
SCIENCE 

CONTENTS  

Some Developments i n  the Chemkal Indus-
tries as a Result of W a r  Conditions: PRO-
FESSOR S. W. PARR ...................... 399 

The  New Hoplcins Marine Station of Stan-
ford University: DR. WALTER K. FISHER... 410 

Scientific Events :-

The  Bombardnwnt of Paris b y  Long-range 
Guns; Tungsten Ores in the Naf%onal Mu-
seum; Chemistry at Yale  University ...... 412 

Scientific Notes an.d News ................. 414 


University and Educational News .......... 416 


Discussion and Correspondence :-
Spectroscopic Investigation: P~omssoaED-
WIN B. FROST. T h e  Desiccation o f  the 
Earth: C. I .  VON HERRMANN.Areas of 
Audibility: WILLARDJ.  FISHER.Primitive 
Knowledge of Inoculation: PROFESSOR 
KNIGHTDUNLAP........................416 

Scientific Books :-
Wheldale on the Anthocyanin Pigments of 
Plants: PROFESSOR GORTNER.ROSS AITKEN 
Dr. Keen on Medical Research: DR. HOWARD 
A.KELLY.............................. 418 

The  Annual Meeting of the National Academy 
of Sciences ............................. 419 

Special Articles :-
A Sin%ple Method of Measuring Photosythe- 
sis: PROFESSOR V. ANDW. J. OSTERHOUT 
A. R. C. HAAS......................... 420 


MSS.intended for publication and books, etc., intended for 
review should be sent to ''he Editor bf Science, Garneon-on- 
Hudson. N. Y. 

SOME DEVELOPMENTS IN THE CHEM- 

ICAL INDUSTRIES AS A RESULT OF 


WAR CONDITI6NS1 

IN these passing days every branch o f  

scientific activity has many striking illus- 
trations of the fact that its fund of howl- 
edge and expexknce is being vigorously 
dkawn upon to meet the pmsing nee& of 
%he hour. Where so many sciences are 
making notable war recordrs it may seem 
invidious to select any single one for review. 
But my own personal apology must be that 
I have not the ability and certainly a single 
evening has not enough hours for present- 
ing the activities and the accomplihments 
of the entire field of science. FOhile, there- 
fore, we are proposing to discuss matters 
having la more or l e s  chemical tinge it 
should be emphasized at  the outset that we 
are not unmindful of the wonderful service 
in m i f o l d  ways resulting from the activi- 
ties of the physicist, the engineer, the geol- 
logkt, the bacteriologist and botanist, the 
psychologist, the pathologist and sanitar- 
ian: All these and many other workers in 
related branches of science have aehieved 
results which are quite as fundamentally 
importanit as anything the chemist may 
have to offer. 

A further word of explanation or pos-
sibly of mrning may adso be in order. The 
field of the chemist is so wide and his activi- 
ties touch so many interests that sometimes 
he mu& be not dtogebher certain himself 
when he is treadling the paths that lie out- 
side of his own borders. Indeed he must ap-
pear occasionally, in the mind of other peo- 
ple, at least, to have adopted as his own the 

1Annual addrem delivered before the Soeiety of 
Sigma Xi, University of Iowa, February 13, 1918. 
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line froill Kipling. which runs, "Pours is the 
earth, and everything that's in it." This 
must be the explanation, therefore, if we 
seem to discuss some topics where the chem- 
ical connection is but climly discernible or 
possibly lost entirely. 

In  the first place then, let us discuss the 
fuel prablem, that is to say coal: 

It has seemed to take a war situation to 
shake us into a realization of the funda- 
mental and elementary fact that coal trans- 
portlation must be evenly distributed 
throughout the year and not left to the 
congested conditions of the winter months. 
We talk about a fuel famine due to car-
shortage. I t  is not a shortage of coal cars 
that troubles IIS-but rather a shortage of 
the thinking process in connection there- 
with. What indeed is a car shortage? You 
say i t  is the opposite of having cars enough. 
Now if we mean, by an adequate railway 
equipment, enough cars to serve the mines 
and move the coal to accord with the ab- 
normal demand of the winter months, no 
railroad in this country now has, or ever 
can aeord to have, such an equipment. Mr. 
C. G. Hall in 1914, while Secretary of the 
Intern~ational Railway Fuel Sssociation 
made an erstin~~ate to the effect that if we 
were to take only five of the leading coal- 
moving roads of Illinois and Indiana and 
calculate the additional equipment they 
would need in order to fully serve the 
mines and meet the current consi~mption of 
the winter months, these five roads would 
require 250 additional locomotives and 30,- 
000 cars representing, together with the 
necessary additional trackage and yard 
equipment, an expenditure of approxi-
mately $75,000,000. This would represent 
for this small group of railways alone, a 
fixed charge in the way of interest, amount- 
ing to nearly $4,000,000 per annum, with 
the extra equipment standing idle and non- 
productive f'or eight rnonths of the year. 

