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Dedicated to German youth'

"This is Ostwald’s dedication of volume I of his autobiography.



Translator’s Note

Why do we need a translation of Wilhelm Ostwald’s autobiography? George
Orwell once remarked that autobiographies are almost never worth reading: A man
who gives a good account of himself is probably lying, since any life viewed from
the inside is simply a series of defeats. Ostwald’s autobiography is different: Its
strength lies in the fact that it is both an idiosyncratic account of the life of a gifted
and important scientist and at the same time it provides a glimpse into the soul of a
brilliant, arrogant, sometimes foolish, often self-satisfied and yet deeply disap-
pointed and frustrated individual. And so when Fritz Scholz invited me to join him
in preparing this annotated translation I jumped at the chance.

Ostwald’s tale as he lets it unfold, is rather like Dick Whittington without the cat.
A poor but gifted boy from the impoverished Latvian province propels himself by
sheer hard work, discipline and will power into the big bright world of German
science. Once there he eagerly seized the opportunity to propagate the important
discoveries made by van’t Hoff and Arrhenius and, by playing Huxley to van’t
Hoff’s Darwin, he contributed significantly to the establishment of physical
chemistry. However, he also makes clear in his autobiography that this important
role was, for him, not enough. He wanted to produce a truly revolutionary idea of
his own and the first attempt was what he called “Energetics”. His contemporaries,
however, did not take Energetics seriously. Ostwald endured a humiliating and very
public defeat at the Natural Scientist’s meeting in Liibeck in the autumn of 1895
and, in the aftermath, he suffered a severe nervous breakdown. He recovered slowly
while at the same time gradually losing interest in chemistry—and during this
process Dick Whittington turned into Don Quixote.

As related in the autobiography, Ostwald had largely lost interest in chemistry by
the time he was 55 and turned instead to making his mark in a wide range of other
issues, in many of which he was quickly out of his depth. In some of these matters
his opinions were far sighted, in others they were merely commonplace and in yet
others, such as his ideas on how to write a splendid poem or his Doctrine of
Happiness, his views were simply ridiculous.

The autobiography was written in the period 1925-1927 and may owe some of
its quirks to the manner of its birth. At the beginning of his career Ostwald wrote all
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viii Translator’s Note

his drafts in longhand, though later he speeded things up by learning to use a
typewriter. It was only after his retirement that, in 1910, he switched to the use of a
dictaphone and this is what he was using for his autobiography. He was well aware
that the dictaphone brings with it the danger of repetition, for instead of working
hard to get the meaning across accurately the first time—as he did when writing in
longhand—there was a tendency to just repeat an argument in several imperfect
versions. He promised to try to avoid this pitfall, but he was not always successful.
Perhaps in his old age Ostwald simply lacked the energy to proofread the dicta-
phone transcripts, for such repetitions abound. German sentence structure is more
forgiving of this sin than is English and so, in the interests of clarity; many of the
unhelpful repetitions in the German text have been removed.

Lack of adequate proofreading might also explain some aspects of the organi-
sation of the text. Ostwald frequently seemed to dictate in “lung-fulls” of words and
the inevitable pauses, which then entailed, may have been transcribed as the start of
new paragraphs. Certainly, the text does tend to jump about in a plethora of one
sentence and two sentence paragraphs. Though this layout is at times challenging, it
has been left intact in the translation.

Yet despite all that, the text is eminently readable for Wilhelm Ostwald—winner
of the Nobel Prize in Chemistry in 1909—was a prolific and accomplished writer
both of scientific and of popular texts. He was someone who could and did write
clearly and effectively. Here in his autobiography, which he kept largely free of any
hard to understand technical matters, his style is dictated by his view that, every
time a writer treats a subject in exalted, solemn, touching or uplifting terms then he
has probably abandoned logic and clarity. True to this motto, he left the story of
his life free to emerge in plain language and in a largely conversational style.

Berlin Robert Smail Jack



Preface

Wilhelm Ostwald was a genius who was equipped with a knack for unconventional
thinking in science and philosophy and with skills in both painting and music. On
the other hand he was, surprisingly, a much more conventional and average per-
sonality in everyday life. Whereas his scientific achievements are part of the fun-
daments of modern chemistry, and his philosophic views have been extensively and
critically reviewed,” the world of his personal thinking and feeling, laid out in his
autobiography, has so far been rather closed for non-German readers. The present
translation will hopefully change that. The translation of his autobiography is
certainly of special interest for readers in the US, the UK and France, as it shows
what impressions Ostwald took from these countries during the course of his
extensive travels. They will, of course, not agree with all of his views.

Ostwald published the first volume of his autobiography in 1926, followed by the
second and third volumes in 1927.° An abridged and commented (German) version
was published in 2003.* That edition contains a number of regrettable cuts and also
errors in some comments. Beside his autobiography, two biographies have been
published in German; one by his daughter Grete Ostwald” in 1953 and one as early
as 1904 by his former student Paul Walden.® There are also other biographical

2Gars B, Psarros N, Ziche P (eds) (2005) Wilhelm Ostwald at the Crossroads between Chemistry,
Philosophy and Media Culture. Universitatsverlag, Leipzig.

3Ostwald W (1926/1927) Lebenslinien. Eine Selbstbiographie. Klasing & Co GmbH, Berlin.

“Ostwald W (2003) Lebenslinien. Eine Selbstbiographie. Nach der Ausgabe von 1927/27
iiberarbeitet und kommentiert von Karl Hansel. Verlag der Sachsischen Akademie der
Wissenschaften, Leipzig (in Kommission bei S. Hirzel, Stuttgart, Leipzig)

SOstwald G (1953) Mein Vater. Berliner Union, Stuttgart
SWalden P (1904) Wilhelm Ostwald. Engelmann, Leipzig
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X Preface

publications about Ostwald in German.”* Although the corner stones of Ostwald’s
life are known in the English speaking world,'*!'! the subtle details and especially
his personal attitude towards his colleagues in Germany and abroad are still hidden
in his German writings. The fact that the autobiography has never been translated to
English may be surprising, especially because Ostwald and his students played an
outstanding role in the establishment of physical chemistry in the USA'*'*!* and his
contributions to chemistry are basic to this science and part of the chemistry curricula
world wide. The lack of a translation may be due at least in part to the anti-German
feelings that prevailed after World War I, during the Nazi period (1933-1945), and
also after World War II. These times were not conducive to the popularisation of the
biography of a German scientist, especially since Ostwald, as a child of his times,
was a strong believer in a nationalistically biased world view. There is however an
interesting dichotomy here for, as the autobiography shows, Ostwald was at the same
time a tireless propagator in many diverse areas of, international cooperation.
Perhaps now that the dust of these historical struggles has settled back down,
non-German readers may be better prepared to understand that some of Ostwald’s
seemingly outrageous remarks merely reflect the spirit of the times in which he lived.
The present publication, together with a recently published book on the development
of electrochemistry in Eastern Europe'” is aimed at opening up the history of science
in Europe and making it accessible to English speakers.

This translation is based on the German original 1926/27 edition. In addition to
the text and photos, it contains a Name Index (see end) and a pedigree of the
Ostwald family. I am very happy that my colleague at the University of Greifswald,
Professor Robert Jack, carried out the translation, because this was a task
which needed someone who is both a “native speaker” and a scientist. We have

"Ertl G (2009) Chemie in unserer Zeit 121:6724-6730.

8Bartel HG (1999) Ostwald, Friedrich Wilhelm. In: Neue Deutsche Biographie 19:630-631
(online: http://www.deutsche-biographie.de/pnd11859057X.html)

“Messow U, Krause K (1998) Physikalische Chemie in Leipzig. Festschrift zum 100. Jahrestag der
Einweihung des Physikalisch-chemischen Instituts an der Universitdt Leipzig. Universitétsverlag,
Leipzig.

Donnan FG (1933) Ostwald Memorial Lecture. J Chem Soc 316-332

"Sutton M (2003) The Father of Physical Chemistry. Chem Brit 39(5):32-34

12Stock JT (2003) Ostwald’s American Students. Apparatus, Techniques and Careers. Plaidswede
Publishing, Concord

3Servos TW (1996) Physical Chemistry from Ostwald to Pauling: The Making of a Science in
America. University Press, Princeton

14Coffey P (2008) Cathedrals of science. The Personalities and Rivalries that Made Modern
Chemistry. University Press, Oxford

15Scholz F (ed.) (2015) Electrochemistry in a divided world. Innovations in Eastern Europe in the
20th Century. Springer, Berlin



Preface xi
intensively—sometimes heatedly—discussed the details of the translation, because
it is no mean task to make Ostwald’s text understandable to contemporary English

readers. Robert gives some explanations of his translation in the Translator’s note.

Greifswald, Germany Fritz Scholz
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Part 1
Riga—Dorpat—Riga



Chapter 1
My Parental Home and Childhood

My hometown Riga. I was born in the autumn of 1853 in Riga, Livonia." At that
time Riga belonged to the Russian empire in which the old Julian calendar was still
used and, despite its heathen origin, the Greek Catholic Church preferred it to the
newer Gregorian calendar which, in their view, was the work of “schismatics”. By
the old calendar my birthday fell on the 21st of August, by the new one on the 2nd
of September. I was my parents’ second son; my brother Eugen was born 2 years
before and my younger brother Gottfried 2 years after me. I had no sister.

At that time Riga was essentially a German city whose architecture and con-
stitution resembled that of Liibeck from where Riga’s founders had come some
1000 years previously. The entire upper and middle social strata, aristocrats,
owners of large estates, academics (they were referred to as “men of letters”),
tradesmen and artisans spoke German as their mother tongue and their mental world
was rooted in German culture. Indeed the first edition of Kant’s “Critique of Pure
Reason” was published by J.F. Hartknoch in Riga. The rural population was made
up of native Latvians who had been freed by the estate owners at the beginning of
the nineteenth century—Ilong before this happened in Russia—and who had been
made owners of tolerable amounts of land. They lived on small scattered farms
rather than in villages. From these farms a steady stream of excess workers moved
into the cities, particularly into Riga, where they easily found jobs as servants,
apprentices and so on and, in the second generation, by picking up the German
language and German habits, they formed a new social tier in the city. They were,
however, considered lower class.

The Russians were represented by a number of government administrators and
army personnel; a few were also traders, artisans or gardeners. They were con-
sidered to be culturally and socially inferior, but were tolerated as an unavoidable
evil and were treated with cool politeness. A small minority of them, those who had

'Governorate of Livonia (in Russian Liflyandskaya Guberniya) was part of the Russian empire.
Before 1796 it was called the Riga Governorate.

© Springer International Publishing AG 2017 3
R.S. Jack and F. Scholz (eds.), Wilhelm Ostwald, Springer Biographies,
DOI 10.1007/978-3-319-46955-3_1



4 1 My Parental Home and Childhood

benefited from a European education, might on the basis of their personal merit be
accepted into society, though they retained the stigma of being basically foreign.

Russia. This Baltic German attitude towards Russia was not unfounded. Tsar Peter
the Great’s attempt to bring Russia out of barbarism and lead it towards European
culture had been at best a superficial success, because Peter himself remained a
barbarian to the end of his life. The real civilising work was begun by Alexander II
who realised that the standards of the broad mass of the people must be raised, and
he implemented the first measures to this end. However this sort of work is like
planting a wood; in the best of circumstances the gardener only lives to see the first
beginnings and he must place his trust in an uncertain future, for much time and
favourable weather will be needed to allow the trees to flourish. Because Peter,
driven by his coarse nature, expected to reap the fruits of his work almost before the
seeds had germinated, all he managed to achieve was a mere illusion of culture that
one patriotic Russian described as being “rotten before it was ripe”. The enormous
upheavals which have shaken Russia for the last two decades and which are even
today not completed, have to be viewed as a movement by which the Russian
people rid themselves of Peter the Great’s half digested “reforms”. Only when this
process is complete will an organic development of culture be possible.

My native country. In contrast to the volatility which for centuries had held things
up in Russia, cultural development in the German population in the Baltic provinces
had proceeded steadily, thanks to the unbroken connections to the mother land.
People from these provinces tried, whenever possible, to study in Germany or at
least to finish their education there. At each of the larger German universities,
particularly in Jena and Gottingen youths from Courland and Livonia made up a
significant and easily recognisable part of the student body.

The conditions of life in the Baltic States were heavily influenced by German
culture and, as mentioned above, the freeing of the serfs had been achieved here
half a century earlier than in Russia. Schools had been built all over the country and
they were run in close cooperation with the church. The language of the Letts was
studied by the priests because it provided the only route to the souls of the rural
population. Because of all this, the cultural border between Europe and Asia ran
north and east across the Baltic provinces rather than along the political border of
the Russian Empire.

My grandparents. My paternal grandfather—the family memories go no further
back—was a master cooper in Riga. He had emigrated from Berlin to Riga where
he was not particularly successful in business but did manage to give his five
children—four sons and a daughter—sufficient education that they could provide
for themselves. My uncles all stayed in the same trade but did manage to give their
sons access to higher goals. I remember my grandfather Ostwald only as a decrepit
old man who day in and day out sat almost motionless in his armchair smoking a
long pipe. His wife, my grandmother, was by comparison spry. She kept the house
and the cooperage going till her sons, who all worked as coopers, had settled down.
She died long after, in her late eighties when I, her favourite grandson, was about to
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get married. My bride-to-be was a good listener and grandmother was happy when
she had the chance to tell her all sorts of stories from my childhood. When illness
finally chained her to her bed her carefree spirit remained unbroken. When she
realised that death was near she put her affairs in order and made all the arrange-
ments for her own funeral. The priest responsible was a bigot who wished “to
prepare” her for death by graphic descriptions of hell and its punishments. She
listened to him patiently rather than devoutly. When he finally left she pulled at one
of the ribbons holding her nightcap and with a gesture of indescribable irony threw
the bonnet at the door through which he’d left. She’d been a practicing Christian all
her life and an admirer of Dietrich, the old village pastor, but she could not find
Christianity in the words of this foolish zealot. Soon after, she closed her lively eyes
and passed into eternal peace.

My father. At the time of my birth my father was a very poor but adept and
enterprising artisan who, long after his journeyman years as a cooper in Russia, had
settled down in his home town and married an equally poor baker’s daughter. With
the first money that he earned he bought his own little house. The money was just
enough for a small house in the cheapest neighbourhood which was on the outskirts
of the so-called Moscow suburb in the “Sand Hills”, a long barren ridge of sand
dunes on the eastern periphery of the city. Soon after my birth this house disap-
peared under an embankment of the Riga—Diineburger railway, so that I never
knowingly saw it.

My father was the most talented of the brothers according to his teacher, H.
Fromm, from whom I, 30 years later, took my first lessons. Since Fromm lived to
be nearly one hundred, he could also have taught my eldest son had I not just at that
time left Riga. My father had shown a special skill in drawing. In fact he was so
good that it almost cost me my existence. This happened as follows: At that time
Russia was ruled by the strong and ruthless Tsar Nicholas I who, in order to ensure
a good supply of students to the imperial Academy of Fine Arts in Petersburg,
ordered the administrators of all the schools in the enormous empire to select and
forward the names of the most gifted schoolboys in their area. A certain number of
them—I believe around a hundred—were then to be given an imperial stipend to
study at the Petersburg academy. My father was one of those to be nominated from
Riga. However my grandfather viewed the whole matter sceptically and exercised
his parental rights to block the nomination. Had this not happened my father would
have gone to Petersburg, would have married a different woman and the special mix
of paternal and maternal genetic material which is responsible for the special
properties that make me would never have come into being.

My grandfather’s decision ended any possible artistic career for my father and
instead he started an apprenticeship. As a memento of these times, there hung in my
parents house two of my father’s sketches, very carefully executed with special
sharpened sticks of chalk and then framed under glass. These were objects of
admiration to me throughout my childhood. One was a copy of Raphael’s angel
from the Madonna in Dresden; the other was a woman’s head in oriental costume
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the original of which is unknown to me. Later my father gave up drawing; he said
that the work in the cooperage had made his hand too heavy for it.

Once his apprenticeship was over my father became a travelling journeyman in
inner Russia and there he experienced many different sorts of adventure. Apart from
the repeated danger of dying in winter from snow and loneliness, he also luckily
survived other dangers which threatened to throw the young, fresh and energetic
youth off the track. For example he was for a while a teacher in the household of a
Count Tolstoy. I have been unable to find out whether the famous Count Leo
Tolstoy was one of his pupils; however it is certainly possible because Leo Tolstoy
was born in 1828 and my father’s years as a journeyman were in the early forties.
However, the Tolstoy family is many branched and direct evidence to support the
notion is missing.

I asked my father, how he, as a journeyman-cooper, got a job as a teacher.
I don’t remember the details but it seems that his determined intervention during a
chance encounter had rescued the Count from a difficult situation and this had so
impressed the Count that he wanted to retain his helper permanently. At that time in
Russia almost any German was considered erudite and in any case teaching stan-
dards were not very high. By staying up half the night to learn whatever he had to
teach the next day he managed to carry out his duties satisfactorily and so keep
himself in his job. Out on a walk with his handsome pupils he was once even
spoken to by Tsar Nickolas himself; he liked to tell us children of the great
impression the sharp look of the emperor’s steel blue eyes had made on him.

This situation came to a sudden end when a beautiful grown up sister of his
pupils returned home. She soon became the object of the teacher’s unspoken desire
and she seemed to be not averse to this homage. The family felt it advisable to
avoid any future difficulties by discharging the teacher, and a tortoiseshell needle
box, daintily inlaid with mother of pearl, which my father long kept as one of his
treasures, leads me to suppose that the parting was accompanied by tears from
pretty eyes and this gift as a pledge to memory.

However this episode only temporarily separated the young cooper from his
trade. He soon found work in the barrel factory of a large brewery in Petersburg,
where he quickly rose to a leading position. But here also he did not stay long,
because the owner—a rich widow of a certain age—gave him to understand that she
would happily promote him to an even higher position. He said goodbye and
returned to Riga to settle down and take the exam for his master craftsman’s
certificate.

My grandparents on my mother’s side. My mother was also a pure bred German.
She was born in Moscow where her father, who had emigrated there from Hesse,
ran a baker’s business. I have no idea what induced him to leave Moscow and settle
in Riga for such a journey was at that time quite a difficult venture. One made a
contract with a wagoner for the transport, and the journey took 30 to 40 days. It
could only be undertaken in winter when frost and snow made the roads passable;
in summer this was not possible. Food and shelter for the night had to be carried
along because accommodation along the way was rarely to be found. In this way
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my mother came as an adolescent to the town in which she would spend the rest of
her life. Her two sisters and two brothers completed the family.

I can still well recall my mother’s father Heinrich Leukel. In his later years he
gave up the bakery trade and became toll collector on the long bridge which at that
time was the sole connection between the two parts of the town on opposite banks
of the river Duena. The bridge and the adjacent rampart of the river bank were the
landing places for the numerous ships which visited the port. Because of this,
certain nautical traits became evident in the former baker’s dress and language, all
of which left a strong impression on me and this was increased by the occasional
gift of ships biscuits and other naval victuals. Altogether grandfather was a good
hearted man who made no secret of his love for his grandchildren. He died when I
was still just a boy.

Grandmother was a buxom, busy woman who was confined to the house by an
ailment. I remember her best for the dry humour with which she countered life’s
ups and downs. She loved to emulate her husband’s trade at the household level and
delighted us children at every celebration—and she was always inventing new
reasons for celebrations—with homemade “Saftpiroggen”, a pastry in the shape of a
shoe sole—but much bigger and filled with preserved cranberries. She died soon
after my grandfather.

As one can see, I grew up in a lower middle class milieu. Nobody was destitute,
but everybody had to be careful to make ends meet and there was nothing left over
for luxuries. My mother often told us how, in the first years of their marriage, she’d
go every evening to the workshop to collect the left over wood shavings with which
to cook the evening meal.

But things soon started to look up. Just as I was born, my father had his first real
earnings in his job and from then on he became ever more successful. The hut in the
“sand dunes” was changed for a better situated house whose large inner court was
conveniently used for a necessary extension of the cooperage. The inner court
bordered a stream called the “Speckgraben” along which lay many small busi-
nesses, particularly tanneries. They had driven away almost all the fish and, apart
from water beetles, I can only remember the large numbers of leeches which filled
its turbid waters.

My first memories are connected with this place. I can see myself trying to catch
leeches with a rod held in the water. One of my father’s cooper apprentices tried to
frighten me by telling me that the leech would pull me and the rod into the water
and then eat me; I thought however that if the worst came to the worst I could
simply let the rod go. Then again I see myself and my brothers together with the
cooperage apprentices in the first snow shouting with joy as we used round pieces
of wood to toboggan off the low barn roof.

In summer we used the stream for boat trips, which were strictly forbidden, and
for which we were severely punished when found out; in winter it served as an ice
rink. There remains fixed in my memory a picture of a boy in black velvet
knickerbockers, red jacket and yellow cap who elegantly glided on a sunny winter
morning along the stream’s further bank while on this side I struggled with the
rudiments of the sport.
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My brothers had inherited my father’s robust build and in comparison to them I
appeared to be a bit of a weakling for I had more the build of my mother and I often
preferred to play quietly alone rather than join in their loud games.

Life at home. At this time the most important person in my life was my mother
whose favourite I was. My father worked from dawn till dusk and often did not
make it home for the family meals. He was, as I said, tall and strong and later when
I met the great chemist R. Bunsen his face reminded me of my father. My father
was impetuous and easily roused to anger so that we children were rather shy of
him especially as we didn’t see him very often. When he wasn’t working he
devoted his spare time to his one great passion which was hunting and this also kept
him from home. Regularly on Saturday afternoons during the summer he’d set out
with his little cart to Babitsee, a small reed covered stretch of water around 15 km
away, where countless wild ducks lived. He hunted these from a small boat that a
local farmer pushed through the reeds with a pole. Late in the evening he’d return
home with his take which was often enough 30—40 ducks, coots and other wildfowl.
On Monday morning we boys had to bring most of them to the friends and relatives
who were regular recipients of these gifts. The rest would be consumed at home and
my mother soon developed an extraordinary skill in their tasty preparation.

In winter father hunted hares, deer and foxes; in the spring there was the snipe
and blackcock mating season, so that there were only brief intervals when father
stayed at home and spent time with the family.

I inherited nothing of my father’s love of hunting. In fact I soon found myself in
opposition to it. This started as I began to find the distribution of the huntsman’s
bag to the friends and relatives increasingly intolerable. On top of that there was a
certain animal loving influence from popular science tracts that I’d come across by
chance. Moreover I was bored by the endless hunting stories that I had to listen to at
the family table, for my elder brother shared father’s love of hunting and had
accompanied him from an early age. When we schoolboys went for a walk on a free
afternoon, many armed themselves with reed blowpipes to hunt birds. Although the
quarry was rarely hit, I would go ahead and try to chase off the potential victims of
this youthful bloodlust before the hunters could get in range. Since the others were
not happy about that, I often enough suffered for my love of animals which, of
course, only strengthened me in my opinion and in my opposition to it all.

My mother was both by nature and by education an excellent housewife. The
rapid growth of the cooperage considerably added to her duties, because at that time
it was the custom that the wife of the master craftsman cooked for the journeymen
and apprentices. And so my mother had to daily defend her reputation as a
housewife by feeding, in addition to the family, 6-12 boarders whose hunger had
been sharpened by hard work. The workers were fed first and only after they had
finished was the table set for the family, for the parlour wasn’t big enough to hold
all at once.

I’'m still amazed how my mother, with very little help, managed to keep this
large household in perfect order and at the same time found the time to read books
and newspapers and so to keep alive a by no means narrow field of mental
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activities. Early on, as soon as the financial situation had permitted, my father had
organised for her a regular subscription to the town theatre which she eagerly
visited. There numerous excellent artists were to be seen and heard for they were
glad of the opportunity to break their long and tiring journeys to guest performances
in Petersburg by resting in our appreciative and friendly city on the Duena.

My mother’s lively interest in the arts had a great influence on my personal
development. Through her I was early led to an appreciation of the enrichment of
the inner life which can flow from such sources, and there arose an area of common
interest between us that set us apart from the other family members who did not
share this disposition. As is usual in such cases I soon grew beyond the spheres to
which my mother was restricted by the burden of daily work in the house and with
the children. I became on omnivorous reader of everything I could lay my hands on
and went my own way—a development which she watched fondly though some-
times disapprovingly.

Support from my father. From his journeyman years my father had brought home
with him the strong belief that education was of irreplaceable value. Because of this
he had made it an unbreakable rule to open up for his sons every possibility for
advancement.

I don’t know if he realised from the start the sacrifices he would have to make;
sacrifices which went beyond just the financial burden. I mean by this that he had to
accept that his children sooner or later would grow beyond his mental horizons and
that their rise into the higher social classes could bring him into conflicts which, in
the sharp caste system operating in the Riga population, were bound to hit him hard.
Whatever the answer may be, he accepted all this without hesitation and never
showed the slightest wish to limit the opportunities which he had opened for us.

My first school. As a result we children were sent to the elementary school run by
the teacher Mr. Fromm where I started before I was 6 years old. I was a precocious
child and had learned to read from what I had, without paying too much attention,
overheard from my older brother’s lessons. In the school I was diligent without
coercion and made my teacher happy, particularly in maths. He was less impressed
with my achievement in writing. One says that the sins of youth are paid for later.
That seemed to apply in my case for I am certain that of all of my brothers and
classmates none would later be faced more than I with the need to write. I did
however always like to do it.

Shadow of the future. Fromm’s school was a so-called crown school, which meant
that it was financed and run by the government. Parallel to these schools there were
the city schools which were financed by the local authority and which were con-
sidered better both in their teaching and in their social status.

Crown schools were largely for the children of the lower social classes and in
particular for the sons of ambitious Latvian and Russian families. Because of this
we always had a small number of misfits in the school—Letts who mostly spoke
only broken German, whose cleanliness and behaviour left much to be desired and
who had little in common with the other pupils. Those of them who were talented
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quickly learned to adopt our ways of thinking and behaving, but there were also a
few who brought with them a determination to move up at all costs though they
lacked any real ability. They adopted a hostile attitude to the rest of the pupils and
to the teachers and blamed their lack of progress on the malevolence of the school.
There were often differences of opinion which, as is the way of boys, would be
settled by fisticuffs. I can see today the final scene of such an incident. The Latvian
boy, who’d fought with nails and teeth, had been subdued and now sat as a loser
with dishevelled hair and clothes, bloody foam on his lips and hate in his face. With
a sunken head he squinted maliciously at his opponent. Latvians are, at best, not
handsome and this youth was quite some degrees uglier than most. Although boys
try not to show these things, I was shocked at the sight of bestial anger in this
scarcely human guise.

The impression faded as the boy soon left the school, though it was strong
enough to be stamped on my memory. This memory returned to me when, 60 years
later, close to the end of the Great War, the Latvian nationalists gained the upper
hand in Livonia and Courland and inflicted horrible atrocities on their German
fellow citizens.



Chapter 2
Youth

My secondary school. The question of our further education was painstakingly
considered by my father. From the time of Tsar Alexander 1st, who had set out with
such zeal and success to improve the cultural development of his empire’s Baltic
provinces, there existed in Riga a Latin school administered from the government in
St. Petersburg. This secondary school laid emphasis on Greek and Latin and was
organised along the lines of the schools which had been established in Germany
since the start of the nineteenth century under the pernicious influence of Wilhelm
von Humboldt. It was the “obvious” preparation for an academic career and, except
for a short period in the eighteen seventies, the University in Dorpat, just like the
universities in Germany, only accepted as students those who had passed the school
leaving certificate exams of a secondary school specialising in the classics. As
everybody knows there exists to this day in Germany the absurd situation that a
university does not have the right to decide who may enter it, but must leave this
central decision in the hands of the school examination committees.

The second possible school was the old Cathedral School that had been founded
as a priests’ seminary before the reformation. It was now run by the town
administration which had organised and expanded it as the town’s secondary
school. The competence of the town council and guild authorities in educational
matters can be judged by the fact that they appointed the brilliant young Johann
Gottfried Herder as Director of the Cathedral School and gave the 20 year old a free
hand to reform and organise it. His success there was outstanding. Herder probably
had his happiest years in Riga where he developed the main ideas of his influential
work. He left after 5 years in 1769 to develop his work in a broader arena and in the
following year he met Goethe in Strasbourg.

In the meantime the progressive attitude of the school authorities in Riga had led
to the founding of a Polytechnic which, it was hoped, would stimulate the devel-
opment of productive industry which the country lacked. In order to attract suitable
pupils, the Cathedral School was converted into a technically oriented secondary
school and this was pushed through in the face of opposition from the monopoly of
educational classicists, although some considerable concessions had to be made to
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them. In particular the Director of the new school was a dyed in the wool classicist
called Haffner of whom I will have more to tell later on.

My father was luckily so well advised that he agreed to entrust his sons to this
new school. This was a most important decision for my whole future development,
because there is no doubt at all that my scientific and organization potential would
have been stunted or even smothered at the secondary school specialising in
classics. The technical secondary school in Riga was a thoughtfully constructed
institution. The entrance exam showed that attendance at the elementary school had
been sufficient to satisfy its entrance criteria. The school education was spread over
5 years and hence the institute was divided into five classes. The curriculum was
such that only highly gifted and diligent pupils could complete the course in this
time so that even a “good” pupil was forced to repeat one or other of the classes. As
to foreign languages; there was only French in the first class together with the
obligatory Russian, while Latin started in the second class and ended in the fourth
where it was replaced by English. Physics was taught from the second class on and
Chemistry in the fifth. Maths was taught up to the stage of analytical geometry but
did not include differential calculus. At the end of the fifth year there was a final
exam which initially only qualified one for entrance to the Polytechnic but not to
the University. Shortly before I left the rules were changed so that this school
leaving certificate enabled one to study mathematics and natural sciences at the
University. This was the result of a long fought battle and my father’s decision had
been based on the hope that it would turn out this way. Not long afterwards the
classicists saw to it that this decision was rescinded.

My best teacher. 1look back happily on the 7 years in this secondary school. Not, 1
must say, that the school itself gave me much, but it introduced me to the com-
radeship of the large and varied pupil population and this opened many new vistas
for me beyond what was available in the narrower family circle. There was,
however, at least one of the teachers to whom I am indebted for his outstanding
support. This was Gottfried Schweder who had studied astronomy and now taught
maths, physics, and biology at the school.

Schweder was a tall man with a broad chest and powerful shoulders, who had the
reputation of having been one of the best fencers at the university. His short curly
beard, full blond hair and blue eyes made him look like an archetypal German. He
had a cheerful and friendly nature so that it was no wonder that we boys, from the
youngest to the oldest, were ready to follow his lead and would have gone through
fire for him. Afterwards he was for many years director and this was a blessing for
the school.

The beginnings of independent thought. In the first years I was the same willing
and diligent pupil I’d been in the preparatory school. Then, however, a new vista
opened up which was to have the greatest effect on my development. This was the
opportunity of getting hold of all sorts of books from my fellow pupils.
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Books in my circle were quite rare and costly. They were largely restricted to
what one could get from the lending libraries which stocked mainly contemporary
novels. At home we also had the weekly magazine “Gartenlaube”' whose well
bound volumes constituted the main part of our house library and for many years
they were my main source of intellectual nourishment. Looking back it’s fair to say
that this nourishment was both ample and healthy. At this time—the start of the
1860s—there was the great outgrowth of science and the start of modern tech-
nology and industry in Germany. The editor of the “Gartenlaube” had responded to
this by publishing many articles on these subjects which both stimulated and
informed me. In addition, the strong patriotism which was constantly expressed in
the articles had the effect of making our family more conscious that we were
unquestionably German.

Our German heritage. The political situation in my home country was that the
strident pestilence of Slavic nationalism had begun to threaten our special status,
within which a rich and fruitful culture had flourished. We felt—without any special
pride but also with no particular wish for change—that we were politically part of
the Russian empire but intellectually part of German culture. No political alignment
with Germany was possible at that time because the German empire (Reich) had not
yet been formed.” The Russian rulers had always acknowledged and fostered the
special status of the Baltic provinces from which they drew many of the leaders of
the military, the administration and the professions—people who could not be so
easily recruited from Russian sources. Because of this there was a considerable
degree of gratitude and affection felt in the Baltic provinces not to the empire or to
the dynasty but rather to the individual Tsar.

