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Chemical Industry and Carl Duisberg 
By PROF. HENRY E . ARMSTRONG, F.R.S. 

" ;\LAS, poor Yorrick ! I knew him, Horatio : 
n a fellow of infinite jest, of most excellent 

fancy. . . ." Geheimer Regierungsrat Carl 
Duisberg, honorary university senator, professor 
and doctor in all faculties, including theology, was 
born on September 29, 1861; he died on March 19, 
1935. In telling his story, the history is told in 
large part of the most intricate and far-reaching of 
modern industries-also the history of an un
paralleled advance, due wholly to the considered 
use of scientific endeavour by a nation, an advance 
involving incidentally a vast increase in man's 
knowledge of himself, of his power over himself 
and the world-all this the growth of only four 
fifths of a century ! Curiously enough, the up
growth of Germany as an industrial nation has 
been almost coincident with that of Japan. 
Whilst, however, the constructive advance of 
Germany has been intellectual and original, the 
advance of Japan has been imitative and me
chanical : she has given no evidence of any special 
intellectual advance, such as has been apparent 
in India, for example, in a remarkable develop
ment of mathematical physics. It is, however, 
possible that we are too simple-minded to plumb 
her actions. Being free from our Western traditions 
and prejudices, especially from our stubborn 
individuality, maybe the Japanese have fathomed 
the value of scientific method, indeed of method 
in general, as we certainly have not: that con
sequently they are working to a clearly conceived 
plan. If so, they will be very dangerous as rivals. 
At least, they have the courage of their convictions 
and do things. 

At the moment, Germany is abandoning the 
method to which she owes her success : Is she to 
continue on the down grade or to recover her 
liberty of thought and action ? Is Japan likely 
to advance sufficiently in intellectual power to 
sustain the great burden she has undertaken : is 
this not already too heavy? May it not be that 
her arrogance comes from the fact that the old 
military element is regaining ascendancy 1 Having 
been a student in Germany before the war of 1870 ; 
having soon afterwards had as colleagues two of 
the men who shortly before had been instructors 
of the Japanese in our Western arts, I have long 
been more than an interested observer of the 
march of events. The one great point in favour of 
the Japanese is that they seem to be able to learn 
a lesson ; our European characteristic is that we 
cannot and that our rulers are ascientific-playing 
dangerously only upon the credulity of the masses, 
without understanding the true state of affairs. 

By Carl Duisberg's death, Germany is deprived 
of one of the greatest and most valuable citizens 
she has ever had ; in the legend of the future, he 
may well come to be considered the most efficient 
and effective industrialist the world has yet 
known-he played with consummate skill so varied 
a part, with such unusual forcefulness of character, 
clearness of understanding and breadth of out
look, ever with entire devotion to his country and 
to his chosen and beloved science. The founda
tions of his success were certainly laid at the 
university, in Germany long the accustomed resort 
of the intelligent, including the upper commercial 
class-not the mere scholarship-fed, aimlessly 
competitive racing stables into which we have 
allowed ours to drift. 

The story ofDuisberg's early career is profoundly 
interesting. His father, a silk riband manufacturer 
and merchant, wished him to enter the business 
but he was attracted to chemistry while still at 
school. Leaving properly early, he went to 
Gottingen, then to Jena. He had taken his degree 
when he was twenty, before the close of his sixth 
semester. At Gottingen, he first came under 
Jannasch, who set him to work at complex analysis. 
In the second semester he was under Hubner, 
who used him to study the bromination of benzoic 
acid. Finding, at the end of the year when he 
almost had a thesis ready, that he could not take 
a degree at Gottingen, as he had been at a non
classical oberreal-schule-moreover, that in any 
case he must continue his studies during four 
more semesters-he went to Jena. He most for
tunately came under Geuther, long an assistant 
to the great Wohler, the steadying philosophic 
influence in the Liebig-Wohler partnership. Geuther 
was incensed when he learnt how Duisberg had 
been treated-that he had had no drill in prepara
tion making. He insisted on his going through a 
full course of disciplinary exercises, both inorganic 
and organic, in laboratory technique, making him 
work with the simplest means. Eventually he 
gave him a theme for his doctorate--of course, 
dealing with aceto-acetic ether, of which Genther 
(together with Frankland and Duppa) was the 
discoverer. His chief subject was chemistry, with 
geology, mineralogy and national economy as 
secondaries-in choosing the last the child was 
father to the man. 