Indeed, he goes further and estimates that 
the railways of the country already have 
in service coal cars over and above the 
number that wouldi be necessary if the same 
tonnage could be handled a t  an even rate 
throughout the year, and sech excess eqnip- 
ment represents an investment, even under 
existing conditions, of over $105.000,000. 

But all of these features were in evidence 
before the present war. They still exist in 
even more pronounced degree, with a num- 
ber of added features. We talk of eating 
less wheat so that our Allies may have more 
bread, but we ought also to have put in our 
coal supplies last August so that in January 
the war necemities and the fuel needs of 
oar Allies might have a better chance at the 
coal pile. I am just in receipt of a letter 
from one of my colleag~les who left the lab- 
oratory about four months ago. I t  was 
written in Paris and I quote a sentence or 
.two : "We have plenty to eat but the 
amount of radiation allowed is very small. 
If I had as much caal here as I had in my 
cellar at  home I would be arrested for 
hoa~ding. Coal is actually $70.00 per 
ton." The point of the whole matter is 
this: We must learn the art of storing coal. 
I t  is not the railroads lalone that are con- 
cerned. The miners and coal operators are 
equally involved. Under the present sys- 
tem the mines are operated on an average 
about 200 days in the year. Such a system 
must have a demoralizing effect upon labor, 
so that niany serious social as well as eco- 
nornic and financial questions are involved. 

And where now does the chemist come 
in?  I was pasing through a neighboring 
town about the middle of lash September 
and saw along the railway tracks a coal pile 
of about 30,000 tons, (burning too fiercely to 
he quenched or moved and as a result the 
entire lot was a total loss. Olther similar 
fires have 'been reported, among them the 
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firing of a pile of 100,000 tons at Superior, 
Wisconsin. 

A number of chemisk and engineers have 
been quite diligently at  work for a numiber 
of years on this problem of the storage of 
001a.l~'and the interesting point is that these 
results are now available in  such form as 
to furnish a practSca1 contribution to this 
very important problem and i t  is certainly 
an oppo~rtune time for this work to have 
been completed. The summary of it all 
seems ko be : 

First:  That coal can be stored in large 
masses with a very fair degree of safety 
from spontaneous combnstion, land 

Secondf: Thsat the loss of heat values due 
to weathering or other deterioration proc- 
esses is praotically negligible. 

As confirmatory at  least of the first of 
these eonclubiong the case may be cited of a 
l a ~ g epower and lighting concern which for 
some time has been putting in practise the 
principles involved in the proper storage of 
coal and indeeld had a very considerable 
stock on hand. During the recent freight 
embargo due to weather conditions this 
company was able to continue its service 
without interruption 'by d~awing upon its 
reserve supplies. Only an occasional car of 
coal was received from the mines by this 
conicern for 30 days immediately following 
the 51th day of January, 1918. What this 
meant to the operating end of the system 
and the community which i t  served may be 
realized when it is known that the fuel de- 
mand of their boilers amounted to from 
6,000 to 7,000 tons per day. Here in fact 
was a storage supply that could be drawn 
upon and was drawn upon to the extent 
of over 200,000 tons. The practicability of 
storing western bituminous coals was thus 
strikingly demonstrated. The chemisks 
have worked out the fundamental prin-
ciples involved. I t  is up to the engineers 
to apply them. The storage of coal having 

been shown to be ~ossible i t  at once be- 
comes an in~dustrial as well as a war meas- 
ure of very great imporkance. 

Not greatly distant from the coal ques- 
tion is the subject of coke. We can not 
win wars without iron and we oan not make 
iron withlout coke. Previous to 1914 the 
by-product method of coke manufacture 
was making steady but slow gains upon the 
almost criminally wasteful process as car- 
ried out in the bee-hive oven. Approxi-
mately 75 per cent. of all the coke produced 
in the United States came from bee-hive 
ovens. For the current year, 1918, it is 
eskimated that the by-product ovens will 
produce 50 per cent. of the total yield. 
Something can be understood as to the 
magnitude of this change when i t  is re-
called that an equipment of bee-hive ovens 
can be built and put into commission for 
a few thousand dollars while for a by-
product equipment the cost is hardly less 
than from $3,000,000 to $5,000.000. It is 
doubtful if anything has occurred during 
the liast four years that willmore profoundly 
affect our industrial activities than this 
revolution in our coking process. I n  the old 
bee-hive oven all of the volatile constituents 
of the coal were burnt and lost unless we 
count the heat produced as having some 
value in the formation of the coke. But 
that procedure was like burning up five 
dollars' worth of high-grade material to 
produce five cents' worth of low-grade heat. 
The only product of the bee-hive oven was 
coke. In the by-product oven the ooke has 
almost come to be the by-product while the 
volatile or liquid material might be looked 
upon as the item of chief interest. For 
illustrating a point a lit~tle further along it 
will be worth while at  this point to men- 
tion a few more important of these constitu- 
ents. We will not stop to name them all, 
since potentially at  any rate, their number 
would be gbout 7,000. 
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There is, then, gas, for the city mains, 
ammonia for fertilizers and munitions, 
benzol for colors, toluol for explosives, 
phenol, being just plain carbolic acid, for 
antiseptics, explosives and phonograph rsc- 
ords, creosote oils for the wood preserver, 
anthracene for more colors and then just 
plain tar. This enumeration brings us di- 
rectly to a discussion of the coal-tar dye 
industry. 