Russification. The special status of the Baltic provinces was anathema to the
developing pan-Slavic movement. Already during my childhood this movement
had achieved sufficient influence to force through an increasing use of the Russian
language in schools where up till then the lessons had been entirely in German. We
pupils despised everything Russian as belonging to a lower class and met the
increasing load of Russian lessons with passive resistance. As a means of justifying
and anchoring Russian ways of thinking, the theorists of the pan-Slavic movement
demanded and got an increasing weight given to Russian history in the schools. At
least for the mentally alert pupils this had the opposite effect than that intended,
because Russian history is a good deal bloodier than that of Western nations and
thus gave them a historical basis for their anti Russian attitude.

'Founded in 1853, this was the first mass-circulation German newspaper and a forerunner of
modern magazines.

2Ostwald means here the German Reich, which was proclaimed in 1871 in Versailles and ended in
1918 with the abdication of the German emperor following World War 1. The First Reich, better
known as the Holy Roman Empire, existed from 962 to 1806. The Third Reich was the Nazi state
existing from 1933 to 1945 (1943-45 called Greater German Reich) and ending with World
War II.
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Russian lessons were in the hands of a German renegade called Haller whose
political and ethical decay was instinctively detected by us children and so we made
his life rather hard. The uncontrolled fury of the harsh punishments with which he’d
respond from time to time, only made matters worse, for we regarded it as more or
less a matter of honour to do as little as possible in his lessons. On top of that
Russian is a very primitive language full of forms and endings but lacking rules, and
therefore hard to learn. Even the attempts of Russian linguists to remedy these faults
with appropriate rules did not improve the situation much. Meanwhile the gov-
ernment tried by imposing strict regulations to force us to learn Russian. This led
me often enough into unnecessary conflicts.

Order and Beauty. To begin with, all this didn’t bother me. The stimulating lessons
of Schweder released a latent love of nature in me which to begin with expressed
itself in the usual collection of plants, butterflies and beetles. We were expected to
prepare for our teacher a certain number of pages on which herbs had been properly
dried and pressed. I remember how I took up the challenge of arranging stems,
leaves and flowers all to the best advantage and how this somehow resulted in
beautiful sheets for which I got special praise. This was the first flowering of a
perception which only ripened in my old age.

Another experience, whose relationship to that one I only later discerned, took
place about the same time in the drawing class. We were supposed to draw parallel
lines by moving a triangle along a ruler and had been told to do this for the different
sorts of lines—bold, soft, close together, far apart, continuous, punctate, dashed,
and so on. [ wanted not just to draw the lines but to give them some sort of context.
To do this, I used an ornamental border to define the top of the wall of a room and
accentuated this impression by the choice and distribution of the lines. This drawing
earned me special praise from the teacher who was otherwise not particularly
pleased with my work. I wondered how the effect had been achieved, but I didn’t
get very far with this line of thought.

The beginnings of chemistry. In my first year in the secondary school I was a model
pupil who quickly absorbed and mastered whatever was being taught and so I had
no trouble being moved to the next higher class at the end of the year. After that,
however, my personal development began. Because of the lively exchange of books
between the pupils I managed to get hold of one about making fireworks—some-
thing that had interested me for some time. The author was someone called
Websky” and he had treated the methodological aspects thoroughly. He began
appropriately enough with a description of the materials required and used here, in
addition to their trivial names, also the chemical formulae. To begin with they
didn’t mean anything to me because I was just fascinated by the instructions for

3Pr0bably, Ostwald has had either the book (i) Websky M (1850) Schule der Lustfeuerwerkerei.
Hirt, Breslau, or (i) Websky M (1842) Lustfeuerwerkkunst, oder leicht fassliche und bewéhrte
Anweisung zur Verfertigung von Lustfeuerwerken. Hirt, Breslau.
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producing the various different fireworks. For the future however they were going
to play an important role.

At the beginning it wasn’t so easy for an 11 year old boy to follow the
instructions because there was nobody to offer any help and, in addition, it was not
easy to get hold of the necessary materials and equipment. Finally I found a friendly
apothecary from whom I bought small amounts of saltpetre, sulphur, antimony and
so on, and he gave me some help. However, for the most part I had to rely on the
printed instructions and it was decisive for my future life that I discovered at this
early age that all the art and science of mankind is stored in the form of printed
words and that it can all be recovered and brought back to life at any time by an
eager and dedicated reader. I also learned, even if I could not have consciously
expressed it so, that the written words alone are seldom enough, and that the more
experience the reader brings to the matter the more he will be able to extract from
the text. That was a problem because none of my school friends could help me,
though they were, to be sure, happy to join in when the fireworks were set off. So
playing with fire opened for me a door to the world with all its wonders, and by
wonders I mean the opportunity to experience myself all sorts of strange things that
grabbed my youthful imagination.

I am thankful to my parents who tolerated all this, despite the fact that my new
hobby was potentially dangerous given that my father’s business meant that there
was always a large stock of wood and readily flammable shavings lying around. My
mother helped out by letting me have all sorts of kitchen utensils like a mortar,
sieves, bowls and so on. Even when once a whole batch of flares which I was drying
in the oven went off and terrified the kitchen girl they did not forbid my activities
but rather gave me a little room in the attic for my magic games. I didn’t disappoint
their trust for I never caused a fire. My experience with fire did, however, make it
possible for me occasionally to help put out a fire in the workshop when the guilty
worker who’d accidently started it had rather lost his head.

The fireworks gave me for the first time that happiness which comes from
putting into practice things which had been up till then mere thoughts and ideas and
this is exactly what spurs a researcher or explorer to his efforts. At the beginning, of
course, youth is satisfied with much less. Looking back subjectively, I see that this
sort of experience was a constant and inexhaustible source of joy throughout my
whole life. Even today when I am much less active I experience that same antic-
ipatory excitement before a decisive experiment and the almost painful happiness
when it succeeds that I did when I was a boy. In this case the strength and duration
of the emotion are not as in most situations inversely related; on the contrary the joy
of the researcher is both strong and lasting.

Work style. Although the family became more affluent around this time, life
remained frugal. I had only very meagre resources for my experiments; my small
amount of pocket money would sometimes be supplemented by a little additional
allowance from my mother—but only in the most urgent cases. Because of this I got
used to making for myself almost everything that a boy my age could, and I enjoyed
doing that. This habit of getting by with few resources and with simple equipment
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and, as far as possible, putting together whatever was needed myself, is a work style
that remained with me for my whole life.

Even in times when money was not limiting I kept to this way of doing things
and I usually spent as much time and effort on simplifying the technical aspects of
my experiments as on their conception. This style later made it possible for me at a
relatively young age to give up my teaching position, together with the large
laboratory and all the equipment and material that went with it, because I was sure
that I’d be able to finance all the research I wanted to do out of my own pocket. And
that is exactly how it turned out.

Another point that characterised my work style back then was that I was not
averse to rather monotonous repetitive work. For my fireworks I sometimes had to
glue and fill hundreds of paper casings or do similar repetitive chores. I never found
this horribly boring, but instead tried to find ways to get it done in a more efficient
way, and the search for such a solution gave the work a new attraction. Moreover I
gained the satisfaction that comes when repetition leads to ever increasing dexterity
and efficiency in the work. Finally, I have to admit that I got real pleasure from
seeing the products pile up, perhaps rather in the way that the miser gets the joy of
his life from the accumulation of money. There is no doubt that my parents’ genetic
constitution and habits played a role in all this. My mother was endlessly involved
in housework and my father, even after he was well off, spent his mornings in
business meetings and then, after lunch, put on his working clothes and went to the
workshop to do himself all the things which needed particular care and skill.
Nevertheless, there was some personal element at work here for this character trait
was stronger in me than in my brothers.

In this way I found myself involved in an ever increasing round of work and
interests. I’d have liked to have a lathe to make the rods round which the paper
casings were formed. Sadly there was no lathe in my father’s workshop, and so I
decided to make one myself and actually managed to build one out of simple
material. Once it was finished—which took quite a while—my interests had turned
elsewhere and in the end I scarcely used it. I have to admit that this also is a
characteristic that was typical of my later life.

Painting. Apart from fireworks my main interests then were collecting butterflies
and beetles as well as sketching and painting. A neighbouring family called
Schwendowski was a major influence on me in the matter of painting. The father
was a minor official in Riga’s town administration where his drawing abilities were
put to use in preparing Diplomas and other calligraphic works of art. Most of his
many children were considerably older than me, and one of them was a professional
painter. It was always a great joy to me to be allowed to look through his sketch
book with its lively water colour pictures whose colours were astonishingly
appealing. Some of these I can still see in my mind’s eye to this day.

I very much longed to be able to produce similar things myself. I tried, but given
the small amounts of unsuitable material available to me it was a vain endeavour.
There was no other way out—I’d have to manufacture the paints myself! By busily
questioning my school friends I managed to get hold of a book in which I found the
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description of a milling stone and instructions for the proper amount of gum Arabic
to use as a binding agent. I bought these things from the friendly apothecary and set
to work. It turned out, however, that the colours alone don’t make an artist, for my
new paintings were no better than the old ones. I couldn’t find anybody to teach me
how to paint. The artist Schwendowski lived elsewhere and came home only now
and then for a few days, and apart from him no one else in the neighbourhood knew
anything about painting. Once he gave me some left over oil paint. It didn’t go very
far, but it was enough to show me that I’d get a lot further with it than with the more
difficult water colours. And so I began to make oil paint which, in the old fashioned
way, I stored in pigs’ bladders because zinc tube had not yet crossed my Riga
horizon.

In a paper shop there was a large stock of printed lithographs which I’d look
through for hours on end, and then if my pocket money was enough I might buy
one or two which I’d colour in using the water colours. To be honest the results
were disappointing even for me. There were no good examples from which I could
learn. The only paintings I ever got to see were in a gilder’s shop window where
occasionally an oil painting he’d been given to frame would be displayed for a few
days. There was at that time not a trace of the flood of pictures that threatens to
drown humanity today. The reproduction of works of art was restricted to litho-
graphs and to the woodcuts which were coming back into fashion. Coloured
reproductions were rare and costly and the first attempts at photomechanical
techniques were just being carried out in their inventors’ workshops. Because of
this I was restricted to the odd example that passed by chance before my hungry
eyes and I tried with my scanty resources to reproduce the strong effect it had made
on me. Right from the beginning I had more luck with colours than with form: I
could easily envision the impact of the colours I was applying while, on the other
hand, I never dared compose a picture of my own in my younger years.

The relationship to later work. 1 mention these childish things because they later
had consequences for me. I want to stress here that I consider the establishment of
the quantitative theory of colours my most important work. I have not the slightest
doubt that I would never have solved this problem, on which the best and brightest
from Goethe to Hering racked their brains in vain, had I not from my youth been
involved in producing dyes and, by doing so, been made constantly aware of the
most important problems in colour theory which always have to do with non
luminous colour (Korperfarbe). In particular one sees how the commonly available
physical techniques using lenses and prisms available to Helmholtz led him to
conclusions which have nothing to do with non luminous colours.

All in all, when I look back on my working life it becomes clear that all of the
many interests and hobbies of my youth, no matter how useless my parents and
teachers viewed them, all turned out later to be worthwhile and some even essential
for those of my efforts which my peers hold to be not just useful but valuable. By
collecting facts and the relationships between them in the boundlessly compliant
memory of youth, a store of data is compiled from which the building blocks for the
mental efforts of the future researcher can be drawn, for he has to form things which
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do not currently exist—and yet they must not be mere castles in the sky. For this he
has no other guide than his memories of earlier experiences and so the mental
constructs he produces take on a form dictated by these memories. We are therefore
not dealing here with the operation of some mystical power that had given me in my
childhood just those things which I would later need. Rather the style, and to a large
extent the focus, of my later work was largely determined by what fell into my
hands and senses in my youth.

What I am describing here from my personal experience is undoubtedly gen-
erally applicable. Goethe for example emphasised that the concept of the main
figures and events of his literary works were established in his youth and that his
whole long life was devoted to developing these early structures. In this case one
can see even more clearly how the work of the man was determined by the material
which he accumulated at a young age.

Outlook. If one follows this line of thought then one can come a long way.
Goethe’s instinctive rejection of Newton’s theory of colour had its basis (Goethe
was not conscious of this) in the fact that though it provided information about the
“physical” nature of colour, that is to say information derived from the colours of
refracted light, it told nothing either about the perception of the colour of light
reflected from a surface nor about the properties of dyes. Newton’s explanation of
non luminous colour as reflecting the colour of thin sections was apparently not
known to Goethe. He certainly never referred to it and in any case it would not have
led to any scientific explanation because it is quite simply wrong. Goethe, for his
part, was acquainted with dyes and non luminous colours because of his personal
involvement in drawing and painting and he had the strong feeling that these
colours are somehow completely different from the spectral colours. His warning,
“My friends, abandon the darkroom”, was surely largely due to the fact that he felt
unsure of himself there and therefore made a virtue from necessity—but all the
same his instinct was correct. He felt sure that there was no justification for the
simple transfer of the spectral colour theory to the perception of colour in the
environment, though he was unable to justify this view in physical terms. Physicists
on the other hand viewed the whole matter as solved and therefore not worth further
discussion.

If we look at the work on this theme of the great physicist Helmholtz, then we
see how his lack of knowledge of painting techniques and of paints rendered him
unable to grasp these problems. In his three volume book on the physiology of
optical perception the term “non luminous colours” does not even appear in the
index and on the page where colours and dyes are supposed to be dealt with one
looks in vain for something on this topic. On the other hand, in his insightful speech
on his seventieth birthday he told us that already as a boy he’d spent the Latin
lessons, which bored him stiff, working out the light path in optical instruments. He
said nothing about experiments at sketching or painting. The structure of his mental
world was set in his youth and did not change at all throughout his life.

Technical and commercial experiments. No matter how elementary my drawing
and painting skills were, they nevertheless turned out to be a great help in



2 Youth 19

developing my many interests all of which suffered grievously from the limitations
imposed by my meagre pocket money. My parents kept me on a short rein partly
from thriftiness and partly because they rightly feared that my skylarking with this
and that would interfere with my school work. I therefore had to find some other
way to get hold of the necessary “kopecks” as the smallest coins were called.

Just at that time transfers had become all the rage. They would be moistened and
then pressed onto any surface to which they’d stick after which the paper support
could be peeled off. Often the outer side would be varnished bronze so that the
picture only became visible after transfer. All of this was a great attraction for us
boys. In line with my passion for doing everything myself, I invested a lot of
thought and experiments in making these transfers myself. To begin with I didn’t
have any way of making the delicate transfer film on which the picture is painted.
However, I did know that soaking silk paper with oil or better with turpentine
produced a glassy translucent sheet. I therefore painted pictures on silk paper, made
them translucent, cut them out, stuck them onto ordinary writing paper and covered
the front side with a good thick layer of Arabic gum. In this way I produced pictures
which, just like the bought ones, could be transferred—but they had the advantage
that they showed scenes which were of particular interest to us. My school friends
were more than ready to give me a few kopecks for them and so I could now buy
mortars, glass tubes, and other necessary treasures which I’d wanted for a long time.
The joy, however, did not last long because in some way a teacher came to hear of
this and he strictly forbade the trade. The usual exchanges between boys were
tolerated, for there was in any case no way to stop them, but he believed that as
soon as money, no matter how little, was involved it became a serious and dis-
honourable offence. How much I would have liked to get hold of the things I
needed by way of exchange rather than having to pay money to buy them, but there
was nobody with whom I might have exchanged these things.

Music. The memories of one’s own childhood are like the experience of entering
the Finnish or Swedish Archipelago (Schiren) To begin with only the occasional
bare islands of consciousness give form to the featureless sea. They are at first very
small and have little content. Then the islands become more numerous, larger and
contain more diversity until they fuse into the solid land of permanent memory.
Even here some incidents stand out like mountains in the plain of experience but
they are now embedded in a continuum instead of being just perceived as islands of
memory. Exactly this sort of island contains the memory of the first time I expe-
rienced great music. My parents had decided that the best way to introduce me to
music was to take me to a church where a Christmas or Easter oratorio was to be
performed. This indeed fitted to the “biogenetic law” of Haeckel, which at that time
had not yet been formulated, that every organism during its development runs
through a synopsis of the developmental history of the species. In this sense music
had been developed first in the service of the church and all of us children knew at
least some of the first steps along the path of its development in the form of songs.
I no longer recall what it was I heard. However the ethereal sound of the violins
soaring above the choir in a peaceful section, to be followed by the power of the
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combined organ, orchestra and choir, was an unforgettable experience. By chance,
from where I sat I was be able to see the conductor, and the power which he
exercised over all the musicians with his short thin baton seemed to me to be the
most wonderful height of human striving that I’d ever seen or could imagine. From
all the many ideals that such experiences awoke in me and whose achievement in
later life gave me pleasure, this was one of the few that I never managed to achieve.
Of course, realising my limitations, I never really tried to reach it.

At an appropriate time my parents also took us to the theatre. “We” in this case
means my elder brother and me. I was a precocious child, while my two brothers
developed somewhat more slowly, and so it was only natural that I was taken along
for company to all of the events to which my elder brother, on account of his age,
was initiated. That saved me a lot of time.

The first visit to the theatre was to an opera—The Magic Flute. The fact that we
children didn’t understand a word of the text didn’t in the least detract from our
enjoyment.

The serpent at the beginning and after that the comical Papageno and Papagena,
and the evil Moor went straight to our hearts. Tamino and Pamina were less
interesting until the magic of the theatre let them stroll through fire and water. In
line with my natural predispositions the optical memories are much stronger than
the acoustic ones. And when I come to think of it, the memories of the oratorio
seem to be a mix of the acoustic memory with the sight of the illuminated choir
against the dark background of the church nave.

My parents regarded music as an important part of general education. My elder
brother was given piano lessons from an early age and became quite adept. His
teacher was called Askenfeld. He was a peculiar little man in an old faded coat and
with a white sailor’s beard shaved around his pock marked, brown-red cheeks. But
he was a good musician. It was his habit to play the first fuge in C major from “The
Well-Tempered Clavier” (“Das Wohltemperierte Klavier”) to recover from the
drudgery of the lesson. For a long time I had no idea what this strange piece of
music was until, hearing it much later, I recognised again the sounds from my
youth. The violin was chosen for me, and I was to take lessons from a member of
the theatre orchestra called Scholz. He was no use as a teacher and some years later
he lost his job through drunkenness. But though I never managed to learn the violin
properly, my incompetent teacher can be blamed only to a small extent for I simply
lacked the acuteness of hearing on which the surety of touch on the strings and the
melodiousness of the bowing depend. Later I transferred my meagre skills to the
less demanding viola and in this way gained access to the inexhaustible treasures of
our chamber music. Domestic string quartets were a source of happiness to me from
my last years in school and throughout my years as a student and professor. I got
from them not only the direct joy of music but also insights into the Aladdin’s cave
of thematic work which was of enormous help to me in developing my own theories
of art.

Since I was making no progress with the violin I asked instead for piano and
harmony theory lessons and for years I practiced Richter’s strict harmony with
Askenfeld. This early hankering after the scientific side of music, and the fact that it
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was supported by my parents, was an important part of my inner development, even
though it only bore practical and scientific fruit in my old age.

By way of the book exchanges with my school friends, which I mentioned
above, I came across some fragments of A. Hoffmann’s “Kater Murr” and they
made such an impression on me that I didn’t rest till I’d managed to get hold of
other texts from him. I learned from Hoffmann to understand the emotional side of
music. It was a truly decisive experience for me to listen to a performance of “Don
Juan” after reading his masterly analysis of this profound work. The deep vener-
ation for Mozart which I developed at that time has stayed with me in undiluted
form ever since.

Literature. Since my mother’s thirst for reading was not quenched by the two
family magazines which came every week, she also always had books from the
local lending library. Early on I asked for and was given permission to read them as
well. It was soon my job to go to exchange the books and I had a say in which
books would be borrowed. Since I was always finished with them more quickly
than my mother, who could only read in the odd quarter of an hour that the house
work left her, she generously let me exchange most of the books as I wanted.

And so I got to learn the ways of the world beyond the narrow circle of family
and school from the inadequate and one sided descriptions in the romantic novels of
the 1850s and 1860s. The prevailing view was that of, for example F. Spielhagen,
whose novel “Problematic Characters” (“Problematische Naturen’) absorbed me in
my last school years. The naturalistic movement was just beginning to appear on
the horizon and had not yet challenged the domination of the newer romantics.
Soon after this, science totally engaged me and I rather lost interest in questions of
human relationships. The consequence of this was that I frequently made the gra-
vest mistakes in judging the thoughts and actions of those I came into contact with
later in life. Science never lost its hold on me and so to this day I devote less time
than I should to the proper assessment of my personal relationships. I’d probably
have managed to push through some of the scientific advances which I felt it my
duty to support, quicker and more easily had I had more opportunity and interest in
the ways of the world in my youth.

The art of human interactions. In particular I have always found it—I don’t quite
know where this came from—ignoble and even rude to try to influence others to act
in a way that seemed preferable to me. I’m not talking here about personal rela-
tionships but rather about my scientific efforts in which it never became clear to me
that success was almost always dependent on the goodwill of people who, at least
initially, felt wounded by my impetuous reform zeal. Every advance faces all the
leaders and authorities in the field with the question why they themselves hadn’t
seen it. In this sense each advance brings with it an implied criticism which thus
tends to result in its rejection. I had always just assumed that others would share the
passionate joy I felt at each advance and, though sometimes they did, in the
majority of cases they did not. I failed to learn from my experiences.

I recently read H. Zschokke’s book “Selbstschau” in which he describes his
efforts to increase the level of education in his adopted homeland Switzerland. He
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first posed and then answered the question of how he should present his thoughts
and evidence without drawing general antagonism, because, “no one is surer of his
knowledge than he who knows nothing and no one believes he understands things
better than he who grasps nothing”. Zschokke knew this at the age of twenty eight.
I still hadn’t learned it at the age of seventy.

The embryonic author. As to my own writing ability, I soon got praise from my
teacher for my German essays. However, from an early age the wish to express my
thoughts and feelings in written form went beyond these school assignments. Of all
printed matter, novels were most easily accessible to me and so it followed that my
wish to do everything myself manifested itself here too.

True, the novel I tried to write got stuck after the first page or two, because the
breadth of personal experience which I could call on was just too narrow. However,
things went somewhat better with a newspaper which I brought out with the title
“Humour”. It was produced by hand and given to my friends to read. I suppose I
managed to produce half a dozen issues. When, however, I thought about writing
criticism of the performances in the reading of assigned roles in classical drama,
which we were doing at the time, I was met with a storm of opposition, because I
had decorated the first letter with a huge scissor that was cutting a pitiable victim
through the middle. I had to abandon any further issues. Even before that I’d earned
the serious disapproval of my readers when I’d described, in the style of Amadeus
Hoffmann, incidents which all my school friends could recognise about ice skating
with girls of our age. The stories were written as tragic and passionate tales which,
at the moment of greatest tension, turned into farce. My readers were perfectly
happy to be overcome with emotion—but they didn’t want it to be interrupted.

Difficulties at school. Tt will be easy to understand that these diverse interests soon
enough came into conflict with the demands of schoolwork. Already in the second
class my results at the end of the year were insufficient to allow me to be transferred
into the next class and I had to repeat half a year. In the third year class where, as
I’ll shortly relate, I fell for chemistry, I had to repeat the whole year. But then things
got better: I completed the fourth year in three terms and the fifth year in two. Not
that I’d developed any greater diligence for my school work in the upper classes—
quite the opposite—but rather because I’d gained the goodwill of some of my
teachers who were prepared to accept my general intellectual progress as being, at
least in part, equivalent in value to the school curriculum, and in consequence they
allowed me a lot more freedom.

In particular I’'m indebted to that splendid teacher Schweder, whom I already
mentioned, because he put in a good word for me at the teachers’ conferences and
in this way spared me the enormous waste of energy which I would otherwise have
had to make to fulfil the strict letter of the regulations.

My marks in maths were always good; even better were those in physics which
began in the third year (chemistry didn’t start until the final year). Schweder’s
excellent and stimulating lessons caused me once again to want to repeat for myself
the beautiful experiments he’d demonstrated. He lent me the practical textbook
from Frick the early editions of which were splendidly adapted to the making of
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useful instruments from simple components. Here I remember how excited I was to
discover that for a collecting lens there are two positions where a sharp image is
formed and that for this the distances between object and image remain the same
and are merely exchanged. Afterwards I found out that this had been known for
ages, but Id tasted the delight that follows an independent discovery and that left
me with a craving for more.

I was soon allowed to help the teacher I venerated with the experiments and
could suggest and carry out some technical improvements. For example I cut a
radial slit in the disks of paper for the colour top so that one could put two or more
disks with different sized coloured sectors on top of each other and thus mix these
colours. Here as well someone else got there first; in this case, as I discovered years
later, it was the great physicist J.C. Maxwell.

On one occasion I actually managed to catch my honoured teacher out in an
error in physics. It was typical of him that from that point on he was even friendlier
and supported me even more strongly in the teachers’ conferences.

Chemistry. From physics the dominant passion of my youth switched to chemistry.
It had all started with the fireworks. As I mentioned before, in Websky’s book
chemical formulae—which meant nothing to me—were written next to the trivial
names of the chemicals. Slowly I worked out that wherever the word sulphur
appeared in the name of a chemical the letter S was present in the formula. But the
other letters remained un-interpretable. A question to the teacher elicited the short
answer that these were chemical formulae and we’d do them in the last year. I,
however, didn’t want to wait till the last year, especially since at that time it looked
as if it would take an age for me to reach it.

So once again I turned to that small but many sided source of knowledge: the
books available to me through my school friends. This time luck was really on my
side because I got hold of a copy of the “School of Chemistry” (“Schule der
Chemie™*) from the excellent agricultural chemist Stockhardt. It was well worn and,
having more or less fallen apart, it consisted mostly of loose pages. However, I soon
learnt to treat it as the greatest treasure that had so far fallen into my hands.

This book turned out to be a pedagogic masterpiece. Of course I could
only judge the book subjectively, but far more than Frick’s experimental
physics—*“Practical Physics” (Praktische Physik)—Stdckhardt’s book satisfied my
desire to do for myself all the wonderful things I read in it. At the beginning he set
only very low hurdles in terms of the materials needed and the skill of the pupil and
then, in carefully considered steps, he moved on to more difficult things. Because of
this, these chemical experiments were for me much more accessible than the
physics ones had been and I drank deeply from this spring.

Of course here as well I was short of money. My father was less ready than ever
to support my dawdling with my schoolwork, and my mother was placed in a

“This book was published in 22 editions from 1846 to 1920. Several English editions were
published under the title “The principles of chemistry: illustrated by simple experiments”. In its
time, it was one of the most important books popularising chemistry.
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difficult position between her kind-heartedness towards her favourite son and her
duty to her husband. What little she gave me was nothing like enough and so I
looked around for some means to earn the desperately needed money. To buy the
retort which I needed to make concentrated nitric acid for gun cotton I once cleared
the ice from the whole yard and this cost me two days hard work in the Easter
holidays.

The goal of my chemical experiments, in so far as I could carry them out
according to Stockhardt’s directions, was to try to understand the underlying
phenomena. Only those who have seen a child becoming totally absorbed with
something new, taking it in through every pore and anchoring it in his memory, can
imagine how I abandoned myself to this new world and with what eagerness I
sought for ways to get round the problems that lack of materials posed. Of course I
showed my school friends as much as they wanted to see and so my teacher also got
to hear of it. In a friendly exchange Schweder made me promise to work at the other
school subjects—which I could do quite easily. At the same time he examined my
knowledge of chemistry and then lent me other text books the most important of
which was Strecker’s German edition of Regnault’s textbook of chemistry. By this I
was introduced to a more purely scientific view of my favourite subject and was so
well prepared that my wasted first year as a student at university didn’t hold me up.

Photography. All these activities brought me a special status amongst the other
pupils and my head became quite swollen, so that I was not shy to boast about the
many important things that I was going to do. This elicited of course protest and
derision; one thing led to another and then I declared that I’d provide proof of my
abilities by making a photograph of one of those present using only self made
materials. A date for this was set. I didn’t have a camera or any other equipment and
what 1 knew about photography was restricted to the short description of its
chemical basis given in the textbooks. None of my acquaintances was a photog-
rapher and all I knew about the technical aspects of taking pictures was what the
“object” could glean when being photographed. At that time—in the 1860s—a wet
collodion plate served as the light sensitive surface. Ammonium iodide and cad-
mium iodide were dissolved in a cellulose nitrate solution which was then poured
over a carefully cleaned glass plate. This had to “ripen” for the proper period of
time before it could be used. At the right moment, when the coating had gelled but
was still damp, the plate was immersed in a tray of silver solution that also had to
have just the right constitution (weakly acidic and saturated with silver iodide).
Once silver iodide crystals had been formed, the plate had to be drained and placed
wet in the cassette. From this point on it could be used for 5-10 min so that
photography was only possible close to the darkroom. I gleaned these details from a
book on photography by Monkhoven which I’d managed to get hold of.

I don’t want to go in detail into all the difficulties I faced, but I built the camera
out of an empty cigar box of my father. My mother’s opera glass provided the lens.
Thus far it was fairly easy. To make the silver solution I scrounged a broken tea
spoon which unfortunately turned out to be rather rich in copper and so I had a lot
of work before I could make pure silver nitrate from it. The trays were made of
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varnished paper while bits of broken window were cut to make the plates. Finally
everything was ready and with breathless excitement I watched the development of
the negative of my first picture—the view from my window. The feeling of hap-
piness was no less than that I’d experienced when I’d set off my first rocket. A few
further experiments gave me the necessary experience and I did indeed manage to
produce a photograph of my school friend and print it on albumin paper by the
appointed date. He’d managed to freeze the scorn he’d felt for what he thought was
a hopeless venture on his very expressive face and kept it there for the thirty second
exposure. In this way an extraordinarily lively portrait emerged and I am only sorry
that I no longer have it.

I learnt a very great deal from this bet. The necessary chemicals could not be
bought in Riga and so I had to prepare them from available substances. Even the
gun cotton needed to make the collodion was on this list and the retort for which I’d
cleared ice from the yard was part of the story, because I’d needed it to make
concentrated nitric acid. The ammonium iodide and cadmium iodide both had to be
prepared and the latter pleased me particularly by the sheen of its crystals. I also
made my own ether. In addition to all this there were quite a few mechanical and
physics problems to be solved such as getting the exact fit of the cassette and the
best position for the lens etc. From making fireworks I’d learnt that enough
information is available in books to let you do almost anything you want—and that
was confirmed here. This all had a decisive influence on my future because I knew
that my progress was not dependent on personal instruction. I was, of course, able
to benefit from personal instruction, and I’ll relate with thanks incidents of this as
we go along, but it was not an indispensible necessity for me and in fact I owe a lot
more to my books than to my teachers.

The moral flywheel. It was here that I experienced for the first time the operation of
the “moral flywheel”. As everybody knows a flywheel serves to store a certain
amount of energy which can be used to iron out the peaks and troughs of the
demands on a machine. This enables a more or less regular speed of operation,
despite fluctuating use and load. If a machine is overloaded for a while then it
would simply grind to a halt were it not for the flywheel which can cover the excess
load with its stored energy. In a similar way [—unconsciously at the time but later
quite deliberately—forced myself to an above average effort. In this case I used my
ambition as a flywheel to draw the extra energy needed to conquer the field of
photography, which combined my twin interests of pictures and chemistry, and thus
to win the apparently impossible bet. The success of this first attempt and of a
second which I'll tell when we come to the end of my studies, encouraged me to use
this procedure often, perhaps oftener than was altogether wise. Nevertheless,
although there were failures along the way, it worked pretty well in most cases.

