a large part of their force ^here the
naargarin, 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 i s alto-
gether substituted for butter, the necessary vitamines
may be sufficiently provided by milk, eggs and greens.

Owing to these new processes all the fat ty 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 w a s a s fo l lows:

AVERAGE COMPOSITIONT OF EUROPEAN MABGARIN
Per Cent

Animal hard fats 25
Vegetable hard fats 35

Copra ' 29
Palm-kernel 6

Vegetable soft fats 26
Cottonseed 13
Peanut 6
Sesame *

Water, milk, salt 1 4

100
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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 Besame seed is required by the
laws of Germany and Denmark because it can be easily
detected by a chemical color test and HO serves to pre-
vent the margarin containing it from being Bold as
butter. "Open sesame!" is the password to these
markets. Remembering that margarin originally wan
made up entirely of animal fats, soft and hard, wi> can
see from the above figures how rapidly they arc* being
displaced by the vegetable* fata The* cottonseed and
peanut oils have replaced the4 original ohm oil am] the
tropical oils from the coconut (copra) find African
palm are crowding out the animal hard fntn, Hinoo
now we can harden at will any of the vegetable oil& it
is possible to get along altogether without animal fats.
Such vegetable margarins ware originally prepared for
sale in India, but proved unexpectedly popular in Eu-
rope, and are now beting introduced into America.
They arc sold under various* trjute nitnieit HUgj(eMting
their origin, such m "pitlmira," "pa lmona ," "miiko-
nut ," "cocose,9* "coconut oleomitrgarin91 it ml "nucoa
nut margarin. t f The? last named i§ atatet] to lie? tnado
of ooeonut oil (for the hard fat) imtt peanut nil (fur tho
soft fat), churned up with a culture of pfinteuri&ed milk
(to impart the butter flnvor). The law reipiireii jmdb a
product to be branded c 'oleomargarine9 9 nil hough it i§
n o t Such casas of compulnory mialabeling are not
rare, You remember the u P i g i k Pig* 9 9 atory.

Peanut butter has won its way into tha American
menu without any camouflage w b i t w e r , mi aa m iiikcl
oil It is almast equally frank about i t i 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. A s it takes the place of cotton oil in
some of its products 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 oil. From rape
seed the Japanese get 20,000 tons of oil a year. To
the sources previously mentioned may be added pump-
H n 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. I t 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, i t seems,
is necessary for the manufacture of tinplate, an indus-
try that was built up in the United States by the Mc-
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 i t 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 led 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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aontchouc. It was Weber who first fully realized that
le 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,
ailed "copra," it can be cut out and shipped to the
actory where the oil i s extracted and refined. Weber
rhile German Consul in Samoa was also manager of
rhat was locally known as "the long-handled concern"
Deutsche Handels und Plantagen Gesellschaft der
Wdsee Inseln zu Hamburg), a pioneer commercial and
emi-official corporation that played a part in the Pa-
ific somewhat l i t e the British Hudson B a y Company
a Canada or Eas t India Company in Hindustan,
dirough the agency of this corporation on the start
Germany acquired a virtual monopoly of the transpor-
ation and refining of coconut oil and would have be-
come the dominant power in the Pacific if she had not
>een checked by force of arms. In Apia Bay in 1889
md again in Manila B a y in 1898 an American fleet
•aced a German fleet ready for action while a Brit ish
varship lay between. So we rescued the Philippines
md Samoa from G-erman rule and in 1914 German
3ower was eliminated from the Pacific. During the ten
rears before the war, the production of copra in the
3-ennan islands more than doubled and this was only
;he beginning of the business. Now these islands have
3een 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 thi
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
second 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. Ac-
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 Sy2 cents, whereas it brought
4% 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 Phil ippines 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 i t 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 Panr
ama valued at $700,000.

A new form of fat that has rapidly come into our



SPLITTING COCONUTS ON THE ISIoAND OF TAHITI
After drying in the sun the meat is picked and the oil extracted for making coconut butter

[To face p. 216.



Frore "America's Munitions"
THE ELECTRIC CURRENT PASSING THROUGH SALT WATER IN THESE CELLS DECOMPOSES THE SALT INTO CAUSTIC SODA

AND CHLORINE GAS
There were eight rooms like this in the Edgewood plant, capable of producing 200,000 pounds of chlorine a day
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arket is the oil of the soya or soy bean. In 1918 we
lported 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
earn, as well as for soap and paint. The soy-bean can
5 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
loya sauce made familiar to us through the popularity
c the chop-suey restaurants.

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



C H A P T E E X I I

FIGHTING WITH FUMES

The Germans opened the war using projectiles s e v e n -
teen inches in diameter. They closed it using p r o j e o -
tiles one one-Jmndred millionth of an inch in diametejr-
And the latter were more effective than the f o r m e r ^
A s the dimensions were reduced from molar to m o l e -
cular the battle became more intense. For when t h e
Big Bertha had shot its bolt, that was the end of i"fc~
Whomever it hit was hurt, but after that the steel f r a g -
ments of the shell lay on the ground harmless a n c l
inert. The men in the dugouts could hear the s h e l l s
whistle overhead without alarm. But the poison g a s
could penetrate where the rifle ball could not. T h e
malignant molecules seemed to search but their v ic t ims-
They crept through the crevices of the subterranean,
shelters. They hunted for the pinholes in the f a c e
masks. They lay in wait for days in the trenches foxr
the soldiers' return as a cat watches at the hole of a.
mouse. The cannon ball could be seen and heard*
The poison gas was invisible and inaudible, and some-
times even the chemical sense which nature has g iven
man for Ms protection, the sense of smell, failed to g i v e
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 capao-

218
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7 was ve ry l imited. B u t a s soon a s ho p a s a e d ove r
0 border l ine f rom phys ics i n to c h e m i s t r y a n d leagued
•w to use the molecule, itis efficiency in work a n d w a r -
re w a s mult ipl ied manifold . T h e molecular bom-
:rdment of the pis ton by s t e a m o r the g a s e s of com-
istion r u n s h i s eng ines and p r o p e l s h i s oars . T h e
'st man who w a n t e d to ki l l a n o t h e r f rom a sa fe d i s -
nco th rew the s tone by h i s a r m ' s s t r e n g t h . D a v i d
[ded to his a r m the cen t r i fuga l force of a sl ing w h e n

1 slew Goliath- T h e R o m a n s improved on t h i s b y
ncent ra t ing in a c a t a p u l t the s t r e n g t h of a score of
aves a n d cas t ing s tone cannon ba l l s t o t h e t o p of t h e
ty wall. B u t finally man go t c loser t o n a t u r e ' s se-
ot and d iscovered t h a t by loosing a s w a r m of g a s e -
is molecules he could t h r o w his pro jec t i le s even ty -
re miles and then by the naino force b a r s t i t in to
ring f r agments , T h e r e ia no smal le r p ro jec t i l e t h a a
ifc a t o m tankss o u r be l l ige ren t chnmintH c a n jfind a w a y
f using the e lec t ron ntroani of t h e c a t h o d e r ay . B u t
ti« m fa r ha« f%ar«cl only in tho p a g e s of o u r Bcien-
fie romancers a n d h a s not ye t a p p e a r e d o a t h e b a t t l e -
e!d. lff however , m a n conk! t a p t h e Tcservoi r of
ih»atomic energy )m nmd d o BO m o r e w o r k a n d wou ld
take no more w a r , for un l imi ted p o w e r s of cons t rue -
on a n d d e t r a c t i o n would \m n t h i s c o m m a n d . T h e
)rc$« of th«3 inflnitc*«imal a r e Infinite.
T h e reason why a gas Is t o ac t ive m because i t is s o

5oisti& P«ychologio i l l f intefprotadl, a g a s cons i s t s
f par t ic les hav ing th# tttmoit ave r s ion to one a n o t h e r ,
laeh t r ies to g e t an f a r away from ev<*ry o t h e r as i t can .
*h&m m no coheirii^e fo ree ; no a t t r a c t i v e i m p u l s e ; n o t h -
ig to d r a w them t age the r vxcryl the a l l too feeble
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power of gravitation. The hotter they get the more
they try to disperse and so the g a s expands. The gas
represents the extreme of individualism m steel repre-
sents the extreme of collectivism. The combination of
the two works wonders. A hot gas in a Hteel cylinder
i s 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-
sive force of the gases released from the powder and
when it reaches its destination It is blown to pieces by
the same force- This in the end of it if it if* a Hhell of
the old-fashioned sort, for the gases of combustion
mingle harmlessly with the air of which they lire nor-
mal constituents. But if it is a poison gas shell c*ach
molecule as it i s released goes off ntratffht into the air
with a speed twice that of the cannon ball and carries
death with it. A man may be hit by a heavy piece of
lead or iron and still survive, but an nnweighable
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. T o increase the eali-
ber of a cannon from 38 to 42 centimeters or tin range
from 30 to 75 miles dom indeed make necessary a de-
cided change in tactics, but it in not comparable to the
revolution effected by the introduction of new weapons
of unprecedented power such an airplanes, submarines,
tanks, high explosives or poison gas , If any army bad
been as well equipped with these in the beginning a« all
armies were at the end it might easi ly have won the
war* That is to say, if th§ general staff of any of the
powers had bad the foresight and oo&lldeBoe 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 def ei^se
developed concurrently with methods of attack. F o r
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 "His tory of the Great W a r . "

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 screen which en-
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sured them a temporary relief from fire, were observed sn
denly to throw up their hands, to clutch at their throats, ar
to fall to the ground in the agonies of asphyxiation. Mai
lay where they had fallen, while their comrades, absolute]
helpless against this diabolical agency, rushed madly out <
the mephitic mist and made for the rear, over-running tl
lines of trenches behind them. Many of them never halte
until they had reached Ypres, while others rushed westwarc
and put the canal between themselves and the enemy. Tl
Germans, meanwhile, advanced, and took possession of tl
successive lines of trenches, tenanted only by the dead ga
risons, whose blackened faces, contorted figures, and lij
fringed with the blood and foam from their bursting lung
showed the agonies in which they had died. Some thousanc
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 bio
particularly demoralizing to African troops, with their feai
of magic and the unknown, it was impossible to rally thei
effectually until the next day. I t 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 tl
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 cylinders of poison gas
h a d been laid in the front trenches, but no one believed
h i m or paid any attention to his tale. War was then, in
t h e Englishman's opinion, a gentleman's game, the
r o y a l 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-
g l e d 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
h a v e cleared the way to the coast. But after such trials
t h e Germans stopped the use of free chlorine and began
t l i e preparation of more poisonous gases. I n some way
t h a t may not be revealed till the secret history of the
w a r is published, the British Intelligence Department
obtained a copy of the lecture notes of the instructions
t o the German staff giving details of the new system
o f gas warfare to be started in December. Among the
compounds named was phosgene, a gas so lethal that
o n e part in ten thousand of air may be fatal. The
antidote for it is hexamethylene tetramine. This i s not
something the soldier—or anybody else—is accustomed
t o carry around with him, but the British having had a
cliance to cram up in advance on the stolen lecture
n o t e s were ready with gas helmets soaked in the re-
a g e n t with the long name.

The Germans rejoiced when gas bombs took the
p l a c e 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. A s usual
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 G-ermans 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. B y March it was filling
shell and before the war put a stop to i ts activities in
the fall i t 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.



International Film Service
GERMANS STARTING A GAS ATTACK ON THE RUSSIAN LINES

Behind the cylinders from which the gas streams are seen three lines of German troops waitingto attack. The photograph was taken from above by a Russian airman
[ To face j>. 224.