Having taken his degree , anxious to be inde
pendent of his father, without informing his 
teacher, Duisberg sought and obtained a post in 
the public food analytical laboratory at Crefeld. 
Evidently seeing how great was his ability, Geuther 
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indignantly insisted that he must not so demean 
himself. He had no assistantship vacant but made 
him his private assistant, according to Duisberg's 
own statement, in his obituary notice of Genther 
(Ber., Oct. 15, 1930), at the princely pay of 80 
marks-instead of the usual 100-with a garret 
above the laboratory to live in. In the book issued 
at the time of his seventieth birthday ("Carl 
Duisberg, ein deutscher Industrieller"), Duisberg 
is made to say that he was paid 1,000 marks, 
instead of the usual 1,200, plus the garret. So is 
history written ! Geuther stipulated that he should 
not leave him until he obtained a suitable industrial 
post. The year must have been invaluable to him. 
The curtain fell dramatically on the smash of glass ! 
Finding that no one would employ him until he 
was militiirfrei, Duisberg decided to join up at 
Munich. Geuther, when told of his intention, 
bitterly resented his leaving, insisting that he 
must keep his bargain. The end came one day 
when, after angry discussion at his bench, 
Duisberg followed his master out of the laboratory 
brandishing in his face a large globular flask 
which he had been cleaning; eventually, as 
he reached the door, flinging this violently at his 
feet. Repentance came at once. Calling upon the 
Rector, he told him what had happened and that 
he feared Geuther would make it impossible for 
him to become an officer. Evidently the Rector 
sympathised, as he advised him not to take the 
occurrence too seriously but to go to Munich. 
Such was the dramatic ending of his university 
career. He left magnificently trained. 

At Munich, while serving as Freiwilliger, 
Duisberg worked in his spare time under von 
Pechmann ; probably he was a little too lively 
for Baeyer. At the end of this year of military 
service, he was engaged, with two others, by 
Karl Rumpf, head of the Farbenfabriken vormals 
F. Bayer & Co., Elberfeld. Owing to the slump 
in alizarin, the firm was in queer street, paying 
nothing. Rumpf gave his assistant his first real 
lesson in economics, teaching him that it was 
necessary to spend in order to earn. The three 
young men were sent to different university 
laboratories, as no place could be found for them 
in the works. Duisberg went to Fittig's laboratory 
at Strassburg ; history does not tell us what 
happened-they were very opposite characters. 
He began work on the synthesis of indigo, without 
result. He then passed over to the study of azo
dyestuffs from benzidine and made orthotolidine, 
its next homologue. At the end of a year, in the 
autumn of 1884, he entered the factory at Elber
feld, never to leave the firm except to translate it 
from a narrow, confined valley to a great open site 
at Leverkusen on the banks of the Rhine, taking 
no mean share of Rheingold treasure by so doing. 

He rose to gain for the firm a position as high as 
that attained to by any of its great rivals ; more
over, not only to be its head but also the head of 
German chemical industry in general ; in fact, he 
became a great man of affairs. 