Other activities. These diverse indoor activities didn’t prevent me from spending a
large part of my time outdoors. Because my father was a cooper there was always a
large court yard to store the wood adjacent to our house. After we moved from the
house on the Speckgraben, which was soon buried under the Riga-Diinaburger
railway, we lived in the Romanowka Street which was also in the “Moscow”
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suburb. Outside Riga’s old city wall, which I saw in my early childhood and which
was later replaced with pretty gardens, there were three suburbs—“Petersburg”,
“Moscow” and “Mitau”, whereby the first was the most genteel one. Mostly
non-Germans, Russians and Letts lived in the “Moscow” suburb while the ‘“Mitau”
suburb lay on the other side of the three quarter of a kilometre wide river Diina, and
it was a world on its own. In spring and autumn, when the river was full of drifting
ice, that suburb was cut off from the town for weeks on end. In summer traffic
passed on a pontoon bridge and on some small steamers, while in winter the river
was passable on the ice. Because of this the people from “over the river” were
regarded as a bit foreign and they were thought capable of getting up to things that a
proper citizen of Riga would never do.

The whole family saw it as an important step in our social rise when around
1860 my father managed to buy a house on Alexander Street, the broad main street
of the “Petersburg” suburb. That our house was number 100 increased my respect
for it considerably. It lay a bit at the edge of the suburb but still inside the built up
area which came to an end a few hundred paces further on at the “Great Pump”—a
public fountain in a square surrounded by poplars. Beyond this point there were
only some scattered summer houses, farms, windmills and factories before the start
of the endless pine forest, extensive high moors and beautiful lakes which make up
Riga’s surroundings. The “Mitau” suburb was also surrounded by woods and moors
while on the edge of the “Moscow” suburb lay the sand dunes, which I mentioned
before, and these one had to cross to get into the woods.

This was the stomping ground of the explorations which my elder brother and I
and two or three school friends made in ever wider circles. Along the way we’d
collect beetles and butterflies while a pond with wonderful crested newts gave us
the chance to take a few especially beautiful specimens home where we fed them on
earthworms. For us it was enormous fun when two of the newts grabbed different
ends of the same worm and then, swallowing slowly, met in the middle. Then there
started a sort of wrestling match in which the stronger one pulled the already
swallowed part of the worm back out of the loser. And then one time I suffered
pangs of conscience when I stepped by accident on one of the newts that had
escaped from its bowl. The half squashed animal did not recover from its injuries
and I had to witness its slow death. After that I carried the other newts back to their
pond.

The director. All in all I had a very happy youth. The schoolwork wasn’t onerous
and I didn’t take it all too seriously. For the 7 years I was at the secondary school
Mr. Haffner was the director. He was an old ultra-conservative old-fashioned
classical philologist who had previously served as the government appointed rector
of Dorpat University.” There many stories circulated that centred on his reputation
as a petty fogging bureaucrat. Once, when his immediate superior, the chairman of
the trustees, was out of town Haffner deputised for him and in this capacity he
discovered some minor breach of the regulations which he as rector had committed.

3Since 1919 Tartu University, Estonia.
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As acting chairman of the trustees, he sent a sharply worded reprimand to himself
as rector, and was seen the next day in tears as he read this letter to himself.

However, since he was in essence a benevolent man and since he did not
consider himself responsible for the mathematics and science subjects we didn’t
suffer too much from his classicism. At the start of each semester in the second class
he organised a big celebration in which he’d spend one hour telling us how a good
pupil would prepare himself for the upcoming Latin lessons. He had a large closely
shaved face in which he manage to use the unusually large realm between his nose
and his mouth to so dramatically express the various stages of cogitation between
the start and the triumphal end of a translation that we boys could scarcely suppress
our laughter.

He was, one must add, altogether a conscientious director who every Saturday
made the round of all the classes to look in the register books in which each teacher
had to confirm that the lessons had taken place and in which the more serious
disciplinary offences together with the perpetrator’s name were recorded. These
culprits then had to suffer a stern philippic and I can assure you that he took care of
every single case. He even managed to enliven the inevitable monotony of his
punishment sermons by bringing some personal twist to each case.

The teacher. Each pupil at the start of his school career had to nominate a teacher
to be his mentor who would keep an eye on him and advise him if he ran into
difficulties. My heart had been set on Schweder, but when I asked him it turned out
that he already had the maximal permitted number of pupils and so I looked for
someone else. I took the teacher my elder brother had chosen. He was called Dr.
GroB: his subject was German. He was a short plump man with a round white face,
a bald head and a black beard. He was taciturn and had a permanent air of dis-
satisfaction. I never saw him smile. He was one of those teachers whom a university
degree had completely alienated from teaching so that like “Pegasus chained™® he
looked down on his job with anger and contempt. He probably spent his free time
writing tragedies, though none have seen the light of day. He could have had a great
influence on me since he was responsible for setting and marking the German
essays and this was an area in which I wanted to make my mark. However, he
completely refused to cater to my aspirations and stayed instead with the usual
stupid topics: “On the life of man”, “Seen from a tower”, “Wallenstein’s guilt”,
“Tell’s monologue”. In other words the sort of thing which then—and even long
after—was used to train pupils to spew out empty phrases. Once, when the topic
was “Where would we be without hope?”, I was so annoyed about the silliness of
the subject that to taunt him I wrote the superficial banalities which he expected
from us in doggerel modelled on Kortum’s “Jobsiade™” which I’d just read with

A poem by Schiller in which the winged horse of Greek mythology was bought by a farmer who
used it as a plough horse.

"Carl Arnold Kortum was a German physician and writer. The “Jobsiade” was a comical heroic
poem about the life of the down at heel theology student Hieronymus Jobs. It is a satire on student
life and German philistinism.
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delight. He reacted to this by underlining in red ink every error I'd committed in
grammar, poetic meter and rthymes and gave the now blood red essay an appro-
priately terrible mark. But the fact that my cheekiness had no further consequences
showed me that he hadn’t read it without some amusement and that he had used the
formalism of the red ink to spare me any worse punishment. Many years later when
he was long dead I heard to my great astonishment from one of his friends that I had
been one of his favourite pupils and that he had always put in a good word for me in
the teachers’ conferences. He’d never said a word of this to me.

The other language teachers also had little influence on me. We learnt French to
begin with from a very old, very small gentleman with a leathery face that was
always shaved smooth. His clothes were always neat and clean, he used silk
handkerchiefs and scent, carried a flask of smelling salts in his waistcoat pocket in a
ruby-red glass flask decorated with golden arabesques and was called (or called
himself) Sire. Soon after I started he died and was replaced by a jaunty young man
called Dubois from the west of Switzerland who, apart from his French was so
uneducated that it was obvious even to us third year pupils. He was always friendly
to me but didn’t hide his annoyance that I didn’t really apply myself to his subject,
for he considered French to be extremely important.

We had English from a long thin middle-aged teacher called Riecke—a talented
man, educated in many areas. He was a good mathematician and had a lively feel
for the beauty of poetry which he tried hard to awaken in the older pupils. Sadly he
was one of those unfortunates who are completely incapable of keeping a horde of
active boys under control. He had to instruct the youngest classes in handwriting
and the noise we made in that class and the tricks we got up to are simply inde-
scribable. When we got to the last 2 years and discovered what an injustice we had
inflicted on this benevolent and sensitive man it was just no longer possible to
develop a suitably respectful attitude to the one-time victim of our impudence.
Though he would have liked nothing better, an open and friendly relationship with
us never developed. Once much later, when I already held office, I met him by
chance and was happy to learn that he had retired long ago and had a comfortable
house in South Germany and a circle of attentive friends.

I’ve already described the Russian teacher Haller. If he had any influence on me
then it was only negative. Since my progress in Russian was inadequate I took
private lessons with him in the fourth class and this at least had the hoped for result
that he gave up his opposition to my transfer into the final year. I learnt nothing
from him.

As is so often the case, our history teacher was the reason that we regarded the
subject as useless drudgery. In the lower classes the lessons consisted of learning by
heart lists of names and dates and this was only rarely leavened by an anecdote. Our
teacher was called Matschewski. He was an elderly man with a bald head and just a
rim of hair at the nape of his neck, the slow growth of which we’d follow with a
naturalist’s interest until someone could proclaim, “Matschewski has had his hair
cut!” As his name suggests he was of Polish descent. Though he was originally well
educated he’d fallen on hard times and his family lived in such a shambles that the
squalidness of his clothes was obvious even to us boys. He was unable to keep
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order and forgave us every irregularity so long as we didn’t make too much noise in
class. In his younger years he’d studied the French revolution and he had a col-
lection of books about it which, over the years, had fallen apart and were now
extraordinarily dirty. In the fourth year he lectured us from these in enormous detail.
His strong bias for the French way of life didn’t suit us at all because we saw
ourselves as German. This became very obvious in 1870 when the French—German
war broke out. At the beginning he delivered hate filled prophecies of a sound
German defeat and we in turn loved to tell him every day the news of the German
victories. These he angrily denounced as plain lies and, when this was no longer
possible, retreated behind bitter threats of the retribution which would soon come.

Faith. Religion for all classes was taught by John Helmsing. He was a quiet man of
average height with greying blond hair. His long face bore side whiskers and a
melancholy expression. In line with his first name, which he always wrote out in
full, he tried to dress and act like an Englishman and even lisped a little bit like one.
Presumably there was some English blood in his family. In his class he was able to
keep order without any great effort. This was made easy for him because the clergy
had high standing in Riga society and our respect for his religious office helped him
as a teacher.

Helmsing, however, had no great influence on me or on my school friends. My
parents stuck to the religion they’d inherited without it impinging much on life at
home. My father scarcely went to church, but my mother did to begin with, though
later the increasing burden of household duties kept her at home. We children were
sent to church—regularly at the beginning and then less so as the spiritual influence
on us receded. For a long time I tried hard to sustain the belief in Christianity which
I’d picked up as a child. My first teacher (his name was Mr. Fromm which means
“pious”), tried to support me in this, but my faith wouldn’t last.

Once, worried about some “sin”, which I no longer recall, I went into a dark
corner and kneeling fervently, prayed to God that he forgive me and free me of the
sin. I received no answer, neither from outside nor from within. Everything stayed
silent and empty. This was a shattering experience for me and robbed me of my
earlier absolute trust. However I didn’t fall into a state of religious melancholy as
occasionally others of my age faced with a similar problem did. Instead I realised I
just had to solve the problem on my own and, given the happy and active nature I’d
inherited from my parents, that wasn’t so difficult.

I brought this experience with me to the secondary school where my teacher
could not bring me back to the path that I had left with so much inner struggle. Most
of my schoolmates treated religion with indifference and contempt and the few
pious ones were such uninteresting people that I had no connection to them. To
begin with I defended my old position against the scoffers but as time went by I
gave that up. Confirmation was in the hands of a mild old pastor who had to expend
what little energy he had on the uncouth boys and girls of the lower orders and so
had little left over for us secondary school pupils. To be honest I was still a little
worried about the sinister threat that church doctrine held out for those who dared to
take communion while not in a state of grace. But this threat was so inconsistent
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with all I had by this time learned from science and art that I decided to take a
chance. And when nothing happened I felt that I had separated myself without pain
from the religion I’d grown up with.

The others felt much the same so that religious classes were treated as another
boring school subject that one had to put up with and for which one should do as
little as possible. This terrible inconclusiveness of all his work seemed to bear
heavily on Helmsing. He became ever more shy and quiet and after I’d left the
school I heard that he had to be treated in a psychiatric hospital for religious
melancholia.



Chapter 3
The Growing Boy

Dance lessons. The time came when the growing boy carefully examined his chin
and lip for sprouting hairs and began to feel a mix of dread and delight when
confronted with girls. In my case the dread was uppermost at first because I had no
sister to introduce me to this other form of humanity.

My father had a high opinion of the value of good manners for social
advancement and he thought hard about how he could help us to rise further than
had been possible for him. Since he’d advanced beyond his station there was no one
amongst his acquaintances or relatives who could help in the matter, and so there
was nothing left for it than a course of dance lessons.

The teacher’s name was Krickmeyer. He was a failed actor, tall, thin and supple,
with a reputation of being able to lick young bears from my social milieu and age
into shape. My elder brother and I, together with around a dozen others, were sent
to him to learn the elements of the art of dance. For me these lessons, which I'd
initially joined only under protest, became more interesting because the teacher
treated his subject scientifically, drawing out the various positions of the limbs and
the development of the dances on large posters. In addition none of the feared girls
were to be seen because, like us boys, they too were first instructed in the basics on
their own before we were let loose on one another.

Unfortunately I believed that once I'd grasped the diagrams I’d pretty much
understood it all and so I didn’t spend much time on practising the movements
needed to actually perform the dance. Because of this I have only seldom experi-
enced the joy of being carried away by the rhythm of the dance and even when it
did happen the feeling was not strong enough to make me try hard to recapture it.

At some appropriate time the girls joined the class. They were from the same
social circle as us and, as the rigid rules of demeanour demanded, they behaved
demurely and with almost excessive good manners. Since Mr. Krickmeyer had also
instructed us scientifically in how we should treat these strange creatures I found
this new experiment much less difficult than I’d feared it would be. As soon as there
was a pause, the two groups immediately separated. While we boys exchanged
short meaningful comments on our impressions, we could hear an excited
many-voiced twittering from the girls’ room.
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Of course each of us soon had his flame whom he shyly worshipped. Mine was
called Eveline. She had long light blond curls, a bent nose and a self confident air
about her. She didn’t have much to say. I tried to get into her good books by telling
her that she was very like one of my cousins whom I liked a lot and was astonished
that she reacted coldly to this information. Only later did I learn that there is no
more certain way of annoying a woman than to compare her to another—unless of
course one immediately adds that the other cannot hold a candle to her.

At the end of the winter the dance lessons came to an end. In the following
spring I went with some friends on a hiking tour for several days and one evening,
sitting by the camp fire, I took out the little photograph of Eveline I'd kept and
wanted to ritually burn it. However, the proper emotions just wouldn’t gel and in
the middle of the ceremony I burst out laughing.

My friend. Since the worthy Mr. Kirkmeyer had not managed to put much in the way
of social polish on me, my parents were glad when a new opportunity arose from
which they hoped for more substantial results. This was a private dance course which
the mother of my friend Fritz Seeck organised for her son, her two daughters and two
nieces. My friend gave me an invitation to it, despite his mother’s reservations, for
from my occasional visits to their house she knew me as something of a tearaway.

Fritz Seeck was my closest friend at school and like me was the son of a self
made man. His father was a locksmith or mechanical engineer who had invented a
machine which made it easier to pack flax and, since flax was a major part of Riga’s
growing business, ever growing numbers of the Seeck’s packer were required. The
inventor and producer—who was called Packer-Seeck to distinguish him from his
brothers who were in different lines of business—was soon a rich man. He’d
married a young teacher by whom he had four children, two boys and two girls.
I never knew him because he died young. He left his widow a considerable fortune
and the task of bringing up the highly gifted children—a task to which she, as a
teacher, was well suited.

Fritz was the second son. The first was called Otto and was 4 or 5 years older
than Fritz. He studied history in Dorpat, became Mommsens’s' favourite pupil in
Berlin and from there went on in Miinster and Greifswald to gain a reputation that
went far beyond just the circle of academic historians. Back then I only saw him
occasionally when he came home for the holidays, but later, when my career led me
as well to Germany I got to know him better and had a great regard for him. He died
a few years ago.

Fritz was even more talented than his brother. He was my age and our shared
interest in science soon brought us together. His mother, Mrs Seeck, was an
intellectual. She had a library in her house and made sure that her children were

'Theodor Mommsen was an influential German historian. Ostwald however overestimates
Mommsen’s opinion about Seek: Mommsen supported Seek’s appointment as Professor at the
University of Greifswald, merely because he considered him to be a lesser evil than the other
candidates. See: Mommsen und Wilamowitz. Briefwechsel 1872—1903, edited by Friedrich and
Dorothea Hiller von Gaertringen, Berlin 1935, 105f. (Nr. 90).
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well acquainted with the treasures of literature. Fritz passed this motivation and
encouragement along with the books to me, and so I have to thank the kind hearted
but strict Mrs Seeck—her bearing reminded one of her previous profession—for a
solid introduction to literature in the widest sense. In a similar way I was led to
appreciate music. Often enough she had occasion to criticise my heedlessness and
lack of polish, but she did it in such a way that I lost neither my respect nor my trust
in her. When I was at my friend’s house I could sit with him and his sisters at their
coffee table and thus had a chance to lose some of my shyness and awkwardness
which made interaction with girls my age so difficult.

Of the two girls Helene, the elder, was closer to her brother in age and interests
so that I already had things in common with her. She was well educated and seemed
to my youthful eye to be a perfect beauty. I soon felt a deep affection for her which I
naturally sheepishly tried to hide, though I don’t believe that any of the others was
fooled for a moment. My crush on her was treated with humorous friendliness and
Frau Seeck sometimes exploited it in her attempts to civilise me, for I had no other
wish than to be allowed to worship my ideal from afar. The object of my worship
was satisfied with that and would sometimes make me happy by sharing an interest
in some hobby of mine and this was easy since our interests were in many areas
parallel. She read a lot—and widely. Her elder brother Otto also helped with her
education by giving her history books to read and some of them were pretty
advanced—even academic. She showed little interest in the activities of her lively
peers. This was something that interested her younger sister much more. She in turn
found my exclusive interest in her elder sister stupid and she ignored me com-
pletely—which was a great relief.

From all of this you can imagine what a great joy it was to me when one day in
the school Fritz asked me if I wanted to join their dance evenings. I accepted
eagerly and even managed to persuade my parents to buy me a suitable suit. They
were more than a little astonished by this because up till then I’d shown little
interest in my personal appearance.

After surviving the first difficult evenings among the numerous unknown ladies
and daughters of well-off families, all of whom outshone me in matters of social
polish, I began to enjoy myself. The liveliness and quaintness of my conversation
brought me mostly mockery but also some respect. I however didn’t care about
mockery or approval, but swam in happiness whenever I could be “her” partner at
table or dance. Of course other couples had established tender relationships as well
and such a sense of harmony now encompassed the whole circle that none of us was
looking forward to the day when it would all come to an end.

Our schooling had been entrusted to the best dance teacher in Riga. She was
called Mrs. Weller and was the wife of a respected first violinist in the theatre
orchestra. She was thin and supple and had a loud voice. She knew exactly how to
control her little lambs and bucks and how to keep clumsy slowcoaches up to the
mark.

She was constantly dissatisfied with me. For a start I had to do everything
different from how I’d been taught in the first course and then my head and heart
were increasingly elsewhere so that my legs didn’t know what to do. Mrs. Weller
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summed up her view of me near the end of the course in words that echoed down
the hall, “Mr. Ostwald, you’ll never be any good”. This was a self-fulfilling pro-
phecy, because it destroyed the last of my courage and I gave up dancing after that.

The poet of the dance evening. As the last dance evening approached we wondered
what we could do to bring it all to a worthy conclusion. Since from my school
newspaper days I had a certain reputation for coming up with amusing ideas I was
given the task of arranging a dramatic finale. I looked for a way to humorously
portray various little incidents that had occurred during the dance course in such a
way that each of the participants would be easily recognisable. This way of doing
things provided the content and freed me from the ordeal of coming up with lots of
platitudes. Two of the brightest participants who had good strong voices were to
dress up as an old married couple and discuss before us whether or not they should
permit their children to take part in a dance course. Both of them would have the
strongest reservations and would justify them by providing all sorts of examples of
the sort of terrible things that could happen on such occasions. “Papa” told the
stories which related to the boys, “mama” those of the girls and I took care that each
one of us was readily recognisable. It was particularly funny when the two of them
had to recite the verses of the sketch about themselves. The biggest problem for me
was to make sure that even the object of my veneration got her fair share of
mockery; I did this by hinting at her well known choice of reading material which
was unusual for a young lady:

“Her wisdom is also vast. It extends even to Plutarch”.

As one can easily see the doggerel of the immortal “Jobsiade” had been my
model for the poetic form. The performance was set up so that the two speakers
could discreetly leave during dinner and then return in their costumes to play out
their roles across the table. Every new innuendo was greeted with loud applause:
those who had not yet been “done” waited in suspense while the others relished
what was to come with glee and the whole thing ended in laughter.

End of school. 1 was now nearly eighteen and it was time to prepare myself for the
school leaving exams. Maths, the science subjects, German language and literature
didn’t give me the least worries. I thought I’d also get through all right in English
and French—but history and Russian were a different matter. Since my memory
was good, I got hold of several different books on world history and compared what
was written about the various periods in them and this made it easy to remember the
basic facts. In this way I was relatively sure I’d pass this subject too. The big
problem was Russian. My class mates hinted that there were ways to get round this,
but I was too proud to take them up on it. The result was that though I passed all the
other subjects, I failed the Russian exam. However, because Petersburg had decreed
that a first class performance in Russian in the school leaving exam was essential,
this meant that I would not get my school leaving certificate. Because of this I had
to put off my dream of studying chemistry at Dorpat University for half a year.

The Russian exam. 1 turned down the well meant suggestion of the school director
Haffner that I re-sit all the subjects and get even higher marks the next time round.
Instead I exercised my right to re-sit only the Russian exam. Because of my many
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interests the free time before me was more than welcome and I used it to the full.
Having learnt the hard way I now resolved to make use of those warped and twisted
means that would lead unerringly to my goal of passing the Russian exam. It was a
typically Russian ploy.

A Russian priest called Sokolow was in charge of the religious education of the
handful of Greek Catholics in the school. He was also a member of the exam
committee. Two of the final year boys facing the exam would take personal tuition
in Russian from him, and the considerable sum of money required for this was
scraped together from all those who took part in the scheme. In this case I and
another final year boy were given the job. We went only now and then to the
lessons, though the priest would have got annoyed if we’d never turned up. He gave
us tea and biscuits and told us all sorts of things in his own language which sounded
amusing, for he was a jovial man with long curly hair and a beautiful beard and he
didn’t play the holy man. Now and then he’d launch into an account of Russian
history as he understood it. Once he related the tale of the conversion of the
Russians to Christianity. Tsar Wladimir, later known as the sainted Wladimir, had
called together priests of all the known religions to find out which of them he
should prescribe for his subjects. The Jews were struck off the list right away
because their God was angry with them and since they lived in permanent exile
they’d obviously still not managed to placate him. The catholic priest didn’t stand a
chance either because his theology was so complicated. Wladimir liked Islam the
best because paradise sounded so nice and God granted the believers as many
women as they wanted. However there was no way round their proscription of
alcohol. “After all”, added Sokolow thoughtfully, “can you imagine a Russian
without vodka?” The Greek Catholic priest had brought along a large painting of
hell in which the tortures of unbelievers were shown in all their gory details. The
picture made such a great impression on Wladimir that he chose this religion for
fear of having to suffer these tortures for all eternity. The technical problem of
immediately converting all his people to Christianity was solved in an elegant way:
the people were driven through a shallow stream after which they were judged to
have been christened and thus converted.

This sort of entertaining story, however, was not actually the object of the
exercise. As a member of the exam committee Sokolow had prior knowledge of all
the exam questions and that meant he also knew which text we would have to
translate from German into Russian. This was the centre piece of the Russian exam.
A few days before the exam a piece of paper fell by chance out of his pocket as he
left the private tuition class for a few moments. Quite by chance we picked it
up. When he returned he glanced briefly at the spot where the paper had fallen and
nodded in satisfaction. We took our leave with thanks and found on the piece of
paper the reference to the exam text—it was something from Schiller. This turned
out indeed to be what we had to translate. Each of us was able to turn up for the
exam with a good translation all ready to be copied out.

This was all done unselfconsciously, without any of us feeling pangs of guilt.
We all knew that in dealing with Russian officials anything could be achieved so
long as an adequate tip was paid. The fact that even the German teachers in the
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school accepted this as one of the facts of life was very clearly shown in this case.
The piece of paper we’d picked up identified the start of the text but not the end, so
that we’d all brought along a translation which was much longer than required. We
then had to copy from this as much as was demanded in the exam. One of us, with
quite unparalleled impudence, found all this too laborious. He simply crossed out
the excess text on the translation he’d brought with him and handed it in. Although
this was a clear proof of the swindle, none of the teachers mentioned it because
without this little short cut the school wouldn’t have got anybody through the final
exams for none of the pupils was prepared to learn as much Russian as the gov-
ernment demanded.

Introduction to teaching. So as to have some sort of regular job for the extra
6 months that I had to stay in Riga, I undertook to teach some children who were
being readied for starting school. This was my first attempt to teach. The work was
fun, and I think my young boys and girls enjoyed seeing me. They belonged to a
rich titled German—Russian family from the empire with rather russophillic views
and this was interesting for me because I knew so little about such peoples’ way of
life. The most astonishing thing for me was that they were willing to pay me for the
pleasure of teaching their children. Probably it was, objectively seen, little enough,
but from my point of view it was substantial because I’d never till then possessed so
much ready cash. I used some of it to buy my mother a sewing machine. Talk of
this new contraption had only just reached Riga and the joy it brought my mother
moves me even today.

I retained this astonishment at being well paid for doing something I enjoyed for
my whole life. Research, teaching and writing have remained to this day the richest
and purest sources of joy in my life and they also easily supplied the means of
support for me and my family.

Shaping the future. I never had the slightest doubt about what I wanted to study. My
father wanted me to become an engineer and therefore tried to persuade me to go to
the Riga technical college, but I wasn’t going to do that. Not that I had anything
against such a career—after all, ever since childhood, I’d had a strong technical
bent and would doubtless have turned out to be an above average engineer. It was
just that the idea of free basic research in the uncharted seas of the as yet unknown
seemed to me to be so magical that I didn’t worry at all that the lack of a chemical
industry in my homeland meant that the economic future of an academic chemist
would be difficult at best. I didn’t worry about money. My highest dream for the
future was a job as the scientific assistant to a chemistry Professor in Dorpat and I
knew from my own home that it was easily possible to lead a happy and fulfilled
life with little money. Even though I’d now seen and appreciated the differences
between my parents’ modest lifestyle and life in the more opulent homes of some of
my school friends, I had no particular wish for a fancy flat, fine clothes, gourmet
food and all the rest.

Just as there was no question as to which subject I’d study, so there was also no
question as to which student society I’d join.
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About half of the students at Dorpat belonged to large student organisations each
of around a hundred members. Each society was distinguished by a uniform
denoting its home region and all of them had constitutions based on that of the
nationalistic fraternity of Jena which had been founded at the start of the nineteenth
century. Three of these student societies were named after the Baltic provinces
Courland, Livonia and Estonia while my home town, as the largest city in the whole
land had its own society—the “Fraternitas Rigensis”. These societies had all been
founded in the first decades of the century so that in my student years they would
one after another celebrate their fiftieth year. Their constitutions had remained
essentially unchanged. They exercised a large degree of self management and they
also had a large influence on the whole student body. Even the students who had
not joined a society were subject to the Societies’ Court which decided on matters
of honour and student behaviour. This was because its severest punishment—
known as “Disrepute”—would make the life of an individual at the university
almost impossible, and so no one dared to ignore the decisions of the court. The
court proceedings were public and the first year members of the societies were
required to attend them in order to gain from these real incidents in student life the
wisdom with which to organise their own future conduct. The judges of the court
were elected from amongst the society members and I can assure you that they did
their very best to reach fair and just decisions. All the students normally addressed
each other using the familiar “Du” form.>

Since I came from Riga my choice of a society was a foregone conclusion, but
even if it hadn’t been, there was another factor which would have made me reach
the same decision. My closest friend Fritz Seeck had sat the school leaving exam at
the same time as me, but had managed to avoid the Russian pitfall. He’d entered the
university one semester ahead of me and had joined the “Rigenser”. Already in the
first term he’d been elected to the inner circle which gave him the right to wear the
society’s cap and coloured band. For both of us it went without saying that I’d also
join the “Rigenser”.

’In German close friends and family members are addressed as “Du”. All others are addressed as
“Sie”.



Chapter 4
Student Years

As Freshman on the way to Dorpat. And so in January 1872, at the age of eighteen
and a half, I set out with other school leavers from Riga for Dorpat. We travelled in
the care of an “olderman” and, since there was no rail connection, we rode in very
simple horse drawn open sledges, protected from the cold by bundles of straw and
large amounts of alcohol. Every 20 km or so there was a post station where the
sledge, the horses and the driver would be changed. Under good conditions the
journey took around 30 h; under bad it could be up to 3 days.

This journey gave us a clear taste of what student life would be like. The most
important element was clearly alcohol, and getting drunk was not in any way a
disgrace but rather something quite normal—in fact almost a duty. The “olderman”
set a good example and his herd of “mules”, as youths between school and
matriculation were known, tried their best to emulate him. For hours on end one or
the other lay unconscious amongst the baggage in the sledge and it was astonishing
that there were no serious accidents. I was protected from the poison by my sturdy
build and so managed to keep my senses intact.

My friend had warned me of this. I’d got to know beer and stronger drink in my
last school years and so I saw it as a natural challenge to get used to this aspect of
student life. Once in Dorpat I moved into a student flat with a medical student called
Hermann Meyer. He was a nice, though not very talented boy, and neither of us
minded that the furnishings were pretty primitive. Since the strict local regulations
forced the pubs to close at 10 pm, student society members would continue an
evening’s binge in the flat of one of the freshmen who was required to make
tobacco and beer available. On the first evening they came to Meyer and me. There
were many of them and they were already rather drunk because they’d been cel-
ebrating the valediction of a well liked society member who, having passed his
exams, was now leaving. I watched the revelry in astonishment—stunned by the
enormous quantities of beer that were consumed. Around 3 am the guest of honour
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passed out and was put into my bed. The others left. My unexpected guest relieved
his over loaded stomach by puking up rivers of beer.

Since it was —20 °C outside I could only briefly let in some fresh air. I settled
down on the little sofa, which was standard equipment for every student digs, to try
to get some sleep. At break of dawn I woke at the same time as my guest, whom I
hadn’t met till the night before. I watched as he shakily got to his feet. He needed
quite some time to work out who and where he was. Then he spat in anger into the
mess he’d made in the bed, grabbed his coat and hat and left without saying a word.
I met him later and we became good friends.

I fell asleep again and when I woke up I rather hesitatingly opened my eyes
because I wasn’t looking forward to seeing the mess. Not trace of it was left, for in
the meantime the beefy elderly Estonian woman who came with the flat had been
through the place. She’d cleaned up the mess, made the bed afresh, cleaned the
room and started the tin coffee pot that was to be found in every student flat. The
smell of fresh coffee nicely covered the stink of old tobacco smoke which clung to
everything. So then I put myself back together again and refreshed my burning eyes
in the ice cold water in the washing bowl. In the meantime Meyer was also awake
and soon we were sitting at the breakfast table and excitedly discussing the previous
evening’s events.

I must admit that I’d been rather shocked at this first sample of my future life and
as soon as possible went to talk it over with my friend Seeck. He calmed me down
by telling me that this had been a special occasion, and that it was not every day that
a senior member of the society left. At midday there was the ritual leave-taking at
which my guest of the night before was surrounded by the officers of the society
with their colour bands and swords. Off we went with the flag in front and all the
members of the society following and singing together the traditional song:

As an old student I now leave,
God be with you, philistine house.
I’'m going back to the old country
Have to become a philistine again
—and so on

The procession marched through the city to the post station where with final
speeches and responses leave was taken of the man’s student years. I was carried
away by the poetry of the ritual and that made me ready to accept the events of the
previous evening as an unpleasant but necessary part of the multifaceted life in a
student society.

The matriculation of the new students took place on one of the following days
after which we were really members of the student body. The rector at this time was
the ophthalmologist Georg von Ottingen one of the three Ottingen brothers (the
second was a theologian and the third a physicist) who pretty much ran the
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university. Previously the rector had been appointed by the government and the last
“crown rector” had been my school director Haffner whose title “Excellency”
derived from that appointment. However, Tsar Alexander II had given the right to
choose the rector to the university, and this had immediately led to a remarkable
scientific flowering for new appointment were now in the hands of the professors
themselves and the government had only retained the right to approve them. That
right was seldom used to overturn the professors’ decision. Georg von Ottingen was
one of the first rectors chosen by the university. He ran a tight ship and kept
provocative dissension of youthful exuberance under control by the use of detention
sentences in the university detention room (Karzer). One of his victims revengefully
wrote on the wall of his cell a citation about Gottingen from Heinrich Heine’s
“Journey through the Harz”: “One faces G. Ottingen best with one’s back”. The
rector thought the joke was rather good and let this piece of graffiti stand. For many
years it was pointed out to willing and unwilling visitors to the karzer.