© Press Illustrating Service RT7TT PITS IN LONG ISLAND CITY



F I G H T I N G W I T H F U M E S 225

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 rer
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, COC12, 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
l ight ." 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 i t 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. B y itself

0
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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 chlorpicrin. This, like the others, is not
so unfamiliar as it seems. As may be seen from its
formula, CC13NO2, it is formed by joining the nitric
acid radical (NO 2 ) , found in all explosives, with the
main part of chloroform (HCC13). 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 maj
fall victim to more toxic gases sent over simultane
ously.

Chlorpicrin is a liquid and is commonly loaded in ;
shell 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 treatmeu
with chlorine. The chlorine is obtained, as it is in th
household, from common bleaching powder, or "chic
ride of l ime." This is mixed with water to form
cream in a steel still 18 feet high and 8 feet in diamete:
A solution of calcium picrate, that is , the lime salt c
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 ti
chlorpicrin, being the heavier liquid, settles out und<
the layer of water and may be drawn off to fill tl
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 lucky
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, Victor
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 never 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 suc-
cessfully solved. The raw materials are chlorine, al-
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cohol and sulfur. The alcohol is passed with steam
through a vertical iron tube filled with kaolin and
heated. This converts the alcohol into a gas known
as ethylene (C 2 H 4 ) . Pass ing 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 c' di-chlor-di-ethyl-sulfide''
(C1C2H4SC2H4C1). This, however, is too big a mouth-
ful, so even the chemists were glad to fall in with the
commonalty and call it "mustard g a s . "

The effectiveness of "mustard" depends upon its
persistence. It i s 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 l ies 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. A s 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 3 % 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 described,
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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refra in f rom s a y i n g : " I f the Ka i se r knew wha t I
know he would su r r ende r unconditionally by tele-
g raph . " No doubt the science of chemical warfare
is in. i ts infancy and every foresighted power has
concealed weapons of i t s .own in reserve. One deadly
compound, whose ident i ty has not yet been disclosed,
is known as " L e w i s i t e , " from Professor Lewis of
Northwestern , who was manufac tur ing i t a t the rate
of ten tons a day in the " M o u s e T r a p " stockade near
Cleveland.

Throughout the h i s to ry of war fa re the a r t of de-
fense has kept pace wi th the a r t of offense and the
courage of man has neve r failed, no m a t t e r to what
new danger he was exposed. A s each new gas em-
ployed by the enemy was detected i t became the busi-
ness of our chemists to discover some method of ab-
sorbing or neutra l iz ing it. Po rous charcoal, best made
from such dense wood as coconut shells, w a s packed
in the r e sp i r a to r box together with layers of such
chemicals as will catch the gases to be expected. Char-
coal absorbs la rge quant i t ies of any gas . Soda lime
and potass ium pe rmangana te and nickel salts were
among the n e u t r a l i z e s used.

The mask is fitted t igh t ly about the face or over the
head with rubber . The nostr i ls a re kept closed with a
clip so brea th ing m u s t be done th rough the mouth and
no a i r can be inhaled except t ha t pass ing through
the absorbent cylinder. Men within five miles of the
front were requi red to wea r the masks s lung on theii
chests so they could be p u t on wi thin six seconds. A
well-made mask wi th a f resh box afforded almost com-
plete immuni ty 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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teat at tho Hague Conference againHt it« prohibition.
At the* Firat Conference of I KM Captain Mutmn argued
very wnMiltly that gait nhelln were no worn*1 than other
projectiles ami might imlwci p r o w inure merciful and
that it wan illogical to prohibit n weapon merely be-
CAUHI* of itn novelty, The Kritiah delegate.** voted with
the* American)* in opposition to tin* daiine **the con-
tracting parties agr*#i* to abstain from thp uw» of pro-
joctiU'H tho Hob* objret of which in the diiTtiHion of
ftftphyxiating <>r cIcl<*ti#rio»H ganrH.11 Hut both Oreat
Itritain am! CJeniiiuiy Inter agrwtl U* the* provinion*
The UHi* cif poison gus by tk>rmmiy without warning
vfnH therefore iin act of treachery unri §t violation of
her pledge, but the United Stat<*n han roii^btently re-
funf*rl to bind herself tr> any ntich restriction. The facti
reporti*ii by C.lf*n«*rii) Amm A. Frnm, in m m ma ml of tho

branch of the Ainerienii Ch<*niiital Wurfart
, ifiv«? ampfe nuppcirt to tb« Aio^riciin contea*

tifiii lit The

(In! ttt JWH* %m emmUim ihriw UTP from 30 In -III
l of 1<W liiifh *»<plmiv«» vAmtlUm !h m r <*f
nm fr«»m 2cIi t« 2T*0, Wbili* t»x#rt flirttmn «r« mi

yrt nit»i nv«iiUtil<* mficrrtiinir ihi» m#*« {^nnanMitty crtppltd
or t*lm*l«l by high rxpUwtvi* »nr h»ji uu\f f« wim«Mi Iht
rffterluitimi «f « nhipln«fl »f tr***}^ to tn* vnnvtiiiwd ihil fht
number in ^ry largr. fHi ib#* otbrr b«n4 tkrri* K m fir
nn bfiifwn m tiffttMtt* not « i»iiiil** !••*# «$t p#rm*n*n% AmhiUly
nr Umtnmi itnwnf tmr irmpm dn<* ft* gn« nncl ibin in fme# <4
tht fnet tb«l tb« OIMTIMHH twwl rrbitivvty laff# quiniiiiii »f
tbln tuairrint

In the Iifflti. «»f thaw. f*ri# ibi* ptfjudir* it»iiwt tbt ui» of
mint p'idu«liy gi^^ w»y« fur Ibir «!«lrtnriil ma*k |# H i
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effect that its u s e 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 he used to render an
opposing battery ineffective or to protect retreating troops.

Captain M a h a n ' s argument at The Hague against
the p r o p o s e d prohibi t ion of poison gas is so cogent and
well e x p r e s s e d that it has been quoted in treatises on
internat ional l a w 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 scruple. Unt i l we know the effects of such asphyxiating
shells, there was no saying whether they would be more or less
merciful than missiles now permitted. That it was illogical,
and not demonntrably 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 o r five hundred into the sea, to be choked by
water, with scarcely the remotest chance of escape.

A s C a p t a i n Mahan says , the same objection has been
raised at the introduction of each new weapon of war,
even though i t proved to be no more cruel than the
old* T h e m o d e m 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
t ime:

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
so 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, " T h e contracting powers agree to abstain from
the use of projectiles the [sole] object of which i s



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, chlorpicrin, distills off.
This plant produced 31 tons in one day
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Courtesy of the Metal and Thermit Corporation, K. Y.
REPAIRING THE BROKEN STERN POST OP THE TJ. S. S. NORTHERN PACIFIC, THE BIGGEST MARINE WELD IN THE "WORLD

On the right the fractured stern-post is shown. On the left it is being mended by means of thermit. Two crucibles eachcontaining 700 pounds of the thermit mixture are R*f»n r»n th« «>;̂~- ~e *i * •*->
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the diffusion of asphyxiating or deleterious gases."
If The word "sole" (unique) which appears in the origi-
|« nal French text of The Hague convention is left out
gg 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

ip war: "It is expressly forbidden to employ poisons
2^ or poisonous weapons." But such attempts to rule
§| out new and more effective means of warfare are
gj| likely to prove futile in any serious conflict and the
§£ restriction gives the advantage to the most unscrupu-
s | lous side. We Americans, if ever we give our assent
s'S to such an agreement, would of course keep it, but our
3* enemy—whoever he may be in the future—will be, as
> g he always has been, utterly without principle and will
,•; not hesitate to employ any weapon against us. Be-
jg sides, as the Germans held, chemical warfare favors
jJ the army that is most intelligent, resourceful and disci-
jj plined and the nation that stands highest in science
! | and industry. This advantage, let us hope, will be on
• ti§ our side*
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The control of man over the material** of nature
has been vastly enhanced by the recent extension of
the range of temperature at inn command. When
Fahrenheit stuck the bulb of hLs thermometer into a
mixture of snow and salt he thought he had reached
the nadir of temperature, so he scratched a mark on
the tube where the mercury stood and called it zero.
But we know that absolute zero, the total absence of
heat, is 459 of Fahrenheit'a degrees lower than his
zero point. The modern scientist can get clone to that
lowest limit by making use of the cooling by the ex-
pansion principle. He first liquefies nir 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 hi* liquefied.
Then the boiling hydrogen is used tc* liquefy ht*liumf

and as this boils off it lowers the temperature to within
three or four degrees of absolute* zero.

The early metallurgist had no hotter a fira than ha
could make by blowing charooal with a bellows* This
was barely enough for the smelting of iron. But by
the bringing of two carbon rods together, an in the elee-
trie arc light, we can get enough heat to volatil ise the
carbon at the tips, and this means over 7000 degrees
Fahrenheit. B y putting a pressure of twenty atmos-
pheres onto the are light we can raise it to perhaps
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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 buikltr wants to make an old house over into
a new one he takes it apart brick by brick and atone
by stone, then he puts them together in such now 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 chomioal and physical forces
that hold a body together gradually weaken. First
the solid loosens up and becomes a liquid, then this
breaks bonds and becomes a gas. Compounds break
up into their elements. The elemental molecules break
up into their component atoms and finally those begin
to throw off corpuscles of negative electricity eighteen
hundred times smaller than the smallest atom. Theme
electrons appear to be the building stones of the uni-
verse. No indication of any nmallur units IIRH boon
discovered, although we need not assume* that in the
electron science! has delivered, what has been called, its
"ultim-atom." The Greeks called the elemental par-
ticks* of matter "atoms" because they esteemed them
"indivisible," but nowin the light of the X-ray we can
witness the disintegration of the* atom into electrons.
All the chemical and physical properties of matter,
except perhaps weight, seem to depend upon the num-
ber and movement of the negative and positive elec-
trons and by their rearrangement one element 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.
B y 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,

CaO + 3C •> CaC, -f CO
lime coke calcium carbon

carbide monoxide

This reaction is of peculiar importance because i t
bridges the gulf between the organic and inorganic
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 t o hu-
man achievement proved purely illusory. The organic
field, once man had broken into it, proved easier to
work in than the inorganic.
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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 actually
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 match with
a splendid bang and flare. This gas was acetylene,
and we can represent the reaction thus:

CaCa + H3O ->• CaH2 + CaOaH,calcium added to water gives acetylene and slaked limecarbide
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. I t has required energy
to bring the H and the C together, therefore it does
not require energy to separate them, but, on the con-
trary, 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. I t 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, i t 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 CRYSTALS

Courtesy of the Carborundun Co., Niagara Falls
MAKING CARBORUNDUM IN THE RLECTRIC FURNACE

At the end may be seen the attachments for the wiren carrying the electric current
and on the side the flames from the burninc carbon
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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, C2H2, with
that of ethylene, C2H4, or with ethane, C2H6, 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:

2 , + a y w
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 alcohol, accordin
to this reaction:

C,H4O + H, ->-
acetaldehyde added to hydrogen forms alcohol

Alcohol 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 alcohol we have mad
from such unpromising materials as limestone and cos
is exactly the same alcohol as is obtained by the f ei
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 alcohol, C H 4 0 ) , pr<
duced by the destructive distillation of wood, equal]
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 tib
growth of bacteria the alcohol is oxidized to acetic aci<
We can, if we like, dispense with the bacteria and spee
up the process by employing a catalyst. Acetaldehyde
which is halfway between alcohol and acid, may also I
easily oxidized to acetic acid. The relationship is rea<
ily seen by th i s :

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
" d o p e " for varnishing airplane canvas or making no:
inflammable film for motion pictures. I ts combinatic
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with lime, calcium aceta te , when heated gives acetone,
which, as may be seen f rom its formula (C3H6O) is
closely related to the o ther compounds we have been
considering, bu t i t is ne i ther an alcohol no r an acid.
I t is extensively employed as a solvent.