Three years ago we were being warned 
thak the foreign dyes would soon be ex-
hausted, that none were made in America, 
that the men would have to wear white 
socks and neckties to match, and that gaily 
colored ribbons and dress patterns for the 
ladies would have to be forgotten. All of 
which delectable information was accom-
panied by the query, "What is the matter 
with the American chemist ? " A number 
of thoroughly well informed among the 
brethern made reply which in substance set 
forth the fact that the American chemist 
was all right and just as competent as any 
other chemist in the matter of dye stuffs, 
but with much emphasis, they set fonth the 
very pertinent fact that as a manufacturing 
proposition it required large capital. That 
the business was interrelated and inter-
woven with so many subsidiary lines that 
d l  must be built together in order that any 
one feature could succeed. The complete 
circle of establi~bments and processes need- 
ful for ernbarking in the industry is well 
suggested in the short list of by-products 
already given. Now they estimated that on 
the ma& conservative basis, the capital 
needed to start the dye industry could not 
be less than ten million dollars 'and what 
was more, the experience of a former at- 
tempt to establish the industry in this coun- 
try resulted in almost complete industrial 
wreckage of the business caused by the 
dumping process from German factories. 
A financial record of this sort made the 

prospect of interesting large capital im- 
possible without protection. Because there 
was at the time a total lack of protective 
legislation i t  was argued that the same dis- 
astrous experiences would result, so the 
chemist passed on the question and referred 
it to the capitalist and Congress with em- 
phasis on the fact that it would take both 
legislation land money to establish an Amer- 
ican 'dye industry. And so the matter 
rested quiescent and was almost forgotten. 

A felw dlays ago I hapened to be passing 
through one of the largest department 
stores in Chicago and indeed of the world. 
My route, purely by accident of course, took 
me past the dress goods and ribbon counters 
and also through the division where neck- 
ties and socks were displayed. The profu- 
sion of colors on every hand recalled quite 
vividly some of the predictions of three 
years previous and I made mental note of 
the confirmation of numerous facts, which 
have 'been coming to the surface, relating 
to the development of the dye industry in 
this country. These facts are dioubtless 
familiar enoulgh to the chemists, but so 
quietly has the work gone along and so 
little has been said about it outside of cliem- 
ical circles that a brief reference may not 
be m i s s  at this time. 

Four years ago the firms in this country 
engaged in the manufacture of dyes and in- 
termediates or !accessory substances num-
bered all told a b u t  six, mostly in fact im- 
portation houses. Only two or three of 
these were of even moderate size or had any 
great amount of capital invested. At the 
present time there are not six nor sixty nor 
twice sixty, but 130 such corporations ac- 
tively engaged in the business. The capi- 
talization of these concerns, previous to 
about October 1of last year, was stated to 
be approximately $150,000,000. Since that 
date the Dupont Company has announced 
its intention of entering upon the manu-
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facture of dyes and associated chemicals. 
The especial amount of capital to be set 
aside for this puqose does not seem to be 
stated. It is perhaps sufficient to know 
however, that the capitalization d the Du- 
po& Company amounts to $240,000,000. 
As for legislation, that matter has been 
fairly well attended to, so that piracy and 
financial submarine warfare would seem to 
be eliminated. 

And now what about the chemical part 
of it ? Previous to 1914 the imporbation of 
dyestuffs into this country amounted to a 
little over 10 millions d'ollars per year. 
The home production was insignificant even 
for our own use and the exportations were 
conspicuom by their absence. During the 
year 1917 we had caught up with the pro- 
duction of dyestuff to such an extent that 
the output was sufficient to meet all home 
demiands with pmibly one exception, 
namely, the manufacture of indigo blue 
whi'ch had been so largely contracted for to 
meet the needs of the United States Navy 
that there was as yet no surplus for the 
general trade. This does not mean that all 
of the pws2ble 1,000 formullas representing 
that number of different dyes and which 
were available before the war are now made 
in this country. I t  does mean, however, 
that the possible 100 dyes called for by ;the 
everydlay work of the dyer and meeting 
substantially all of his needs are at hand. 

Such an accomplishment would not have 
been thought possible even by the wildest 
dreamer two and a half years ago and in 
itself would be quite sufficient came for 
profound congratulation to $all concerned, 
chemists, capitalists, the ribbon counters 
and the ladies, but that is only half and less 
than half the story. In  addition to being 
able to supply our own need^ the exporta- 
tions ,toother countries for the first ten 
months of 1917 amounted to a total of 
$12,500,000 and if the exports for Decem- 

ber last are an index for the current year, 
the dyestuffs sent abroad from this country 
in 1918 will reach a to td  value of over 
$16,000,000. 