Why is it that, with very few exceptions, our 
chemists insist on remaining public nobodies and 
play but an underground part in industry ? 
Duisberg was made by his university training, as 
not a few of his countrymen have been. We cannot 
point to a single similar success of our ancient 
universities in constructional industry. Can we 
doubt that the competitive, superficial, unimagina
tive training-mere knowledge worship-now given 
at these, following upon the neglect of all scientific 
training at our monastic, certificate-hunting public 
and other schools, is the main cause of our con
tinued failure? Notwithstanding the lesson we 
have had, our industry to-day is in no way effi
ciently officered. The Germans have known what 
Lern and Lehr-freheit are-their success has been 
due to the way in which their universities have 
been free institutions. Now they are being deprived 
of them. Freedom is an unknown quantity to-day 
in our schools ; half a dozen examiners oontrol 
them all and make them pipe to one tune. No 
experiment can be made. Until and unless we 
place education under liberal, scientific control, 
until we displace the clerical type of mind by the 
practical, no progress will be possible for us. We 
are doing nothing to develop and cultivate our 
innately practical intelligence ; instead we are 
sterilising it by mere book worship. In consequence 
of our training, our so-called science on the 
theoretical side is mere faith worship ; dogmatic 
and doctrinal, not eternal doubt ; no thought of 
public need behind it. 

Duisberg came upon the scene at a propitious 
time; the fates conspired to help him. It is an 
interesting fact that his first technical work was 
inspired by a message from England-from a 
house-top in Burton-on-Trent, the roof laboratory 
of the chemist at Allsopp's brewery, Peter Griess, 
the father of diazo-chemistry and of the azo
dyestuff industry, in virtue of the work he did 
while assistant to the great Hofmann at the 
College of Chemistry, Oxford Street, afterwards 
at Burton-on-Trent, in amplification of the dis
covery which he had made when a student at 
Marburg. Griess had submitted proposals to the 
Bayer firm for the preparation of certain benzidine 
sulphonic derivatives and their use in making azo
dyestuffs. The task was placed in Duisberg's 
hands to develop technically. Beginning at 
Strassburg, he continued the work when he joined 
the Elberfeld factory in September 1884. He soon 
succeeded where others less skilled had failed in 
preparing Griess's benzidine-sulphon-disulphonic 
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acid and in making from this a dyestuff for wool, 
sulplwnazurin, which was patented in their joint 
names. Although this did not answer expectations, 
the way was prepared, as the Elberfeld atmosphere 
became charged with benzidine nuclei. 

On February 27, 1884, Paul Bottiger, up to the 
end of 1883 in the employ of the Bayer firm, 
patented the dyestuff which was to become known 
as Congo Red, the first dyestuff discovered with 
which it was possible to dye cotton directly. I 
have reason to believe that Griess had previously 
made this and discussed its merits adversely with 
his friend Heinrich Caro, a leading member of the 
great Badische Anilin und Soda Fabrik, who, 
however, with Dr. Martius, had gained his ex
perience in dyestuff chemistry, in Manchester, 
with Roberts, Dale & Co. Both the Badiscbe and 
Duisberg's firm declined to purchase the patent. 
Bottiger then offered it to Dr. Martius's firm in 
Berlin. Martius was also about to decline it, when 
a friend, a dyer, happened to call upon him and 
noticed the dyed samples upon his desk ; being 
told of its properties, he displayed great interest in 
the dyestuff on account of its power of dyeing 
cotton directly. 

The Berlin firm secured the patent and soon put 
the dyestuff upon the market as Congo Red. It 
excited the greatest interest among dyers, although 
supersensitive to acids, because of its special 
behaviour to cotton. Bayers were naturally sore, 
and it is easy to imagine the chagrin of young 
Duisberg at having so high a trump taken out of 
his hand. He at once hoisted the Jolly Roger, 
which was to become the flag of the industry. 
The dyestuff had two components A and B. It 
was open to him to vary either. He chose to vary 
A, benzidine, having already made its first homo
logue, ortho-tolidine. Here he all but failed to 
recognise that he again held trumps. In his first 
trials, he obtained only a brown mess, of no 
promise. He had the habit, however, of putting 
his beakers aside as he used them, clearing up 
only at the end of the week. When doing this , he 
noticed that the brown mess had turned into a 
scarlet. Following up the clue, he discovered that 
the coupling of A and B took place only very 
slowly. In thus discovering Benzopurpurin, be 
made the first effective, direct cotton dyeing dye
stuff. 