Acetone is not only useful for dissolving solids but
it will unde r p r e s s u r e dissolve m a n y times i ts volume
of gaseous acetylene. This is a convenient w a y of
t r anspor t ing and hand l ing acetylene for l ight ing or
welding.

If instead of s imply mixing the acetone and acety-
lene in a solution we combine them chemically we can
get isoprene, which is the mother substance of ordinary
Ind ia rubber. F r o m acetone also is made the " w a r
r u b b e r " of the G-ermans (methyl rubber ) , which I have
mentioned in a prev ious chapter. The Germans h a d
been get t ing about half the i r supply of acetone from
American acetate of l ime and this was of course shut
off. Tha t which was produced in Germany by the dis-
ti l lation of beech wood was not even enough for the
high explosives needed a t the front. So the Germans
resor ted to ro t t ing po ta toes—or r a t h e r let u s say, since
i t sounds bet ter—to the cultivation of Bacillus ma-
cerans. This pa r t i cu la r bacillus converts the s tarch
of the pota to into two- thi rds alcohol and one-third
acetone. But soon pota toes got too scarce to be used
u p in this fashion, so the Germans t u rned to calcium
carbide as a source of acetone and before the w a r ended
they had a factory capable of manufac tur ing 2000 tons
of methyl rubber a yea r . This shows the advantage
of having several s t r ings to a bow.

The reason why acetylene is such an active and ac-
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qnisitive th ing the cEfemist e y l a i n s , or r a t h e r ex-
presses, by p ic tur ing itS s t r u c t i f e in this shape :

Now the carbon a toms are holding each o ther ' s hands
because they have nothing else to do. There are no
other elements a round to hi tch on to. B u t the two car-
bons of acetylene readily loosen u p and keeping the
connection between them by a single bond reach out
in this fashion with thei r two disengaged arms and
grab whatever alien atoms happen to be in the vi-
cinity :

H—C—c—H
I I

Carbon atoms belong to the quadrumani like the
monkeys, so they a re peculiarly fitted to forming chains
and rings. This accounts for the va r i e ty and complex-
i ty 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 (hydra tes or silicates of i ro&or aluminum),
i t forms all sor ts of curious combinations. I n the pres
enoe of steam we m a y get such simple compounds as
acetic acid, acetone and the like. B u t when thlj|e acety-
lene molecules join to form a r i n g of six carboJ^atoms
we get compounds of the benzene series such a s \ j e r e
described in the chapter on the coal-tar colors. I f am-
monia is mixed with acetylene we m a y get r ings with
the nitrogen a tom in place of one of the carbons, like
the pyridins and quinolins, pungent bases such a s are
found in opium and tobacco. O r if hydrogen sulfide is
mixed with the acetylene we m a y get thiophenes, which
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have sulfur in the riof. So, starting with the simple
combination of two atojpis of caVbon with two of hydro-
gen, we can get d i rec t^ by thii single process some of
the m o s t complicated^compourids of the organic world,
a s we l l as many others not found in nature.

I n the development of the electric furnace America
p l a y e d a pioneer part. Provost Smith of the Univer-
s i ty of Pennsylvania, who is the best authority on the
h i s tory of chemistry in America, claims for Robert
H a r e , 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 he attained from a voltaic pile, he con-
v e r t e d charcoal into graphite, volatilized phosphorus
f r o m i t s compounds, isolated metall ic calcium and
synthes ized calcium carbide. It i s to Hare also that
w e owe the invention in 1801 of the oxy-hydrogen blow-
p ipe , which nowadays is used with acetylene as well as
hydrogen. With this instrument he was able to fuse
stront ia and volatilize platinum.

B u t the electrical furnace could not be used on a
commercia l scale until the dynamo replaced the battery
as a source of electricity. The industrial development
of the e l^tr ica l furnace centered about the search for a
cheap jp&Gthod of preparing aluminum. This is the me-
tal lw^base of clay and therefore is common enough.
Ijjrfx clay, a s we know from its use in making porcelain,
i s very infusible and difficult to decompose. Sixty
y e a r s ago aluminum was priced at $140 a pound, but
one would have had difficulty in buying such a large
quant i ty a s a pound at any price. A t international
exposi t ions a small bar of it might be seen in a case
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labeled "s i lver from d a y / ' Mechanics were anxious
to get the new metal, for it w a s l ight and untarnishable ,
but the metallurgists could not furnish i t to them at a
low enough price. I n order t o extract i t from clay a
more active metal, sodium, was essential. B u t sodium
also was ra re and expensive. In those days a professor
of chemistry used to keep a little stick of i t in a bott le
under kerosene and once a y e a r he whitt led off a piece
the size of a pea and threw it into wa te r to show the
class how i t sizzled and gave off hydrogen. The way
to get cheaper aluminum was, i t seemed, to get cheaper
sodium and Hamilton Young Castner set himself a t
th is problem. He was a Brooklyn hoy, a student of
Chandler 's a t Columbia. You can see the "bronze tab-
let in his honor a t the entrance of Havemeyer Hal l .
I n 1886 he produced metallic sodium by mixing caustic
soda with iron and charcoal in an iron pot and heating*
in a gas furnace. Before th i s experiment sodium sold
a t $2 a pound; after dt sodium sold at twenty cents a
pound.

But although Castner h a d succeeded in -his experi-
ment he was defeated in his object. F o r while he was
perfecting the sodium process for making* a luminum
the electrolytic process for get t ing aluminum directly
was discovered in Oberlin. So ihe $250,000 p lant of
the "Aluminium Company L t d . " that Cas tner h a d got
erected at Birmingham, England, did not make alumi-
num at all, but produced sodium fo r other purposes
instead. Castner then t u rned his attention to the elec-
trolytic method of producing sodium by the nse of the
power of Niagara Fal ls , electric p o ^ e r . He re i n 1894
he succeeded in separat ing common salt into i ts 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 electric 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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Herault. On his death, a few years ago, Hal l left his
large fortune to his Alma Mater, Obexlin.

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 possihilities of the
electric furnace on a commercial scale. I n 1885 they
started the Cowles Electric Smelting and Aluminum
Company at Lockport, New York, us ing 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 calcium carbide,
phosphorus, and carborundum. They got carborun-
dum as early as 1885 but miscalled it " crystallized
silicon,'7 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 an 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 turned
out to be a compound of carbon and silicon, the sim-
plest possible compound, one atom of each, OSi. Ache-
son set up a factory at Niagara, where he made i t in
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ten- ton batches. The furnace consisted sirnplf of a
b r i ck "box fifteen feet long and seven feet wide a n d
deep , xvith big carbon electrodes at the ends. Between
t h e m was packed a -mixture of eoke to supply the car-
b a n , sand to supply the silicon, sawdust to make the
m a s s porous and salt to make it fusible.

The fiTst American electric furnace, constructed by Rol)ert Hare of
Philadelphia. lYom "Chemistry in America," by Edgar Fahs Smitii

The substance thus produced at Niagara Fa l l s is
known as u c a r b o r u n d u m ' J south of the American-Cana-
d i a n boundary and as " c ry s to lon M no r th of this line,
a s " c a r b o l o n " by ano the r firm, and a s "si l icon car-
b i d e " by chemists the world OTer. Since it is next t o
t h e diamond in hardness i t takes off meta l faster than
e m e r y (aluminum oxide) , us ing less power and i ras t ing
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less heat in futile fireworks. I t i s used for grindstones
of all sizes, including those the dentist uses on your
teeth. It has revolutionized shop-practice, for articles
can be ground into shape better and quicker than they
can be cut. What i s 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 48,465 6,969,387

A new nse for carborundum was found during the
*war when "Uncle Sam assumed the role of Jove as
''cloud-compeller.M Acting on carborundum with
chlorine—also, you remember, a product of electrical
dissolution—the chlorine displaces the carbon, forming
silicon tetra-chloride (SiCl4), 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 a&id
"will unite with it, giving further white fumes of the salt,
ammonium 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
lurst and so get the range. 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 o f all.
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B e f o r e t h e in t roduct ion of the artificial abrasives fine
g r i n d i n g w a s mos t ly done by emery, which Is an impure
f o r m of a luminum oxide found in nature . A p u r e r
f o r m i s m a d e f rom the mineral bauxite by dr iving off
i t s combined wa te r . Bauxi te is the ore from which is
m a d e the p u r e a luminum oxide used in the electric fur-
n a c e f o r t h e p roduc t ion of metallic aluminum. For -
m e r l y we impor ted a l a rge p a r t of onr bauxite from
F r a n c e , b u t when tlie w a r shut off t i l s source we de-
v e l o p e d o u r domest ic fields in Arkansas, Alabama and
Georg i a , a n d these a r e now producing half a million
t o n s a y e a r . Baux i t e simply fused in the electric fur-
n a c e m a k e s a be t t e r abras ive than the na tura l emery
o r co rundum, and i t i s sold for this purpose under the
n a m e of " a l o x i t e , " " a l u n d u m , " " e x o l o n , " " l i o n i t e "
o r " c o r a l o x . " W h e n the fused bauxite is worked up
w i t h a bond ing m a t e r i a l into crucibles or muffles and
b a k e d in a kiln it fo rms the alundum refractory ware .
S i n c e a lundum is p o r o u s and not attacked by acids it
i s u s e d fo r filtering h o t and corrosive liquids that would
e a t u p filter-paper. Carborundum or erystolon is also
m a d e u p into re f rac to ry ware for high tempera ture
w o r k . W h e n the fnsed mass of the carborundum fur-
n a c e i s b roken u p t he r e is found sur rounding the car-
b o r u n d u m core a s imi lar substance though not qui te
so l i a r d a n d infusible, known as "carborundum s a n d "
•or " s i l o x i c o n . " T h i s i s mixed with fireclay and u s e d
f o r f u r n a c e l in ings .

M a n y n e w f o r m s of refractories have come into u s e
t o m e e t t h e demands of the new Mgh tempera ture work.
T h e essent ia l s a re t h a t i t should not melt or crumble
a t M g h h e a t a n d should not expand and contract grea t ly
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under changes of t empera tu re (low coefficient of
thermal expansion). Whether it is desirable t h a t i t
should heat through readily or slowly (coefficient of
thermal conductivity) depends on whe the r i t i s wanted
as a crucible or as a furnace lining. L ime (calcium
oxide) fuses only at the highest heat of the electric fur-
nace, but it breaks down into dust . Magnes ia (magne-
sium oxide) is better and is most extensively employed.
F o r every ton of steel produced five pounds of mag-
nesite is needed. Former ly we impor ted 90 p e r cent.
of our supply from Austr ia , but now we ge t i t f rom
California and Washington. I n 1913 the Amer ican
production of magnesite was only 9600 tons . I n 1918
i t was 225,000. Zirconia (zirconium oxide) is still
more refractory and in spi t , of its g rea t e r cost zirki te
is coining into use as a lining for electric furnaces .

Silicon is next to oxygen the commonest element in
the world. I t forms a quar te r of the e a r t h ' s crust , yet
i t is unfamiliar to most of us. T h a t is because i t 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 bu t is found to be
easily manipulable a t the high t empera tu re s now at the
command of the glass-blower. So the chemist rejoices
in flasks that he can heat red hot in the Bunsen b u r n e r
and then plunge into ice water wi thout breaking , and
the cook can bake and serve in a d ish of " p y r e x , "
which is 80 per cent, silica.

At the beginning of the twentieth cen tu ry minute
specimens of silicon were sold as l abora to ry curiosit ies
at the price of $100 an ounce. T ^ o y e a r s la te r i t "was
turned out by the barrelful a t Niagara as a n 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 foxm of h a r d , glittering metallic crystals.