Permit me further in this connection, to 
paraphrase an old exclamation, "That beats 
the Dutch!" by saying "This beats the 
British," because early in 1916 it was an- 
nouncedi that there had 'been formed in 
England and British Dye-stuff Syndicate, 
backed financially to the extent of about 
$15,000,000 by the mmufacturers of dyes, 
the textile industries and the government, 
with the avowed purpose of making them- 
selves self-contained and independent of 
foreign supplies. Of course the English 
people are tremendously \busy with other 
things and there is no thought whatever of 
reflecting on their ability to accomplish 
what they set out to do in this or any other 
undertaking, but it is interesting to h o w  
that our largest customer last year was 
Great Britain, whose purchases of dyes ex- 
ceeded a value of $3,000,000. 

Before leaving the subject of dyes, it 
may not be out of place emention a cir- 
cumstance, involving, perhaps, too much of 
detiail or possibly of personal interest to 
be included1 in this dSwussion. However 
khis is the item :About eighteen months ago 
a chemical graduate from one of these land- 
grant colleges which we now dignify with 
the title of state universities, one of my 
o m  students in fact, completed his investi- 
gations in a government laboratory upon 
the possibilities of a dye which he bad 
developed from the wood of the Osage 
orange. The results of this work are now 
almost everywhere in evidence, because of 
the utilization of this dye as the coloring 
matter for the khaki uniform cloth of the 
American army. I wonder if his acquaint- 
ance with the osage orange does nolt result 
directly from its introduction, throughout 
the upper Mislsissippi Valley, some fifty 
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years ago by Professor Jonathan B. Turner, 
the father of these same state universities, 
the educational prophet, of the generation 
preceding our own and the personal friend 
of Abraham Lincoln, the weight of whose 
influence and whose signature to the Morrill 
hill in 1862 made possible the founding of 
these universities, may we not say, of the 
common people. 

Intimately associated with the coal-tar 
dyes is the subjoct of munitions. Some 
months ago in converslation with the chief 
chemist for one of the largest munition 
plants of the country, the question was 
asked if he was able to keep reasonably 
busy these diays, at  least so that Satan could 
nlot readily fjnd some inischief still for his 
idle hands to do. IIis reply was significant 
auld made without note or comment. I t  
did not need any. IIe said our total out- 
put of explosives at  the present time 
amounts to a million pounds per day. 
Of course a very large part of this output 
is used in mining and blasting, but the 
aggregate of high explos~ives, which before 
the war was insignificant, now approxi-
mates soinelthing over two billion pounds 
per year. 

The subsbances from which the three 
main types of explosives are made are glyc- 
erine, phenol and toluol, $but the greatest 
of these is toiuoi. Where are we to get the 
toluol? The question has been partly an- 
swered in the great increase of by-product 
coke ovens. But if twenty million tons of 
coke are made in these ovens during the 
current year and the yield of toluol is one 
half gallon per ton then we only have in 
sight from this source about ten million gal- 
lons of toluol, only about lone quarter of the 
amount required for making the munitions 
needed for our own army. But  the call 
has already gone out for "toluol and more 
toluol." The first measure to meet the 
demand, and which is now being inaugu- 

rated, is the stripping of city gas of this 
material. I t  can be spared without any 
greiaC detriment to the gas and amounts to 
approximately .04 of a gallon per each 
1,000 feet of gas. Ten of the largest cities 
of the country where this procesb is to be 
first installed are estimated to yield ap-
proximately an additional 10,000,000 gal- 
lons. However, the problem is really in 
process of solution. I t  is an extremely 
vital question, and is causing anxiety in 
some quarters but i t  will doubtless be met 
and answered in good time. 

I t  may be interesting to note in passing 
that for elach gallon of toluol, there is p ~ o -  
duced from five to six gallons of benzol. 
Even now this material is being produced 
in such quantities that the usual channels 
for its use are more than satisfied. This 
primarily has a bearing on the dye industry 
since it forms the starting point for the 
largest part of the dyes. But benzol has 
now come to be the starting point for the 
manufacture of carbolic acid and carbolic 
acid, or phenol, is the starting point for 
picric acid, another explosive, and also for 
the manufacture of Bakelite, which has 
alm~osit completely replaced gutta percha in 
electrical appliances, and then, coming 
nearer home, it is Bakelite which furnishes 
the material for the manufajcture of phono- 
graphic records. One more possible ad-
aptation of benzol is of interest. I t  is 
miscible in all proportions with alcohol and 
when so mixed furnishes a motor spirit in 
some respects superior to gasoline. Indeed 
a well-authenticated report seems to indi- 
cate that about 70 per cent. of the motor 
spirit used in Gerrrlany a t  the present time 
is made up of this material. 'These va- 
rious items will serve at  least to show the 
interrelated character of the very large 
and important group of interests which 
are associated with and grow out of the 
coking process. But time would fail me 
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if I attempted a mere enumeration of all 
the interesting developments connected 
with the coking of coal. 

As ffor gasoline, the output last year ex- 
ceed& two and one half billion gallons. 
But that is not enough. The current year 
will probably see this amount increased hy 
possibly 10 per cent., through the extension 
of the stripping of the condensable mate- 
rial from natural gas and from the exten- 
sion of the cracking process, especially the 
method now developed to such a practical 
stage by Dr. Burton, of the Standard Oil 
Company. 