Student society life. In the meantime we’d been introduced by the olderman to life
in the university and in the student society. He read out to us the rules of the society
pertaining to the daily life of us black capped freshmen. We were required to report
to the pub at 10 am and had to remain there till nearly 1 pm. The afternoon was free
unless there was some good reason for drinking sweet wine in one of the fresh-
men’s lodgings. At 7 pm there was “freshman’s tea” which was a particularly fine
feature of student society life. Even the older students shared a flat with one or two
friends and often several such flats would be in one building. In such cases a larger
group would join together for the evening meal. The rule was that depending on the
size of the group one or more places at the table were reserved for freshmen. The
only exceptions were those older students who soon faced exams and therefore
were short of time.

We freshmen had the right to go shortly before 7 pm to the “castles” where
Freshman’s tea was served and ask if there was a free place at the table. If there
was, then one was their guest. If not then one went on the next “castle”. Since the
number of such free places was much greater than the number of freshmen, one
usually found a place somewhere.

At these occasions there was, for once, no beer but rather tea, and so they had a
very different character from the other meetings. Here there was the possibility to
talk about general interests, poetry, music, art, politics, philosophy and sometimes
even science. The older students had a chance to get to know the freshmen and
could influence their development. These chance daily meetings meant that in the
course of the semester everybody met everybody else several times and this made
possible one’s successful integration into the student society—without the fog of
alcohol poisoning. In fact these freshmen’s teas provided me with the most
enjoyable part of my first year in Dorpat and there I collected that small degree of
understanding of human nature which I’ve had to make do with ever since.

From the freshmen’s tea one went straight to the pub and at 10 pm from there to
one of the freshmen’s rooms. Here also one took turn about so that the burden was
quite evenly spread. As you can see, the organisation of our student society was
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quite communistic as far as the sharing of possessions, which were likely to be
eaten by moths and rust, but there was in addition a strict hierarchy. The freshmen’s
duty of supplying beer and tobacco for the nightly binges was more than could be
covered by the money available to most of the students. However, the merchants in
the town were happy to give credit so that already in the first semester the society
student built up a debt which he’d spend a long time thereafter paying off.

One’s level in the hierarchy in the society was determined in part by how long
one had been at the university, and in part by whether one belonged to the general
membership or to the inner circle. By our statutes the only requirements for
membership were that one be “Christian and matriculated”. There were hardly any
Jews in academic circles in Riga, and in any case the first point was not strictly
observed and there was not yet systematic anti-Semitism at this time. The new
student member was called a “Fechtbodist” and took part in all the social activities
of the society. He was however not part of the governing inner circle and took no
part in their discussions. He wore no badge of membership on his sash. After a
probationary period of at least one term he could be proposed for admittance to the
inner circle of the society. For this a two thirds majority of the inner circle members
had to approve. Normally a senior member who knew the candidate well would
propose him. A member of the inner circle—a so-called “Landsmann”—had the
right to wear the coloured cap and sash, had the right to join the meetings of the
inner circle and could be elected to society posts if he’d been a member for a certain
minimal period.

The length of membership dictated all of our social intercourse. Since it took two
to drink beer, the elder member filled the glass, which only held about a fifth of a
litre, and said to the chosen younger one, “I’ll mount before you”, before drinking
half the glass. Then he handed the rest to the younger one who said “Cheers” and
emptied it in one pull. Only between good friends was it possible for the order to be
reversed. If someone had said or done something which was disapproved of, then
one of the older students would sentence him to empty a full glass. This quickly
developed into a social occasion because the sentencing student would sing in a
loud voice the appropriate sentencing song, the words of which were determined by
the level in the hierarchy of the sentenced student. For freshmen the song went,
“The freshman is in the dog’s house, and so we laugh at him”. The higher levels
were known as “Young House”, “Old House”, and “Moss Covered House”; and the
song, for example for an “Old House” would be “Our Old House has had bad luck,
pull grey horse, pull”. The younger students had no right to punish older ones but if
necessary a younger student could protest loudly and if his case was justified then
most likely an even older society member would sentence the one who had unfairly
punished him to “Bad Luck”. In this way the aggressiveness of young, cocky and
frequently inebriated youths was kept in hand.

There was no requirement for sword duels though one was expected to regularly
visit the fencing ring where one fought with blunt rapiers. Fighting duels with
sharpened swords was only permitted in the most serious cases. These were seldom
and permission for a duel would only be approved after an exhaustive hearing
before an honour court on which the most respected members of the society sat.
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The declaration by either of the parties that he disapproved of duelling in
principle was sufficient to ensure that the court demand that the matter be settled by
the offending party giving an oral apology. Duels with pistols scarcely happened
and when they did they were usually held outside of Dorpat.

Science. As far as studying was concerned we freshmen were repeatedly told that
learning to live in the spirit of the student society was the most important thing of
all. One had to concentrate on this and therefore going to lectures was a corruptive
distraction which was to be avoided. We could study later once we’d acquired in
our “golden student society time” all the experiences which would serve us well in
our later life as “philistines”. I was not completely convinced of this, because I
thought that all of life must have its joys for which pleasant memories were but poor
surrogates, and in any case I wanted now to experience science at its source.
However, to begin with, I let myself be led by the unanimous opinion of my peers.
After all, coming from the narrow circle at home where I’d been practically cut off
from wider conviviality, I was mightily impressed by the large and self-assured
circle in which I now found myself.

The sons of the first families of the city—of the reigning mayor, of the coun-
cillors and of the church dignitaries—shared the same beer table with the children
of merchants, artisans and other nameless people. An auspicious family background
brought no particular advantage. Here the bearer of one of the great names of the
city could be mercilessly teased for having had to sit down after losing the thread
during a speech at a society meeting. Here the son of a minor liquor merchant could
dominate his peers with his wit and ability to assert himself. Though the ruling
upper crust of my home town kept itself socially strictly separate from the lower
orders, a student, once he’d been accepted into the inner circle of the student
society, was treated as a social equal. And if there was any special talent at the
University then the student societies competed for them so as to always have the
best brains with which to rejuvenate themselves.

My personal view. Although the secondary school I’d been at was looked down
upon by the vast majority of the students, who’d gone to the government school
specialising in classical languages, most of them listened without demur to my
fierce defence of it. They must have known all about my diverse interests and
activities because the older members of the societies treated the screening of
prospective entrants as a serious business. For my part I let myself go and regarded
democratic egalitarianism as a serious business. I found amused and sometimes
sympathetic listeners for the many, often completely absurd bubbles of my imag-
ination, but I soon found that I couldn’t count on such a friendly reaction to my
airing scientific topics. Among the hundred odd members of the society there were
at that time only two chemistry students. One was just about finished, so that I
scarcely got to know him, and the other, who was only slightly older than me,
regarded chemistry as a bread and butter matter. Only later did I come across the
only society member with an enthusiasm for science which matched mine. He was a
mineralogist called Lagorio and I’ve remained on friendly terms with him ever
since. Probably these circumstances contributed to the fact that with so many new
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experiences my old love of chemistry got put on the back burner for a while.
I actually cannot remember whether I heard even a single lecture in my first
semester. Probably I did once or twice but the experience certainly left no lasting
impression.

My admission. And so my first term neared its end. Dorpat shared with the
Scandinavian universities the division of the semesters such that they fell naturally
into the rhythm of the year with the holidays being at Christmas and in the middle
of summer. That’s much more sensible than the German system in which the Easter
holidays are too early in the year and, as a moveable feast, the date of Easter varies
from year to year. The autumn holidays are far too long and are at a time of the year
when one would rather be sitting inside. The consequence is the well known
difference in the length and usefulness of the winter and summer semesters, the first
of which is further broken up by the pause between Christmas and New Year. After
the world war there was a good chance to correct this old mistake, but nobody
thought to use it.

In the budding spring of 1872 there started the agitated times when the older
society members told us that the deliberations about the admission of freshmen to
the inner circle had begun. These discussions were taken very seriously and
required several extended meetings. It was considered most tactless to ask where
one stood and doing this could destroy a candidate’s chances—and so everybody
tried their best to avoid the subject. Once the decisions had been made (we weren’t
told when this had happened) the result was never directly given to the lucky
winners and instead there now ensued a game of innuendo, involving trick ques-
tions and partial explanations all of which were a torture to the candidates. Since I
now experienced all this for the first time, I was of course less worried than those
older students who’d already experienced one or more disappointments. On top of
that an older student who had nearly finished his studies but who’d only appeared in
Dorpat near the end of the semester tried to become friendly towards to me. I’d
avoided him because he seemed to me to be a pretty rude person with no higher
interests. I treated his insinuating jokes coldly, thinking them merely an expression
of his crude nature and had no intention of becoming his friend. Because of this I
was completely astonished when he finally took my black cap from my head and
replaced it with his coloured one to symbolise my admission to the inner circle.
Only when my friend Seeck flung his arms around me with laughter and con-
gratulations did I begin to understand what had happened. It turned out that I was
the only one of the 14 freshmen who started with me that had been taken up. No
one else got the honour, though almost all made it later. At the celebration which
followed all my new brothers drank with me so that I collapsed on my bed filled
with more beer than ever before in my life.

The young member. This was my first public success and for the first time I
experienced the joy of being the only one of many to be honoured. In the course of
the next few days there followed the ceremonial admission in front of the entire
inner circle and my oath to always preserve the honour and the welfare of the
society. Soon after that it was time to go home for the holidays. It was more than
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5 months since we’d driven in the opposite direction through the bleak landscape
with its endless snow fields and black pine forests, but now I was returning with
completely different feelings to my home town through the first glory of the early
summer. My mother greeted me with affectionate pride; my strict father softened his
usual stern demeanour and let me accompany him to the convivial meetings of his
hunting friends.

I must confess that I behaved quite ridiculously as I let a number of the older
members of the student society invite me into the homes of some of my old dance
lesson flames. I didn’t really care what impression I made, for I had quite different
things on my mind. I’d abandoned myself to the “golden student society life” and
enjoyed it to the full.

The Letts retained an old heathen mid summer festival which, by long tradition,
was celebrated in Riga with great vigour. Since the church couldn’t suppress it, it had
simply been converted into the feast of Saint John. On the evening before, there was
the so-called “Herb Evening” which was a huge market to which the farmers brought
marjoram, thyme and other herbs as well as traditional wicker ware made of rushes
which were gifts for the children and were then hung in the hallway. Groups of Lett
women and girls with wreaths in their hair went from house to house singing an old
traditional song and dancing for a small gift. Late in the afternoon the whole of Riga
went to the bank of the Duna to cavort in decorated boats on the broad peaceful river.
Numerous choirs and other clubs sailed on larger vessels decorated in the most
fanciful manner and they let their tunes ring out over the water. We students from the
“Fraternitas Rigensis” had our own raft, on which we sang our student songs and
gazed in delight at the numerous little boats filled with pretty girls in light dresses
that surrounded us. Then came the sunset and the broad expanse of water turned to
gold. The lanterns were lit and only slowly did the “herb evening” come to a close.

During the summer every citizen of Riga who could afford it, went to the
“beach”—the flat coast of Riga’s bay which is composed of the finest sand. Many
of the well off had summer houses there, the others rented simple one storey
wooden houses which the fishermen had built for this purpose. The beach dwellings
started near the mouth of the Duna and, as the population and wealth of the city
increased, so the houses kept pace and stretched in a long row for many kilometres
to the south.

Beach life was immensely easy. The otherwise very strict rules of social etiquette
were relaxed, the interactions of young people of both sexes were freer and less
self-conscious and we students with our coloured caps were welcomed everywhere
as the future hope of the country. When an old member of the student society met a
young one he’d straight away invite him home and give him a place to stay if things
had got late and the last steamer to Riga had left. This was important because social
life in Riga was confined to peoples’ houses. There was scarcely any public
dancing, and in many of the larger resorts there wasn’t even an inn which a lady
could enter even if accompanied by a gentleman.

Settling in as a member of the inner circle. The summer holidays flew by. The
autumn journey to Dorpat showed yet another side of the countryside. This time the
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odour of glue associated with flax-retting gave the characteristic smell to this time
of the year. I now had before me my next task, which was to gain a deeper
understanding of the nature and purpose of the Fraternitas. I went through the
completely unsorted archive of the society so as to acquaint myself with the history
of our organisation and tried hard to get in touch with as many old members as
possible. The fiftieth anniversary of the society’s inauguration was set for January
1873. A large number of older members from Riga, from the country and from the
Empire were to be expected because a demonstration of support for the Fraternitas
Rigensis was seen by the older members as a protest against the russification
program, and thus as both a political and patriotic duty.

A huge hall constructed many years ago by a quixotic speculator was rented for
the celebration. It had stood empty for many years and hence had fallen into
disrepair. It now had to be properly decorated for the celebration. An older member
of the society called Poelchau who lived in Riga and worked as a drawing teacher
and artist took charge of overseeing this and asked if there were any artistically
inclined students amongst the current members. It turned out that only Lagorio and
I understood anything about using pencil and brush. We designed and painted some
huge banners which depicted monumental figures of students at crucial places and
stages of their academic life. When we were finished I had to acknowledge that
Lagorios’s landscapes were artistically much better than my student figures.
However since the enormous earnestness with which I’d approached the work had
automatically transferred itself to my stiff figures they were praised by master
Poelchau and were also either praised or criticised by my peers who understood
nothing of the matter.

The winter holidays were completely occupied with preparations for the cele-
bration which was set for 23rd of January so that I only went home to sleep and saw
little of my parents. I did however notice that my goings on had started to worry my
father. I hadn’t concealed from him that I’d found little time from my society
activities for study and had instead described to him the many duties of a freshman
newly accepted into the inner circle. The success that my induction into the inner
circle of the prestigious student society implied calmed him down for a while and
he hoped that at the end of the freshman year I’d get down to serious business. Now
he saw that I was still busily involved in all sorts of things which had nothing to do
with chemistry and so I tried to convince him of the importance of the upcoming
celebration. Shaking his head he accepted all this but made it clear that he expected
that once the celebration was over I’d settle down seriously to my studies.

The celebration was as magnificent as we’d expected. Hundreds of old members
came back to Dorpat although the roads were in a terrible state and the coaches
crowded. In Dorpat the various “castles”, depending on their size, were expected to
put up a certain number of the guests. I shared the “Carusburg” with two others who
like me had made the transition into the inner circle and thus become “young
houses”. By the rules of our society we were considered people in good standing
and had to put up several old members. For the duration of the celebrations the
general use of the “Du” form was introduced and the wholehearted cordiality which
these old members—many of whom now held important official positions—brought
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to their interactions with us younger members made a great impression on me and
remains till today one of my pleasantest memories. In many cases they invited us to
stay with the familiar “Du” form for the rest of our lives.

The waves of general enthusiasm rolled high because we Baltic Germans knew
that dark days were ahead due to the ever wilder russification measures demanded
by Moscow. Apart from a degree of provincialism we regarded our resistance as a
form of cultural duty since the ousted German culture was to be replaced with
something we all regarded as second rate. Because of this there was, behind the
usual celebratory exuberance, a great deal of genuine feeling. The recent foundation
of the German Empire had so provoked the Moscow pan-slavists that they at once
instituted measures to suppress German influence in the Baltic provinces as fast as
the lumbering bureaucracy of the Russian civil service would allow.

My university studies. The dismantling of the celebration decorations required yet
more work and as one of the few artistic experts much of it fell to me. However my
father’s warning saw to it that I began to attend lectures and since I didn’t have
much joy with them I got hold of and read books on the subjects I had to study.
What annoyed me about the lectures was that the speed of my thoughts was being
controlled by the lecturer. I preferred to have the possibility of spending more time
on this and running ahead on that. A book in contrast is patient. It waits until one
has digested a thought and sets no limits on the speed of progress. My earlier
experience had left me with a preference for books and this didn’t change now.
Throughout my studies I hardly ever regularly attended any lecture course.

In Dorpat there was a rather well developed system of academic grades. The
normal course ended with the exams and a piece of practical scientific work which,
however, did not need to be published. Whoever managed this was accorded the
degree of “Candidate”. Most students were happy with this degree which qualified
them for the practical professions like those of teachers, advocates, judges and so
on. Those who wished for a career in science had to continue for several semesters
on a dissertation which had to satisfy higher academic standards. If it was accepted
by the faculty then its accompanying theses had to be printed and publically
defended in the university’s central auditorium. This ended with the degree of a
“Master” which was the precondition for employment as a lecturer. A further and
even more critically scrutinised dissertation together with a public defence led to the
title of “Doctor” which was the requirement to be considered for a full
professorship. These were the old customs from Germany as one can see in
Goethe’s Faust, “I’m not just a Master, but a Doctor too”. Only in the medical
faculty was the first level considered sufficient for the title “doctor” and because of
this the title “Dr. med.” was considered to be worth much less than the doctorates of
other faculties.

In my case the first problem was to pass the exams for a “Candidate”. These
covered fifteen subjects in all, and the exams were split into three parts each of five
subjects. There was no restriction on how long one left between the three exams and
the choice of subjects was more or less open though with some restrictions on the
order in which they were taken. The first exam for chemistry students normally
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included mathematical subjects (but excluding higher maths), experimental chem-
istry, physics, mineralogy and crystallography. Some of these were completely new
to me. I’d started in a leisurely way to study, but since the captivatingly sudden and
beautiful northern spring had started I spent more time in the countryside than at my
books. Soon enough it was time to go home for the holidays again.

At home my father asked me how far I’d got. I answered truthfully—but he was
not satisfied. He pointed out that the official length of the course was 3 years and
that I’d used up more than half of that without even starting to study seriously. In
vain I argued that in reality nobody finished in six semesters and that eight or more
were the norm. He replied that this was only because of the stupid way we wasted
our time. One word led to another and I said that if it meant so much to him I'd sit
the first third of the exams, which were held only at the start and end of each
semester, at the start of the next semester. My father took me at my word, and so
once again I’d set the “moral flywheel” in motion.

The summer holidays were almost 2 months long and so I was able to get started
on making good my sudden promise. At home in the Alexander Street we had a
large garden with a pleasant garden house and a shady veranda. There amidst
birdsong and flowers I was able to work my way criss-cross through the subjects I
needed—taking a rest from one to study the next. I also found that the difficulties of
analytical geometry were best dealt with by only staying with it until I felt the first
signs of that mental mill stone so well known to everyone preparing for an exam. At
that point I’d take a day or two off, usually at the beach, after which I’d find that the
things which had seemed so strange 2 days before were now clear and ordered in
my mind. It doesn’t pay to try to force understanding, because that only involves
more work and leads to exhaustion which should be avoided. It’s far better to let the
mind work at its own digestion rate for in that way one gets ahead faster. It’s like
the experienced mountaineer who starts off with a slow measured tread that seems
so ridiculous to the beginner, but in this way one saves one’s breath for when it’s
really needed in the steep places. This practical philosophy is to be found in the
Swiss greeting, “Zeit lossn”, (Take your time).

The exam is passed. 1 went confidently back to Dorpat in the autumn, though my
father just shook his head because he hadn’t had the feeling that I'd really applied
myself. I registered blithely for the exam and passed it with a little help from some
of my professors who clearly showed me the holes in my swiftly acquired
knowledge, without using them to fail me. I was so ashamed about this that despite
having passed I immediately went back to my books to learn all I should have
known. This was easy because now the door to the scientific paradise, for which I’d
come to Dorpat and which I myself had left shut, was opened to me. This paradise
was the chemistry lab. It was part of the very sensible regulations of the chemistry
course that one could not start practical work until one had passed the exam in
inorganic chemistry. Now I had fulfilled this requirement and so there was nothing
to prevent me getting started. At the appointed time one morning, I presented
myself together with the few other aspiring chemists at the laboratory to start real
chemistry.
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The chemical labs were in a wing of the university building and they consisted
of a lecture theatre, three large rooms which contained the steam baths, the balance
and the work bench for beginners and three smaller rooms which were for the
professor, the library, and for the advanced students. In our room there was place
for around twelve beginners and the two assistants also worked there. Four to six
advanced students shared the smaller lab.

Compared to the huge labs one sees today these were very small and modest
rooms. The same was true for the equipment. There was no gas in the Dorpat labs
until after my studies there were finished. To heat things up or do flame tests we had
to use petroleum lamps—either the simple ones or those designed by Berzelius.
Oxidation of organic material was done as in Liebig’s laboratory with coke. To get
high temperatures for incandescence we used turpentine as fuel and an air blower
designed by Deville. This apparatus made such a noise that we couldn’t use it when
the lecture theatre was being used. A single technician, a gloomy taciturn Estonian,
was more than sufficient to keep the boiler for the steam baths working, to replace
used chemicals, to clean the lamps, keep the lecture room in order and in winter to
heat the rooms with the large tiled stoves and light the oil lamps.

Despite the scantiness of the facilities the education was excellent. This was to
the credit both of the professor and of his assistants.

Karl Schmidt. When 1 think of my chemistry teacher Karl Schmidt, I'm overcome
with a warm feeling for him for both as a person and as a teacher he gave me a great
deal. He was born in Courland in 1822. To begin with he was going to be a
pharmacist, but he showed such talent that he was helped to higher things by being
provided with the means to study in Berlin, Giessen and Gottingen under Justus
Liebig, Friederich Wohler and H. Rose. In all of these places he outshone his peers.
Wohler wrote to Liebig on the 17th December 1844, “Dr. Karl Schmidt has
completed a piece of work in physiological chemistry entitled: ‘Characterisation of
invertebrate animals’—he is indeed a really splendid and clever fellow—the best
brain that we have here”. And Liebig answered on March 14th 1845, “Tell
Dr. Schmidt that I find his work excellent, but that it would in no way have suffered
if he’d left out the high flown speculations at the end—. He is very competent and
once he’s a little older he’ll see some of these things a bit differently. When we were
young we also had such stuff in our heads”

The work they were discussing had to do with the chemical composition of the
exo-skeleton of lower animals. Karl Schmidt had discovered that in Salpen—a
relatively highly organised class of animals—the scaffold was made of cellulose
which forms plant cell walls but is found nowhere else in the animal kingdom.

Because of this work and of the warm recommendation of his teacher Wohler
who wrote among other things, “He is better than all of us in the precision and
certainty of his analyses”, Schmidt was appointed first as an assistant professor and
then later as a full professor in Dorpat. There he enthusiastically continued his
research in physiological chemistry and published in rapid succession several
monographs in this area each of which was a landmark.
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For example he first introduced micro analysis, which only today is really
coming into its own. In work he published with the physician Bidder “On the
physiological chemistry of metabolism™ he was the first to be able to use precise
analysis to describe the steps in digestion in higher animals and man and he made
the fundamental discovery of free hydrochloric acid in gastric juice. All in all an
imposing corpus of work was produced in just a few years and this is all the more
remarkable since the analytical methods available then were quite primitive and
very laborious. In fact, in order to follow the daily metabolism of his experimental
animals Schmidt worked 18-20 h a day for several months and, to save time, he
took his meagre allotment of sleep on a mattress in the lab.

The Professor. When I came into his lab Karl Schmidt was just over fifty and he’d
long given up his physiological studies. He’d dedicated himself in the second part
of his career to determining the mineral content of seawater from across the whole
world using a standard assay system. Just as he’d once investigated the metabolism
of animals, now he wanted to define the metabolism of the earth’s surface. Rain
water slowly leached chemicals from the earth and at the same time promoted the
chemical dissolution of rocks so that new solutes were generated and set free. In the
streams and rivers these aqueous extracts were mixed and averaged. The world’s
oceans received these chemicals and concentrated them because evaporation over
the sea transfers only water to the air.

The experimental work that this involved was very monotonous, since it always
required just the same simple analysis steps, and yet Schmidt was tireless in his
work. He was the first one in the lab in the morning and the last to leave at night.
Later, as I got to know his family, his wife complained that his diligence was
getting worse the older he got.

Karl Schmidt was a tall thin man with a small head, prominent nose, grey hair
and a thin beard. He moved his long limbs with astonishing speed and elegance. His
speech was loud and rapid; the students claimed he could say “Limonade gazeuse”
(“fizzy lemonade™) as a single syllable. In his lectures he tried to avoid over-
whelming his audience with his flood of words by delivering short sentences at high
speed—each sentence being followed by a long pause. In personal interactions he
was kindliness itself and polite to everybody. Once I saw him when his youngest
daughter, then around ten, together with a bevy of her school friends met him on the
street. He raised his hat with a wide arm movement called out a friendly greeting
and hopped from the pavement into the snow to make way for them. He was always
available to his students, always obliging, and when he was scientifically interested
he was prepared to make any sacrifice. I will have occasion later on to recount
instances of his kindliness.

The assistant. Although he was always around we beginners naturally didn’t have
much to do with him. Our lab was right next to his office and the door was always
open unless the professor had guests. The routine lessons, however, were in the
hands of Johann Lemberg who was the chief assistant. He was a remarkable man to
whom I owe more than anyone else for my scientific education.
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Lemberg came from a poor and obscure background. It was said that he sup-
ported his aged mother, though since he never invited anybody home no one ever
got to see her. His lifestyle and his clothes were the simplest possible, but he kept
up appearances even if his coat was faded and his cap now formless. He was rather
small, bent over and, when standing next to the professor, looked more like a
servant than a co-worker. His face with its strong cheekbones and broad nose
reminded one of the local peasantry. By the time I got to know him he’d lost most
of his blond hair so that his widow’s peak now extended from either side towards
the centre of his head, leaving just a strip of hair in the middle sticking straight up
and running from his forehead back to his neck. It looked for all the world like a
cock’s comb. His chin was covered with a “democrat’s” beard.

As far as I know, Lemberg’s entire scientific career had been spent in Dorpat as
Karl Schmidt’s assistant and his published work—and in this respect he was
scarcely less busy than his teacher—also dealt with inorganic chemical processes
on the earth’s surface. While Schmidt concentrated on the final result of the
degradation of minerals in the water leached from the ground, Lemberg studied the
manifold chemical processes taking place in the minerals themselves during their
degradation. His leader and model was the German researcher Gustav Bischoff who
had been professor in Bonn and was the founder of chemical geology. Bischoff’s
fundamental publications were Lemberg’s bible. The experimental side of
Lemberg’s work consisted also in countless analyses—on the one side of naturally
occurring minerals from areas where transformations were taking place and on the
other of experimental studies in which he followed the long term effects of exposing
well characterised starting materials to the action of various solutions. The relia-
bility and accuracy of his results were as good as those of his teacher. However his
lab bench looked very different. While Schmidt’s glassware all had to be clean and
crystal clear, Lemberg’s maxim was that glassware had to be completely clean on
the inside where it came into contact with the chemical reactions involved in his
analyses, but that the outer surface could be left covered with the grey coating that
all glass developed in the laboratory atmosphere.

The instruction. The laboratory instruction that Lemberg gave was unusually good.
Since we were only about half a dozen beginners each of us benefited a lot from
him. His lab space was in the same room as ours but at a different table so that we
could always ask him for advice when we needed it and at the same time he kept an
eye on us and corrected every breach of the rules before we’d even committed
them. To interpret his results he’d taken over from his role model Bischoff the
concepts of atomic mass, stoichiometry and reaction kinetics which at that time—
and even later—were completely unknown to most chemists. He taught us right
from the beginning that there is no such thing as a completely insoluble material, no
such thing as a complete reaction and nothing absolute in the entire universe. In this
way he laid the foundation stone for my way of thinking about chemistry which
made possible all my future research work.

In contrast to the other students who’d come from schools specialising in
classics and hence had neither knowledge nor inclination and talent to practical
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work, I brought with me a little knowledge. I was so happy with the work that
Lemberg soon noticed me. My enthusiasm for science prompted him to open up a
little, for he was otherwise taciturn with the young students. For someone who
didn’t know him he seemed even to be grumpy.

Progress. Under his inspiring guidance I analysed the 120 samples of the quali-
tative course in no time at all. I also did all the extra samples he gave me and before
the semester was over I was allowed to leave the work bench of the chemical
babies, was promoted to quantitative analyses and given a special place by a
window in the library. Here I was allowed to use the chemical balance. Although it
was at least 30 years old and had obviously been through a lot I treated it with awe,
for I considered this transition into the empire of measurements as a promotion of
the highest importance for me. I was delighted to be able to learn all the little tricks
which assured the accuracy of a measurement and also in this I managed to make
my way up the usual steps in an unusually short time. The fact that my work place
was in the library was another piece of luck—or maybe it was a deliberate good
deed that the professor quietly did for his ambitious pupil. The books were trusted
to the care and honesty of the people in the laboratory; they could be taken out
overnight but they had to be back in their places the next morning. You didn’t need
to fill out a form for them and there wasn’t anybody to act as librarian. Only if one
wished to borrow a book for a longer period then one had to talk it over with the
assistant first and agree when the book should be back in the library. Despite this I
know of no book which disappeared during the many years of my work in the
laboratory.

Literature studies. This ready access to the books of my science opened up a whole
new world for me and I soon immersed myself in it. Already at school I'd read a
lot—I’d once even read a three volume novel on a Sunday afternoon without
getting mental indigestion. Now here I saw the paradise of my wishes opened up to
me and I could enter it where and when I wanted. Guided by Lemberg’s short but
authoritative hints, my trembling hands seized the treasures. How I had to struggle
at the beginning to take my first steps in this new world for everywhere I lacked the
basic knowledge. However the two bookcases which contained our library—this
was in 1873 and the chemical literature was just a tiny fraction of what it is today—
held the solution and slowly I found out in which order it made most sense to read
the books.

Earlier I’d already seen that in studying something it isn’t necessary, as some
school teachers insist, to build the new only on a foundation of things which have
been completely understood. First of all it’s impossible to do things this way
because one can never completely understand an area of science which is by its
very nature inexhaustible. In addition the new knowledge makes it easier to
understand the old, so that it would be inexpedient to dispense with this shortcut.

To begin with I took this shortcut with a bad conscience, because the help it gave
me seemed to have been obtained almost by fraud. At that time teaching seemed to
be ruled to a large extent by the same dogma that applied to medicine: the worse the
potion tastes the healthier it must be. One believed the more disagreeable something
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was for the pupils, the better it must be for them. Only much later was I able to
justify my method to myself. This was long after my conscience, though not
satisfied, had at least been calmed. This was the first practical foreshadow of the
“Energy Imperative”—don’t waste your energy, improve it!

Beginnings of the doctrine of chemical affinity. As 1 was being given ever more
important chemical challenges so the lessons I got from Lemberg increased in
depth. His study of chemical geology had forced him to adopt an outlook on
chemical equilibria which was not dissimilar from the way we view things today
even if at that time a simple mathematical description was still far in the future. This
was because the silicates which he was almost exclusively using are just about the
most unsuitable materials for this sort of analysis. Their associations are complex,
their reactions slow and they have a tendency to form colloids. Because of this he
had to relinquish the search for these laws of reaction but he fully understood its
importance and he seized the opportunity to place the problem in younger hands.
Since I was the only one of his pupils that he considered up to the task he spared no
effort to explain the problem to me and to help me along the way towards a
solution. His teaching ability was soon evident in the way he taught me to see the
details of quantitative analysis through the prism of this general chemical stand-
point. Analysts then—and also a good deal later—considered barium sulphate to be
“absolutely insoluble”. As a geologist he knew that the appearance of barium
sulphate in the form of barite clearly implies its crystallisation from an aqueous
solution and so he taught us to regard this compound as soluble and backed this up
with convincing experiments. To get us used to thinking along these lines he held
regular seminars in which I so readily volunteered answers that he had to ask me to
give the others, who’d been happy to leave it all to me, a chance to answer as well.

I finished the analytical course one semester later and was promoted to the
preparative course. A chemistry cookbook like those many which are now available
did not exist at that time and Karl Schmidt assigned me the task of reading
O. L. Erdmann’s papers on the oxidation products of indigo and then to make the
relevant products.