A new field was doubly disclosed-up to that 
time no systematic use had been made of homo
logues. On this account, much difficulty was 
experienced in securing a patent. The Martius 
firm naturally objected to such a rival to Congo 
but in the end the two firms agreed to work 
together. Then a rival firm that had been cited 
for infringement of the Congo patent brought an 
action to invalidate the patent. In the end, all 

opposition was overcome and the patent declared 
valid largely through Duisberg's own enthusiastic 
pleadings before the expert court·. His value to 
the firm was enhanced through this. 
Benzopurpurin, being far less sensitive to acid 
than Congo Red, was a great commercial success. 
In the second year of its manufacture, Duisberg's 
share of the profits was already 10,000 marks 
(£500), which he at once invested in the firm's 
shares. 

The effect of Duisberg's success was to stimulate, 
in an astounding degree, the development of 
systematic, scientific laboratory inquiry as chief 
objective of the industry. The Bayer firm, under 
his enthusiastic guidance, may be said to have 
led the way. Not only were new dyestuffs pro
duced in endless variety of colour and shade, 
their use was also systematically studied in the 
dyeing laboratory. The British dyers became mere 
tools of the German dyestuff makers, though 
lubrication with no little palm oil was needed to 
overcome their intense conservatism and rule of 
thumb methods. 

Duisberg had no little luck. The opening up 
of the tetrazo-field involved a great extension of 
the range of synthetic dyestuff colour. The diazo
colours previously on the market had been yellows 
and reds; Congo made from aminonaphthalene
suphonic acid was also red. Substituting naphthol
sulphonic acid for the naphthylamine acid, so 
increasing the light absorbing power of the dye
stuff, Duisberg obtained a blue but of an undesir
able red shade. He relates how, sleeping at home 
after lunch (he-had not yet an orchard), he dreamt 
that if he were to displace the methyl in ortho
tolidine by methoxyl he would introduce a green 
shade and so obtain a blue akin to indigo. The 
dream came true. He was beginning subconsciously 
to theorise about the conditions determining 
visible colour. Accident was to carry him still 
further. In manufacturing the dyestuff, large 
quantities of paranitrophenol were accumulated ; 
this was put into casks and kept for a rainy day. 
Various attempts were made to find a use for it, 
without success-until one day the news came 
that two medical men had been poisoned by a 
druggist mistakenly dispensing -acetanilide for 
naphthalene. This led to the recognition of the 
antipyretic value of acetanilide and to its sale by 
Kalle and Co. as Antifebrin in large quantity. 
Why not ethylate and reduce paranitrophenol, 
said Duisberg He therefore had it converted into 
ethoxyacetanilide, phenacetin. This proved to be 
even better than antifebrin. In undertaking the 
manufacture of phenacetin, together with that of 
sulphonal and trional, the firm embarked upon a 
new important branch of activity, in which they 
became leaders. Aspirin followed in a remarkable 
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way. Some genius in the firm, if not Duisberg, 
bodily lifted into a patent specification a paper 
in Liebig's Annalen describing the preparation and 
properties of acetylsalicylic acid. Of course, the 
patent was lost when attacked in the Courts-but 
no matter. The name Aspirin, which Duisberg 
had registered as a trade mark, still remained and 
gave the holders almost a monopoly. What's in 
a Everything! Names are not all equally 
sweet. The challenge to takfJ an Aspirin is easily 
uttered-no one would think of asking for an 
Acetylsalicylic acid. Duisberg always prided 
himself upon being a judge of 'technical effect' ; 
in no other case was this better shown. 

Gradually, as the firm prospered, Duisberg's 
productive activity as chemist gave way to a 
more general activity. In 1900, he entered the 
directorate and became mainly occupied in 
erecting a great new works at Leverkusen, which 
in every particular bears witness to his creative 
ability. He was particularly proud of the provision 
he made for the welfare of the workpeople. After 
the War, he was largely occupied in the first place 
in orgamsmg the dyestuff industry; then 
German chemical industry as a whole-a task for 
which he was eminently suited by his masterful 
character, his great experience and above all his 
organising ability. The appreciation showered 
upon him on the occasion of his seventieth birth
day was overwhelming in extent and sincerity. 