And what about potash? We are told 
that; the pr?olduction for 1916 was ten times 
whlat i t  was for 1915, hut that does not 
mean much, for we made less than 1,000 
tons in 1915. The (output for the current 
year will doubtless exceed 40,000 tons, but 
even that loses much (of its significance 
when we remember that our previous im- 
portations from Germany amounted to 
about 275,000 tons per year. But recent, 
alnilost monthly d~evelopments are exceed- 
ingly irlteresting and encouraging. There 
is first the brines, especidly of western 
Nebraska and southern and southeastern 
California. Thlis is at  present by far  the 
laxgest source. Then come the Kelps of the 
Pacific coast, still in the developing stage 
but moving rapidly and encouragingly- 
,and ithen come the alunite deposiits of 
Utah, a r e d  producing proplosition, but 
relatively as yet on a limited scale. We 
are just beginning to get glimpses of the 
pomi~bilities from cement furnaces, fnom the 
green sand of the Eastern States and from 
the feldspars in widely distributed I o d i -  
him. At the present rate this problem 
seems in B fair way of solution. 

And meantime what of the industries 
using potash, for example in glass inanu- 
facture? Soon after the loutbreak of the 
war, the chief chemist for one of the 11arges.t 

glm~makers of the country was asked what 
he was going to do for potash. His reply 
was that he had for some years urged upon 
his firm the adbisability of experimenting 
with soda as a substitute for potash, but 
they insisted upon "letting well enough 
alone." But now since they were obliged 
to t ry  i t  by fbrce of circumstances they 
were so well pleased with the results that 
they would not return to the use of potash 
even should i t  become again available. 

Similarly the gold miners were distressed 
to know where their supply of potassium 
cyanide was to come from when importa- 
tions of potash salts ceased. A t  the Secoud 
Chemical Exposition a t  New York in 1916 
one of the large chemical concerns had on 
exhibition some fine-looking sodium cy-
anide. The question was asked how i t  was 
working out. The reply was that it was 
proving ad~vmtageous over the potassium 
cyanide in numerous ways. It had a 
higher percenitlage of the active principle 
per unit of weight, was cheaper to manu- 
facture and they would not return to the 
use of pobaaslium salt even should the ssp- 
ply of potash again beconie availa!ble. 

Again, take the crucible situation. The 
mlan~lfacture $of graphite crucibles is an  
exceedingly iniportant one to practically 
all of the metallurgical interests, from steel 
to gold. The clay used in their inanufac- 
ture must be high grade and possessed of 
qecial  propertiiee. It all came from a 
particular locality in Germany. The stock 
in hand of that materilal lasted about a 
year. Meanwhile a vigorous search for sub- 
stitutes had been going Ion. The first of 
this new material was put out about two 
years ago, the shipments of these crucibles 
bearing a tag which constituted a sort of 
apology, stating that the supply of foreign 
days had beconie exhausted and asking for 
some care and some indulgence if the 
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quality of the new crucibles was found to 
be not quite equal to the old. 

I hiave myself had occasion to use these 
new crucibles under quite as exacting con- 
ditions and certainly under quite as high 
and probably higher temperatures than 
those commonly employed. My conclusion 
is that the manufacturers should now send 
out these wares with a new liabel, which 
would be in effect an apology for the first 
apolom and say, "These cruc$bles are made 
in America, of American claw and we take 
pleasure in guaranteeing their superiority 
over anything formerly manufactured from 
foreign material. " 

Then there is optical glass. I t  all came 
from Germany. In  their own expeniments 
in attempting to develop a high-grade op- 
tical glass the Germans published to the 
world the results of their experiments for 
about ten years. When they began to get 
valuable results the government stepped in 
and there has been an impressive silence 
for the years following. At least no one 
outside of Jena seemed to know how to do it. 
The French and English each had a single 
factory which was making a good glass 
but all of their output was needed at home 
and was \at once commandeered. Here then 
was an immediate anld imperative need, for 
both the eavy and army must have range 
finders, field glasses, camenas and telescopes 
without number. The problem was taken 
up by the government laboratories and by 
scientific lcalculations and deductions 
coupled with skillful experimentation they 
are now able after ten months to produce 
not only a better but a greater variety of 
optical glass than the Germans had been 
able to produce in ten years. 