A n alloy of i r o n and silicon, ferro-silieon, made by
heating a mix ture of iron, ore, sand and coke in the
electrical furnace, is used as a deoxidizing agent in the
manufacture of s tee l

Since silicon has been robbed with difficulty of i ts
oxygen it takes it on again with great avidity. This
has been made use of in the making of hydrogen. A
mixture of s i l icon (or of the ferro-silieon alloy contain-
ing 90 per cent, of silicon) with soda and slaked lime is
inert, compact and can be transported to any point
where hydrogen i s needed, say at a battle front. Then
the "hydrogeni te ," as the ^mixture is named, is ignited
by a l o t iron b a l l and goes off like thermit with the
production of grea t heat and the evolution of a vast
volume of hydrogen gas. Or the ferro-silieon may be
simply burned in an atmosphere of steam in. a closed
t a n i after ign i t ion with a pinch of gunpowder. The
iron and ihe s i l icon revert to their oxides "while the
hydrogen of t h e water i s set free. The French *'sili-
fcol" method c o n s i s t s in -treating silicon with a 40 per
cent, solution o f soda.

Another source of hydrogen originating with the
electric furnace i s "hydrol i th," which consists of cal-
c ium hydride. Metallic calcium is prepared from lime
i n the electric f xirnace. Then pieces of the ealcktm are
spread out in a n oven, heated by eleetricity and a cor-
xent of dry hydrogen passed through. The gas is ab-
sorbed by the metal, forming- the hydride (CaH2) .
This is packed u p in cans and when hydrogen i s desired
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it is s imply d ropped in to water , when i t gives off t h e
gas j u s t as calcium carbide gives off acetylene.

This last reac t ion w a s also used in G-ennany for fill-
i n g Zeppel ins . F o r ca lc ium carbide is convenient a n d
por tab le a n d acetylene, when it is once s ta r ted , a s b y
an electric shock, decomposes spontaneously by i ts own
in te rna l hea t in to hydrogen and carbon. T h e l a t t e r is
left a s a fine, p u r e lampblack, suitable for p r i n t e r ' s ink.

Napoleon, who was a lways on the lookout for n e w
invent ions t h a t could be uti l ized for mi l i t a ry purposes ,
seized immedia te ly upon the balloon as an observat ion
stat ion. Wi th in a few y e a r s af ter the first ascent h a d
been made in P a r i s Napoleon took bal loons and a p -
p a r a t u s for genera t ing hydrogen wi th h im on h is " a r -
cheological e x p e d i t i o n " to E g y p t in which he hoped
t o conquer As ia . B u t the Br i t i sh fleet in the Medi ter-
r a n e a n p u t a s top to th i s exper iment by in te rcep t ing
the ship, a n d mi l i t a ry av ia t ion wai ted un t i l the Grea t
W a r for i t s full development. T h i s caused a sudden
demand for immense quant i t ies of hydrogen and a l l
m a n n e r of means was taken to get i t . W a t e r is easi ly
decomposed into hyd rogen a n d oxygen b y p a s s i n g a n
electric c u r r e n t t h rough it . I n v a r i o u s electrolytical
processes hydrogen has been a washed by-product since
the balloon demand was s l ight and i t w a s m o r e bo the r
t h a n i t was wor th to collect and pu r i fy the hydrogen .
Anothe r w a y of ge t t ing hyd rogen in quan t i t y is b y p a s s -
ing s t eam over red-hot coke. This p roduces the b lue
water -gas , which contains about 50 p e r cent, hydrogen ,
40 p e r cent, carbon monoxide and the r e s t n i t rogen
and carbon dioxide. T h e las t is removed b y r u n n i n g
the mixed gases t h r o u g h l ime. Then the n i t rogen a n d
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carbon monoxide are frozen out in an air-liquefying
apparatus and the hydrogen escapes to the storage
tank. The liquefied carton 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. Even the hydrogen used by the troops
in France was shipped from America in this form.
For field use 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 Kansas 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 violence 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
some 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 encourage^
attacks the iron oxide 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
size, such as a ship's propeller or a cogwheel.
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F o r smaller work thermit has two rivals, the oxy-
acetylene torch and electric welding. The former has
been described and the latter i s 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-
t inuously as they go. Or, thirdly, the plates may be
butt-welded b y 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.

I t wi l l be observed that the thermit process i s 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.

Dur ing 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.



258 C R E A T I V E CHEMISTEY

The German incendiary bombs consisted o f ^
forated steel nose-piece, a tail to keep it f a l l i n g * B

and a cylindrical body which contained a t u b e ^ 1
mit packed around with mineral wax c o n - t a i n x : £
tassium perchlorate. The fuse was ignited a s t l
sile was released and the thermit, as it
melted the wax and allowed it to flow out
the liquid iron through the holes in the n o s e
The American incendiary bombs were of a B t l l l
malignant type. They weighed about f o i r t y I?
apiece and were charged with oil e m u l s i o n , "tl
and metallic sodium. Sodium d e c o m p o s e s w »
that if any attempt were made to put out w i t i i
a fire started by one of these bombs the s t r e a m o f
would be instantaneously changed into a j e t o£ t
hydrogen.

Besides its use in combining and s e p a r a t i n g
ent elements the electric furnace is able t o o i l a
single element into its various forms. C a r t ) o n T

stance, is found in three very distinct f o r m a z xx
transparent and colorless crystals as the d l a t m *
black, opaque, metallic scales as graphite, a n c i I n
less masses and powder as charcoal, coke, l a x a ;
and the like. In the intense heat of the e l e e f c
these forms are convertible one into the o t l i e x r a
ing to the conditions. Since the third fotntxx
cheapest the object is to change it into one o f t tat
two. Graphite, plumbago or "blacklead," &.m I t
sometimes called, is not found in many p l a c e t s a n
rarely found pure. The supply was not e q u a l
demand until Acheson worked out the p r o c e s s c
ing it by packing powdered anthracite b e t w e e n t *
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nace. In this way graphite can be
in any desired quantity and quality,
is infusible and incombustible except
h temperatures, it is extensively used
1 electrodes. These electrodes are
DT the various forms of electric lamps
m rods one-sixteenth of an inch in
a foot thict and six feet long. I t is
i t h 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,'J for lubrication,
ery scales of graphite in suspension
ler easily and keep the bearings from
ich other.
nore difficult metamorphosis of car-
lation of charcoal into diamond, was
iplished by Moissan in 1894. Henri
icologist, that i s 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 fluo-
>f the elements, and lie prepared for
leir purity many of the rare metals
md industrial employment. He also
of the various metals, including the
ium carbide. Among the problems
and solved was the manufacture of
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artificial diamonds. H e first made p u r e charcoal by
burning sugar . This was packed wi th i ron in the
hollow of a block of lime into which extended from op-
posi te sides t h e carbon rods connected to the dynamo.
When the i ron had melted and dissolved all the carbon
i t could, Moissan dumped it into w a t e r o r be t ter into
melted lead or into a hole in a copper block, for th is
cooled it most rapidly. After a crus t 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 p ressure and when the bi t oi
i ron was dissolved in acid some of the carbon was found
in LA rvrvst.nllizpri as rKarnnndL fllfhonP'Vi 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
distinguished from the genuine 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 twenty-five cents a p<?und
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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 products, the abrasives, aluminum, acetylene fo
welding and high-speed tool steel, a factory now t u n
ing out five hundred cars a day would be reduced to on
hundred. I have here been chiefly concerned with elei
tricity as effecting chemical changes in combining o
separating elements, but I must not omit to m-entio
its rapidly extending use as a source of heat, as in th
production and casting of steel. In 1908 there wei
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<
trie furnace has given us alloys of iron with the one
11 rare metals' ' that have created a new science of meta
lurgy.
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METAĴ S, OLD A.ND KEW

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 Mm as a utiEtarian and deplored the deoa-
dence of the times.

Iron is one of the most timid of metals. I t has a
great disinclination to be alone. I t 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
names in (the mineralogical and chemical worlds, but
in common language, which is quite good enough for
our purpose, it i s called iron rust.

Not many of us have ever seen iron, the pure metal,
soft, ductile and white like silver. As soon as it i s
exposed to the air it vei ls itself with a thin film of
rust and becomes black and then red. For that reason

263
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there is practically no iron in the world except what
man has made. I t is rarer than gold, than diamonds;
we find in the earth no nuggets or crystals of i t the
size of the fist as we find of these. But occasionally

By courtesy Mineral Foote-Notes.
From Agricola's "Be Re Metallica 1550." Primitive furnace for

smelting iron ore (1550 A. c ) .

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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e universe. F o r they contain rustless
iron does not rust man cannot live,
)v animal or any plant,
be same reason that a stone rolls down
ets rid of its energy that way. All
/erse are constantly trying to get rid
tnan, who is always trying to get more
;ond thought, we see that man is the
i f t 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

dness is in reversing the processes of
the way he gets his living. And one
iumphs was when he discovered how
; and get the metal out of it. In the
irs since he first did this he has accom-
xn 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 d ig the most iron rust out of
ake out of i t 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. F e w elements can assume so many
tints. Look at the paint pot canons of the Yellowstone.
Cheap glass bottles turn out brown, green, blue, yellow
or black, according 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 i tself! It
is cheap and durable, for it cannot rust any more than
a dead man can die. And what is also of importance,
it i s 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. W h y is i t 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. F o r 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 l iving 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 i s short of iron. I t i s the iron i n 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 i t 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-bearing corpuBctes in
the blood is now a common method of determining din-
ease. It anight also be unoful in moral diagnosis. A
microscopical and chemical laboratory attached to the*
courtroom would give information of more value than
Borne of the evidence now obtained. For the anemic
and the florid vicea need very different treatment. An
excess or a deficiency of iron in the body m liable! to
result in criminality. A chemical system of moral**
might be developed on thin bani*. Among1 the ferrugi-
nous Bins would be placed murder, violence and licen-
tiousnesH. Among the non-forrugiiiottaf cowardice,
sloth and lying. The former would be mostly sinn of
commission! the latter, HUM of omission. Tin* virtues
could, of course, be similarly elassiflled; the f ftrntffinous
virtues would include courage, m*lf*rolianc<' ami hopo-
fulness; the non-ferruginous, peaccab]f*n<*Hf«, tnwkneHg
and chastity- According to this ethical criterion the
moral man would be defined m onus whom* conduct is
better than we should expect from the? par wnt , of iron
In his blood.

The reason why iron ia able to nerve* thi i unique pur-
post of conveying life-giving air to nil purls of the
body is because it rn*§t§ no readily. Oxidation and «Jt».
oxidation proceed so quietly that the* tomkwut
are fed without injury, Th© blood ehitngf^ from
to blue and vice ver&a with greater m a e and rupidtty
than in the eorreiponding alternattona of soeial utattii
in a democracy* It m because Srojfi is no rastabb that
it i i so uiefuL The factories with big scrap-heap* of
rasting machinery are mik ing th§ most money. The
pyramid® art the most enduring structures rumi by
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the hand of man, but they have not sheltered 80 many
people in their forty centuries as our skyscrapers that
are already ru«ting.