Duisberg was much helped by Henry Bottinger, 
who had married into the firm before he entered it. 
Up to the time of his majority, Bottinger had lived 
at Burton-on-Trent, where his father was chemist 
at Allsopp's brewery. He was so entirely anglicised, 
that he spoke German as if he were thinking in 
English. He took charge of the firm's external 
affairs and laid the foundation of their great 
success in Eastern markets. I have a presentation 
copy of a tremendous quarto tome, beautifully 
got up entirely in the works, a lithographed repro
duction in script of the letters Bottinger wrote 
home to his family during his travels in India and 
China. He not only placed the firm's goods but 
also arranged for training centres in India at which 
instruction in dyeing was given to buyers of their 
dyestuffs. The use of native-grown vegetable 
dyes in the East was thereby greatly curtailed. 
Now indigo is almost supplanted by synthetic 
indigotin, although if the industry were organised 
the natural dyestuff could be produced with 
advantage. Bottinger was so active-minded that 
later on he became a Member of Parliament. 
Eventually, he was veradelt. 

I have sketched Duisberg's character more than 
once : during the War, in The Observer; in 
Chemistry and Industry (March 27, 1931), apropos 
of an obituary notice of his great master Genther 

which he had written for the German Chemical 
Society; recently (March 29) in The Times. He 
must have been a lively youth. When I first 
knew him, soon after he went to Elberfeld, in the 
first blush of his success, he was the perfect 
Gascon, filled with an astounding conceit-really 
this was his great asset. So late as 1906, at our 
celebration of the jubilee of Perkin's discovery of 
the first aniline dyestuff, with complete unconcern 
and full belief in his words, he told us that we 
must regard Germans as God's own chemists, 
heaven sent beings with whom it would be absurd 
for the world to enter into competition. Some of 
us smiled. We had discussed our position and 
long lamented our commercial weakness. Perkin, 
it is true, had been beaten from the field. Still, 
he had to his credit not only that he had made his 
discovery but had also started works by the time 
he was nineteen, without any Genther to train 
him. Later, he was the first in the field as the 
maker of alizarin. Faraday, in 1825, had discovered 
benzene and analysed it accurately, even made the 
two naphthalenesulphonic acids out of which 
Teutonic chemists were to win fortunes ; he had 
done not a little other chemical work. Lancaster 
had bred a chemist in Frankland. Personally, I 
had played to some effect with naphthalene and 
knew something of the colour game. I did not 
despair of our some day again wearing the shoes we 
had cast off too early ; I knew we had recruits in 
the background. In fact, when Duisberg addressed 
us, the spirit was already at work in our Teutonic 
friends that made the late War inevitable. His 
own son, in saying "Good-bye" to my sons, in Lake
land, not very long before the War, expressed the 
hope that at no distant date he would meet them 
"on the field"; he even looked forward to becoming 
part owner of Derwentwater. This is sober fact. 
The German is a complex character. As chemists, 
it is essential for us to learn to dissect out the 
elements of his mentality. Having spent nearly 
three years as a student in Germany before the 
War of 1870, I have been witness of some of his 
interactions. Before '70, they were a primitive, 
almost pastoral, music-loving nation, wonderfully 
intelligent and absolutely indefatigable workers, 
asking only to be well led and ever willing to be 
led, almost child-like in their simplicity. On the 
other hand, they were curiously iacking in sense 
of proportion and without humour ; you had not 
far to go below the surface to meet with unpleasant 
if not barbs,ric reactions, such as Wagner has 
brought out most wonderfully in his tetralogy
such as the Red Queen saw in Alice : "A nasty 
vicious temper". 

Duisberg had lacked the critical power, character
istic of his nation, to see sufficiently below the sur
face. He knew quite well that our failure was 
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mainly commercial and that our university 
system was greatly in fault. He was too much 
{)vercome by his countrymen's overwhelming 
success in the industrial field ; he did not see that 
no real attempt had been made by the world to 
meet their competition. The world, in fact, had 
been hypnotised by Germany's ordered progress. 