And now just a word about nitrates. 
When we note the mere names of the ex- 
plosives manufactured i t  is applarent that 
they are all nitration products and that 
nitric acid is an essential in the making of 

every one of them : Nitroglycerine, Nitro- 
cellulose, trinitrotoluol, trinitrophenol, am- 
monium nitrate and even the niter in the 
old style of black powder confirms this 
fact. Natuve, it seems, has been very par- 
tial in her distribution of nitrates in quanti- 
ties to be at all worth while, Chile alone be- 
ing the fortunate country. Rut with four 
fifths of the air nitrogen, one ninth of the 
water hydrogen and all the rest of both 
being oxygen, we at least can be said to 
have the raw material in sight, or perhaps 
better, at  our very doors, at all times. No 
wonder the question is being rather nerv- 
ously askedc, "What are we doing to insure 
an adequate supply of nitrates ? " 

As a protective measure, while we are do- 
ing our thinki$tg the government is spend- 
ing $35,000,000 on reserve supplies frorrl 
Chile, but already Professor Rucher, of 
Brown University, and the chemists of the 
General Chemical Company each along sep- 
arate lines has developed successful proc- 
esses for the manufacture of ammonia, the 
present most effective starting point for the 
manufacture of nitrates and nitric acid, so 
that already work has begun on the estab- 
lishment of a plant a t  Shcffield, Alabama, 
capable of producing 60,000 pounds of am- 
monia per day. Germany, of course, has 
been doing her own developing, for it is 
assumed that she did not have a stored-up 
mpply of Chile saltpeter sufficient for more 
than about a year, but it is now evident 
that we will out-nature nature and inci- 
dentally out-Germany Germany since we 
have in sight for the coming year the cer- 
tainty of meeting all of our needs in this 
line. 

But almost everything chemical requires 
sulfuric acid. Indeed this acid is said to 
be the index finger which points out the 
chemical activity of a country. The finger 
for 1917 indicated that the manufacture of 
sulfuric mid af ail1 strengths for 1917 
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amounted to five anld one half million tons, 
an increase over 1916 of over 600,000 tons. 
Now recall that all of the nitration proc-. 
esses above referred to in the methods of 
manufacture of explosives employ nitric 
acid primarily and also sulfuric acid as an 
accessory to the deed, as the lawyers 
might wy, and the furthey fact that a total 
of over two billion pounds are mfade per 
year at the present time. This is nearly 
300 times the output in 1913 and over half 
of it is exported. Now the question is. 
"What sort of apparatus can stand up in 
use under the action of these acids, espe- 
cially in the manufacture of these enormous 
quantities of explosives? " The answer has 
been worked out and can be fairly well read 
in the a(dvertisernents in the chemical journ- 
als of "Duriron," "Tantimn," "Buflo-
cast" and so forth. Five years ago we 
were familiar with what by comparison 
might be termed toy samples of apparatus 
made from this material. To-day the mag-
nitude of the applaratus made takes on 
really huge proportions. One ,might al- 
most say that some of them would housle 
a coach and four. We can now under-
stand, I think) a remark mlade at  the second 
Exhibition of the Chemical Industries held 
in New York in 1916. A professor in one 
of our oldest universities in passing by the 
various exhibits, stopped in front of the 
display showing the various forms of Dur- 
iron. After a moment's pause he remarked 
impressively, "Ah! it is this which hlas 
saved England. " 

And so we might go on almost ad in- 
finitum. But the time would fail me to tell 
of magnesite, an essential for high tem-
perature furnace linings, formerly all im- 
ported from Austria and Hungary, now 
produced in California and Washington 
more than enough for our own needs. Of 
rare and unusual chemicals such as dime-
thylglyoxene, heretofore only "made in 

Germmy," an ilzdispemble reagent for 
analytical work with nickel slteels, of photo- 
graphic materids, of remedial agents and 
synthetic drugs such as novocaine, a local 
anesthetic of great value :of thermometers 
and graduated ware, of glassware land por- 
celain equal to the best of former importa- 
tiona The chemists of the country seem to 
have been awake a t  the switch and I think 
we must agree that they have been singu- 
h r ly  effective in their work. 

I would like to discuss for a moment 
some of the underlying causes which I be-
lieve have been of fundamental imporhaace 
and largely responsible for this effective- 
ness. The mere enumeration of the above 
items is infornational and may even be in- 
teresting, at  least to the chemists, but to 
my mind it s h u l d ~  serve an additional pur- 
pose of even greater importance. It seems 
to me therefore that we may well devote the 
few minutes remaining to pointing a moral 
and miaking the attempt at least of furnish- 
ing a little adornment to the tale. 

The great underlying fact which must 
be evident to any one who digs but a little 
way below the surface in seeking an explan- 
ation for the success of the chemists is this : 
The most pronounced advancements of the 
art, the real achievements, that have, with 
such seeming readinem and almost as if by 
calculation promotd these strikingly suc- 
cessful rmults have been brought about by 
men of thorough training in the purely 
scientific principles of their art. Here in 
the universities of the country has lbeen 
going on in s quiet way for fifteen or 
twenty years plast a type of preparedness 
which I believe may be worth our while to 
study. 

The methold of training the chemist is 
almost uniformly on the principle that if 
you are going to make a scientist in the 
field of chemistry, then surely he mu& 
know the science of chemistry and if you 
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are going to niake an applied scientist in 
the same field, he must Istill know the science 
'before he can have anything to apply. I t  
is not possible, at least i t  is not possible any 
more, to make a rule-of-thurnl) chemist and 
turn him out to practise what in his case 
could ollly be a lblack art. 