Organic chemistry. This foray into organic chemistry was a little unusual in the
Dorpat lab. Some of Schmidt’s pupils had quite some time previously done some
organic chemistry in connection with his physiological work. However they’d
given this up long ago and Schmidt, like his venerated teachers Liebig and Wohler,
regarded morosely and with little respect, the rapidly rising flood of publications on
preparative organic chemistry which had unexpectedly resulted from Kekule’s
discovery of the tetra valency of carbon and especially from the six membered ring
structure of benzene. Both Schmidt and Lemberg knew that their research was
directed at large and important issues and were even more convinced that they
should stick to them as they saw how in the shortest time their inorganic colleagues
were replaced by organic chemists so that soon German chemistry professorships
were almost entirely in the hands of organic chemists. For analytical and inorganic
chemists an assistant professorship was good enough.
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Naturally we pupils noticed our teacher’s point of view. Once when quite by
chance an elderly German chemist came to Dorpat and wanted—or for some reason
had to—complete his half finished doctoral work there, we natives watched his
attempts to separate the isomers of chlor-dinitrobenzene with derision and con-
sidered ourselves with our old fashioned analytical skills the better chemists.

I should add that Schmidt did not neglect the new developments in organic
chemistry in his lectures but rather gave us, as was his duty, a clear and as far as
possible complete picture of this rapidly developing field. For us the completely
foreign way of thinking of modern research presented quite some problems and
when I had to attend the usually very boring student society meetings I took my
chemistry textbook with me to mug up formulae.

However I was impressed with the organic chemists’ idea that the number of
possible different isomers of a compound could be calculated in advance from
combinatorial principles. Years later I sometimes had success in using this idea in
various other areas of chemistry.

And the colour theory, the last product of my scientific output, depended to a
large extent on the decisive application of a combinatorial way of thinking.

Indigo. And so I couldn’t resist contriving structural formulae for the isatins which I
synthesised using the methods described by Erdmann, and I hoped that I’d be able
to use them to achieve a synthesis of indigo—a problem which was considered of
the first magnitude at the time. I wrote an outline of my preliminary thoughts to
A. von Beyer' who’d just completed his important research in this area. He was
kind enough to answer me at length and to point out the various facts which were
not commensurable with my concept. In my usual excessive way I’d assumed that I
was right and had informed all my fellow students. When it turned out that it was all
nonsense I didn’t need to wait long for ridicule, because everyone had taken it for
granted that a mere beginner could never discover anything important. The view of
my countrymen was that one should devotedly assimilate all the scientific and
artistic advances that were made, but that the generation of new ideas was a matter
of such great difficulty that a normal person couldn’t possibly aim so high. I, on the
other hand, having studied the work of the giants in the field, was so accustomed to
seeing scientific accomplishment that I fully expected to be able to contribute to it.
This was made even more natural by the fact that I was daily a witness to the quiet
matter of course way in which Lemberg pursued his research and that my friend
Lagorio assured me that in geological circles it was considered to be of the highest
value.

The immediate result of this first failed attempt was that at the beer table my
opponent, should he wish to counter one of my usually rather far fetched assertions
only needed to say the word “indigo” to close the matter to his and everybody else’s
satisfaction.

The biology of a researcher. One day while reading the literature I decided to look
in the indexes to see how much my revered professor had published. It turned out

'Ostwald misspelled the name of A. von Baeyer.
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that after his physiological period, during which he’d achieved truly unexpected
things in a very short period, there had been a long pause which was only occa-
sionally interrupted by short and not terribly earth shaking publications. There then
followed the long series of water analyses which I referred to above together with
analyses of earth samples. At the same time I heard remarks about the sudden end
of Karl Schmidt’s productive period. All these things made me think hard and this
formed the basis of my later work on the biology of genius—especially of scientific
genius.

My first scientific work. I’d applied to sit the second of the three parts of the exams
to become a “Candidate” at the end of my sixth semester (end of 1874). My father
was happy with this decision because he could now expect that I’d need just over a
year to be ready for the third exam and thus complete my studies. In the laboratory
once the preparative practical was completed there would be plenty of time for my
dissertation. Lemberg had given me the challenge of chemical affinity as a thesis
topic and I was afire to get started on it using some better model than his minerals
offered. In looking at the various possibilities I decided on the partial degradation of
bismuth trichloride into the insoluble oxychloride and free hydrochloric acid. This
was my first independently planned project. I asked my professor whether this
would be a suitable subject for my Candidate’s thesis. He was a little surprised
because, since I’d only done the first third of the exam, the question scarcely arose,
yet he agreed that if properly carried out the project would surely suffice. I therefore
carefully prepared pure bismuth chloride and distributed it into a set of flasks that
contained increasing amounts of water and put all of them in the dark so that
chemical equilibrium could be established. I didn’t know how long this would take
and Lemberg’s experience with the very slow conversion of his silicates had made
me rather wary. I analysed some of the samples after a few days and left the rest to
sit over the approaching Christmas holidays.

The second exam. In the meantime the exam date was approaching. Since I had a
splendid memory and since during the course of the semester I’d made summaries
of the difficult parts of the text books—a marvellous way to fix the material in one’s
mind—I easily convinced myself that I’d have no difficulties.

I clearly remembered the cases of nervousness and breakdowns that I’d seen in
those facing the school leaving exam in Riga who’d swotted to the last minute
without sleep or rest. A cousin of mine who I’d particularly liked suffered a serious
breakdown directly after her teachers’ exams, and when I met her later this well
built sturdy girl had become pitifully weak.

This experience protected me from any similar folly and I decided to stop
studying 2 weeks before the exam date. When I announced this decision in the pub
it was met with a wave of astonishment and protest and well intentioned older
friends took me aside to warn me in a fatherly way against any such foolishness. No
matter how highly devil-may-care flippancy was regarded, the strongest men tended
to tremble like children in the face of an exam.

As I’d expected I passed the exam. Since scientific aspirations were not common
amongst the Dorpat students every single ambitious student was soon known to the
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professors who viewed him with a friendly curiosity which made the exam easier by
turning it almost into a cosy chat. The exam was rounded off by a written essay and
I rapidly covered page after page with a description of the thermo-chemical studies
of Julius Thomsen in Copenhagen which had caused quite a stir on their recent
publication. The choice of this topic—which had chemical affinity as its central
element—demonstrates how much the examiners had been prepared to accom-
modate my chemical interests which were centred on the question of chemical
affinity. At some point the supervising dean had had enough. After all the others
had gone to lunch he went too, kindly suggesting that I put my essay on his desk
when I was finished. The next day I learned that I had easily passed the exam.

The moral flywheel. The happy outcome of the exam had, of course, to be cele-
brated in a binge with my friends. That evening we were all in a happy mood
because my success was judged to be a distinction for the student society which laid
great weight on examination results. As always there were a few there whose
jealousy made them speak of “luck”, “professorial partiality” and so on. Under the
twin influences of success and alcohol I talked expansively and declared that it
would be no trouble for me to sit the last part of the exam at the beginning of the
next semester. Since there was only the short Christmas holiday of 1 month before
that, my boasting was greeted with general derision. I insisted that it would be
possible and so to punish me my principal opponent, who so far hadn’t managed to
do any of the exams, challenged me to a large bet of a hamper of champagne.
I immediately accepted and this was witnessed by all the others.

When I woke the next morning with a hangover from the alcohol and tobacco
smoke and remembered the bet I decided to get busy. I realised that I’d already
prepared two of the subjects but hadn’t been able to sit them yet because of the
restrictions on the number of subjects permitted per exam and in the remaining
subjects there wasn’t really anything dauntingly difficult so that the insane idea,
born in a moment of bravado, was probably actually not so bad. If I managed it then
I was sure my father would let me have the money to stay at the university for a
further two to three semesters. After all, he was already resigned to this. In that time
I’d be free of the need to study for exams and free from duties for the student
society. I’d be able to set out unhindered on the open sea of scientific research.
I therefore decided to go on with this enterprise that nobody else took seriously and
do whatever was needed to achieve it.

I packed the books I’d need and went home to be congratulated by my happy
parents on having passed the second part of the exams. In addition, that Christmas
my elder brother was getting married and for this I, as the poet in residence, had to
do my bit, which meant that time was short since I also had to celebrate the exam
results with my friends in Riga by sharing a glass or two. Nevertheless, I managed
to get the preparations finished. The professors were a bit surprised when I applied
to sit the final part of the exam, but since I’d done well in the previous subjects they
let it be, and so in January 1875, having passed the exam, I could ex-matriculate. I’d
been a student for six semesters and since I’d idled away the first three I’d only
really studied for three semesters. Since they had been sufficient it seems fair to



4 Student Years 57

conclude that the one and a half year fallow period that I’d given the ploughed field
of my mind, had been extraordinarily fruitful.

I never did get the basket of champagne, because the fellow I’d made the bet
with claimed that my behaviour had been immodest. I didn’t press the matter.

Now the preparations I’d made prior to the candidate exams paid off. I analysed
the samples and found that the equilibrium hadn’t changed which meant that it had
been established already in the short period before the exam. I finished off the
analyses and wrote the results up as a small paper which was judged to be good and
was entered in the university files. A brief summary of it can be found in volume
120 of the Journal of Practical Chemistry (Journal fiir praktische Chemie) of 1875
under the title “On the chemical mass action of water”.> This was the first of the
numerous papers, which I published.

2Ostwald W (1875) J Prakt Chem 12:264-270.



Chapter 5
The Start of My Scientific Career

My studies in physics. My surprised and happy father gave me permission to spend
some further semesters in Dorpat. This was particularly worthwhile for me because
I’d sensed that my knowledge of physics, though enough to get me through the
exams, was not sufficient for the research I planned to do. I therefore asked the
professor of physics, Arthur von Ottingen, for permission to work in his institute
and to this he readily agreed. The space available in the physics institute was the
same as that in the chemistry institute on the floor below, but except for me and
Ottingen’s assistant Gronberg nobody worked in physics, so I got a room all to
myself.

Arthur von Ottingen was the youngest of the three Dorpat professor brothers
who I mentioned already. After his studies in Dorpat he had gone abroad and to
begin with had studied for a few semesters in Berlin where he entered into the circle
of those who made up the newly formed Physical Society. He was thus in close
contact with Magnus, Kirchhoff, Helmholtz, Poggendorf, Kundt and so on. There
he managed to demonstrate the residual negative charge remaining when a Leyden
jar is discharged and this served as the crucial proof of the concept of oscillations in
electrical discharge which at that time was still contentious. Later he went to
Regnault’s laboratory in Paris, where he picked up a love of the French way of life.
After that he always dressed so that one might have taken for a small, wiry French
Marquis.

A wild life as a student had left him with a ruined stomach and other problems
which limited his physical capabilities but didn’t appreciably affect his lively
intellect. His interests went far beyond the limits of his profession. He was an
accomplished musician and had been stimulated by Helmholtz’s then recently
published work “On the Sensation of Music” (“Die Lehre von den
Tonempfindungen als physiologische Grundlage fiir die Theorie der Musik”) to
write a book about the theory of musical harmony which was written in a most
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ingenious way but in such an abstruse style that in all probability the only two
people on God’s earth who had ever read it all the way through were himself and
the typesetter. Even I, despite my interest in the subject, never managed to get
through it all despite several attempts.

I now divided my time between further chemical studies and the practical classes
in physics which were supervised by Ottingen. I also took part in the physics
colloquia which he had copied from Magnus and instituted in Dorpat. In these the
participants had to describe old or new publications in physics after which there was
a discussion in which of course the professor played the central role. These
meetings were very useful to me, because through them the enormous gaps in my
knowledge and competence became clear to me—gaps which my early successes
had led me all too easily to ignore. A couple of gross calculation errors which I
made in public convinced me to undertake a rigorous inspection and extension of
my mathematical armamentarium.

My mathematical studies. In the course of this it turned out that I wouldn’t get far
without calculus which had not been part of the chemistry curriculum. Since going
to lectures would have taken up too much time I, as usual, got hold of a book and
was lucky enough to stumble across the excellent text from Karl Snell' who was a
mathematician in Jena. This was not the usual sort of dry textbook but instead went
into epistemological and methodical questions which in a study of calculus push
themselves to the forefront and demand attention. These were happy hours that I
spent with this brilliant book which not only provided me with the major part of my
modest mathematical abilities but also stimulated me to think for the first time about
philosophical questions.

My position as an assistant. I’d scarcely settled down in the physics institute before
something happened that would affect my whole life. Ottingen’s assistant Gronberg
was offered, and accepted, a professorship at the Polytechnic in Riga. He had to
move there immediately and so the only assistantship in the physics institute was
open. I didn’t think I had any chance to get it, but I applied all the same. Ottingen
was in two minds because just then an older Dorpat chemist, Wilhelm Schroder,’
had returned from Germany where he’d studied for some time. Like Ottingen he
was a member of the Livldnder student society which, under the leadership of Adolf
Harnack, who later became well known in Berlin as a church historian and science
administrator, had been reoriented towards science. Schroder had followed the
tradition of Karl Schmidt and studied physiological chemistry while I instead saw
my future in physical chemistry. This, together with the fact that I had formally
already completed my studies and had one publication to my name clinched it for
me, though Ottingen told me that he’d personally rather have had Schroder. He

'Snell K (1846-1851) Einleitung in die Differential- und Integralrechnung. Brockhaus, Leipzig
1846-1851

2Most probably Ostwald is mistaken and meant Paul Woldemar Viktor von Schrdder.
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kindly invited me to lunch at his house and there gave me the good news. My hands
were shaking with excitement so that I cut myself with the knife and had to hide my
hand under the table while trying to stop the bleeding with my handkerchief. I'm
afraid that the social incompetence which I’d brought with me to Dorpat hadn’t
been much softened by the 10 years of student life—quite the contrary.

However I still couldn’t quite believe my luck. Here I was, just over twenty one,
and now financially independent because, though the salary was little enough, it
would suffice in an inexpensive place like Dorpat. But this was not so important
because I could rely for a while on the support of my father, who was now well off
and had no trouble supporting me, especially since he was so happy at his son’s
rapid rise.

The really important point was that I had now irrevocably started down the path
of research and teaching and so I was no longer threatened with having to spend my
days at some monotonous technical job. Now I could go to the lab as early as I liked
and leave it as late as I wanted. The thought that I could now invest my whole
energy in science drove me almost mad with happiness. Not the least of it was that I
could now look forward to many years of daily contact with Ottingen for I now
knew him well enough to realise how much he was able to widen my perceptions
and sharpen my intellect.

My official duties were few: they were restricted to the preparation of the
experiments which were an integral part of the lectures. I didn’t find this burden-
some because I was interested in the experiments and so I tried here and there to
improve them. I was terribly ashamed of the occasional accident which was usually
due to my rashness though Ottingen was kind enough to elegantly ignore them. In
one of the “Prologs” with which the students opened their theatre performances,
one of them sang:

Ostwald tends his reputation

And he works all night and day
The odd thermometer gets broken
But with a genius that’s OK.

The start of an independent life. And so there began a happy and productive period
for me. The meetings and binges with the senior members of the student society,
who were mostly rather older than the new “philistine”, as those who’d finished
their university course were known, became few and far between because I found
little sympathy there for what had become the centre of my life. In addition the
meetings robbed me of precious time for what brought me the greatest joy. Only a
certain sense of duty for the student society that had so rapidly admitted me, and to
which I had briefly belonged, brought me now and then back into these circles. At
the same time I developed a critical attitude to the ideals of the student societies
which I, as a freshman from a simple background had accepted without question.
I saw some of those whom I’d admired as great figures in our circle, undergo an
alcohol induced physical and intellectual decay, and 1 found the arrogant self
confidence which many paraded in the pubs and in the fencing bouts hard to square
with their childish fear of exams. I even came to the heretical conclusion that it
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might have been better for me to have joined the “Livland” rather than the “Riga”
fraternity, for “Livland” was much more supportive of emerging talents. The
members of “Riga”, on the other hand, had only contempt for a student society that
they thought was too academic and insufficiently devil-may-care. At the fiftieth
anniversary celebration of the Livland, which took place shortly before ours, the
Livland “philistines” had collected an appreciable sum of money and the interest
from this was used to finance travel grants so that talented members of the society
could study elsewhere. We in “Riga” had, in contrast, spent so much on booze that
we ended up with a massive deficit that ate up all the money that our “philistines”
contributed.

Patriotism and science. On top of all that it turned out that my scientific ambitions
were not approved of by the most influential and politically thoughtful members of
our society. One of them, with whom I was on friendly terms, told me that the small
circle of those who, behind the scenes, governed my home town thought that it was
my duty to devote my special talents to the service of my country. Pure research,
which was for the benefit of the whole world, was simply a loss for the city of my
birth. I wasn’t convinced and in any case was so happy with my pure research work,
which was just about to bear fruit, that I wouldn’t have given it up for anything.

New paths. On looking back at the problem of chemical affinity during long walks
in the extended park of the Dorpat cathedral I’d tried to think of some means of
actually measuring it. J. Thomsen had come the furthest by using a thermo-
chemical approach by which he’d been able, in a few cases, to measure the dis-
tribution of a base between two acids. There was, however, no way for me to follow
this up in Dorpat because I had no access to the necessary equipment.

In that over-long essay I'd written for my Candidate exam, I’d developed the
idea that Thomsen’s heat determinations were not in fact direct measurements of the
chemical affinities but rather just a means of determining the chemical status of a
dilute aqueous solution which was not accessible by other means. Like a stroke of
lightning I realised that instead of determining the generation of heat, one could use
any other property of the solution which was affected by the chemical reaction
involved. If this were so, then why not use the most obvious property which I could
measure easily and accurately—the density?

No sooner thought than done. I had practiced so much glass blowing that I could
make myself a Sprengel pycnometer to measure density and didn’t have to wait
weeks for a manufactured one to arrive. To determine whether the approach would
really work I decided to repeat Thomsen’s experiments using my method. Since I
only needed easily available chemicals, which Karl Schmidt readily gave me, [ was
soon ready to start. It only took three days to do the central experiments and these
showed the expected results. I told Schmidt and Ottingen my results and both of
them were enthusiastic and strongly advised me to publish. Writing up the results
took a lot longer than doing the experiments largely because I felt a bit hesitant at
publishing such easy and short experiments in the leading physics journal of
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Germany. On Ottingen’s advice I timidly sent the manuscript to Poggendorff who
was editor of the “Annals of Physics” (“Annalen der Physik”). It was accepted and,
after what seemed like an age to me, the paper was published.

With that my life acquired a new perspective. Applying the new method to as
many suitable chemicals as possible, analysing the results in the context of the
concept of chemical affinity and developing parallel methodologies to examine
other physical properties—all of this provided so many experimental options that I
saw a field opening up before me that was certainly no smaller than that on which
my revered teacher Lemberg had so patiently and so successfully worked. I saw
myself spending my life in the lab every day—including Sundays (because in this I
had already copied Lemberg)—and there enjoying the ever new joys of research. It
was what he had done over the last 10 years without ever getting tired of it.

Friends. My old friend Fritz Seeck had in the meantime disappeared from my
circle. He was not well and didn’t take proper care of himself. So long as he lived at
home his mother kept an eye on him. However the family had gone for a while to
Germany and Fritz was left alone in Riga in his bachelor flat under the supervision
of relations from whom he wouldn’t accept advice. He once visited me in winter—
the snow was melting at the time—and my mother was horrified to see that the soles
of his boots were hanging open and his feet were soaking wet from melting snow.
He said he was used to it and didn’t bother about it. From this he developed
tuberculosis—which he also tried to ignore.

As a student in Dorpat he was even more reckless of his health; he was the one
who lasted longest at the binges and was the most adventurous in the sledge races.
All the time he bubbled over with wit and intelligence and was the very best of
company. He survived a severe bout of pneumonia but the doctors told him that if
he continued with this life style any longer in Dorpat he would die. So he travelled
first to South Germany and later to Italy where he died soon after all alone in Rome.

The wrong attitude. Ignoring the simplest rules of good health was looked on as being
devil-may-care. Taking care of ones health in contrast was viewed as being small
minded and even cowardly. This was a practical consequence of the education of
Baltic youth in the tradition of the humanities. The school I went to in Riga was for
many years the only one of its kind, for the others all specialised in Latin and Greek
and there the sciences played a small and scorned role. In these schools the first years
of the syllabus required that natural history be taught but nobody took much notice of
it. Chemistry wasn’t taught at all. Physics was given for 2 h per week, but only in the
final year and the course was usually taught by the maths teacher who tended to either
screw up the experiments or simply left them out entirely. Because of this our
educated youth was completely ignorant of all physical and physiological processes.
In addition all practical matters were considered beneath contempt and the ideal
attitude preached by those in authority was based on the pernicious ideology of the
Platonists. From all this one can begin to understand how such a suicidal approach to
life could become so widely accepted in academic life.
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Fritz Seeck was by no means the only one I saw being destroyed in this manner.
Wilhelm Schwartz, known as “Bitze” was one of the older members of the student
society and the son of a distinguished patrician family in Riga. He was well
regarded for his intelligence and knowledge. He was not only a sharp minded
lawyer and captivating speaker but was also an above average poet—as we had all
seen at the fiftieth anniversary celebrations. This first rate mind was housed in a
small, frail and slightly crooked body. His face was dominated by shining brown
eyes. He too had weak lungs and when I as a freshman first met him, his frequent
fits of coughing should have urged him to caution. Instead he was always one of the
happiest and most enduring drinkers and never took the slightest heed of his health.
After a few semesters he had to leave Dorpat and soon after that he was dead.

Other friends. After Seeck left I became friends with a medical student called Arved
Faehlmann who came from Reval. He was a quiet amiable man with a calm but
keen mind. I lost him as well, not to alcohol of which he was no friend, but to an
inherited disease which led to his death during his student years. Then I came close
to an older student called Karl Henko. He was small but well proportioned, had a
sweet face that every girl wanted to kiss, blond curly hair and an enchanting
moustache. Though he was well aware of these advantages he wasn’t vain in any
way. Our relationship was based on music which we both loved. He introduced me
to his family in Riga which apart from the parents consisted of his two brothers and
a sister. His father was a merchant and he was the eldest child.

All of his family loved and played music. Karl, like his sister, was an accom-
plished pianist while one of his brothers played the violin and the youngest one the
cello. I am indebted to them for introducing me to Beethoven. Of course I’d played
some of his piano sonatas as best I could and at school I’d even copied out some
that I couldn’t afford but wanted to have. I’d also heard some of his music in
concerts—the Coriolan overture made a strong impression on me. But when one
Sunday the four of them played the beautiful fifth symphony, adapted for four
handed piano, violin and cello, I experienced for the first time that irresistible depth
of feeling that I found with no other composer.

I also lost this friend to alcohol. He’d devoted himself in Dorpat to the rakish
student life to such an extent that he didn’t manage to pass any exams. Finally his
family took him back to Riga where he tried to accustom himself to a regulated life
as a civil servant. It didn’t work out; he became ever more careless of his
appearance and his choice of drinks. Even before I returned to Riga I had news of
his death.

The only one of my student friends that I didn’t lose early was the mineralogist
Alexander Lagorio whom I mentioned earlier. He’d arrived in Dorpat a year before
me. His father, a landscape painter in southern Russia, had died early and his
mother had then married a protestant minister in Kischenew who came from Riga.
In this way he ended up in Dorpat and in the Fraternitas where he was soon
admitted to the inner circle. Both because of his mixed background and because of
his pronounced interest in science Lagorio was, like me later, rather opposed to the
prevailing views of the Fraternitas. This discharged itself without too much friction
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in constant banter that he accepted with good humour just as he did the nickname
“stallion of the steppes” which he’d been given because of his birthplace. He won
an academic prize for a careful analysis of thin sections of Baltic rocks using the
methods developed by Zirkel in Leipzig. The prologue-poet I mentioned before
celebrated this with the verse

Lagorio is seized by whims
And he gallops in all directions.
Livland is not enough for him
It’s Russia he’s going to section.

At about the same time as me he was appointed to an assistantship in the miner-
alogy institute and since we shared interests and ambitions we rented a flat together.
The poet turned out to have prophetic powers because Lagorio was soon offered a
professorship in Warsaw where he did so well both in research and administration
that he was then given a position in Petersburg. There he really made a contribution
to both technical and craft education in the whole of the Russian empire. By the
time of the revolution of 1917 he held a leading position as “State Secretary” and to
avoid being murdered like so many others he had to drop everything and flee empty
handed. In Finland he and his family scraped by in impoverished circumstances
until he finally managed to get to Germany. There he devoted much time to the
development of the theory of colours and he contributed significantly to it.
Although he is older than me he is still in lusty good health and seems all set to
outlive me.

Music. Throughout my time at Dorpat music provided a powerful antidote to the
excess of nicotine and alcohol in the fraternity. During my first semester I came
across four leather bound volumes in a dark corner of the student society library
which to my surprise turned out to be the scores of the 83 string quartets of Hayden.
I took them home and copied some of them in order to be able to study the structure
of these splendid works. While I was involved in this I was surprised by the
society’s singing master (Magister cantandi). When he asked what on earth I was
doing I explained what it was all about and he then sentenced me to a large drink in
the pub because he thought I was just showing off. However this public punishment
had a silver lining because others in our circle who were interested in music heard
about it and got in touch with me. When I told them I could play the viola they told
me that the society owned one. It turned out to be in good condition and had
probably survived the risk of casual destruction by drunken students thanks to its
enormously sturdy case. Two violinists and a cellist were soon found and in those
evenings when “nothing much was going on” we met to play string quartets—
sometimes till dawn.

For a while we were viewed with some suspicion because the building of any
form of clique within the society was frowned upon. However when we said that
we’d be happy to take part in the “Freshmen’s Theatre” which took place once a
semester, the string quartet evenings were deemed to be preparation for this and
nobody objected anymore. For us four they were however a source of heartfelt joy.
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The contrast between the wonderful tenderness of a Hayden adagio and the rough
student life led us to enjoy the first to the depths and saved us from losing ourselves
too deeply in the student life which destroyed so many of our peers.

In this way I managed to be a member of a string quartet for the 10 years of my
time in Dorpat. The other musicians turned over as they left the university, but there
was always replacements in the new intake of students and though we extended our
repertoire to Mozart, Beethoven and others I did eventually get to learn all 83 of the
Hayden quartets. What fascinated me about them was that he introduced more
daring harmonic novelties in these quartets than I have come across in all the rest of
his compositions which I have heard or read.

Scientific development. The friendly acceptance of my publication was due in no
small measure to the fact that I’d given the new phenomenon a new name. I’d titled
the work “volumetric-chemical studies” (Volum-chemische Studien) in a deliberate
reference to Thomsen’s word “thermo-chemical”. In this matter I had ignored lots
of the philological advice I’d been offered and I used this word in later work
without coming across any objection from chemists. This encouraged me, and later
when the situation seemed to demand it, I never hesitated to invent and use new
words. Almost all of them were accepted without any fuss and this would certainly
not have been the case if I’d shown uncertainty or sought help from the Society for
the German Language. In the satirical magazine “Fliegende Blatter”, where a lot of
common sense wisdom is to be found, I came across a story that offers the theo-
retical basis of my point of view. A group of people visited a monastery and after
being shown lots of remarkable things they were taken to the refectory. One of the
group asked the monk in charge if smoking was permitted. “No. You can’t smoke
here” was the reply. When the guest then asked how come all the ash trays were
full, he got the answer, “That’s from all the people who didn’t ask™.

Yes, indeed.

I had a lot of free time between my official duties and used it to sort out the
problems that always crop up when one starts in a new area. I started with con-
ceptual problems because the density values I’d measured didn’t give an absolutely
clear picture. Whether it was a leftover I’d inherited from Lemberg’s way of doing
things or whether it was on my own impetus I can’t any longer say, but this small
clouding of the results gave me no rest till I’d cleared it up. This I achieved by using
the volume rather than the density. I’d anticipated this result in the title of my
publication “Volumetric-chemical studies” (“Volum-chemische Studien”).

In addition to the conceptual work I also increased the physical accuracy of the
measurements so that the error was reduced below the fifth decimal point. A young
professor of mathematical physics who saw me struggling with seven digit loga-
rithms wanted to make jokes about my unscientific decimal addiction using
Bessel’s remark that you can’t more surely recognise mathematical illiteracy than in
the excessive use of numbers behind the decimal point. I answered that I’d happily
use six digit logs if he could find them for me but five digit tables would be an
arbitrary reduction of the real accuracy of the measurements. This was certainly a
fruit of Ottingen’s teaching that one should always bear in mind the sources of error
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in one’s measurements. I never had to use so many numbers behind the decimal
point in my later career.

Thereafter I extended the range of acids and bases studied and carried out a wide
analysis with a large number of data points that cost me several months hard work.
Although this involved what might seem to be monotonous repetitions of the
measurements I never got bored with the work. With each new combination new
questions were thrown up. I awaited the answers in suspense—and then docu-
mented them with satisfaction. In this way I shifted the balance between the work
input and the results, which had been so one-sided in the first round of experiments,
to a more satisfactory level and was able to contentedly undertake each long days
work.

My work style. Already at this point I’d established the style in which I carried out
most of my later work and which my colleague and friend J. H. van’t Hoff so subtly
described. It consisted of choosing and testing a methodology with which an
important question could be answered. Once this was achieved the methodology
would then be applied to a large number of individual instances so as to generate a
broad overview of the topic. In this way I managed perhaps to publish more
carefully recorded numerical data than any of my colleagues with the possible
exception of my pupil and friend P. Walden who was clearly ahead of me in this
respect. Where my results have been independently checked they have been shown
to be free of any grave errors. For this I thank my teachers Schmidt, Lemberg and
Ottingen.

Progress. By means of a subsequent analysis of the thermal expansion of the
solutions under study I was able to extend the determination of the approach to
equilibrium to other temperatures and in this way gained a broader view of the
operation of chemical affinity. It turned out that hydrochloric acid and nitric acid are
equally strong, and this is independent of the base that they react with. I’d been
greatly excited to see if this remained true over all temperatures from 0 °C to 60 °C.
It took many individual experiments and weeks of work to get the answer, and then
one afternoon I was able to start the calculations. For me it was like for Newton
when he was able to test his theory of gravity using the new French goniometer. As
is well known the significance of the moment was so enormous that he didn’t feel
able to finish the calculations himself and had to ask a friend to do it for him. I was
young and strong enough to subdue my excitement sufficiently to continue the
calculations myself and in any case I had no helpful friend at hand. Eventually the
mass of logarithms yielded the final results which had to be identical within the
error limits of the measurements when my hypothesis was correct. The values were
the same. My heart leapt into my mouth and I experienced for the first time the joy
of discovery. This time it was not a case of repeating with different materials
something that somebody else had thought of but rather a new and independent
question which, if it turned out as expected, would open up many further possi-
bilities. The thrust into unknown territory had ended in victory. With that I felt
myself dedicated to pure fundamental research for all time and I also felt that this
work was my badge of scientific maturity.
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My master’s degree. It was only natural that I now started to think about fulfilling
the formal requirements for a scientific career. Both Schmidt and Ottingen assured
me that the experiments described above were quite sufficient to satisfy the
deliberately high standards set by the faculty for a master’s dissertation. I therefore
carefully wrote the results up as a single piece of work and went through the official
steps to apply for the degree. This was in 1876, about 2 years after I'd got the
degree of candidate. I was 23 years old.

The degree involved an oral examination which however covered only a few of
the main subjects and whose purpose was to establish the candidate’s maturity and
capacity for independent work. This took the form of a pleasant conversation. Karl
Schmidt as representative of my main subject had the right to the first question and
asked, “Were you to write a chemistry textbook—which I hope you won’t—how
would you start?”” My goodness ! Perhaps he had vaguely guessed how much I’d
disappoint his hope for I sensed immediately that writing textbooks was going to be
part of my life.

The last requirement for the master’s degree consisted of a defence of the
dissertation which had to include the presentation of five theses from other areas of
science. In the main auditorium there was a large double lectern in the upper part of
which the dean throned while the candidate sweated it out in the lower part. The
three official examiners, who the candidate had chosen from among the professors,
engaged him in a serious discussion after which the floor was open to the audience.
Since these thesis defences were at that time not common in the faculty, they hadn’t
yet degraded into empty formalism but instead were regarded as being of consid-
erable significance for the university. My examination lasted 2 h instead of the
usual one. I’ve forgotten the details so I assume that I basked still in general
goodwill and that everybody was anxious to do his bit to support a promising young
man and that the sort of envy, which is always around, was reigned in. It was not
always to be so.