Our action after the War was stupid. We 
allowed lawyers to put themselves in charge. 
These were followed by so-called business men. 
We have yet to give technical knowledge and 

their due place. This will ultimately be 
{)ur sole chance of securing our proper share in 
the world's work. Our recent partial success in 
re-establishing the dyestuff industry may largely 
be attributed to the example set by Mr. James 
Morton, whose acute mind led him to surround 
himself with a picked band of competent workers 
and to accept their guidance unreservedly. The 
outstanding service rendered by his chief assistant, 
the late Dr. Thomas, has yet to be sufficiently 
recognised ; he was the nearest approach to a 
Duisberg we have had. We have to take pains 
that we may breed such men-at present our 
schools are worthless for the purpose-indeed, 

they prevent them from arriving. If our industry is 
to prosper, we must abolish all clerical control of 
education and put it under men of scientific out
look-men who not only know something but also 
know how to use knowledge The present ignorance 
of the schools will never give us this. The future 
of the dyestuff industry will depend entirely upon 
the attitude of the public towards colour-upon 
the development of the colour sense. The present 
world tendency is to abandon colour---everywhere 
black prevails : an almost lost sense has to be 
recovered. 

Chemists belong to no nation : the world over 
they are a community ; one in spirit, in thought 
and in method, interdependent in their work. 
Eventually they must lead the world, as they alone 
can understand its operations. The service Duis
berg rendered was to the common good. All can 
recognise the worth of the man, apart from his 
nationality ; the value of the great example he set, 
apart from his technical service, by the exercise 
of a wide public activity and a wide philanthropy. 
Only by the aid of such men will the world even
tually be sufficiently brought together in har
monious interrelationship. 

Quantum Mechanics as a Physical Theory 

THE issue of the Physical Review dated May 15 
contains a contribution by Prof. A. Einstein, 

B. Podolsky and N. Rosen under the title: "Can 
Quantum - Mechanical Description of Physical 
Reality be Considered Complete ?" The authors 
answer this question in the negative. They begin 
by pointing out that it is important to draw a 
distinction between the physical concepts, which 
are introduced into a theory and form its subject 
matter, and the objective reality, which is inde
pendent of the theory and which it is the purpose 
of the theory to describe. That is to say, we have 
to draw a distinction between the results of 

and our theoretical description of 
them. 

In order to test a theory the authors ask two 
questions: (l) Is the theory correct? And (2), 
Is it complete ? The content of the paper is a 
{)Onsideration of the answers obtained when these 
questions are applied to quantum mechanics. 

The first question can be answered in the 
affirmative if the theoretical conclusions agree with 
experiment. In physics, we test correctness by 
means of numerical values, and in this respect the 
authors have no adverse criticism to make of the 
quantum theory. The second question is a more 
difficult one, and some explanation of its meaning 
is required before an answer can be attempted. 

A complete theory is understood to be one which 
provides a counterpart to each element of physical 
reality. The definition of physical reality lies at 
the root of all that follows in the paper. The 
authors say : If, without in any way disturbing 
a system, we can predict with certainty the value 
of a physical quantity, then there exists an 
element of physical reality corresponding to this 
physical quantity. They accept this as a 
reasonable criterion. They do not regard it 
as a necessary but as a sufficient condition of 
reality. 

Accepting this definition, the authors go on to 
show that the quantum-mechanical description of 
physical reality is not complete. The first step in 
the argument is to show that the uncertainty 
principle places two alternatives before us. Suppose 
that two physical quantities are represented in the 
theory of quantum mechanics by the operators A 
and B. If these operators do not commute, that 
is, AB *BA, then the theory maintains that 
precise knowledge of one quantity is incompatible 
with precise knowledge of the other. The best 
known example of this is that in which the 
physical quantities are the co-ordinate of position 
and the momentum of an electron. We can only 
obtain precise knowledge of the second quantity 
by experiment, and in attempting this we destroy 
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