We have to eiirry on this eternal conflict against rust
because oxygen 'm the most ubiquitous of the elements
imd iron ean 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
<wor!d as mat , are among the commonest of compounds
atml tht»ir colors, yel low and red like the Spanish flag,
are displayed on every mountainside. F r o m the time
of Tubal Cain man has ceaselessly labored to divorce
the He (dement 8 and, having once separated them, to
k w p th<jm apart so that the iron may be retained in. his
tinrviGG. But here, a s u»ual, man is fighting against
tinture and his gains*, as always, are only temporary
Sunnier or lator his vigilance* is circumvented and the
sii<*tnl that h«? him extricated by the fiery furnace re-

U) tin ntittirtil affinity. The flint arrowheads, the
H{N»arpciint8, the gold ornaments, the wooden

of {iri'ltiHtoric man are still to be seen in our
timitf but bin G&rlt&gt steel sworcls have long sinee

into i]unt
Kvc»ry y«*»r tht* blast furnaces of the world release

7%W$}tiXHl tf>n« of iron from its oxides and every year
it l«r|f<* purl, «nid to 1M* it quarter of that amount, re-

to itM primeval formn. If BO, then man after fire
ymm of mc»t«lliirgieiil industry has barely

got throw yoarn ahafid of nature, amcl aliould he cease
hh tsflforti* fur a g^noration tliorc would bo little left
to nhour tliftt man hn«l over kitrntd to extract ir^on from
ttn c^rfi, T b i old qticstionf

 u W h a t becomes of all the
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p i n s f " may be an well naked of ra i ls , pip«« a n d thresh-
ing machines. The* end of all i ron in the* name. How-
ever many may he i ts nu'tamorphottcK while* in the serv-
ice of man it relapse** a t last into itn or iginal «tatc of
oxidation. T o save a pound of iron from eorronum is
then as much a benefit to the world an to p roduce an-
other pound from the ore . In fact it in of much g r e a t e r
benefit, for it taken four pounds of eon! to p roduce one
pound of nteel, HO whenever a piece of iron in allowed
to oxidize it meann tha t four tiitu»K AH much coal muni
be oxidized in order to replace it. And the \HHIH of
coal will be exhausted before* tin* brdn of iron ore .

If we a re ever to get ahead, if we ari» to gain a n y
respi te from thia onormotiH wante of l abor and na tu ra l
resources, we mus t find wayn of p r e v e n t i n g the iron
which wa have obtained and fwthioned in to tim*fnl tools
from being lost through oxidation, Now thi*rt* in only
one way of keeping iron mid oxygen front uniting attel
tha t ia to keep them npiirt, A very thin d iv id ing wall
will serve for the ptirpoiM% far $iifitnii«*f% A film of oil*
But ord inary oil will ml* off, HO it in Iw l t r r t o cover the
surface* with an oiUik*» linwwd whirh mUYmm to it ha rd
elastic amd Adhonivo coAttftg. If with litimwd ciil wo
mix iron oxide* o r mniw* o the r ptxnu»nt wi* havi* it jiiiiut
thut will protect iron |ic*rfi*<slly m* l*»tig AH it in un-
broken. But l*?t tkv putts! wmtr off t»r ernrk m t ha t a i r
ean g^t a t thti iron, thi»n n w t will fo rm And nptand
uiiderai!ath the pa in t on i l l mdm* T h e mime* in t r a o
of tha porcelain like etusnii*! with which o u r kitcbon
iron war© i i nowadnya mntml MB hug n« the* mnmd
holdi i t i t all r igh t bu t imet* it in brtik#n tltrottirh a t
any point i t begin* ta $mh off und g t t # in to o u r food.
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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 " t i n " 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 zinc it is quite the opposite. Zinc is negative
toward iron, so when the two are in contact and ex-
posed to the weather the zinc is oxidized first. A zinc
plating affords the protection of a Swiss Guard, i t 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 zinc 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
zinc. This gives us the familiar "galvanized i r o n , "
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
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is the Sohoop process by which a wire of zinc 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 zinc 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
zinc wires connected with any electric system, prefer-
ably the direct, are fed into the "pis to l ." Where the
wires meet an electric arc is set up and the melted zinc
is sprayed out by a jet of compressed air. (4) In the
Sherardizing process the articles are put into a tight
drum with zinc dust and heated to 800° F . The zinc
at this temperature attacks the iron and forms a series
of alloys ranging from pure zinc 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. F irs t 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 i s 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



PHOTOMICROGRAPHS SHOWING THJS STKUCTUKK OF STEEL MADE BY PROFESSOR E. G. MAHIN OF PURDUE UNIVERSITY
1. Cold-worked steel showing ferrite and sorbite (enlarged

500 times)
2. Steel showing pearlite crystals (enlarged 500 times)

3. Structure characteristic of air-cooled steel (enlarged so
times)

4. The triangular structure characteristic of cast steel
showing ferrite and pearlite (enlarged 50 times)

[To face j>.
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with a mild culture prevents a serious attack of the
disease. The action of air and water on iron f orins 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. B y 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 ©light 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
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at first, then slower, and at the end of half an hour o r
longer the action ceases, and the process is complete .
What has happened is that the iron has been conver ted
into a basic iron phosphate to a depth depending
upon the density of articles processed. Any one w h o
has studied elementary qualitative analysis will r e -
member that when he added ammonia to his " u n -
known" solution, iron and phosphoric acid, if p r e s e n t ,
were precipitated together, or in other words, i r o n
phosphate is insoluble except in acids. Therefore a
superficial film of such phosphate will protect the i r o n
underneath except from acids. This film is not a c o a t -
ing added on the outside like paint and enamel or t i n
and nickel plate. It i s therefore not apt to scale o f f
and it does not increase the size of the article. N o
high heat i s required as in the Sherardizing and B o w e r -
Barff processes, so steel tools can be treated w i t h o u t
losing their temper or edge.

The deposit consisting of ferrous and ferric p h o s -
phates mixed with black iron oxide may be varied i n
composition, texture and color. I t is ordinarily a d u l l
gray and oiling gives a soft mat black more in a c c o r d -
ance with modern taste than the shiny nickel p l a t i n g
that delighted our fathers. Even the military n o w a -
days show more quiet taste than formerly and h a v e
abandoned their glittering accoutrements.

The phosphate bath is not expensive and can be u s e d
continuously for months by adding more of the c o n -
centrated solution to keep up the strength and r e m o v -
ing the sludge that i s precipitated. Besides the i r o n
the solution contains the phosphates of other m e t a l s
such as calcium or strontium, manganese, molybdenum,
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or tungsten, according to the particular purpose.
Since the phosphating solution does not act on nickel
it m a y be used on articles that have been partly nickel-
plated so there may be produced, for instance, a bright
ra ised 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 i s 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
cla im of " rust-proof" is no more to be taken seriously
t h a n "fire-proof." W e should rather, if we were
finical, have to speak of " rust-resisting" coatings as
w e do of " slow-burning" "buildings. Nature i s in-
s idious 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-
mination.

B u t 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-
s ion 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
Br i t i sh metallurgist, Eobert 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,
"meti lure" in France, "i leanite" in Italy and "neu-
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. I t is difficult to cut or
drill but may be ground into shape by the new abra-
sives. I t is rustproof and is not attacked by sulfuric,
nitric or acetic acid, hot or cold, diluted or concen-
trated. It does not resist so well hydrochloric 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 ascribed these mysterious transforma-
tions to witchcraft. 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, i s a definite
chemical compound, an iron carbide, Fe 3 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 i n the back of
the chemistry book, where the class did not get to it
until the term closed. Yet if i t had not been for va-
nadium steel we should have no Ford cars. Tungsten,
too, w a s relegated to the rear, and if the student re-
membered it at all it was because it bothered h im to
understand why its symbol should be W instead of T.
But the student of today studies his lesson in the l ight
of a tungsten wire and relieves his mind by l istening to
a phonograph record played with a " tungs - tone"
stylus. "When I was assistant in chemistry an " analy-
sis " 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
m a y 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
mel t ing in the electrical furnace the whole batch of 75
tons m a y 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. Tor instance, the
steel becomes stronger and tougher as the proportion
of nickel is increased up to about 15 per cent. Eaising
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 i ts
length for a rise of one degree Centigrade at ordinary
atmospheric temperature. For this reason i t is used
in watches and measuring instruments. The alloy of
iron with 46 per cent, nickel is called "p la t in i te" be-
cause its rate of expansion and contraction i s the same
as platinum and glass, and so it can be used to replace
the platinum wire passing through the g lass 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 i s 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. I t 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" cut-
lery contains 12 to 14 per cent, of chromium.

W i t h the introduction of harder steels came the need
of tougher tools to work them. Now the virtue af a
good tool steel is the same as of a good man. It 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 redness and suddenly cooled
by quenching or plunging i t into water or oil. But
when the point gets heated up again, as it does by
friction in a laihe, i t softens and loses its cutting edge.
S o the necessity of keeping the tool cool limited the
speed of the machine.

But about 1868 a Sheffield metallurgist, Robert F.
Mnshet , found that a piece of steel he was working
with did not require quenching to harden it. He had
it analyzed to discoTer the meaning of this peculiarity
and learned that i t 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
w o r k e d np to a white heat without losing their catting
power. The new tools of this type invented by " Effi-
ciency " Taylor at the Bethlehem Steel Works in the
ninet ies have revolutionized shop practice the world
o^ver. A. tool of the old sort could not cut at a rate
faster than thirty feet a minute without oTerheating,
hut the new tungsten tools will plow throngh steel tea
t imes as fast and can cut away a ton af the material i i
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an hour . B y m e a n s of these high-speed tools the
Uni ted S ta te s was able to t u r n out five t imes the muni-
t ions tha t i t could otherwise have done in the same
time. On the o ther hand, if Germany alone had pos-
sessed the secret of the modern steels no power could
have wi ths tood he r . A slight super ior i ty in metal-
lu rgy has been the deciding factor in many a battle.
Those of m y r eade r s who have had the advantages of
Sunday school t r a in ing will recall the case described
in I Samuel 13:19-22.

B y means of these n e w metals a r m o r pla te has been
made invulnerable—except to projectiles pointed with
similar mater ia l . F l y i n g has been made possible
th rough engines weighing no more t h a n two pounds
p e r horse power . The cylinders of combustion engines
and the casing of cannon have been made to wi ths tand
the unprecedented p r e s s u r e and corrosive action of the
fiery gases evolved within . Castings a re made so ha rd
tha t they cannot be cut—save with tools of the same
sort . I n the high-speed tools now used 20 or 30 pe r
cent, of the i ron is displaced by other ingred ien ts ; for
example, tungs ten f rom 14 to 25 p e r cent., chromium
from 2 to 7 p e r cent., v a n a d i u m from % to 1 % p e r cen t ,
carbon from .6 to .8 p e r cent., wi th pe rhaps cobalt up to
4 p e r cent. Molybdenum or u ran ium m a y replace pa r t
of the tungsten .

Some of the newer alloys for high-speed tools con-
ta in no i ron a t all. T h a t which bears the poetic name
of s tar-s tone, stellite, is composed of chromium, cobalt
and tungs ten in v a r y i n g propor t ions . Stellite keeps a
h a r d cut t ing edge and gets tougher as i t gets hot ter .
I t is ve ry h a r d and as good for jewelry as p la t inum
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e x c e p t t h a t i t is not so expensive. Cooperite, its rival,
i s a n alloy of nickel a n d zirconium, stronger, l ighter
a n d cheaper than stellite.