The lecturer. At this time I was in the seventh heaven and everything was going
well. By passing the masters exam I now had the rights and privileges of a lecturer.
That had two consequences. First, I had to announce and prepare a lecture course
for the coming semester. Second, from now on I was regularly invited to the
lecturers’ evenings and this had a significant influence on my scientific develop-
ment. These evenings took place in the house of one of the older members who had
reasonable accommodation, and there lecturers from the physics, mathematics and
medical faculties came together to discuss their research results with an educated
audience. We met once a month and listened to the presentation which was fol-
lowed by a discussion and then we sat down to a simple meal which was such that
even the poorest members could easily afford it. After the meal we stayed on for a
drink afterwards and then the discussion became more relaxed and one got to know
the people better. The tone of these discussions was free of any official stiffness
because the academic titles and dignities—which in Germany was “Confidential
Government Advisor” and in Austria “Court Advisor” and for us “State Advisor” or
“Excellency”—were awarded by the government in Petersburg and so we despised
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them completely and never used them to address our colleagues. They were only
used by the janitors and others at lower levels of the university administration. Even
the students were asked to restrict themselves to “Professor” as a form of address.
On these lecturers’ evenings I presented my research results piece by piece as I got
them and our host began to greet me with the words “What have you got for us this
evening”. I learnt a lot from the discussions which followed.

I enjoyed these meetings a lot. A few years before my personal circle had
consisted of no more than my family and had only occasionally been extended by
interactions with the families of school friends. My student years had catapulted me
into the far bigger circle of the fraternity, however I’d only occasionally had
interactions with other students. Now I was “pares inter pares”—an equal member
of the scientific circle of the leading scientists of the country some of whom had a
European reputation. The surgeon Ernst von Bergmann taught in Dorpat at that time
before he left to pursue his career so successfully in Berlin. Then there was the
physiologist Alexander Schmidt who worked on blood coagulation and who was
distinguished from the chemist Schmidt by being referred to as “Blood Schmidt”.
Karl Schmidt and Ottingen have to be mentioned here as well.

From the many meetings over the course of the 6 years I was there one stays
prominently in my memory, though not for any scientific reasons. We’d gathered at
the house of the young astronomer Backlund, who afterwards made a name for
himself at the observatory in Pulkowa and those attending this evening meeting
were mostly mathematicians. Mathematics was represented in Dorpat by the two
aging professors Helming and Minding. They were quite different personalities for
while Helming was a good teacher but not of any significance in research, Minding
was a brilliant and distinguished mathematician. Apart from that Helming was a
well liked man who was always smiling. He was of middle height with a round bald
head, round cheeks and eyes, round spectacles and was what was known in student
circles as a “crake”—someone who liked his drink and who was not at his intel-
lectual best when he sat in the pub. He regularly presided at the ceremonial drinking
sessions with which the fraternities opened and closed the semesters. He opened the
meeting by taking a glass of schnapps, drinking it down in one gulp and then saying
in a satisfied tone “Drink a schnapps and you become a completely different per-
son”, and then after a short pause added, “And why shouldn’t that different person
also have one?” and poured himself a second schnapps. This happened with the
regularity of an eclipse so that the new freshmen crowded into witness the famous
ritual.

Minding was a completely different person. He was small and thin with a red
face and snow white hair, the face framed by an enormous wing collar whose tips
were as sharp as his nose. Reserved in demeanour, he seemed to be almost as
abstract as the science which was his only interest. He was in essence a good
hearted and helpful person who just had some difficulties coming out of his shell.

On this evening Backlund, who was from Sweden, had got ready a large bowl of
Swedish punch which was tasted right from the start by the two old gentlemen and
seemed to be very much to their taste. After the lecture and discussion Helming was
in top form and didn’t hesitate to tell even the oldest story, while Minding
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overpowered by the unaccustomed drink was dozing quietly. Helming shouted
“Now for something mathematical” and at these words Minding opened his eyes,
but as soon as he saw that it was Helming talking, he closed them again. Helming
continued, “There was a ship which was eighty five feet long and twenty one feet
wide: how old was the captain?” This was met with a storm of laughter and the old
fellow looked quite astonished, for he hadn’t reckoned on such a success with such
an old joke.

Harmonic dualism. My dedication to scientific research didn’t stop me from con-
tinuing my love affair with music. To be honest it was the sort of unhappy affair that
one meets in novels—I loved her, but she didn’t love me. I couldn’t hide the fact
that in the string quartet I was the best informed at the theoretical level but tech-
nically the worst player and that my performance did not noticeably improve with
time even when I found the time to practice daily the exercises in a viola tutor. My
sense of hearing, which is so important for this instrument, was simply not acute
enough.

To begin with the theorist found a rich area of employment. I’ve already related
how Ottingen had written in his youth a book called “The dual system of harmony”
in which he’d more hidden than explained his fundamental discoveries. After I'd
been in daily contact with him as his assistant, he learnt of my love of music, he lent
me the book and explained the passages that I hadn’t really understood. His
thoughts on the subject seemed to me to be an expression of a pure ideal science
and I immersed myself in it. His ideas on harmony seemed to be a great advance on
the conventional views which were nothing more than a collection of rules whose
scientific basis was thin to say the least. Some of these rules were based on
experience while others were merely arbitrary conventions.

Ottingen’s teaching showed in contrast that the important rules are all applica-
tions of a few simple and obvious musical axioms.

Before me nobody had shown any interest in the book and this spurred him on to
fresh activity. I hadn’t tried to conceal how difficult the text was for the reader and
15 years after completing the first version he himself saw some of the relationships
more clearly. He therefore decided to offer a public lecture course on his views of
harmony to which, given the wide interest in music in Dorpat, many interested
listeners—largely female—attended. He asked me to put together a set of summary
diagrams to illustrate the most important relationships. Apart from the normal
lectures, which were part of my official duties, this was one of the few occasions
where he asked for my help. Years later when we met again in Leipzig he still had
these posters.

The orchestra. Ottingen also involved himself with music in a practical way by
founding an academic orchestra which met every Sunday in the main auditorium.
The central cadre was provided by the little town band of Dorpat which performed
at official occasions such as funerals. This band was expanded by a quite large
number of music loving professors and students. Ottingen was a good conductor
and was able to make the best of the rather mediocre material. He managed, for
example, to present a good performance of Beethoven’s third symphony; only the
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difficult passages for French horns in the trio of the third movement didn’t always
succeed.

Since there was no bassoon player around he got hold of the instrument and a
book on how to play it and then told me to learn it by myself. I was happy to do so
and practiced in the afternoons when no living soul but me was in the physics
institute and the chemistry institute on the floor below where Schmidt and Lemberg
quietly worked was also deserted. Soon afterwards Schmidt asked me if I'd
abandoned my previous work to study acoustics since day in day out he now heard
the strangest howling sounds. I explained it all to him, but he just shook his head
and said I should stick to chemistry.

Still, I did manage to conquer the basics of this strange and difficult instrument
sufficiently for Ottingen to let me play it in the orchestra. However I once ruined the
beautiful wind chord just before the Allegro con brio in the Egmont overture and
after that whenever it really mattered he usually said to me, “Why don’t you let the
cello play that”.

The start of a text book. Once I had my master’s degree I was expected to lecture at
the university. I announced a weekly 2 h lecture course on physical chemistry and
started my preparations.

The name of the subject already existed and was well known because of the title
of the oldest textbook in this area—Physical and Theoretical Chemistry” which
was published in 1857 by Buff, Kopp and Zamminer as an introductory chapter to
Otto’s German edition of Grahams “Textbook of Chemistry”. However the part that
had to do with “physical” was nothing more than a simple text on physics and
crystallography for chemistry students. The part which had been written by
Hermann Kopp, which covers what we today would call “physical chemistry”, was
called “theoretical chemistry”. It is 287 pages long and deals with what we would
today call stoichiometry and chemical affinity together with questions of chemical
structure which would later be regarded as the central issue in organic chemistry.

Apart from these solid and well written texts, that were at this time already
20 years old and hence out of date, there was no contemporary summary of the
subject because the first text describing general and physical chemistry was pub-
lished only later in 1877 by A. Naumann as a volume in the compendium of
Gmelin-Kraut.

I therefore had to put the material for my lecture together myself and so I decided
to work through every relevant book that I could get hold of. This was possible
because I was at home both in the chemistry and in the physics institutes and these
had a complete set of all the necessary journals on the subjects. I looked through the
indexes of the possible journals, made a note of the titles of the articles I needed,
and after a few months of constant work I had a card index in my hands with which
I could organise the material and which gave me a reasonable overview of the
published material in the area I wanted to cover.

Naturally, like every young lecturer, I began to outline the lectures on paper.
But I soon stopped doing that because it was so slow and I was confident that I'd
easily be able to formulate things once I started to speak. For me it was much more
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important and also more interesting to establish what the lectures were going to
cover. And so I went back to my card index and then I used little strips of paper to
mark articles of interest, which allowed me to find the relevant literature easily.
Then I started to read, more or less haphazardly, trusting my excellent memory to
retain everything that was of interest. And that wonderful mental mechanism in the
scientific mind which builds connections between related issues saw to it that,
though I read my way higgledy-piggledy through the topics, the information nev-
ertheless gelled into distinct areas. And so I started off with my first lecture with a
description of the arrangement and organic structure of the subject which I, and
others too, regard as one of my most important contributions to my scientific
discipline.

The half dozen listeners who held out to the end were the external witnesses of
my success as a teacher. The inner witness was my certainty that I had a good
overview of the entire subject and that I could now delve deeper into the various
areas at my leisure.

My doctorate. Since there was now no doubt that that my future lay in academia my
next step was to complete the last precondition for this by satisfying the require-
ments for a doctorate. The extension of my volumetric-chemical work and some
analyses of the refractive properties of the liquids provided me with the necessary
material. Given that this was for a higher degree the submitted work had to be more
substantial than the Master thesis. It contained more than 600 precise analyses of
density and refractive index and, as its main result, a table giving the quantitative
chemical affinities of all the acids I’d examined—this was twelve in all. Since this
was the first quantitative table of its sort and since some of the laws which underlay
these values could be discerned here it has a certain historical significance. At the
close of 1878, 1 year after my Master exam this second disputation took place and I
was able to celebrate my elevation to the status of Doctor of Chemistry. It was with
a degree of sadness that I saw the possibility of my sitting any further exams
disappear. Ever since I’d left school I’d more and more enjoyed these occasions
which most others so feared. The fact that I had now taken care of all the pre-
conditions for the shaping of my fortune was now more important to me than I had
supposed possible even a short time before. However the importance had not
primarily to do with my scientific development.

Analysis of works of art. Ottingen’s lectures on his harmonic dualism had aroused
wide interest and he was asked to hold special courses for those who wished to get
to know the subject better. I had already applied my usual approach of organised
massive effort in this case to, among other things, the analysis of harmony in all of
Beethoven’s piano sonatas. I’d discussed dubious cases with my teacher and we’d
sometimes heatedly discussed the interpretation—and not always come to an agreed
conclusion even though in most cases the two independent analyses agreed. I am
indebted to these discussions for giving me a superb insight into these treasures, one
which I could otherwise never have achieved.

A second important result of these discussions was the recognition that a much
larger part of the work of even the greatest and most passionate artist is amenable to
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scientific analysis than had hitherto been believed. Up till then the majority of the
representatives of the scientific analysis of art (or at least of those who passed
themselves off as such) tended to support the notion that art was not amenable to
quantitative analysis and could only be damaged by exposure to the methods of
scientific analysis. This is certainly true up till now because the analysis of works of
art has almost entirely remained at the primitive state of art history. One brief glance
at architecture and art in the second half of the nineteenth century with its emphasis
on a circus of “historical” styles should be enough to make this point. But the fact
that this impairment is restricted to these areas and does not extend to music shows
us the origins of the problem. Music is in scientific terms much further advanced
than the other fine arts and architecture. Because of the enormous advances in the
understanding of the rules of harmony, structure, counterpoint, acoustics and so on,
the study of the history of music has faded into the background and so it can’t exert
the same pernicious effects that historical analysis has brought to other areas. Here
one can see a similarity to the natural sciences where, once again, the history of a
subject is only of relatively little importance in comparison to its factual content.
One often hears this criticised as being due to the scientist’s lack of idealism but this
is completely wrong. When one thinks of the idealism involved in the enormous
mental and physical effort—sometimes even in the face of real dangers—that sci-
entists are prepared to accept to reach meaningful results, one should not doubt that
they would be more than happy to accept the smaller challenges involved in his-
torical research so long as they had the feeling that something useful would emerge
from it. In areas where the extent of scientific accomplishment is low, one usually
finds that the contribution of history is highest. This is particularly obvious in
politics where a contribution from rational scientific thought is particularly missing.

I count it a piece of great good luck that due to Ottingen’s influence I was
brought into contact with the scientific side of music, which is the most scientific of
all art forms. I have already described how I studied harmony and counterpoint
even before my student years and some of the song arrangements I did then show
that I was able to apply this knowledge. During my student years I also wrote an
erotic sinfonia version of a well known student song with a very frivolous content
which was performed to stormy applause. But it was only after Ottingen had made
me aware of the unsolved problems in this area that I could make the large step
from a pupil-like acceptance of conventional rules to an understanding of their
basis, and in this way begin to understand the enormous implications of science for
art.

I’ve already mentioned that all the seemingly aimless skylarking of my youth
later turned out to provide useful contributions to the formation of those mental
constructs that I feel sure were the greatest challenges of my life. That the odd
collection of fragments I instinctively gathered in my youth could later be put to
such serious use suggests that even then I didn’t regard them just as playthings but
had rather viewed them seriously and as scientifically as it was possible to do at that
age.



Chapter 6
Teaching and Marriage

Art lectures and their consequences. At some point Ottingen found that he didn’t
have the time to carry out all his manifold teaching duties and so he asked me to
take over some of the courses he’d been asked to give.

Those most thirsty for knowledge were mostly women, both young and old, who
gathered in small groups and studied the new courses with great dedication. In this
way I gained access to a number of households in which a rich mental life was not
restricted to music, though this was often in the foreground. I learnt the appeal of
charming and cheerful company and found this a welcome occasional distraction
from my ever more intensive scientific work.

Mostly I was in the household of Dr. Gustav Reyher who lectured occasionally
at the university though his main profession was that of a doctor with a large
practice and for this, as a good looking man with a rosy face, black beard, curly hair
and a friendly winning way, he was well suited. His wife in contrast was gro-
tesquely ugly; small, short legged with a face like the former Julia Pastrana’
(without the beard) and every stranger was astounded at the sight of her. However
this first impression soon faded because she was not only an extremely kind and
goodhearted person but was also highly educated and receptive to the interests of
those she met. She was well versed in music and poetry and kept abreast of new
developments. Some of the many artists on their way to Petersburg loved to stop in
this enthusiastic town of music by the banks of the Embach, and she often put many
of them up in her hospitable house. The concerts they gave livened up the otherwise
rather humdrum life in our provincial town and brought us a breath of the big wide
world outside to which we felt that we culturally belonged.

Because of this the Reyher house was a centre of music and the students who
met there were musically educated. They were known as the “house children”—the
couple’s own children were still small. Sometimes there were concerts in the house
at which I could contribute with my viola. However when I once tried to play a
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Chopin nocturne (Opus 9, Nr 2 in E minor) in an arrangement for bassoon with
piano accompaniment I didn’t get further than the first few bars before the unusual
sound led to an irresistible activation of my audience’s laughter muscles.

I was in the meantime quite accustomed to this sort of reaction to things I said or
did and I didn’t mind because I considered myself second to none in our circle and
it had long been a source of satisfaction to me to show my antagonism to everything
that was generally accepted without having being thought about. Quite naturally
laughter was the response to my absurdities which I took as an acknowledgement
that I’d managed to get my point of view across.

However in this case I was sensitive to the laughter. Partly this was because it
showed that my superiority did not extend to the field of music and that I would
have to accept the criticism with good grace. The main reason, however, was that
someone was present in whose eyes I did not wish to seem ridiculous.

My wife. For some months Reyher’s niece Helene von Reyher, had been living in
the house. Like me she was from Riga. Her brother, Carl von Reyher, was a
somewhat older member of the same student society as me and, though still young,
had made himself a considerable reputation as a surgeon. He’d been the favourite
pupil of Ernst von Bergmann and went on to make a brilliant career in Petersburg
which was sadly brought to a sudden end by his early death. We’d got to know each
other through our shared interest in music. Professor Reyher’s wife was one of
those who wanted to know more about Ottingen’s harmony theory and she brought
together a small circle of similarly minded people. I was the teacher of this
group. And so I had a chance to see the aunt and niece together and couldn’t stop
being astounded by the contrast in their appearance. Occasionally the aunt was
absent because of one or another of her countless other commitments and for that I
was very glad. I thanked fate and the aunt that these absences became more frequent
as time went by. As everybody else had long foreseen—I think I was the last to
grasp the point—this led to a betrothal at the end of April 1879 and I now expe-
rienced the full blast of the storms of emotion by which the human species assures
its propagation.

Household worries. My betrothed’s parents—her father was an official in the offices
of the ruling nobility—Iearnt about me from their Dorpat cousins and gave their
consent. However there now emerged the question of how the new household was
to be financed. My earnings were sufficient for my simple needs but would not
sustain a family. The next possibility was a position as a paid lecturer. The gov-
ernment made available to the university salaries for around a dozen lecturers who
were to be made available by the university council to full professors should the
need arise. Just recently one of these positions had become free and I hoped to get
it. However I was disappointed in this. Maybe I’d have got it if Ottingen had
supported me as strongly as Carl Schmidt had. However, as he soon told me, he
viewed my engagement as a serious mistake which would destroy all my chances of
a scientific career. He’d concluded that, in my best interests, he should avoid doing
anything that would make a rapid marriage possible.
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At this time I also suffered a disappointment in another area. The university had
a substantial endowment—The Heimbiirger Trust—from whose income an annual
prize for excellent scientific work was awarded. In addition, it provided scholar-
ships to support a period of work and study in another university. Since the number
of possible candidates wasn’t that great I’d really hoped to get a scholarship with
which I could spend a year “in Europe”, as Carl Schmidt expressed it, where I’d be
exposed to a rather different scientific atmosphere from that in Dorpat. The only
other serious candidate was the highly talented physiologist Gustav Bunge. As the
elder he was the stronger candidate, however, since he’d already had a travel
stipend from the Livland student society with which he’d spent an extended time
studying in Germany, I’d hoped that I, for whom no such student society grant was
possible, might get the Heimbiirger grant as a sort of compensation. As it turned out
the travel grant was awarded to Bunge. My friends thought that this was really
unjust, though I must admit it didn’t trouble me greatly. I had uncovered in my own
work so many unsolved problems that the flood of new challenges that were bound
to follow from a period abroad in Germany—I’d not have considered any other
country—would have been more of a hindrance than a help.

Later I came to see the decision as being probably right. Dorpat had gained such
a reputation in the field of physiological chemistry through the extraordinary early
work of Carl Schmidt and later from that of his namesake Alexander “Blood
Schmidt” that it was considered to be an absolute peak of natural science by those
professors from other areas, among whom there were many who did no research at
all. In contrast my area of physical chemistry was not highly regarded either in
Dorpat or indeed anywhere else. The only full professorship in the subject was
Gustav Wiedemann’s in Leipzig and the reputation of this first rate scientist lay
more in the direction of physics to which he later returned. And Lemberg, who was
more a geologist, was known for his radical political views so that his association
with me did nothing to improve my candidature in the academic circles that decided
such matters. Even I was not considered quite reliable in these matters.

From all of this it was clear that the conclave of professors would hardly give
their support to the academic parvenu and I can’t really hold their decision against
them.

When I look back 50 years later and see the effect that this decision had on my
personal fate and on my ability to make contributions to the development of science
then I must count it a tremendous blessing—though of course I had a very different
view of it at the time. If I’d got the scholarship and gone to Germany I’d almost
certainly have fallen under the sway of one of the leading chemists of the time such
as Baeyer and since all of these were without exception organic chemists—an area
which at that time at the beginning of the 1880s was developing rapidly—I’d
certainly have become an organic chemist who’d have regarded his youthful foray
into the doctrine of chemical affinity as an aberration to be forgotten as soon as
possible. After all, the same thing had happened to Baeyer who as a young man was
a student of Bunsen where he published a (not very good) paper about “idio-
chemical induction” after which he left the field for ever though, as he later told me,
he had at that time much more interest in mathematical and physical questions than
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in chemical ones. His was by no means the only case like this because the attraction
of organic chemistry at that time was very strong and I’d certainly have fallen under
its sway if I'd gone to Germany then. I don’t for a moment doubt that in this area
I’d have done above average work, but I’d just have been one of many and would
not have been able to give the whole field a new direction. When one thinks that
those excellent colleagues that I later met in this field, though talented scientists,
lacked any special bent for organisation, so one comes to the strange conclusion
that the travel grant committee by turning me down actually had more profound and
positive consequences for the development of science than either they or I could
have dreamed of at the time. Looking back I think that also at the personal level I
have every reason to be satisfied.

Wishes and hopes. However, all of that lay deep in the mists of the future and so my
immediate problem was to get sufficient income to settle down, since neither I nor
my fiancé was interested in submitting to the scourge of a long engagement.

I’d already successfully given private lessons, but this was not a steady source of
income. The kind efforts of my teacher, Karl Schmidt, to find me a well paid
secondary appointment which would leave me enough time for research did not
work out. Then the Professor of Agricultural Chemistry and director of the public
chemical analysis laboratory at the Riga Polytechnic® offered me a position as an
assistant in his institute.

The salary was sufficient to finance a modest household, but my time would have
been wholly taken up with the repetitive daily work of paid analyses. On top of that
the director had made a number of scientific mistakes which would have reflected
negatively on any work I did under his direction in the institute. The following
story—even if apocryphal—will give an idea of his reputation in academic circles.
A bottle was sent to the institute so that its contents could be analysed. The director
himself (as he had no assistant at this time) read on the label the word WINE. His
report read: “Specific gravity 1.02, alcohol content less than 1 %, sugar 0.5 %,
traces of acid, the taste is insipid. It is astonishing that such a concoction which
tastes nothing like wine can nevertheless be sold as wine”. The astonished customer
wrote back that the honoured director had seemingly read the label too quickly
because the first two letters, which he had misread as a W, had in fact been UR.

I had little difficulty in persuading my fiancé, who was as interested in my
scientific career as I was, that our long desired home would be bought too dearly
with this offer. And so we agreed to keep on hoping and wait for a better offer.

I felt it was legitimate to wait for, after all, my publications had excited interest
amongst the small circle of researchers working in this area. This circle was
international because since only a small number of people in any one country
worked on this rather peripheral subject it was essential to be in contact with one’s
colleagues in other countries. This was particularly the case for England and
America. In France one had always believed that chemistry was a French science
and so no one there was interested in what people outside France or, which is more

Tactfully, without naming the person, Ostwald refers here to Georg Thoms.
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or less the same thing, outside Paris did. Thus it took 10 years after the great
discovery of the conservation of energy by Julius Robert Mayer and long after the
work in this area in England and Germany by Helmholtz, Clausius and
W. Thomson® were underway before this idea began to appear in the French
scientific literature. It was much the same story with the development of physical
chemistry.

A ray of light. At that time M.M. Pattison Muir was working as a fellow of Gonville
and Caius College in Cambridge. He was one of that little band of researchers
interested in the problem of chemical affinity in which, following the failures of the
Swede Bergmann and the Frenchman Berthollet at the turn of the eighteenth to
nineteenth century, there had been little progress.

He’d read my publications together with the groundbreaking work of Guldberg
and Waage and wrote a wonderfully clear review which he published in the leading
English scientific journal (Philosophical Magazine, September 1879, pages
181-203). In the introduction he emphasised that these were the first papers to make
a significant advance since Berthollets work in 1803. The last sentence of his
summary read: Ostwald has given chemistry a new procedure with which to solve
some of the most difficult problems; Guldberg and Waage have led the way in
applying mathematical procedures in chemical science.

I’ve recorded this in such detail in order to make clear the enormous impression
which Muir’s paper and the letter he sent me at the same time made on me. The leap
from being a mere laboratory assistant in the Chemical Institute of the Dorpat
University (in meanwhile I had got in exchange a position at the chemical institute
instead of the one at the physical institute) who’d never seen another lab and who’d
quietly carried out his work in this backwater, to the status of an important inter-
nationally accepted researcher was so great that I was at first unable to grasp its full
extent. My teachers, K. Schmidt, Ottingen and Lemberg were better able to grasp
the significance and wished their favourite pupil luck. Colleagues of my own age
were much less happy.

The school teacher. Finally, in the winter of 1879-1880, my hope of getting an
appointment with a salary sufficient to support a household was fulfilled. The
position of a teacher of maths and science fell vacant in the district school
(Kreisschule) in Dorpat and those who were to make the appointment, in particular
the town mayor, were in favour of my candidature. Of course the small salary on its
own would not have been enough but Professor Karl Schmidt kindly let me retain
the assistantship in his institute, for otherwise I’d have had no chance of carrying on
my scientific work which he held to be so important. My application was accepted
and the date of my marriage was set for the Easter holidays.

I count this teaching experience as one of the happy twists of fate in my life. It
gave me a chance to develop and let flower my teaching capabilities in a way that
would have been impossible in a narrow academic environment.

*William Thomsen is perhaps better known as Lord Kelvin.
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This was crucial, for teaching turned out to be an important aspect of much of
my later work and what now began was more challenging than the usual run of a
school curriculum. Teaching in my country was in the hands of two quite different
authorities. One group of schools—the crown schools—was run by the govern-
ment, the other by the cities and public corporations. Though the university and the
grammar schools in the provincial capitals Riga, Mitau and Reval and also a
number of the primary and middle level crown schools were government run, they
had a lower reputation than the schools run by the cities and provinces. This was
doubtless due to the general muddle of the Russian bureaucracy. Except in those
cases where the school director made an extra effort, crown schools quickly slipped
back to the level of the schools in the rest of the Russian Empire.

This was more or less the state of the Dorpat district school whose task it was to
educate the pupils for the middle class job market. It was not connected in any way
to the university and was housed in an old dilapidated building. The school was
short of resources. The director was a kindly elderly man who had troubles enough
looking out for his large family and was content to simply follow the administrative
regulations. My new colleagues were mostly unaspiring school teachers worn down
by their humdrum jobs who nevertheless welcomed the strange newcomer with a
certain degree of surprise but with lots of good will. They did their best to help me
and I’m thankful to them for that. I was to teach physics, chemistry and some
special fields of mathematics, such as descriptive geometry. For physics and
chemistry there were just the pitiful remains of ancient equipment which my pre-
decessors had never used or brought up to date. I had no idea what descriptive
geometry was but since I’d studied perspective for my sketching and painting I had
little difficulty in picking it up as soon as I started to read Monge’s textbook. The
lack of equipment for chemistry and physics was also no major problem given my
contacts in the university institutes.

And so in 1880 I began my career as a teacher. The pupils were youths of 14—18
who were all rather coarse and cloddish in character. Nevertheless, I never had any
problem with discipline for with my own great enthusiasm for the subjects I easily
managed to stimulate their lively participation. The lack of equipment forced me to
be graphic in my description and the pupils happily took part in the demonstrations
in the physics institute which I organised on Sunday mornings with the permission
of Ottinger, even though these were in their free time.

I got a lot out of this teaching experience. Since the pupils didn’t have much
background in the subjects I was forced to restrict myself to a more basic level of
explanation than I used in the university lectures and the experience of doing things
this way in the school in turn flowed back to improve my university lectures.
I learned here the importance of simplicity and clarity in presentation and when
later I wrote textbooks these were the qualities for which they were praised.

The new household. The experimental work on chemical affinity was going steadily
forward and on the lecturers’ evenings I was regularly able to present new results.
In addition, through the kindness of Karl Schmidt, I was able to gather experience
in another area which was important for my future career as a university teacher for
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now and again he would assign one of his students to me. I could then propose a
topic and direct the work which would then be used for the student’s final
assessment. This also worked out to everyone’s satisfaction. I was thus involved in
many different fruitful activities and had not to suffer the boredom of mere repet-
itive work. Both Schmidt and Ottinger many times pointed out that my life was
actually ideal for someone with my interests and aptitudes. “You’ll never have it as
good as this again”, said Ottinger’s, “I envy you your freedom from peripheral
issues”. I laughed, only half believing him, because the work of a full professor
seemed to me bolder and more effective since there was a broader circle which one
could influence. And in fact the future showed that he was only half right for later as
a full professor and director of a lab I was able to keep myself largely free of
unwelcome distractions.

The previous work in the university thus carried on side by side with my new
activities in the school and in parallel it was now time to get our new household
ready. Given the limited funds available this was humble enough—a one time
student flat near the school which consisted of two living rooms, a bedroom and a
kitchen which we managed to furnish tolerably. Our wedding was in Riga during
the Easter holidays and a 30 h journey on the post coach from Riga to Dorpat over
sometimes terrible roads had to stand in for a honeymoon. So in the spring of 1880
we began our life together and in the meantime it has extended over 50 years and
endured all sorts of twists of fate.

In a different context (in the introduction to my book “Daily Challenges” (“Die
Forderungen des Tages”) which was published in 1910) I described our situation
then and can’t do any better now than to repeat that description here. “As we started
our life together in the scantily furnished Dorpater student flat, my wife was
astonished at the variety of different tasks I undertook every day. In the morning I
had a few hours teaching at the school, which I did to finance our life together. Then
till midday and into the afternoon I had my job as assistant to my honoured teacher
Karl Schmidt. He has repeatedly emphasised that this was to take the form of high
quality experiments and was to be carried out without regard to any administrative
demands. In the evenings I worked on my first book “Textbook of General
Chemistry” (“Lehrbuch der Allgemeinen Chemie”) though the first volume was
only ready some years later when we lived in Riga. Wedged in between all this I
had my private pupils and, of course, the lectures which I had to hold at the
university and which required a certain amount of both practical and theoretical
preparation. This was all rather different from the easy attitude to daily work in our
home town of Riga, where lots of time was always left over for all sorts of domestic
social occasions. In the spirit of early marriage she wanted to match her style to
mine and since she, as a result of her mother’s good example, was soon finished
with the housework that our two and a half rooms necessitated, she felt unhappy
that she had so little to do. Given the sweeping plans for my scientific future which
I elaborated to my enthusiastic wife, it was no surprise that she too wished to do
something important. But soon the first signs of her future very demanding duties
appeared at the horizon of our life (in the meantime she has raised five children) and
with that she had to give up her other plans and make ready for the coming duties.
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In this situation nothing brought her more comfort than the words which stand at
the front of Goethe’s “Maxims and Reflections”. They read, “How can one learn to
know oneself? Never by contemplation, but rather through one’s actions. Try to do
your duty and you’ll soon know what you are worth.”

“And what is your duty? It is to face the daily challenges”. It was a momentous
experience for me to see how through these words the whirlpool of her undefined
but nevertheless pressing wishes and goals was diverted into a quieter course where
they moved in a clear direction and brought forth manifold blessings. I didn’t feel
any need to apply Goethe’s words to myself, since the daily challenges facing me at
that time fitted exactly to my innermost inclinations and desires. Even the school
teaching, which at the beginning I’d only taken on for financial reasons, was
interesting and satisfying because, within broad limits, I was free to frame it around
my own thoughts and interests. Because of my incipient scientific reputation (which
in Dorpat was something of a rarity and hence known to everybody) my immediate
superiors all left me a free hand. It is from the experience I gained then that I claim
for myself the right to contribute to the debate about school reform as an expert and
not merely as a dilettante which is what the schoolmasters, who feel attacked by my
proposals, call me.

Textbook of General Chemistry (Lehrbuch der Allgemeinen Chemie). The most
important event from these years was the start of my work on The Textbook of
General Chemistry which I mentioned above. The material I’d prepared for the
lectures cried out to be properly presented. The oral presentation of the lectures was
no problem and even brought me approval from the audience so that, despite the
inflated respect in my Baltic environment for publishers, the idea of writing a
weighty book, far from frightening me off, actually appealed to me. On the advice
of Karl Schmidt I turned to Professor H. Kolbe in Leipzig who was publisher of the
Journal of Practical Chemistry—the journal in which my first publication had
appeared—and asked him if he could recommend a suitable publisher. He in turn
persuaded the astronomer Dr. Rudolf Engelmann, the owner of the prestigious
science publishing house Wilhelm Engelmann to take on the publication of the
work which was still to be written. And so I began in 1880 the preliminary draft
from which a few years later the textbook developed.