You say that chemistry lends itself espe- 
cially to this method of procedure, but it is 
not different in this respect from the other 
sciences. There is no greater truth in evi- 
dence in all of the sciences than this, that 
the men who are accomplishing things are 
the men who have had the training in the 
theoretical as their real preparation for the 
practical ends which they are to accomplish. 
The state universities were founded imme- 
diately at  the close of the Civil War almost 
before the noise of battle had died away. I t  
is not strange that the provision was made 
that attention should be given to military 
instruction and so that sort of preparedness 
has been going on through all the years 
since. Nor am I belittling its value, for I 
believe in i t  thoroughly, but in its relation 
to the real preparedness of the country the 
value of that work shrinks almost to the zero 
point in comparison with the quiet, un-
demonstrative but effective training in the 
sciences that has been going on in these 
same universities. We have heard not in- 
frequently and indeed seen it demonstrated 
that you can make a soldier and an army if 
you have to in two years, but it takes 
twenty years to make a scientist and there is 
no fact that stands more clearly demon- 
strated to-day than that for great emergen- 
cies you must have a vast number of scien- 
tifically trained men and there is not a little 
satisfaction in the further fact that they 
are equally good material to have around 
either in peace or in war. 

I S  our own system of education in the sci- 
ences and their close linking wit11 the in- 
dustries is not sufficiently convincing, 

turn for a moment to Great Britain. A t  the 
opening of 'the war their eyes were sud-
denly and most distressingly opened to the 
opposite aspect of the picture. They had 
been sailing the seas and trading in goods 
and had left the bulwark of their technical 
industries, their men trained in the sciences, 
altogether too largely bo wear also the label, 
"made in Germany." This is not my criti- 
cism. To the credit of the Britisher be i t  
said that when he sees the truth he is not 
afraid to speak it. I n  this matter he has 
been his own relentless critic. Read some 
of his conclusions: 13. E. Armstrong in an 
address before the British Association, Au- 
gust 1914 (Nuture,  94, p. 213) refers to 
Huxley, who in 1861 pronounced these 
prophetic words : 

Phpical science, its methods, its problems and 
its difficulties will meet the poorest boy a t  every 
turn and yet we educate him in such a manner that 
he shall enter the world as ignorant of the exist- 
ence of the method8 and facts of science as the 
day he was born. The modern world is full of 
artillery, and we turn our children out to do battle 
in it, equipped with the sword of an ancient glacii- 
stor. Posterity will cry shame on us if we do not 
remedy this deplorable state of things. Nay, if we 
live twenty years longer, our own consciences will 
cry shame on us. 

Professor Armstrong proceeds, 

N,ow after more than fifty years, not twenty 
merely, we still go naked and unashamed of our 
ignorances; seemingly there is no conscience within 
us to cry shame on us. I have no hesitation in 
saying that we have done but Little through edu- 
caition to remedy the conditions of public ignor- 
ance which Huxley deplored. I n  point of fact he 
altogether underrated the power of the forces of 
ignorance and indifference ; he failed to foresee 
that these were likely to grow rather than fall into 
abeyance. 

Sir Ronald Ross, in Nature for 1914, p. 
366, says 'chis: 

The war now raging will at least demonstrate 
one thing to humanity---that in wars at  least the 
scientific attitude, the careful investigation of de-
tails, the preliminary preparation, and the well 
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thought-out procedure bring success, where the ab-
sence of these lead only to disaster. 

You will remember that an attempt to 
remedy this situation resulted in the or-
ganization of an advisory board composed 
mainly of eminent scientific Englishmen to 
cooperate with a committee ,of the Privy 
Council. An editorial in Nature for 1915 
says of this scheme : 

By ibs inception and publieation the government 
a.cknowledges and proclaims its appreciation of 
the work #of wience, and by this acknowledgment 
alone gives scientific workers that encouragement 
and prestige in  the eyes of the country which has 
too long been withheld. 

May we not venture to note that in our 
own land this propaganda on behalf of sci- 
ence has been active and indeed effective 
through the work of our universities for so 
many years that we have a1,most forgotten 
the early struggles of the advocates of this 
type of educational work. 

I have said that it takes twenty years to 
make a scientist. We often hear it said 
that graduation, after four years of study, 
is1 only the commencement of things. This 
is nowhere more true than in the case of 
the sciences. Real effective (training in these 
lines 'does not come and can not come ex- 
cept as a result of application and toil and 
devotion and the intensive training which 
accompanies research work. See how wise 
the great industries are in this respect. How 
their research departments have grown in 
number and what a corps of thoroughly 
trained and theoretically trained men they 
have put in charge. And not the pity of i t  
but the danger sf i t  is ahat they are draw- 
ing upon our universities for their best and 
strongest men to direct and develop their 
work. How long and to what extent will it 
be wise to allow )these inroads to be made 
is a serious question, which perhaps can 
wait awhile for settlement. The immedi- 
ate and pressing obligation now is to con- 
tinue without let or hindrance in the task 

of training men even more profoundly and 
thoroughly in the fundamental theories of 
the various sciences. To the universities, 
to the Sigma Xi and to scientists every- 
where this situation ought to come as a call 
to the colors. Yours is not the glamor or 
the pomp and circumstance of war but you 
have the goods,, and your quiet and stead- 
fast continuance in the work of scientific 
development has in it the very essence of 
patriotism. Your satisfaction and compen- 
sztion must come from the witnessing on 
every hand and from every line of scientific 
endeavor to the inestimable value and far- 
reaching influence that flows from your 
work. 