Before the w a r near ly half of the wor ld ' s supply of
t u n g s t e n ore (wolframite) came from Burma . Bu t
although. Burma had belonged to t h e Bri t ish for a hun-
d r e d years they had not developed i t s minera l resources
a n d the tungs ten t r ade was monopolized "by the Ger-
m a n s . All the ore w a s s l ipped to Germany and the
^British Admira l ty "was content t o bny from t i e Ger-
m a n s what tungsten w a s needed for a rmor p la te and
laeavy guns . W h e n the wax broke out the Bri t ish had
t h e ore supply, bu t were unable a t first to work i t be-
c a u s e t l e y i^ere no t famil iar wi th the processes. Ger-
m a n y , being short of tungsten, h a d to snea l aver a little
f r o m Bal t imore i n the submarine Deutschland. In the
U n i t e d States before the w a r tungs ten ore was selling
. a t $6.50 a unit , but b y the beginning of 1916 i t had
j u m p e d t o $85 a unit . A uni t i s 1 p e r cent, of tungsten
-fcrioxide to the ton, t h a t i s , twen ty pounds. Boulder
County , Colorado, a n d San Bernardino , California,
t h e n h a d mining booms, reminding one of older times.
B e t w e e n May and December, 1918, there ^ a s manufao-
t u r e d in the United Sta tes more than 45,500,000 pounds
of tungsten steel containing some 8,000,000 pounds of
t u n g s t e n .

If tungsten ores were more abundant and the metal
m o r e easily manipulated, i t v o u l d displace steel for
m a n y purposes . I t i s ha rde r t h a n steel ox eyen quartz.
I t never rus t s and is insoluble i n aeids. I t s expansion
by hea t i s one-third t h a t of i ron . I t is more than tv ice
a s heavy as i ron and i t s melt ing point is twiee as high.
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Its 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
so 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
a s 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 wi l l impart more resiliency to steel
than three or four pounds of tungsten. The molybde-
n u m steel, because it does not easily crack, is said to be
serviceable for armor-piercing shells, gun linings, air-
plane struts, automobile axles and propeller shafts.
I n combination with i ts rival as a tungsten-molybdenum
alloy it i s 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.

Calcium, magnesium and aluminum, common enough
i n 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 l ight o f
320,000 candle power lasting for ten minutes a s the
parachute slowly descended. This i l luminated 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 magnes ium to
aluminum gives an alloy (magnaliurn) that is almost
as light as aluminum and almost as strong as steel.
An alloy of 90 per cent, aluminum and 10 per c e n t
calcium is lighter and harder than aluminum and more
resistant to corrosion. The latest German airplane,
the "Junker/ ' was made entirely of duralumin. E v e n
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 zinc and 2 per cent,
of tin.

When platinum "was first discovered i t w a s so cheap
that ingots of it were gilded and sold as gold hricfcs t o
unwary purchasers. The Bnssian G-overnment used i t
as we use nickel, for making small coins. B u t this i s an
exception to the rule that the demand creates the sup-
ply. Platinum is really a "rare m e t a l , " not merely an
unfamiliar one. Nowhere except in the Urals i s it
found in quantity, and since it seems indispensahle in
chemical and electrical appliances, the price has con-
tinually gone up. Russia collapsed into chaos j u s t
when the war work made the heaviest demand for plati-
num, so the governments had to p u t a stop to its use for
jewelry and photography. The "go ld hr ick" scheme
wmld now have to be reversed, for gold is used as a
^eajmrmetaltoc <adiilterate"platintim. A l l the m e m -
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b e r s of the pla t inum family, former ly ignored, were
pressed into service, pal ladium, rhodium, osmium, i n d -
ium, and these, alloyed with gold ox silver, were em-
ployed more or less satisfactorily hy the dentist , chem-
i s t and electrician a s subst i tutes for the p la t inum of
which they had t e e n deprived. One of these alloys,
composed of 20 p e r cent, pa l lad ium and 80 p e r cent,
gold, and bear ing the telescoped name of " p a l a u " (pal-
lad ium au-rtun) makes v e r y acceptable crucibles for the
l abora to ry and only costs half as much as pla t innm.
" R h o t a n i u m " is a s imilar alloy recently introduced.
T h e poin ts of our gold p e n s a r e t ipped with an osminm-
i r id ium alloy. I t is a p i t y t h a t th is family of noble
meta l s is so restr icted, for they a r e unsurpassed in
tenac i ty a n d incorruptibi l i ty. T h e y could be of g rea t
service to the world i n w a r a n d peace . As the " B a d
C h i l d " says in h i s ' 'Book of B e a s t s " :

I shoot the hippopotamus witla bullets made of platinum,
Because if I use leaden ones, his hide is sure to flatten 'em.

Along in the la t te r half of the l a s t century chemists
h a d begun to perceive cer ta in regular i t ies and relation-
sh ips among the va r ious elements, so they conceived
t h e idea tha t some sor t of a pigeon-hole scheme might
be devised in which the elements could be filed away in
t h e order of the i r a tomic weights so t ha t one could see
j u s t hoT\r a certain element, kno^oi or unknown, would
behave from merely observing i t s position in the series.
Mendeleef, a Russ ian chemist, devised the most in-
genious of such systems called the "pe r iod ic l a w " and
gave proof that the re was something in Ms 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 scandium. 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 Mendeleef '& 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.
A s usually happens in the history of science the hypoth-
esis was found not to explain things so simply and
completely as was at first assumed. The anomalies in
the arrangement did not disappear on closer study, but
stuck out more conspicuously. Though Mendeleef 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. A s
we 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
sorting out and identifying were the heavy metals
found in the "rare e a r t h s / ' There were about twenty
of them so mixed up together and so much alike as to
baffle all ordinary means of separating them. F o r a
hundred years chemists worked over them and quar-
reled over them before they discovered that they had
a commercial value. I t was a problem as remote from
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3ticality 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
as of some of the other elements that were so dif-
t to separate.

l is sudden change of venue from pure to applied
ice came about through a Viennese chemist, Dr.

Auer, later and in consequence known as Baron
p von Welsbach. H e 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. A s it burns off, each ele-

t 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

L the plan of soaking a thread in the liquid and
n g this in the gas jet. The cotton of course
ed off at once, but the earths held together and
L heated gave off a brilliant white light, very much
the calcium or limelight which is produced by heat>
a, 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. I t 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. There is 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. I t i s the ceria that gives the light, yet a
little more of it will lower the luminosity.

The non-chemical reader i s 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 -wn, such 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 -am let him
picture 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 a name ending in -a he may imagine a
white powder like lime. Thorium, for instance, i s , as
its name implies, a metal named after the thunder god
Thor, to whom we dedicate one day in each week,
Thursday. Cerium gets its name from the Boman
goddess of agriculture by way of the asteroid.

The chief sources of the material for the Welsbach
burners is monazite, a glittering yellow sand composed
of phosphate of cerium with some 5 per cent, of thor-
ium. I n 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 contains 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 wi th
every purchase of a hundred pounds of thorium salts .
I t annoyed Welsbaeh to see the cerium residues thrown
away and accumulating around his mantle factory, so
he set out to find some use for it. H e 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 l ighters



290 C R E A T I V E CHEMISTRY

in France threatened to upset the finances of the re-
public, which derived large revenue from its monopoly
of match-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. I f the reader has not forgotten Ms 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. A n y 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-
deleef 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 i s 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 i t in your hand—which he
won't—it would melt and run over the floor like mer-
cury. The melting point is 87° Fahr. I t 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 i t sticks to the
side of the tube instead of forming a clear convex curve
on top like mercury.

Then there is columbium, the American meta l It i s
•strange that an element named after Columbia should
prove so impractical. Columbium 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 i t 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, terbium,
thulium, lanthanum, neodymium, scandium, samarium
and others as unknown to us as tungsten was to our

fathers?
A s evidence of the statement that i t does not matter

how rare an element may be it will come into common
use 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 tq
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 i s the great-great-grandson
of uranium, the heaviest of known elements. Putting
th i s chemical genealogy into biblical language we might
s a y : Uranium lived 5,000,000,000 years and begot
Uranium X I , which lived 24.6 days and begot Uranium
X 2 , which lived 69 seconds and begot Uranium 2,
which lived 2,000,000 years and begot Ionium, which
l i v e d 200,000 years and begot Eadium, which lived 1850
y e a r s and begot Niton, which lived 3.85 days and begot
E a d i u m A, which lived 3 minutes and begot Radium
B , which lived 26.8 minutes and begot Eadium C, which
l i v e d 19.5 minutes and begot Eadium D, which lived 12
y e a r s and begot Eadium E , which lived 5 days and
begot Polonium, which lived 136 days and begot Lead.

T h e figures I have given are the times when half the
parent substance has gone over into the next genera-
t ion. I t will be seen that the chemist is even more lib-
eral in his allowance of longevity than was Moses with
the patriarchs. I t appears from the above that half of
the radium in any given specimen will be transformed
i n about 2000 years. Half of what is left will disap-
p e a r in the next 2000 years, half of that in the next
2000 and so on. The reader can figure out for himself
w h e n i t 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
y e a r s there would not be left any radium worth men-
t ioning, or in other words practically all the radium now
i n existence is younger than the human race. The lead
t h a t i s found in uranium and has presumably descended
f r o m uranium, behaves like other lead but is lighter.
I t s atomic weight i s only 206, while ordinary lead
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weighs 207. I t appears then tha t the same chemical
element may have different atomic weights according
to i ts ancestry, while on the other h a n d different chemi-
cal elements may have the same atomic weight . T h i s
would have seemed shocking heresy to the chemists of
the last century, who pr ided themselves on the immu-
tability of the elements and did not take into considera-
t ion their pas t life or heredity. The s tudy of these
radioactive elements has led to a new atomic theory .
I suppose most of us in our youth used to imagine t h e
atom as a little round h a r d ball, but now it is conceived
as a sort of solar system with an electropositive n u -
cleus acting as the sun and negative electrons revolving
around i t like the planets . The number of free posi -
t ive electrons in the nucleus var ies f rom one in h y d r o -
gen to 92 in uranium. This leaves room for 92 possible
elements and of these all but six a re more or less cer-
tainly known and definitely placed in the scheme. T h e
atom of uranium, weighing 238 t imes the s tom of hy-
drogen, is t he heaviest known and therefore the u l t i -
mate limit of the elements, though it is possible t h a t
elements may be found beyond i t j u s t a s the p l a n e t
Neptune was discovered outside the orbit of U r a n u s .
Considering the posit ion of u r an ium and i ts numerous
progeny as mentioned above, it is quite a p p r o p r i a t e
t h a t this element should bear the name of the f a the r of
all the gods.

I n these radioactive elements we have come u p o n
sources of energy such as was never dreamed of in o u r
philosophy. The most s t r iking pecul iar i ty of r a d i u m
is tha t i t is always a little wa rmer t han i t s su r round -
ings, no mat ter haw w a r m these may be* Slowly,
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spontaneously and continuously, 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. A n ounce of
radium salt will g ive 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 i s 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. F r o m 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 i t does not last. B y
the sixth day the power would have fallen off by half.
Besides, no one would dare to serve as engineer, for the
radiation will rot away the flesh of a l iving man who
comes near it, causing gnawing ulcers or curing them.
I t will not only break down the complex and delicate
molecules of organic matter but will attack the atom it-
self, changing, it is believed, one element into another,
again the fulfilment of a dream of the alchemists. And
its rays, unseen and unf elt by us, are yet strong enough
to penetrate an armorplate and photograph what is
behind it.

But radium is not the most mysterious of the ele-
ments but the least so. I t i s g iv ing out the secret that
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the other elements have kept. It suggests to us that
all the other elements in proportion to their weight have
concealed within them similar stores of energy. As-
tronomers have long dazzled our imaginations by calcu-
lating the horsepower of the world, making us feel
cheap in talking about our steam engines and dynamos
when a minutest fraction of the waste dynamic energy
of the solar system would make us all as rich as mil-
lionaires. But the heavenly bodies are too big for us
to utilize in this practical fashion.