To begin with I was just happy at the prospect of having a publisher should the
book ever be written. I had no idea when I’d start with the final version because the
collection of the material and its organisation was a lot of work and it was
impossible to judge how long it would all take. As it turned out, it would indeed
take a long time till I reached the final draft.



Chapter 7
My First Appointment

Prospects in Riga. My wife fell seriously ill following the birth of our first child in
the winter of 1880-1881 and this weighed both of us down. However in the
summer there came not only her recovery but also the hope of a considerable
improvement in our situation. The Professor of Chemistry at the Riga Polytechnic
(Riga Polytechnical Institute) had died and, despite my relatively young age, I
hoped I might be appointed because the number of possible Baltic candidates was
not large. Initially the appointment was offered to Johann Lemberg. He declined
because he didn’t want to give up his research activities for the onerous teaching
duties in an area which lay far from his speciality as a chemical geologist. The next
choice was Gustav Bunge who turned the offer down for similar reasons because
there was no place at the Polytechnic for physiological chemistry, which was his
speciality. Finally Professor Karl Schmidt was asked to suggest a suitable candi-
date. He responded by recommending me in the warmest terms. He wrote the
following to the director of the Polytechnic.

Dorpat 8./20. November 1881.

“Highly Honoured colleague!”

The warm interest with which not only I, but all of our peers follow the work of Dr.
Ostwald, our youngest colleague here, justifies the wish to see him appropriately
placed. Had we a vacant chair of Chemistry I would not hesitate for a moment to
give this in all respects excellent scientist my warmest approval and support in the
hope of retaining him here. To my great regret we have no resources available here
with which we could offer Ostwald a suitable position. We have only one full
professorship for chemistry and one for physics with none of the associate or
honorary professorships which are usual at our German sister universities. The
lectureships are all filled and the university’s special funds are all so strained that
even with the best will in the world no special position can be created for him.
Weber’s death changes the situation. Amongst the younger university staff I know
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none, neither here nor abroad, whom I would so unhesitatingly recommend—either
as my own successor or to any other equivalent position. The last word is yours!

“Ostwald is a child of Riga and his home town can already be proud of his
scientific achievements and he will justify the most audacious expectations if he can
be found a suitable position. You know his work. The excited attention with which
its publication is received by experts in the field like Guldberg and Waage in
Christiania' and others requires no further comment. Ostwald comes from the same
C-H-N-O-S-P-combination” as did Bunsen, Helmholtz and Kirchhoff. Put him in
the right environment and success will be assured. I don’t doubt for a moment that
he will have your support—should you wish to make use of this recommendation in
the appointments committee please feel free to do so.

Should you do so then I would ask you to emphasise that the author is not related
to Ostwald in any way. Ostwald has been my assistant for many years and before
that held a similar appointment in the physics institute. He will be a major star in the
border area between chemistry and physics where careful and thorough work will
lead to great success.

Ostwald is also a skilled and experienced experimentalist, mechanic, glass
blower etc. who constructs his own equipment in the most ingenious ways and he is
a tireless worker whose oral and written descriptions are clear, concise, strictly
logical and accessible not only to specialists in the field. We have often had the
privilege of having him as speaker at our meetings attended by the staff and
research associates of all five faculties”.

What my teacher out of the kindness of his heart had set down imposed on me the
duty of proving his words true. Besides the joy at seeing myself so lustrously described
by someone I honoured so highly, I also gained from this letter (which Schmidt later
showed me) a precise understanding of which of my abilities he laid the greatest
weight and which I must therefore take care to develop. This clear and cogent program
is doubtless the strongest and portentous influence that I had from my teacher.

The appointment. Karl Schmidt’s letter finally removed the reservations to my can-
didature. The appointment was made and at the beginning of 1882 we moved to Riga.
As everyone knows, the development of a German professor is similar to the devel-
opment of a butterfly and involves a series of strictly separated metamorphic phases.
The larval lecturer pupates into the form of an associate professor who eventually,
when the time is right, ruptures his narrow envelope and emerges in the glorious form
of a full professor. I had leapt over the middle stage: from being a Dorpater lecturer I
sprang straight into a full professorship in Riga. I was 28 years old.

When I try to remember my feelings, thoughts and actions at that time then I
have to admit that I did not live through this episode with the calmness and aplomb
that I would have wished for. There was a lot at stake.

If I count in my time as a student then I’d spent almost 10 years in Dorpat, five
of them as a lecturer. I hadn’t needed Schmidt’s letter to realise that there wasn’t the

'Now Oslo.
2Symbols for the six most abundant elements in biological systems.
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slightest chance of a professorship for me there. There was equally no possibility of
a scientific position for someone with my interests in Germany where no one was
interested in physical chemistry and, since I’d never been there, I had no personal
contacts in the academic community. A Russian university was equally impossible
even in the unlikely event that I’d been offered a position. The occasional visitor
from Russia had made clear to me how low the level of scientific work in the
provincial universities was, and in any case the language was for me a hopeless
obstacle. For these reasons there wasn’t any other chance for me to be promoted
than to get the full professorship in Riga. I’m rather afraid that my laying this out in
conversations with Lemberg, with whom I was in the meantime on friendly terms,
caused him to absolutely oppose my appointment. On top of that was perhaps a
clear fondness for my wife which he demonstrated in his rather clumsy fashion by,
for example, bringing her a wooden block as a footstool when she came to collect
me from the institute and had to wait till I’d finished my work. And yet I convinced
myself later that he wouldn’t have been happy in Riga so that his foregoing the
position was really no loss to him. The question of the salary was of no concern to
him.

At the end of my time in Dorpat I’d become friendly with the astronomer Dr.
Lindstedt who was director of the observatory and, like me, newly married. Our
wives too got on well. Mrs. Lindstedt was Swedish and found it difficult to organise
her household in a foreign country. My wife was happy to help with these problems.
It was our custom to meet once each week alternately in their flat or in ours.
Lindstedt and I studied Kirchhoff’s “Mechanics” while the women chatted or read,
after which we had a simple meal. The momentous letter from Riga was delivered
just as we were getting ready to go to the Lindstedts. We took the portentous letter
with us and bought cake and wine on the way so that we could celebrate the great
event with our friends who were as happy about it as we were. Thirty years later we
four met again in Stockholm where Lindstedt had in the meantime solidly estab-
lished himself with his groundbreaking work in sociology and political science while
I together with my wife had come to receive the Nobel Prize. The memories of our
younger days in Dorpat had remained as lively with them as they had with us.

Accounting. If I try to render an account of my achievements which underlay my
claim to the professorship in Riga I would list the following positive factors. I had
at that time started to successfully work on the greatest challenge facing —me then
— the laws of chemical affinity. I had developed two methods for determining
homogenous-solution equilibria neither of which involved altering the equilibrium
value. By using these methods on as many materials (acids) as I could get hold of at
the time I had quantitatively determined their chemical affinities which turned out to
be the product of two factors each of which was associated with one of the two
materials which were in equilibrium.

After that I had turned to the analysis of heterogeneous-solution equilibria (to
use a term introduced much later) and for these had shown first that they were
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independent of the relative and absolute amounts of the two phases.” This was in
complete contradiction to the then prevailing opinion. In a separate set of experi-
ments I had also shown that the crystal form and water content of the solid phase
had a decisive effect on the equilibrium and that this was independent of the amount
of the solid phase. For these heterogeneous equilibria I found the same chemical
affinity values as in the homogenous reactions. This demonstrated that the chemical
affinity of a substance depended on its chemical nature and that the affinity deter-
mines the equilibrium constant much as atomic weights determine the empirical
formula.

All of these things were completely new at the time and lay in an area far from the
centre of contemporary scientific research with its emphasis on the investigation of
organic chemistry. The handful of researchers interested in the problem of chemical
affinity, struggled to solve individual problems but their results did not permit the
elaboration of general rules. The only other scientists who like me pursued the
general problems were J. H. van’t Hoff in Amsterdam and S. Arrhenius in Stockholm
and they had either not started their work, or at least not published their results, so
that neither I nor the rest of the world was aware of what they were doing.

The new position. I’d not even tried to imagine the difficulties which would face me
when I took up the professorship in Riga. I’d rather ignored the fact that I’d seen
nothing of the world except my own country of Livland, Estland and Courland; I’d
never even visited Petersburg which was quite close. I forgot that Dorpat was the
only university which I had experienced and that even there I knew very little about
its administration and in any case the situation at the Riga Polytechnic was quite
different. Of course I’d occasionally met some of the professors from Riga and I
knew Gronberg, who’d been my predecessor in Dorpat, quite well. But I now had to
join a completely different circle of people and face very different challenges—and
that as by far the youngest Riga professor both in age and in experience.

I ignored all this and, fired by the prospect of my impending independent
teaching duties, threw myself with youthful enthusiasm into my new job. My
predecessor in office, hampered at the end by a long drawn out illness, had
neglected the department so that I was forced almost from the first day to start
renewing everything. I have to thank my superiors and colleagues that they placed
no hurdles in the way of the young firebrand. In particular I was readily granted the
resources needed for the teaching facilities and lab equipment so that in a short time
I was able to organise the education of the Riga chemistry students along the lines
of the Dorpat model which was the only one I knew.

The Director. The decisive element in all this was the attitude of the director, who
because of the organisation form of the Polytechnic had special powers.

The Polytechnic was a joint undertaking of the city of Riga and of the province
of Livland. Its external relations were handled by a board of governors which was

3This is now well understood. The activity of a pure phase, such as a solid precipitate, is unity
(1.0) and thus does not affect the equilibrium.
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formed of representatives of the city and province. The internal administration was
in the hands of the department heads and of the conclave of professors. Only the
Director, who was chosen from amongst the professors by the board of governors,
was a member of both bodies. He was the one who very largely determined the fate
of the requests which the conclave of professors sent to the board of governors and,
in case of conflict between the director and the other professors, the latter had no
formal access to the board of governors.

At the time that I started in Riga the Director was an elderly mathematician
called Kieseritsky who year after year had been reappointed at the statutory elec-
tion. He was a member of the Riga student’s fraternity. We’d met at the associa-
tion’s Jubilee celebrations in 1873 and had kept up ever since the friendly and
informal relationship established then. He had exercised great circumspection
during the discussions leading to my appointment so as to avoid any hint that he
was favouring in any way a member the student association to which he belonged.
Now that the appointment was through he treated me with genuine goodwill which
was not necessarily to be expected because we were complete opposites not only in
terms of age but also in temperament and outlook. He was an excellent teacher who
did not, however, look much beyond the narrow borders of his field. He’d never
undertaken any scientific work. Since this was true of most of the other professors
(the splendid physicist Toepler who had held a chair in chemistry for some time in
Riga had long left) the Polytechnic had become something like a school which,
given the imperatives of the times, was perhaps no bad thing.



Chapter 8
The Professorship in Riga

Working conditions. 1 now sprang straight into this rather docile institution as
someone with completely different goals and character and, as is the way of youth, I
didn’t care whether I caused offence or ruffled other people’s feathers.

The fact that I was given my head and didn’t bruise any egos can, I think fairly
be put down to the scientific reputation which I’d already achieved as a researcher.

I soon won over the students. I was told of the following conversation between
two Polish students (there were many of those in Riga). First student: “You heard
new professor already?” Second student: “No, what’s with him?” First student:
“You must hear him. He shovels chemistry into head with a spade”.

As a result there were no protests, neither from my colleagues nor from the
students, when I raised substantially the standards of the final exam. Till then this
final practical exam which had to be passed in order to earn a diploma, had con-
sisted simply of the analysis of a random mixture of salts. I soon managed to change
that so that this exam involved addressing a real scientific question.

Because of the uninspiring work of my predecessor, the number of chemistry
students was initially quite small but that soon changed and this final practical exam
became an ever increasing load on me as the responsible professor. For a start I had
to think up the projects to be worked on. They had to be real scientific questions and
should involve some technical challenge yet, on the other hand, they shouldn’t be
too difficult. The problem was that the scientific atmosphere, which is so very
effective as a teaching support, first had to be established. The first students had it
particularly hard because the main part of their studies had been before my time.
However, theses difficulties were overcome and I never had any complaints about
lack of good will on the part of the students.

Partly this may have been due to the fact that I made every effort to remove
unnecessary burdens wherever possible. Thus, for the obligatory courses, there
were interim exams which served to monitor a student’s grasp of the lecture
material. Depending on the length of the lecture course these exams took place
either once a term or once a year and they were a significant strain both on lecturer
and, of course, on the students. On the one hand the students had to prepare for
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exams in a whole set of subjects all at once and on the other the lecturers were so
stressed by the weeks-long run of exams that they quickly grew surly and even
unjust in their marking. I persuaded my colleagues, that the only thing that mattered
was that the students should demonstrate that they had understood the material—
when they did this was less important. On my suggestion it was left up to the
students when they should register for the exam. When a student felt sufficiently
well prepared he could register and the professor decided on a day and hour that
suited him. Since the rules made the participation in the advanced lecture courses
dependent on successfully having passed the exam, there was no risk of procras-
tination. This proposal was gladly accepted both by faculty and by the students and
remained in force even after I left.

The Assistants. 1 was helped a lot in my teaching duties by my assistants. Two of
them had, like me, studied in Dorpat and were members of the “Fraternitas
Rigensis” student association. Both of them were older than me and one of them
had been a classmate in secondary school. After my arrival in Riga, they turned up
on the next Sunday, dressed up to the nines. When I laughed at them for this, they
bashfully explained that they’d had no idea whether I would want them to carry
over our old easy relationship into the new situation of laboratory head and sub-
ordinate. I left them in no doubt that the old relationship should be retained under
the new conditions. My colleagues on the faculty shook their heads when they
heard that the new professor conversed like an old friend with his assistants even in
the presence of the students, but I had no disadvantage from the arrangement. On
the contrary, I think I awoke in them a greater readiness for effort and an acceptance
of my high expectations. In addition, I had the satisfaction of seeing that, without
any direct demand from me, they soon showed an eagerness to join in my scientific
work, despite the fact that under my predecessor they’d for years had no interest at
all in this side of things.

Apart from these two teaching assistants I had also taken over a Pole, who turned
out to be adept and reliable. He’d been educated at the Polytechnic and served me
well as a channel to the students of whom less than half were German. Of course he
tried, as all people from Poland do, to involve me in their nationalistic activities but
he found no echo in me, for I wasn’t interested in political issues at the time and in
any case was more worried about my own land and people in view of the increasing
threat of russification.

Scientific work. Despite the numerous demands on my time the experimental work
soon moved ahead. My last experiments in Dorpat had involved a thermo-chemical
method; reciprocal transformation of salts which had been melted and then rapidly
cooled. It is, I might say in passing, my only publication in the field of
thermo-chemistry. These experiments later brought me a most instructive experi-
ence. For a long time there had been only two well established researchers on this
field: the Dane, Julius Thomsen, and the Frenchman, Marcellin Berthelot. The latter
was fired by the ambition to be recognised as the most important thermo-chemist in
the world, and he’d easily managed to persuade at least the French. Since the
procedure I’d introduced was something new, he felt the need to take it over. He
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repeated my experiments and extended them by the use of other salts which were
treated in the same way and then he published the work as the fruits of his own
genius. To protect himself from the accusation of plagiarism he took the precaution
of mentioning my name in a footnote but in such a way that no one would come to
the conclusion that the basic idea had been mine.

It took me a while to recognise the base nature of this tactic. Berthelot was at that
time at the height of his fame and had no need to steal the only thermo-chemical
results of a young and more or less unknown researcher to spruce up his own
reputation. However, I’d seen in my study of the relevant literature how he’d treated
his elder rival Thomsen from whom he’d stolen a law (which turned out to be
wrong!), and so I was not surprised at how he treated me. I didn’t follow up with a
public protest, since at that time my new position involved me in quite different
things. However, this little adventure was instructive and helped me to understand
how Parisian science and its personalities have worked for hundreds of years—and
probably still do.

The Thermostat. My experimental work in Riga made considerable headway when,
instead of just measuring equilibrium states, I now turned to the determination of
the rates of chemical reactions. Here I had even fewer forerunners than in my
previous work for in order to make the measurements one had to be able to hold the
temperature constant for a long time. That was a real challenge at the time because
there were no thermostats available that would function reliably for weeks or even
months.

I’d begun to think about the thermostat problem soon after settling in Riga. On
looking through the various solutions which had been tried up till then, it seemed to
me that those which were based on regulation of the gas input by the expansion of
some material had the best possibility of being refined. In any case they appealed to
my frugality because they used no more gas than was required to balance the loss of
heat by radiation. I quickly showed in an initial investigation that the oblique or
slotted inlet tubes, which were generally used at the time, strongly reduced the
sensitivity of the device. After several weeks of practical work during which my
abilities as a glass blower—imperfect though they were—served me well, I had
invented the aqueous calcium chloride filled regulator. Apart from the minor
improvement of using toluol in place of the calcium chloride solution, which I made
later in Leipzig, this regulator served has served a generation of chemists—and it is
still used all over the world wherever gas heating has not yet been replaced by
electricity. A regulator for electric heating elements would need certain modifica-
tions but I didn’t wish to get involved in this.

At this time I also invented a windmill driven stirrer which was powered by a
small flame. The idea for this came from a Christmas toy from my childhood which
consisted of a cardboard cylinder in whose wall all sorts of ghostly figures had been
cut. The covering had been formed into windmill sails and the whole thing was
suspended from a wire so that it could easily turn. If a burning candle was placed
underneath the cylinder then it was set in motion and the ghostly figures scurried as
shadows over the dark wall.
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To begin with the thermostat was used only when I was present in the laboratory.
Then I dared once to leave it running while I was out to lunch. Only once I had
convinced myself that nothing unexpected was going to happen did I leave it
running overnight, though I did ask the night watchman to keep an eye on it.

I normally sleep soundly but that night I woke up a dozen times and looked in
the direction of the Polytechnic for signs or sounds of fire. Early the next morning I
was relieved to find that everything was working perfectly and that the thermostat
temperature hadn’t changed by as much as a tenth of a degree. The apparatus never
caused an accident in my lab during the following years in Riga or later in Leipzig
and I never heard of problems from any of the other labs which took it over.

I write about this at such length because the plain fact of the matter is that the
whole development of chemical kinetics would not have been possible without a
robust and dependable thermostat.

Chemical kinetics. My thermostat made it possible for me to carry out and publish a
series of experiments on the theme of “Studies on Chemical Dynamics” (“Studien
zur Chemischen Dynamik™) by which means additional areas of chemical affinity
were developed. These later formed the basis of my terminological and scientific
research on catalysis which became the pinnacle of my work in chemistry.

For this work it turned out to be of the greatest value to me that the terms of my
appointment required me to lecture on the entire field of chemistry, which of course
included organic chemistry. I’ve already related how very much organic chemistry
had been pushed into the background during my Dorpat years.

There my research work had concentrated on inorganic chemistry, though my
desire to test as many acids as possible for their chemical affinity had forced me to
also use organic acids. At that time there were practically no slow inorganic
reactions known which would have been amenable to kinetic analysis. In contrast,
slow organic reactions were the rule rather than the exception. In order to get myself
ready for the upcoming lectures I, as was my custom, read a vast number of original
papers and, while doing so, kept an eye open for reactions that might be suitable
candidates for kinetic analysis.

It also turned out to be an advantage that I’d learned the basics of calculus during
my student years. I’d studied this more or less out of a general thirst for knowledge and
my later flirt with physics had convinced me of its value. I must admit that I never got
far in higher mathematics, and several attempts to learn it merely showed me that here
my limits were rather strictly drawn. However, [ was at least sufficiently at home with
maths that I could easily handle the rather simple problems that chemical kinetics
posed without being hindered by terminological or technical problems.

The first reaction that I studied was the acid hydrolysis of acetamide.' This was
followed up by the catalytic hydrolysis of esters which I discovered by studying the
hydrolysis of methylacetate by dilute aqueous acids.” This process, which could so
readily be followed by titration, was used a lot later on. Then I turned to the

!Ostwald W (1883) J Prakt Chem N.F. 27:1-39.
2Ostwald W (1883) J Prakt Chem N.F. 28:449-495.
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classical problem of sugar inversion.” All of these reactions turned out to dependent
on the same property of the acids used, since the rate constants for any given acid
were always in the same order and this order was the same as that which had been
determined from the earlier equilibrium analyses. Thus, for the first time it was
possible to demonstrate the existence of general affinity values which were decisive
for all sorts of reactions involving these acids, though of course we are talking hear
only of reactions in dilute aqueous solution.

The discovery of these relationships marked the start of research in the area of
chemical affinity and led to the discovery of simple quantitative laws. At the
beginning of the nineteenth century Berthollet had declared his conviction that
mechanics would turn out to be not just the basis of astronomy and physics but also
of chemistry and he was convinced that the application of mechanics to chemistry
would lead to a flowering of this science. His prediction was, however, premature
because chemistry developed along very different lines from those envisaged in his
“Statique chimique”. Nowadays we can understand the inner logic of this devel-
opment. At first the diversity of individual chemical substances had to be described
in terms of their content of chemical energy. Only then did the laws describing the
dependence of the conversion of chemical energy on time and concentration
become accessible to analysis. Because of this, nearly a century would pass before
Berthollet’s dream of quantitative chemistry would become reality. During all this
time chemists had become accustomed to immersing themselves in the old prob-
lems and few were able to reorient their work to the new goals.

Chemical Thermodynmics. An important contribution to the now rapid develop-
ment of thermodynamics—or as I prefer to call it “energetics”—was the ground
breaking discovery by J.R. Mayer of the mechanical heat equivalent in 1842.
Because of the mathematical nature of the framework of this marvellous construct,
the initial experimental work in this area was carried out by mathematicians and
physicists who did not think in chemical terms and a long time passed before those
working in this area turned their attention to chemical matters. Helmholtz, for
example in his groundbreaking publication on the conservation of energy consid-
ered the various areas of physics, mechanics, heat, electricity, electrical stimulation
of muscles, magnetism and electromagnetism and then mentioned at the end: “Of
the known natural processes there remains just those associated with organic life”.
Though he properly emphasised that these were chemical processes he seemed
unaware that he had just failed to develop a theory of chemistry from the standpoint
of the new thermodynamics. Only in the case of the electrical stimulation of
muscles did he briefly note that electrical processes are here associated with
chemical ones. He did also point out that the chemical induction of heat or elec-
tricity must also be governed by the law of the conservation of energy.

A quite similar attitude was shown by the next great researchers in this area;
R. Clausius who enunciated the second law of thermodynamics and William
Thomson who developed it. Clausius chose to use steam engines as the subject to

30stwald W (1884) J Prakt Chem N.F. 29:385-408.
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which he would devote his attention. Thomson, equipped with a broader and more
fluid mind, applied the new ideas fruitfully to a range of problems in physics—but he
never turned his attention to chemistry. It seems that he was not attracted by its beauty.
Only much later did two scientists independently show what a decisive influence the
second law was going to have on chemistry. These were Horstmann in Germany and
some 10 years later but quite independently, Willard Gibbs in America. Horstmann’s*
work was published in the “Annals of Chemistry” (“Annalen der Chemie’’) whose
readers were not used to calculus and so they simply skipped over the paper. Gibbs for
his part had so successfully buried the results of his monumental research in the
inaccessible journal of a provincial scientific academy that it required no small effort
(in which I was later involved) to bring them back into the light of the scientific
record.’

Thanks to Ottinger’s suggestion (to whom I am also indebted for mentioning
Gibbs’s work to me) I was aware of the work on thermodynamics early on. Ottinger
himself had time and again tried to clarify the terminology, for thermodynamics—
like Sleeping Beauty—was surrounded by hedgerows bristling with impenetrable
mathematical thorns. It was therefore no surprise that I became convinced that this
powerful new way of thinking would help me solve the problems that interested me.
The first precondition was that I equip myself with the necessary mathematical tools
and this was a difficult task. How often back then did I take long walks alone so as
to have a chance to think undisturbed about the second law.

As I wrote in my Introductory Summary to my “Philosophy of Values”
(“Philosophie der Werte) in (1913): “I can still remember the inner struggle I
underwent as I tried to grasp Thermodynamics as it was called then, or Energetics
as I now refer to it today. I tried because I had to. In order to be able to teach the
generally applicable results of the laws of thermodynamics which were widely
ignored at the time, it was clear to me that I’d have to make it absolutely clear how
the postulates could lead to such important results in so many areas. It was at that
time extremely difficult to realise what Clausius’s law of the increase of entropy or
William Thomson’s law of the dissipation of energy had to do with the calculation
of the latent heat of vaporisation from the temperature coefficients of steam pres-
sure. The first is a broad generalisation which can, and has been, readily understood
and is graphically illustrated by the case of a waterfall which will never flow back
up the hill. The second, in contrast, describes situations which can be subject to the
test of experience and so lead to confirmed results that bring together seemingly
disparate physical phenomena. This was a bit of a headache and so there was
nothing for it but to fight my way through the thickets of the various formulations of
the second law and to try to grasp why, having shown the variables to be

“Horstmann A (1872) Ueber den zweiten Hauptsatz der mechanischen Thermodynamik und
dessen Anwendung auf einige Zersetzungserscheinungen: Annalen der Chemie und Pharmazie.
8th supplement volume, 112-132.

STransactions of the Connecticut Academy (1873) 309-342, 382-404, (1876) 108-248, (1878)
343-524.
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independent, the second derivatives all politely show each other the door, leaving a
simple and readily understood first order relationship as the result.”

The work I put into understanding the concepts in calculus didn’t produce any
concrete results in terms of publications, but they did prepare the way for the later
development of Energetics.

Interlude. In the first years of my time in Riga I got involved in a literary effort quite
different from the usual reports on my scientific work. At that time the Leipzig
chemist H. Kolbe was waging a war against the first flowering of structural
chemistry and a young author called A. Rau tried to support his point of view with a
farfetched philosophical rationale.® In doing so he made a rather ridiculous mistake.
He started off by following Kolbe’s line and arguing that the practitioners of
structural chemistry had lost the capacity for logical thought and to prove this he
gave a definition of the Dalton’s law of multiple proportions as used by the
structural chemists. After a long diatribe about the inadequacy of this formulation
he gave, as an example of logical rigour, Kolbe’s definition of the law. He’d
obviously forgotten in the meantime the start of his argument because both defi-
nitions were exactly the same.

This reminds me of F. Reuters story “Ut mine Stromtid” in which Mining
corrects his twin sister who had referred to their grandfathers wig as “Puck” instead
of “Perucke” by telling her to say ‘“Puck”—because neither of them could pro-
nounce the “r”. Though this crusade against modern chemistry had nothing to do
with me I thought it would be fun to present this ludicrous mistake for the
amusement of my chemical colleagues. So I wrote a polemical pamphlet against
Rau. It was called “In the Matter of Modern Chemistry” and I had it printed in Riga.
I don’t believe that it was widely read. However Rau wrote a response which he
sent to E. von Meyer for publication in the Journal of Practical Chemistry. Von
Meyer later told me that this response was so abysmally coarse that he’d had to turn
it down. The only result of this incident was that H. Kolbe began to take an interest
in me. What consequences that had when I first met him will be related in due
course.

Problems with the laboratories. The low profile of the chemistry courses at the Riga
Polytechnic could be judged by the fact that the labs were in the basement where
there was little daylight or fresh air—two things which are essential for chemical
work. As, after a few semesters, the number of students had multiplied I had no
option but to inform the governing body that the problem could only be solved by
the erection of a new building.

The energy and generosity with which the patriotic enterprise of the Polytechnic
was supported was soon apparent to all. Despite the expense of the undertaking the

SRau A (1879) J prakt Chem 20:209-242. Albrecht Rau [1843-1918 (some sources indicate
1920)] was a German philosopher who published work on the history and philosophy of science:
(1) Die Entwicklung der modernen Chemie. Braunschweig, Vieweg 1879, (2) Die Grundlage der
modernen Chemie: eine historisch-philosophische Analyse. Braunschweig, Vieweg, 1877, (3) Die
Theorien der modernen Chemie. Braunschweig, Vieweg, 1877-1884.
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new building was approved and I was assigned the task of drawing up the plans
together with the Polytechnic’s architect. I made no secret of the fact that the only
labs I really knew were the ancient buildings in Dorpat and that I only had anec-
dotal knowledge of all the new developments that had taken place since 1870-1871
in lab design. Because of this I was told to first make a tour through Germany and
visit the most important chemical laboratories so that I could ensure that the money
approved for the new lab building was being well invested.

For me this was a far reaching decision for it gave me the opportunity to broaden
my perspectives both in general and in chemistry in particular beyond what could
be found within the narrow borders of my home country. I knew the names of all
the leading German chemists from the literature and I’d tried to build pictures of
their personalities from the way they conducted themselves in disputes with their
peers. However, by coming into direct contact with them and by asking them about
the organisation of their teaching duties, I’d have the chance to get to know them
much better.



Chapter 9
Germany

First visit to Germany. So as not to disrupt the regular teaching courses, I decided to
sacrifice the winter holidays of 1882-1883 for my visit to other chemical labora-
tories. By travelling as far as possible on night trains I could use the days to the full
and so was able to visit all the important university and polytechnic institutes in
Germany and Switzerland. Meeting the leaders of these institutes led to helpful
suggestions and many a friendship was started then.

My route ran via Kiinigsbergl to Berlin, Dresden, Leipzig, Halle, Braunschweig,
Hannover, Aachen, Bonn, Darmstadt, Heidelberg, Karlsruhe, Stuttgart, Tiibingen,
Ziirich and Munich from where I travelled back home again via Berlin.

Just before the Russian Christmas (which is 12 days later than in Europe), I
excitedly boarded the train which would take me through the long stretch of bleak
countryside to the border station at Wirballen.” The train was late. The contrast
between the run down villages on the Russian side of the border with the well cared
for impression given by the village of Eydtkuhnen® on the Prussian side made a
great impression on me. After that there was a long journey to Konigsberg, the first
of the German universities on my list. I got there on New Years day and so I had to
wait till the next day to meet my colleague there. This was W. Lossen who’d
discovered hydroxylamine and the curious isomers of its organic derivatives.
I found a sick and aging man who was nevertheless happy to show me his teaching
curriculum. The labs were old and offered nothing off interest. I wandered through
the city with its narrow twisting streets which reminded me so much of Riga that I
began to think that travelling in Germany was not going to be as difficult as I had
feared it might be.

"Now Kaliningrad, Russia.
2Now Virbalis, Lithuania.
*Now Chernyshevskoye, Russia.
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Nevertheless, after a long day’s journey I arrived with a pounding heart in
Berlin, where I took a room at the Central Hotel,* which at that time was the biggest
in the city, and set off to admire the metropolis. Because of the New Year holidays I
had time to first of all visit the museums and other places of interest. The first
chemist I met was Hans Landolt who held a professorship at the agricultural uni-
versity. He welcomed me with great kindness and showed me his labs. I learned a
lot of things which would be useful in teaching courses and this was the start of a
long and deep friendship which remained unshaken even in difficult times and
continued until his death.

To find out when I might speak to A.W. Hofmann, the reigning king of the
Berlin chemists, I visited his assistants, W. Will and C. Schotten, both of whom
lived in the laboratory building. We were the same age and as we got on well we
spent the afternoon and evening together. Here as well a friendship formed, this
time with Will, who as I’ll relate in due course later supported me at a critical
turning point of my life. Will was one of the most likeable and reliable people I
have ever met. Schotten, who was his close friend, died young.

On the next day I listened to one of A.W. von Hofmann’s famous lectures. He
talked without a break for 90 min, which was a considerable challenge both for him
as well as for his audience. The whole thing was very dramatically, even theatri-
cally, staged and when the audience seemed to be losing concentration they’d be
woken up with a joke which was usually at the expense of the lecturer’s assistants.
Altogether, I must say I admired his performance.