The industrial world to-day not only wel- 
comes but demands this type of trained 
men. Their reception to-day as they leave 
the universities is in  marked contrast to 
what it was twenty-five years ago. I recall 
an editorial in one of our metropolitan 
newspapers, written just at  the time of 
year, a long time ago it seems now, when 
the universities were sending forth their 
quota of graduates. Their inexperience 
and unadaptableness to this worldly world 
was expanded and more or less flippantly 
dwelt upon under the caption, LLWhat  can 
they do?" In  any review of what this type 
of the genus homo is doing to-day in medi- 
cine, in surgery, in sanitation, in food 
products and food production, as seers, as 
prophets, as wizards, if you please in un- 
raveling and setting in order and at our 
disposal the material things of the universe, 
granted as I have already said that they 
be given the necessary opportunity for 
aftergrowth in lines of study and research 
-there seems to come an echo from that 
old-time newspaper dissertation which calls 
for another article in quite a different vein 
and indeed whose purpose would be to set 
out in their proper perspective the work of 
these same university products. The 



410 SCIENCE LN. S. VOL. XLVII. NO. 1217 

proper and fitting caption of such a disser- 
tation, it seems to me, would be "What can 
they not do?" 

Fellow workers, companions in research, 
I profoundly believe that research must 
mean a different thing after we are through 
with these passing days of frightfulness. 
It was counted upon by Germany as her 
greatest asset. I t  must prove to be Amer- 
ica's bulwark of defense. I t  has been suffi- 
cient in the past that your impulse has 
been the search for truth for truth's sake. 
I t  is inevitable that that impulse must now 
be raised to an inspiration with a very 
passion for truth for humanity's sake. As 
you have worked unwittingly, but none the 
less effectively for preparedness, so may it 
be your part to work unremittingly and 
with equal effectiveness towards the build- 
ing again of the temples of peace, to turn- 
ing the dark clouds inside .out and contrib- 
uting to the greater succemes of a better 
day. W' pARR 

UNIVERSITY ILLINOISOF 

THE NEW HOPKINS MARINE STATION 
OF STANFORD UNIVERSITY 

THEproject of the development of a marine 
biological laboratory in connection with Le-
land Stanford Junior University owes to its 
origin to Professor Charles Henry Gilbert and 
Professor Oliver Peebles Jenkins. Recogniz-
ing the value and importance of such a foun- 
dation, they set actively to work during the 
first year (1891) of the University to  secure 
its realization. After a careful examination 
of various sites along the coast, Pacific Grove, 
upon the southern side of Monterey Bay, was 
selected as combining the most desirable 
features. Through the generous cooperation 
of the Pacific Improvement Conlpany a suit- 
able site and a sum of money sufficient t o  
erect the first building was donated. A plain 
two-story frame structure, twenty-five by sixty 
feet in ground dimensions was erected on Point 
Aulon, a low rocky headland, and the first 

session of the new laboratory was held during 
the summer of 1892. I n  recognition of the 
active interest and liberality of Mr. Timothy 
Hopkins the station was named the Hopkins 
Seaside Laboratory. Funds for the purchase 
of books and equipment were provided by him 
from time to time, and in the following year 
he erected a second building. The two build- 
ings contained four general laboratories, a 
lecture room, seventeen private rooms, and a 
large concrete basement for special physiolog- 
ical work. The salt-water piping for the 
aquaria in the second building was constructed 
of pure block tin throughout, with hard-rub- 
ber stopcoclrs. 

During the first twenty-five years of its ex- 
istence the laboratory while nominally a part 
of the university and freely using its library 
and apparatus, was dependent for its upkeep 
and extension chietly upon student fees and 
private gifts, the latter mainly through the 
constant sympathetic interest of Mr. Hopkins. 
Despite these limitations it offered its facilities 
to many investigators arid students during 
that period, and contributed materially to the 
solution of biological problems on the Pacific 
coast. 

With the passing years i t  became increas- 
ingly evident that the site upon Point Aulon 
was inadequate to the needs of the laboratory. 
I n  1916, through the efforts of President Wil- 
bur and the Board of Trustees, a new location 
was secured nearly five acres in extent and 
comprising the main portion of Almeja or 
Musscl Point, situated a half mile eastward of 
the old site. This point will be recalled by 
former visitors to the Seaside Laboratory as 
that upon which the fishermen of the pictur- 
esque "Chinatown" used to dry their large 
catch of squids. Chinatown disappeared in a 
blaze about fourteen years ago, and was never 
rebuilt. The new situation insures complete 
control of the coast linc of the point, including 
an excellent sheltered landing place and har- 
bor for boats of considerable size (used in 
the old days by Chinese fishermen). 

Close to this cove the first building of the 
new station was erected during 1917. It is 
o f  reinforced concrete constructioil approxi- 