And now the chemists have become as exasperating
as the astronomers, for they give us a glimpse of incal-
culable wealth in the meanest substance. For wealth
is measured by the available energy of the world, and
if a few ounces of anything would drive an engine or
manufacture nitrogenous fertilizer from the air all our
troubles would be over. Kipling in his sketch, " With
the Night Mail ," and Wells in his novel, "The World
Set Free ," stretched their imaginations in trying to
tell us what it would mean to have command of this
power, but they are a little hazy in their descriptions
of the machinery by which it is utilized. The atom is
as much beyond our reach as the moon. W e cannot rob
its vault of the treasure.
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The foregoing pages will not have achieved their aim un-
less their readers have become sufficiently interested in the
developments of industrial chemistry to desire to pursue the
subject further in some of its branches. Assuming such in-
terest has been aroused, I am giving below a few references to
books and articles which may serve to set the reader upon the
right track for additional information. To follow the rapid
progress of applied science it is necessary to read continu-
ously such periodicals as the Journal of Industrial and Engi-
neering Chemistry (New York), Metallurgical and Chemical
Engineering (New York), Journal of the Society of Chemi-
cal Industry (London), Chemical Abstracts (published by
the American Chemical Society, Easton, Pa.), and the vari-
ous journals devoted to special trades. The reader may need
to be reminded that the United States Government publishes
for free distribution or at low price annual volumes or spe-
cial reports dealing with science and industry. Among these
may be mentioned " Yearbook of the Department of Agricul-
ture' *; "Mineral Eesources of the United States," published
by the United States Geological Survey in two annual vol-
umes, Vol. I on the metals and Vol. II on the non-metals;
the "Annual Report of the Smithsonian Institution," con-
taining selected articles on pure and applied science; the
daily "Commerce Reports" and special bulletins of Depart-
ment of Commerce. Write for lists of publications of these
departments.

The following books on industrial chemistry in general are
recommended for reading and reference: "The Chemistry of
Commerce" and "Some Chemical Problems of To-Day" by

297
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Robert Kennedy Duncan (Harpers, N. Y.), "Modern CMm
iatry and Ita Wonders" by Martin (Van Nontranri), *4Ch«*m
ical Discovery and Invention in the Twentieth (.Vntury" hj
Sir William A. Tilden (Dutton, N. Y.)? *' J>keovi*ri^ and In
vention» of the Twentieth Century'* by Edward Crtrssy (I>ut
ton), "Industrial Chemistry1' by Allen Kc»g**m (Vim No*
trand).

" Everyman's Chemistry" by Ell wood llcndrirk (Harp**!*,
Modern Science Srvrh's) in written in a Hvrty »tyl« and m-
mmm no previous knowledge* of eh<*mi«try from th«* render,
The chapter on edlulom\ gum«, Hn%nm and mh »r«* tmrtfen>
larly interesting. "ChfrniKtry of FiimiJinr Tbi»gHM by 8. H
Sadtlcr (Lippineott) is both comprehetutivt* and fpomprt*

The following arc intended feir young rfitdrrfi but art* nol
to be despised by their eldcni who may winh to utart in on m

up-grade: "Chemistry of Cmnttmn Thtng«M (AlJyn I
Boston) in a popular high He-boo! tt»xl-bctok but ififfcr-

ing from moit text-bm>k» in beinj? rf»nclmb!** mtd «ttniHtv«,
Its dateriptioni of industrial pror#nsi*»t Bn* brt*t but alnr
The "Aeluevementii of Ch«mie«l 8cii*nc?«M by *Hmm C Philip
(Nfacmillan) in a handy l ink book, «*a»y n*mlingf for pupiln,
11 Introduction to th<i Study of SriMic*" by W. I*. Kmith nwi
E. (J, Jewett CMacmillan) toudirn upon tthptnknl tttpm in i
simple way.

On the history of eommtree mini the rflfert fif invimtiotis nn
weitty the following tMm may be sugmttod: >4Oiitliit«s oi
Isdntriftl History0 by B» C r ^ y (MMmilkn); i - T t e Orifi^
of ImreatioB/' a study of primitive indiiilry, by O. T, Mssou
(Seribner); "The Rammm of Co»iom» M by Gordon Utl
bridge (Ijane); " Industrial and Oomfner^ial deofrftphy** oi
"Commerce and Industry9' by J. Russell Smith (IIoU)i
11 Handbook of Commetviail OeogniphyM by 1i* O« Cbisholm
(Longmann).

The newer theories of chemktry and the coix»titufion of tb<
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atom are explained in "The Realities of Modern Science" by
John Mills (Macmillan), and "The Electron" by E, A. Milli-
kan (University of Chicago Press), but both require a knowl-
edge of mathematics. The little book on "Matter and
Energy" by Frederick Soddy (Holt) is better adapted to the
general reader. The most recent text-book is the "Introduc-
tion to General Chemistry" by H. N. McCoy and E. M. Terry.
(Chicago, 1919.)

CHAPTER II

The reader who may be interested in following up this sub-
ject will find references to all the literature in the summary
by Helen R. Hosmer, of the Research Laboratory of the Gen-
eral Electric Company, in the Journal of Industrial and Engi-
neering Chemistry, New York, for April, 1917. Bucher's pa-
per may be found in the same journal for March, and the issue
for September contains a full report of the action of IT. S.
Government and a comparison of the various processes. Send
fifteen cents to the U. S. Department of Commerce (or to the
nearest custom house) for Bulletin No. 52, Special Agents
Series on "Utilization of Atmospheric Nitrogen" by T. H.
Norton. The Smithsonian Institution of Washington has is-
sued a pamphlet on "Sources of Nitrogen Compounds in the
United States." In the 1913 report of the Smithsonian Insti-
tution there are two fine articles on this subject: '' The Manu-
facture of Nitrates from the Atmosphere" and "The Distri-
bution of Mankind/' which discusses Sir William Crookes'
prediction of the exhaustion of wheat land. The D. Van Nos-
trand Co., New York, publishes a monograph on "Fixation of
Atmospheric Nitrogen" by J. Knox, also "TNT and Other
Nitrotoluenes" by G. C. Smith. The American Cyanamid
Company, New York, gives out some attractive literature on
their process.

"American Munitions 1917-1918," the report of Benedict
Crowell, Director of Munitions, to the Secretary of War, gives
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a fully illustrated account of the manufacture of arms, ex-
plosives and toxic gases. Our war experience in the "Oxida-
tion of Ammonia" is told by C. L. Parsons in Journal of In-
dustrial and Engineering Chemistry, June, 1919, and various
other articles on the government munition work appeared in
the same journal in the first half of 1919. "The Muscle
Shoals Nitrate Plant" in Chemical and Metallurgical Engi-
neering, January, 1919.

CHAPTER m

The Department of Agriculture or your congressman will
send you literature on the production and use of fertilizers.
From your state agricultural experiment station you can pro-
cure information as to local needs and products. Consult the
articles on potash salts and phosphate rock in the latest vol-
ume of "Mineral Resources of the United States/' Part II
Non-Metals (published free by the U. S. Geological Survey).
Also consult the latest Yearbook of the Department of Agri-
culture. For self-instruction, problems and experiments get
"Extension Course in Soils/7 Bulletin No. 355, IT. S. Dept.
of Agric. A list of all government publications on "Soil and
Fertilizers" is sent free by Superintendent of Documents,
"Washington. The Journal of ^Industrial and Engineering
Chemistry for July, 1917, publishes an article by W. C.
Ebaugh on "Potash and a World Emergency/' and various
articles on American sources of potash appeared in the same
Journal October, 1918, and February, 1918. Bulletin 102,
Part 2, of the United States National Museum contains an
interpretation of the fertilizer situation in 1917 by J. E.
Poque. On new potash deposits in Alsace and elsewhere see
Scientific American Supplement, September 14, 1918.

OHAPTEB IV

Send ten cents to the Department of Commerce, Washing-
ton* for "Dyestuffs for American Textile and Other Indus-
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tries/' by Thomas H. Norton, Special Agents' Series, No. 96.
A more technical bulletin by the same author is " Artificial
Dyestuffs Used in the United States," Special Agents' Series,
No. 121, thirty cents. "Dyestuff Situation in U. S.," Special
Agents' Series, No. I l l , five cents. "Coal-Tar Products," by
H. G. Porter, Technical Paper 89, Bureau of Mines, Depart-
ment of the Interior, five cents. "Wealth in Waste," by
Waldemar Kaempfert, McClure's, April, 1917. "The Evo-
lution of Artificial Dyestuffs," by Thomas H. Norton, Scien-
tific American, July 21, 1917. "Germany's Commercial Pre-
paredness for Peace," by James Armstrong, Scientific Ameri-
can, January 29, 1916. "The Conquest of Commerce" and
"American Made," by Edwin E. Slosson in The Independent
of September 6 and October 11,1915. The H. Koppers Com-
pany, Pittsburgh, give out an illustrated pamphlet on their
"By-Product Coke and Gas Ovens." The addresses delivered
during the war on i l The Aniline Color, Dyestuff and Chemical
Conditions," by I. P. Stone, president of the National Aniline
and Chemical Company, have been collected in a volume by
the author. For "Dyestuffs as Medicinal Agents" by G.
Heyl, see Color Trade Journal, vol. 4, p. 73, 1919. "The
Chemistry of Synthetic Drugs" by Percy May, and "Color
in Eelation to Chemical Constitution" by E. K. Watson are
published in Longmans' "Monographs on Industrial Chem-
istry." "Enemy Property in the United States" by A.
Mitchell Palmer in Saturday Evening Post, July 19, 1919,
tells of how Germany monopolized chemical industry. "The
Carbonization of Coal" by V. B. Lewis (Van Nostrand, 1912).
"Research in the Tar Dye Industry" by B. C. Hesse in Jour-
nal of Industrial and Engineering Chemistry, September,
1916.

Kekul6 tells how he discovered the constitution of benzene
in the Berichte der Deutschen chemischen Gesellschaft,
V. XXIII, I, p. 1306. I have quoted it with some other in-
stances of dream discoveries in The Independent of Jan. 26,
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1918. Even thia innocent Mcicnttfic vtMtm hm§ not encap
the foul touch of the Freudian*. Dr. Alfred Kobitaek
"HymbolijttshoH Dmkvn in di»r <*hi*riilnt*lt**ii FurMhuiiur," lmu$
V. J7 p. 83, him deduced from it thut K«*kul*> WM moral
guilty of the crime of <ildipun m well AH minor

CSIAITKR V

Read up on the mitthodn of t!Xtrihi*titiflr perfume* from fio-
era in any encyclopedia or in I>uiic*mi'*s *H*hritiktry of Coi
merco" or Tildes*'H "Chemical Diseovfi^y in the Twetitun
CenturyM or liogitrn* M Indtnttrial (*h«mwtry.M

The pamphlet containing a KynopKiM tif thf l̂ cturtfii by i
late Aloin von I»akovic?i on "Synthetic* IVrfutnea and PI
vom/' published by the Synfltnir Hcrirtitifle Ijalmratorimt, Mo
tioellOt New York, in Imtmnmly infrrrnting, Vmn Dyk & Ci
New York, imxt® a pamphlet on the eompfntition of oil of tm
Qildrmdtiter1!! "Tha Volatile Oil*11 m exeettrnt on tbi* himoi
of tha aubjeiet, Walter1* "Manual for the Kwtettw Indiiitrj
(Wiley) gives metboda and reetpm. I*»rry'n "
B«K)HtiAl Oik and Artiflciml Pi*rfiitneN,M 1918
"Chemistry and Odoriferous Boditsa Siact»- WH M by Ci Rat
in CAeiitM «f Indmtm, vol. l l f p, 271, 3»3. llOtlor ai
Chemical Conntitiition," Chemical Ab*trart*> Iffl7, p :»T
and Journal of Bmkty fw Chtmkul Industry, v. 36t p#

CflAMlOlt ¥1

The bullion on "By^PrmlitctJi of Ite Lmnbtr Indtiitiy** t
H. K* Beman (publiiihtd by D«*|iarUn«tit of Commerce, Wnl
inftonf 10 etnti) contains a di*««frlplion of pijitr^makiftf m
wood diitilktion, Tbtrt ii a tf<**I arl.iifl# on r#tfiiliMNf prm
net* by II. 8. Mork in Journal ®f tk* Pmniiim- tturiliM*, 8t|
teaibtr, 1917, md in Paper, ffepUrmtar 98, 101?. Th« Oo1

emment Fot^wt IVHJUCU I^tboraliiry at 5f̂ Jj<v*n, WiagMf̂ j
technical ptptrt oo d!«til)ati#it of wood, #t4. Tl

Bmvlm of tht U 8* Deptrtintiit of Afrimltttri ia tl
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chief source of information on forestry. The standard author-
ity is Cross and Bevans' "Cellulose." For the acetates see
the eighth volume of Worden's "Technology of the Cellulose
Esters."

CHAPTER VII

The speeches made when Hyatt was awarded the Perkin
medal by the American Chemical Society for the discovery of
celluloid may be found in the Journal of the Society of Chem-
ical Industry for 1914, p. 225. In 1916 Baekeland received
the same medal, and the proceedings are reported in the same
Journal, v. 35, p. 285.

A comprehensive technical paper with bibliography on
11 Synthetic Resins" by L. Y. Redman appeared in the Journal
of Industrial and Engineering Chemistry, January, 1914.
The controversy over patent rights may be followed in the
same Journal, v. 8 (1915), p. 1171, and v. 9 (1916), p. 207.
The <l Effects of Heat on Celluloid" have been examined by
the Bureau of Standards, Washington (Technological Paper
No. 98), abstract in Scientific American Supplement, June 29,
1918.

For casein aee Tague's article in Rogers' "Industrial Chem-
istry" (Van Nostrand). See also Worden's "Nitrocellulose
Industry" and "Technology of the Cellulose Esters" (Van
Noatrand); Hodgsonrs "Celluloid" and Cross and Bevan's
"Celluloae."

For references to recent research and new patent specifica-
tions on artificial plastics, resins, rubber, leather, wood, etc.,
see the current numbers of Chemical Abstracts (Easton, Pa.)
and finch journals as the India Rubier Journal, Paper, Tex-
tile World, Leather World and Journal of American Leather
Chemical AMSociatim.

The General Bakelite Company, New York, the Redmanol
Produetn Company, Chicago, the Condensite Company, Bloom-
field, M 3,f tih® Arlington Company, New York (handling
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pyraHn), give out advertising literature regarding their r
spective products.

CUAPTKR VIH

Sir William Tilden'n "Chemical Dwuwwry and Inventso
in the Twentieth Century" (B. 1*. Dutton & Co.) containi
readable chapter on rubber with reference* to bin own tlii
covery. The "Wonder Book of Rubber/' umurd by the II. I
Goodrich Rubber Company, Akron, Ohio, utve* an inlerrtitm
account of their induntry. IIe«: " leading American In
ventors" (Henry Holt & Co.) contain* a life of Uootlycai
the discoverer of vulcanisation. Putins *'C!hffmi*try of ih
Eubber Industry, 1912/' Th« Rubber Industry *. Report o
the International Rubber Congr**®*, 1914. Panel: "Review o
Pioneer Work in Rubber Synthesis>f i« Journal of Ike A mm
can Chemical Society, 1914. King: "Byntbrlte RubberM ii
Metallurgical and Chemical JBnginemring9 l iny 1* 1!IIT. CM
tellan: "L'Industrie eaoutehoueiin*/9 doetor4* th«minv Univtr
sity of Paris, 1915. The India RubMr World, Nrw York, it
numbers, especially "What X Saw lit tfan Ptiflippifuft/' by tb<
Editor, 1917. Pearson: ''Produetion of Qmynh UnUm,'
Commerce Reports, 1918, and Indm Rubber World, 1919
"Historical Sketch of ChiimiHtry of Rubber19 by 8. C, Brad
ford in Science Frogr$$s9 v. II, p» 1,

OJIAI-TKU i s

"The Cane Sugar InduntryM (Iltill^tin Knt 53t Mi«*«!li»#.
ous Series, Department of Ctmmert!*, SO mnU) gwm afrintt*
tural and manufacturing eoite in Hawtif, Porta Rit*tt I4itiiii*
ana and Cuba.

"Sugar and Itn Value tm Fbodv
M by Mary tlmrnm AM*

(Farmer's Bulletin No, 535, Dcpartmmt of Agrietftltiirt,
free.)

"Production of Sugar In tbt Uniltd i la la i m4
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ies," by Perry Elliott. (Department of Agriculture,
to.)
aditions in the Sugar Market January to October,
a pamphlet published by the American Sugar Kefining
ay, 117 Wall Street, New York, gives an admirable sur-
the present situation as seen by the refiners,
ban Cane Sugar,7 ' by Robert Wiles, 1916 (Indian-
Bobbs-Merrill Co., 75 cents), an attractive little book
>le language.
) World's Cane Sugar Industry, Past and Present," by
*. Geering.
i Story of Sugar / ' by Prof. G. T. Surface of Tale
ton, 1910). A very interesting and reliable book.
"Digestibility of Glucose" is discussed in Journal of
*ial and Engineering Chemistry, August, 1917.
ation of Beet Molasses" in Metallurgical and Chemical
ering, April 5,1917.

CHAPTER X

ze," by Edward Alber (Bulletin of the Pan-American
January, 1915).
cose," by Geo. W. Rolfe (Scientific American Supple-
fay 15 or November 6, 1915, and in Roger's "Indus-
lemistry").
iaking ethyl alcohol from wood, see Bulletin No. 110,
Agents' Series, Department of Commerce (10 cents),
article by F . W. Kressmann in Metallurgical and Chem-
gineering, Ju ly 15, 1916. On the manufacture and
industrial alcohol the Department of Agriculture has
for free distribution Farmer's Bulletin 269 and 424,
partment Bulletin 182.
le "Utilization of Corn Cobs," see Journal of Indus-
d Engineering Chemistry, Nov., 1918. For John Win-
experiment, see the same Journal, Jan., 1919.
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CHAITKK XI

President Seherer's "Cotton ns a World JVnvrr" (Mtok*1

1916) in a fascinating volume that romlwu'tf tin* hintory, m:
enee and politics of the plant and dorn not ignori* the* pmtr
and legend.

In the Yearbook of the Department of Agrwultun* for 1?JJ
will be found an interesting artiele by II, 8, Bulky an "Soir
American Vegetable Oils" (sold Meparatt* for five wiit*}, ah
"The Peanut: A fireat American VtnnV by mtm* author i
the Yearbook of 1917. "The Say Bean Iiiilii*tryM k tli
tunmd in the same volume. Set? also: ThompKon *H ^('utttu
seed Products and Their (^ompctitnrH in Northern Kumpi*
(Part I, (Jake and Meal; I*art I I , B«!ibli» Oiln. Drpurtinfi
of Commerce, 10 wntM each), ^Pmdt ie tbn and i*xmm*n%lm
of Pats and Oils in th«̂  United 8ta t*s" (Bulletin N». 7G?»f Wi
U, S* Dept. of Agriculture). "CJaftonatwl Men! for Fwlir;
Cattlo'9 (U. S. Department of Agrifmlfnr*%
655f frea). "Cottonseed Industry in ¥tm*i$n
T. H. Norton, 1015 (Department of f'ummfrw, 10 rrnfn
lcCottomeed Product*'f in Journal ^ the Komly pf Ghrmie
Industry, July 16t 1917f and Ilankervillr'H article in tb«* win
journal (1915, vo!. 7, p. 277). Dmuttaft'* uOi\ HmU m
Feeding Cakes/9 a volume on Rritinh proMeniH wnn* th«? wa
Bllisv8 4<The HydroKenation of OI1HM {Van Ntatraitfl, 1914
Copeland'a <fTha CoconutM (MaemtUan). liarr#tt#i *'TI
Philippine Coconut Indumry" (IlullfHin No, SKit Pbilippii
Bureau of Agriculturt?). "Coconntii, the <UmmU «if i
Baat f t by Smith and I»np« (I#onilon). "Al l About Ow
nuta" by Balfort and Hoyer (Ijondon). Nttmi»roitK artid
on eopra and other oil» appear in 17. #. O&mmtrm RrpwU m
PMippin® Journal of 8eumc*. "Tbn World WMe Hvar
for OUs1' in Th$ America* (National City Bank, N, Y
11 Modem Margarine Tfehnology" by W. Clayton in Jmn
Soekiy of Chemicd lndmiryt D t e S, 19171 aJte ac«
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Sept. 21, 1918. A court decision on
irogenation is given in Journal of In-
ing Chemistry for December, 1917.

the whole subject is Lewkowitsch's
of Oils, Fats and "Waxes'' (3 vols.,

CHAPTER XH
development of the American Warfare
hed in the Journal of Industrial and
in the monthly issues from January

n article on the British service in the
5ee also Crowell's Eeport on "Ameri-
shed by War Department. Scientific
19, contains several articles. A. Rus-
3 of the Great War" (Century) con-
gas and explosives.
. J. M. Auld, Chief Gas Officer of Sir
id a member of the British Military
fcates, has published a volume on ' i Gas
iVarfare" (George H. Doran Co.).

CHAPTER XIII
3y's "Discoveries and Inventions of
"Oxy-Acetylene Welders/' Bulletin
)f Vocational Education, Washington,
3al directions for welding. 'Reactions,
by Goldschmidt Thermit Company,
bdevements of aluminothermics. Pro-
p-in America" (Appleton) tells of the
Hare and other pioneers. "Applica-

Chemical Industry" by A. F. Hall
snt work on artificial diamonds see
plement, Dec. 8,1917, and August 24,
"A Storehouse of Sleeping Energy"

'cientific American, January 27, 1917.
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CHAPTER XIV

Spring's "Non-Technical Talks on Iron and Steel' '
(Stokes) is a model of popular science writing, clear, com-
prehensive and abundantly illustrated. Tilden's " Chemical
Discovery in the Twentieth Century'' must here again be re-
ferred to. The Encyclopedia Britannica is convenient for
reference on the various metals mentioned; see the article on
"Lighting" for the Welsbach burner. The annual "Mineral
Resources of the United States, Part I , ' ' contains articles on
the newer metals by Prank "W. Hess; see "Tungsten" in the
volume for 1914, also Bulletin No. 652, IT. S. Geological Sur-
vey, by same author. Foote-Notes, the house organ of the
Foote Mineral Company, Philadelphia, gives information on
the rare elements. Interesting advertising literature may be
obtained from the Titantium Alloy Manufacturing Company,
Niagara Palls, N. T . ; Duriron Castings Company, Dayton, 0 . ;
Buffalo Foundry and Machine Company, Buffalo, N. T.,
manufacturers of "Buflokast" acid-proof apparatus, and simi-
lar concerns. The following additional references may be
useful: Stellite alloys in Jour. Ind. & Eng. Chem., v. 9, p.
974; Rossi's work on titantium in same journal, Feb., 1918;
Welsbach mantles in Journal Franklin Institute, v. 14, p. 401,
585; pure alloys in Trans. Amer. Electro-Chemical Society, v.
32, p. 289; molybdenum in Engineering, 1917, or Scientific
American Supplement, Oct. 20, 1917; acid-resisting iron in
8c. Amer. Sup., May 31, 1919; ferro-alloys in Jour. hid. &
Eng. Chem., v. 10, p. 831; influence of vanadium, etc., on iron,
in Met. Chem. Eng., v. 15, p. 530; tungsten in Engineering,
v. 104, p. 214.
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