After the lecture I introduced myself to the professor and told him why I’d come.
He didn’t find the time to talk to me himself but referred me to his assistants and to
the laboratory manager Tiemann. He in turn suggested that I attend a meeting of the
Chemical Society on the following Monday and give them an overview of my
research. I was happy to do this. To fill in the time till then I visited some other
chemists and also studied the beauty and the oddities of the town, which I unre-
servedly admired. These wanderings led to a quite unexpected broadening of my
horizons. At the appointed time I held the lecture which had been requested. Since I
was rather sure that most of my colleagues in Berlin, including Hofmann, knew
nothing of my work I presented the old volumetric story in the simplest possible
terms and with the use of explanatory diagrams.

Hofmann had watched with some reserve as I approached the lectern, but now he
called out in relief, “Why, even the youngest student could understand that”, to
show that contrary to his expectations he’d understood me. But the scepsis
remained. I later often read from his behaviour and from that of his associates that
their view was: “We don’t like this approach”.

I naturally didn’t want to miss the opportunity of also hearing a lecture by
Helmholtz, Germany’s greatest physicist. He was an average sized, stocky man
with a bald head and a grey moustache. He arrived rather late. With his massive

“The hotel was centrally situated opposite to the Friedrichstrasse train station.
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oddly formed head, his slow and measured movements and his staring eyes he
almost looked like a monumental statue.

The lecture was a masterpiece of brevity and accuracy; it could have been
published as it stood. Nevertheless one could see how enormously bored he was
with the elementary things he presented and one felt happy for him when the bell to
end it finally sounded.

After that I was taken to a meeting of the Physics Society of which he was
chairman. Once business was completed I asked if I might make a short presen-
tation and, after some discussion, I was given permission. I gave them a brief
synopsis of my recent work on chemical dynamics. I didn’t get the impression that
the chairman was particularly interested, though in his reserved manner he paid the
usual formal compliments. However, he did remember me as I found out later when
I met him during my period in Leipzig.

I see from the protocol of the meeting (January Sth, 1883) that just before me
Helmholtz’s greatest pupil Heinrich Hertz presented his data. Nobody, except
perhaps his mentor, seemed to have guessed his future greatness. I too remember
nothing of his lecture for it was a mathematical analysis of certain aspects of tidal
movement without any implications of general importance.

Full of the many strong impressions from my days in Berlin I travelled on to
Dresden, where Schmitt, a pupil of Kolbe and the inventor of the process to
manufacture salicylic acid, was professor at the technical university. He received
me warmly and answered all my questions. A.Toepler, one of my forerunners in
Riga was a physicist in Dresden. He was an ingenious experimenter and he too was
friendly and I learned a lot from him. Finally there was a third worthy colleague, the
excellent gas analyst Walter Hempel who as a young man (he was only 2 years
older than me) had successfully dared to substitute new, simpler and faster
methodologies for the classical methods of R. Bunsen. His work laid the basis for
the development of gas analysis which since then has become so important. As we
shared many interests we soon came closer and he was pleased to hear that the
opportunity to see his methods at first hand was one of the highpoints of my
journey. This acquaintanceship too led to a cordial relationship which never
dimmed.

R. Schmitt’s assistant at the time was Dr. Willibald Hentschel who looked after
me with great hospitality. He turned out to be a chemist and man of great originality
of thought whom I expected to have a much more eminent career than he later had.
Our ways met once more 5 years later in Leipzig after which we lost touch with one
another.

At that time the professors of the technical university would, if they were free,
meet in the evenings at the Bohemian Station (where the main station now stands).
Since it was conveniently close to the Polytechnic I met a lot more colleagues there
and though I no longer recall them individually I well remember their open and
carefree way of interacting.

Of course I didn’t miss visiting the Dresden museums. On my visit to the Art
Gallery I went straight to the corner room which houses Raffael’s “Sistine
Madonna” (“Sixtinische Madonna”). I expected this to be a deeply moving
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experience and was shocked when all attempts to build a relationship to the picture
failed. I felt I ought to be ashamed of myself, not realising that I had just experi-
enced the first step along the road towards a proper appraisal of this ridiculously
overrated period of art.

From Dresden I went on to Leipzig, the only place in Germany where I already
knew people. Hermann Kolbe and Ernst von Meyer, publishers of the Journal of
Practical Chemistry in which I’d published my first papers, lived there as did
Gustav Wiedemann from the Annals of Physics as well as my publisher Dr. R.
Engelmann. The reception was even more cordial than in Dresden so that already
on this first visit I felt really at home in the town in which I would later spend the
nineteen most productive years of my life.

At that time Hermann Kolbe considered himself the most important chemist not
just in Germany but in the whole world. Not surprisingly he oozed gravitas. He was
of less than average height with a large, clean shaven face furrowed with dignified
creases which would have fitted perfectly to a senator from Hamburg or Bremen.

His early success, which was due to his excellent experimental work, had turned
his head and led him to believe that his theoretical opinions were unfailingly
correct. These were based on the development of the radical theory of Berzelius and
in consequence he considered the emerging structural chemistry of Kekulé as a
terrible aberration. Because of this he soon came into conflict with the leading
chemists in Berlin, though his crusade was not against Berlin alone for he found
something to complain about more or less everywhere. In the journal he published
he had reserved space where he put across his point of view and did not shy away
from expressing himself in a pretty rough and polemical style. Since his damning
verdicts, which to begin with were not entirely groundless, gradually lost touch with
reality, his influence had considerably eroded. Perhaps it was an unconscious
recognition of this that made him particularly appreciative of my contributions to
the journal especially as they had nothing to do with the structural chemistry he so
hated.

Whatever the reason both he and his son in law E. v. Meyer received me warmly.
I’d dined at Meyer’s house and after the meal there was a musical interlude in
which Meyer and his charming wife, who was Kolbe’s daughter, played violin and
piano. I was invited by Kolbe to a celebratory lunch the next day and he asked me
to meet with him an hour earlier so that we could talk undisturbed. The conver-
sation turned out to be most interesting. I showed him A. Raus’s silly mistake,
which he didn’t want to believe at first, and he told me about his plan to bring out a
short textbook on organic chemistry. For this he had read the papers of O. and
E. Fischer on fuchsin chemistry and he expressed the greatest surprise that though
the work itself was solid and competent the authors had made the mistake of
interpreting it in terms of structural chemistry. He added that all that needed to be
done was to re-express it in real chemical terms.

By now lunch was upon us and I was introduced to a large circle of Leipzig
professors, who I treated with awe. Kolbe waved me to the place next to himself.
On his other side sat the famous mineralogist F. Zirkel, who had just turned down a
professorship in Munich and who was therefore greeted with special heartiness.
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In the middle of the lively conversation Kolbe tapped on his glass and made a
chemically tinged address. He said that he saw at the table two volatile bodies,
namely Zirkel and myself. It had turned out to be possible to secure the first and he
wanted to express his wish that this would also work with me and that both of us
could be held in Leipzig. I was utterly astonished, in fact flabbergasted, for I'd
never for a moment thought that Kolbe’s friendly attitude towards me would go so
far. The others at the table didn’t object to this suggestion and the meal continued
with innumerable further toasts and increasing liveliness.

Apart from Kolbe, Gustav Wiedemann was of particular interest since he held
the only professorship for physical chemistry not only in Germany but in the entire
world. He had been a pupil of Gustav Magnus in Berlin who’d been as good a
physicist as he was a chemist. The subject of Wiedemann’s doctoral thesis had been
chemical but he later turned more to physics and so he’d been appointed to the chair
of physical chemistry which was inaugurated in 1871.

Since Kolbe and Wiedemann did not get on I had to visit them separately.

Wiedemann turned out to be a lightly built man of less than average height who
stooped a bit. He had light blond hair, a closely shaved face and an agile expression.
He looked rather like how one would imagine a worldly French bishop who was at
home in numerous salons and had a finger in every pie. Next to him his wife, who
was a daughter of Eilhard Mitscherlich, made an imposing impression both through
her stature and her personality. Their son, named after his grandfather, was also a
chemist and acted as his father’s assistant though he had already made a name for
himself through several competent publications.

The family was just back from a holiday in Egypt where the other son, who was
an Egyptologist, had acted as their guide. Since this sort of journey was a rarity in
these days, all the participants made an effort to make reference to it through all
sorts of details of dress and décor. I was also kindly received in this circle and spent
an evening with them, though it never came to the sort of cordial atmosphere I’d
experienced with the family of Kolbe.

The discussions with the publisher Dr. Engelmann went satisfactorily. He gave
me some technical tips about publishing and strongly advised me to send him a
finished manuscript as soon as possible. To this I agreed and I did deliver the
manuscript punctually.

My visit to Leipzig came to an end with an excellent production of Wagner’s
“Tannhduser”. A lot of threads had been spun which would later have decisive
impacts on the fabric of my life. I left this friendly city full of impressions, hopes
and plans.

The next morning I travelled on to Halle, where I met my extraordinarily tall
colleague J. Volhard who told me the tragic tale of the building of his new labo-
ratory. Every couple of years only a small amount of money would be authorised so
that the actual building work had not yet even begun and it was unclear when it
would ever be finished. The dull weather made the city with its smoke laden air
even more dismal so that I got a very poor impression of the town. Later on I had
the chance to go back and my impression of the place was much brighter.
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My next stop was Braunschweig which made a very different impression. The
cheerful old city centre with the carved wooden balconies on the half-timbered
houses which were surrounded by well designed new buildings raised my spirits,
for here old and new stood in such a friendly contrast to each other. On top of that
my colleague Robert Otto greeted me with spontaneous friendliness. His name is
associated with the “Graham-Otto” chemistry book which at that time was the most
detailed chemistry textbook in German and had been used by generations of che-
mists. He was a small agile middle aged man who was instantly recognisable by a
terrible scar on one side of his face which was deep enough to lay a finger in. It was
the result of an attack by a deranged laboratory janitor who had struck him down
one night and left him for dead. Had not his assistant Beckurts (who I got to know
on this visit and who went on to become Otto’s successor as professor) gone late to
the lab, which was not his normal habit, to collect something he had forgotten and
chanced to hear Otto’s groans, he would certainly have died from loss of blood.
This astonishing experience had not in any way dimmed the professor’s happy
nature and he did everything he could to strengthen the positive impression which
the town had made on me. A visit to the ancient “Collegium Carolinum>”, in which
a part of the university was housed, only increased my appreciation of the town.

The next city, Hannover, made a very different impression on me for there
flowered a passion for resuscitated gothic which a then famous professor of
architecture had applied to secular buildings. I can well remember the inconvenient
stairs and uncomfortable rooms in my hotel which had been built in this style.

The professor of chemistry was Karl Kraut who is best remembered for the
Gmelin-Kraut handbook.® He was a tall thin man with a short full beard and
spectacles for his short sight. He spent an astonishing amount of energy getting to
know me. Once he’d done that to his satisfaction he let me know that he intended to
do his utmost to see to it that I was offered the chair of analytical and physical
chemistry at the university. When he asked, I assured him that I did not feel
permanently attached to Riga. Nothing ever came of this.

In my conversation with him I ventured to ask why the “Gmelin’s Handbook”
which he was writing came out so slowly in dribs and drabs. He made a face as if
he’d bitten on a pepper corn and with a degree of self irony said, “T’ll be damned if I
finish the book so long as I’'m living. At the moment people like you ask me about it
from time to time. If it was once finished nobody would be interested in me
anymore. In fact he never completed the book.

His laboratory was on the ground floor of the old Hannoverian castle and
contained nothing of any interest.

After Hannover came Aachen, where I visited the Technical University’s
chemistry laboratory which had been built after the 1870/1871 war by Landolt

SThe Collegium Carolinum, founded in 1745, was the forerunner of the Technical University
Braunschweig (Brunswick). Ostwald refers here to the old building Collegium Carolinum which
was destroyed in WW 1L

SThis is now the Gmelin Database of organometallic and inorganic compounds.
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who’d been given unlimited funding. Each work place was equipped with a special
fume cupboard equipped with seven taps: one each for gas, water, low and high
vacuum, compressed air, and steam.” It was unclear where amongst all these
appliances one was supposed to work and I, for one, decided not to copy this idea.

In striking contrast, Alexander Classen’s laboratory for electrogravimetry was
the first groundbreaking lab of its kind. Its designer, now in his late eighties, still
follows the developments in the field.

In Aachen the chair of physics was held by Adolf Wiillner, the author of the
standard four volume textbook of physics who, because of his pale, well formed
face, dark blond full beard and upright bearing, was known as “handsome Adolf”.
I wanted to meet him, because I’d recalculated his results concerning the reduction
of vapour pressure over aqueous solutions by various salts for my textbook and
found that equivalent concentrations of salts of similar composition resulted in the
same effect. This was the precursor to the main part of Raoult’s work on the
relationship of aqueous solutions to reduction of vapour pressure, for which he
alone is given the credit. That is almost always the case when a new discovery is
only published inside a large book. The scientific community is so used to seeing
new things published as papers that it regards everything in a textbook as being old
hat. It wasn’t the only time this happened to me.

When 1 told Wiillner of the discovery I’d made using his results, he wasn’t
particularly interested. I’d thought that it would be a real pleasure to him but
obviously his annoyance at not having seen for himself the full significance of his
results overrode the pleasure in recognising that in this way science had been
advanced. It took a long time before I recognised that this sort of psychological
reaction to such situations is almost automatic.

The next stop was Bonn where I hoped to meet Kekulé—the man who had
regenerated organic chemistry. My official request to be shown the laboratories had
been turned over to his assistant Otto Wallach, at that time a wispy young man with
blond hair, but now, after a glorious career as the successor to Wohler in Gottingen,
a white haired old man laden with honours.

At that time Kekulé suffered from depression brought on by private problems.
He had more or less withdrawn from scientific work and published only sporadi-
cally. Perhaps on that day a shaft of sunlight beamed on him because he joined us
and we began to talk. He held a wonderful short and humorous lecture on the
advantages of his demonstration bench. At that time he was 54 years old with a
good figure and a remarkably attractive head with a full beard. Max Klinger had
used him as a model for his Zeus on the large canvas of “Christ on Olympus”.
Finally the talk turned to my own work and he expressed his approval that one had
had the courage to take this on. “But, my dear young friend”, he finally said and laid
a friendly arm on my shoulder, “I can only advise you to give it up. Years ago [
spent 3 days and nights continuously thinking about that and convinced myself that
it would be a waste of time”.

"Ostwald gives six functions for seven taps. Perhaps he miscounted.
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From Bonn I went to Darmstadt where I met professor Staedel, who showed me
curious multi coloured isomers, and then I travelled on to Heidelberg where I
arrived with a pounding heart, for there Robert Bunsen—my scientific idol—still
worked though he was now in his seventies. Despite the winter the journey along
the Bergstrasse towards Heidelberg was soothing and once in the city I climbed up
to the castle to take in the wonderful panorama over the surrounding countryside.
First of all I visited August Horstmann the founder of thermodynamics® with whom
I’d corresponded for some time. He was a haggard stooping blond man with a pale
face, bent nose and straggling beard who was sadly almost blind. One eye was
completely blind and with the other he was so short-sighted that that he had to peer
at the book he was reading held just a few centimetres from his face. He’d dis-
covered a mistake in Bunsen’s experiments in which a mixture of hydrogen and
carbon monoxide had been burned in the presence of limiting amounts of oxygen.
Bunsen interpreted the results as being due to the stoichiometric relationships of the
reactants but he’d ignored one important component—water vapour. Horstmann
pointed this out and, in consequence, he was not popular amongst Bunsen’s fans
who were, of course, in the majority in Heidelberg and they did everything they
could to make life and teaching hard for him. Luckily he was economically inde-
pendent. We had a lot to talk about and during the evening that I spent with him and
his family we became good friends. That evening was one of the most pleasant of
my entire journey. Horstmann also talked about the possibility of my being offered
a chair in Germany because his near blindness ruled him out as a candidate.

The next morning I went to Bunsen’s lab. I first approached his assistants who
showed me round. I learnt a lot of things which had never been published and saw
the old master himself. He was a burly stooping figure with a red face which was
framed by a short beard. He had no moustache and his hair was nearly white. I was
warned not to speak to him because when he was working he pretended to be deaf
so as not to be disturbed. The next morning I listened to his lecture of which I have
no memory, and afterwards I introduced myself to him. He was courteous and
didn’t pretend to be deaf. I’d found out that he lunched at the “Badische Hof™.
When I arrived there he greeted me as if we were old acquaintances and good
naturedly let me ask him about the history of spectral analysis. He gave me lots of
useful details.

Kopp, who I’d also wanted to see was unfortunately not in town.

From Heidelberg I went on to Karlsruhe where I got to know Engler and
Bunte—though I can’t recall any details of the meeting. From my next stop—
Stuttgart—I can’t recall anything except for my visit to the rather odd Swiss chemist
Urech. He too had started to study the kinetics of chemical reactions and used the
inversion of sugar by acid which was the classical model system introduced by

80stwald refers to the fact that Horstmann applied the Second Law of Thermodynamics to
chemical equilibria. Horstmann studied in Zurich under Rudolf Clausius, the discoverer of the
Second Law of Thermodynamics.
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Wilhelmy. It had the advantage that one could follow the reaction without inter-
fering with it simply by measuring the optical activity.

I met him in a little room which contained his solutions, the polarimeter, a
constant temperature oven and a bed. The unhappy man only left his prison for a
few minutes each day because he was constantly engaged in reading the ther-
mometer and adjusting the gas input to the oven so as to keep the temperature more
or less constant—in other words he had converted his entire room into a thermostat.
I predicted that he’d find the same order for the reaction rates of the acids as I'd
already shown for the distribution of a base between two acids—and that is how it
turned out.

My next stop was Tubingen, where Lothar Meyer, whose scientific interests
were similar to mine, worked. He was at least 20 years older than me. I presented
myself in the late afternoon and from the unfriendly mien and the surly look on his
face I’d obviously disturbed him in the middle of some work. He asked my name
which his servant had obviously not understood and looked me up and down
suspiciously for after the long journey I did not present the picture one expects of a
full professor. However once he’d heard my name and confirmed my identity with a
quick question, his face lit up, and when I look back on that my heart melts once
again. He took me home and introduced me to his wife—the famous “Lotharia”—
and I spent one of the pleasantest evenings of my journey with them.

A second happy memory from Tiibingen was my meeting with the physiological
chemist Otto Hiifner. He was a pupil of R. Bunsen and had often managed to solve
his physiological problems using physical methods. I visited him in his laboratory
which was then in the old castle with its meter thick walls. He was of average size
and looked the part of the typical German professor: short red-blond hair, a beard of
the same hue, spectacles and a shade careless in his bearing and dress. He was
happy to meet me. We had a lot to talk about so we had lunch together—he was
single—and drank light Rhine wine to a lasting relationship which indeed held until
his much too early death.

From Tiibingen I went on to Ziirich which was the penultimate goal of my
pilgrimage. I was looking forward to getting to know Victor Meyer who was then
involved in sensational studies of the density of vaporized halogens at the highest
attainable temperatures. In fact I found him in front of his white hot furnace wearing
an overcoat and hat because the windows had to be wide open to make it possible to
remain in the room. He was a slim man with dark hair and beard, a typical, very
handsome Germanic face which was lit up by two bright blue eyes. He knew my
work and engaged me in an interesting chat, though during it his nervous temper,
which resulted from overwork, was obvious and he tended to impassioned argu-
ments which aimed at a dramatic effect and often ran rather out of control.

The physicist Friedrich Weber who I also got to know there was a completely
different personality. He was averse to company and struck me as being gaunt and
taciturn. He lived for his work to such an extent that, as his wife told me, he
neglected her and the children. However, he thawed out a bit when I asked him a
question concerning a detail from his last publication. He was obviously happy to
meet someone who had studied the paper in detail and so then he showed me his lab
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which contained much interesting equipment, and then he took me home with him.
His wife was astonished at this, but assured me that it was a most pleasant surprise.

The last city I visited was Munich, where I went after Ziirich. Although I was
rather exhausted from the rushed schedule of my journey I didn’t want to miss the
chance to see the art treasures of the city. At the technical University I met
Erlenmeyer, at the university A. von Baeyer. From this conversation I remember his
animated warning never to mention anything about work which had not yet been
published. “None of my assistants and doctoral students is allowed to know what
the other is doing”. I must confess that this warning merely confirmed me in my
contrary view of the matter.

When I visited Baeyer’s laboratory I didn’t find anyone there because it was too
early and in any case a Saturday, but I was told that at lunch time one could find
them at the House of Arts and Crafts. I went there and had just started to eat when a
voice from a noisy nearby table asked, “Have you seen this guy Ostwald yet?”
“Who’s this Ostwald” asked a second. “The guy with the volumetric chemistry”
shouted the first speaker in reply. I introduced myself and soon was part of their
happy circle of ambitious young people of my own age with whom I spent the
afternoon and evening. I don’t really remember who all took part but von
Pechmann, Knorr and Bamberger were probably there.

From Munich I travelled straight home and arrived there four weeks after my
departure. With the resilience of youth I soon put the exhaustion of the rushed
journey with its countless impressions behind me and was left enriched with the
many pleasant personal relationships I’d made and the numerous stimulating sci-
entific discussions of many different points that I’d had. These certainly had a major
impact on the shaping of my career since without personal contacts it would be
almost impossible to get appointed to a professorship in Germany.

However I didn’t experience any change in myself as a result of this first journey
to “Europe” as Karl Schmidt liked to refer to his visits to Germany. I was about
30 years old, had followed my own way for the last 10 years and this had led me
ever onwards and certainly closer to my goal. I was more on the lookout for new
means of solving the problems that interested me rather than having my goals
defined for me by others. And so I regarded the journey more as welcome chance to
waken the interest of my peers in the areas which interested me, and which till then
had been largely ignored by most active researchers.



Chapter 10
Back in Riga

Building the Laboratory. Having now seen almost all the important labs, I resumed
my teaching duties again—slightly tired but very excited by all the contacts I’d
made and the things I’d experienced. I also took part in the planning of the new
laboratory building. It was designed for 150 students. There had been a rapid
increase in the number of chemistry students since my appointment and currently
there were 120. Those in power in the administration reckoned that the number had
now plateaued but when the new building was finished in 1885, 195 students had to
be accommodated, and in the following year there were 210. As a result, despite the
new building, the problem of space had not been solved, and the necessary mod-
ifications to make bigger student laboratories made a mess of the original design.

The textbook. The second great challenge that the journey had brought me was the
drafting of the text book on general chemistry.

Though I was in the unusually fortunate situation of already having a publisher
before the book was written, I’d taken my time with the actual writing. I’d already
started to collect material in Dorpat and had to a large extent got it all together and,
in addition, I had most of my lectures in written form. The publisher had asked me
to send them some sample pages to Leipzig so that they could decide on the
technicalities of printing. I gazed at the printed pages they sent me with all the
excitement of an author-to-be and showed them to all my friends. But I hesitated to
give the final go-ahead because I was still struggling with the problem of finding the
most rational way of ordering the material. I tried to get some clarity in the matter
from Wilhelm Wundt’s “Logic of the Exact Sciences” (“Logik der exakten
Wissenschaften”) and discovered that this far-seeing thinker had already predicted
the development of chemical kinetics with whose experimental implementation I
was now engaged. This encouraged me to write to him and send him a copy of my
last paper to show him how right his prediction had been and to ask his advice on
my problem with the order of the presentation of general chemistry in the textbook.
He answered fully and in a very friendly fashion, and even if I did not take all his
suggestions they nevertheless helped me to see the problem with new found clarity.
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Part of my hesitation stemmed from the attitude of my teachers Karl Schmidt and
Lemberg. Both of them despised the writing of books and saw the heart of science
firmly placed in experimental work which was to be described as tersely and
dispassionately as possible. Neither of them recognised the value for the advance of
knowledge of ordering and summarising what was known, although there were
numerous examples where the publication of a textbook had brought the results
from disparate areas into context and had often made the development of the field
possible. I did recognise this and the success of my textbook soon became a further
example of this rule.

Nevertheless it had still needed the final prod of my personal encounter with the
publisher Dr. Engelmann before I overcame these various causes for delay. Soon
after my return home I set to work to finalise the organisation of the text book and
little by little got the manuscript ready so that the first part (the first half of the first
volume) was printed during 1883. As is the publishing custom, it carried the date of
the following year, 1884."

From then on, year in year out, a similar amount was finished so that by the end
of 1886 the whole two volume work was completed; it was dated 1887.> My desire
to meet the regular deadlines kept me going over several periods when I was tired
out and once again the principle of the moral flywheel came into play for otherwise
these periods would not have been so quickly overcome.

The book was quite a challenge to me. A few years previously a new edition of
Gmelin’s “General and Physical Chemistry” had been brought out by A. Naumann
which disappointed me for it consisted to a large extent simply of articles which
he’d put together over the years for an annual report® on his area of chemistry and I
missed the broad integrating vision which seemed to me to be the essence of such
an undertaking. Because of this I felt it necessary to do more in this area than
otherwise might have been the case. To develop these generalisations it was nec-
essary to summarise the ways in which the work of many scientists over many years
had led to the solution of a problem. In addition many of the results had to be
calculated anew or otherwise worked over to permit comparisons from which a
consistent picture emerged. This often required considerable work on the already
published data. Nevertheless I look back on this period of long hard work with
pleasure because the consistency of the final results was a source of real lasting
happiness. I'm convinced that the positive impression which the first edition made
on many readers should be, and must be, considered a reflection of the author’s
feelings of happiness while writing it, for experience has shown me that the mood
of an author—even of something as comparatively dry as a chemistry textbook—
will manage somehow to communicate itself to the reader. I think the reason that

'“Lehrbuch der allgemeinen Chemie” Volume 1 “Stdichiometrie”.

2“Lehrbuch der allgemeinen Chemie” Volume 2 “Verwandtschaftslehre”.

30stwald refers to “Jahresbericht iiber die Fortschritte der Chemie und verwandter Theile anderer
Wissenschaften”, an annual review founded in 1822 by J. J. Berzelius and edited later by various
chemists, among them H. Kopp, J. Liebig, A. Strecker, A. Naumann, etc. The series ended in
1910.
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most of my books are read eagerly and with pleasure by so many is because I wrote
them all gladly and with pleasure. I never had any problem putting my thoughts into
readable sentences and so there was always some spare energy left over which
could be used to maximise the clarity both of the overall design and of the details of
the text. On the other hand I’ve also come across scientific authors of the highest
standing who struggled with every sentence and still never got it quite right. Their
books are inexhaustible sources of knowledge which those who work in the field
must frequently consult—but you can’t read them, you can only use them for
reference.

A temptation. Life at home had changed because we now had two children and a
third was on the way. My salary had seemed enormous to us in comparison with
what we’d had in Dorpat, but nevertheless things soon got tight what with the
increase in the family and the fact that life in the rich trading city was more
expensive than in the province. The money I’d got for the textbook made little
difference so I started to look around for some way of improving my financial
situation. Just at this time I was offered a well paid job as the director of a flour-
ishing company for medicinal waters in Riga. I was ready to take this on as an
adjunct to my work as a chemistry professor just as others in the polytechnic
directed engineering works and other technical companies, but in my case I would
have been required to resign my chair. Neither my wife nor I considered this for a
moment and so we let this offer go without regret in the hope that we’d find some
other means of improving our financial position which did not involve me giving up
a position that allowed me to exercise those abilities which I prized most. For the
time being I supplemented my income by holding popular lectures for which I
found many appreciative audiences in Riga.

Friction. T°d begun to think it was time for a change also for other reasons. At the
beginning the great difference in age and character between me and the director of
the Polytechnic had been easily bridged by his genuine goodwill. However the chief
administrator in his office, who’d managed to worm his way from a position as a
servile scribe to become the director’s right hand man, was a good deal less
friendly. He probably missed in me the degree of respect which he felt was due to
him through his position, and began to intrigue against me. The bills for all the
equipment and materials ordered by the section heads went through his office. To
put the laboratory into a state suitable for the new situation I’d had to purchase a lot
of equipment, as I did not even have a still to make pure water. This involved funds
which I had the right to use without having to consult the director who, as a
mathematician, didn’t understand the needs of a chemistry laboratory. This some-
times led to a degree of annoyance which was nurtured by the servile administrator
who examined each bill searching for some irregularity. He was soon able to
triumphantly present the director with a serious violation for amongst bills for
Bunsen burners, tripods and clamps there was itemised 28 marks for a parlour chair,
(Salonstuhl). Bubbling over with anger the director came down to the laboratory
and in front of everyone else gave me a lecture on the use of institute funds which
were to be used solely for equipping the labs and not for my private living quarters.
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[ tried in vain to interrupt him, but he grew ever more enraged until, in a devastating
finale he showed me the offending entry in the bill. I was naturally very curious and
burst out laughing when he pointed out the entry. It wasn’t a chair (Salonstuhl) but
rather a “Ballonstuhl”—something which is used to hold and manoeuvre the large
glass vessels in which acids are kept. I had one of these brought and demonstrated
to the enraged despot. He departed, not without repeating his warning that I must
adhere strictly to the regulations, and of course he blamed me for this embarrassing
scene.

In order to have access to the necessary literature for the work on my textbook
I’d got, with the permission of the director, a key to the well stocked Polytechnic
library where I could work undisturbed on Sunday mornings. I was sitting there one
morning when the door was opened. A glance showed me that the intruder was that
servile administrator who lived on campus and who, now dressed in leisure clothes
not intended for general inspection had been on a morning walk. From the sound of
things he felt perfectly at home and I could well understand his outrage at my
unexpected presence for which he wasn’t prepared.

I’d almost forgotten this ridiculous incident when I received a decree from the
director demanding the return of the library key on the grounds that I could simply
borrow the books I needed and take them home with me. It was in vain that I
explained that I had to chase information from book to book—the man who had the
director’s ear looked all set to defend the place where he paused on his Sunday
morning walk. It was only after a personal meeting with the chairman of the board
of governors, who at that time was also mayor of Riga, at which I emphasised the
serious disruption of my scientific work of which there was little enough at the
Polytechnic, that I finally got free entry to the library again.

Nevertheless this burlesque did have the advantage that my serious efforts in
science had been registered and welcomed at the highest level. From then on I was
supported from there, for example with readily granted support for scientific visits
to Germany about which I’ll give an account a little later.

Feeding the mind. The days sped by, fired with such large and small events. In me
the overflowing energy of youth had not been exhausted as it had been in so many
of my countrymen by the alcoholic abuses of the student years. Not, I should hasten
to add, through any early insight on my part—that came later. It had been an
entirely automatic consequence of my passion for chemistry which in Dorpat had
often driven me from student revels back to the laboratory or to study and with my
growing success I’d gradually lost all interest in the joys of the beer halls. On top of
that the others considered my view, that there was no point in extending student
drinking rituals into real life, somewhat unsociable and as a result there was a pretty
rapid separation before our differing views could lead to any alarming sorts of
disagreement.

I found my relaxation in the rotation of my work. Research, teaching and writing—
the three pillars of my scientific life—were all daily challenges and gave me triple joy
when I got permission from two to work for a while on the third.
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Private entertainment was an important part of life in my hometown but I had no
time for it. I annoyed my kindly father in law by telling him that, though I enjoyed
the company, I’d nevertheless no longer be coming to his Friday evening
get-togethers. I managed this diplomatically by telling him that I was allergic to the
tobacco smoke, which was much in evidence at these events, and which made me
feel ill so that the next day I wasn’t fit to work.

My father was a heavy smoker and perhaps because of that I disliked tobacco
and in my youth didn’t join in when the other boys started to smoke.

I passed my student years in a thick cloud of tobacco smoke and often enough
hated it. Well meaning friends told me that I’d stop being annoyed with it as soon as
I started to smoke myself. I didn’t take them up on this for the advantage they
promised seemed to me to involve too high a price. And when I saw how unhappy
the revellers became when late in the evening the tobacco ran out before the beer, 1
felt my dislike of the tobacco devil quite justified. I haven’t changed my views on
this since then and there isn’t the slightest chance that I will do so in the few years
remaining to me. I never had the feeling that I’d missed out on one of the joys of
life by not smoking.

On the contrary I think that by not smoking I won a great deal. I'm not talking
about the money saved because I was never in such financial dire straights that the
cost of tobacco would have been a problem. What I mean can be illustrated by the
following example. There arise in everybody’s life through the necessary dealings
with other people numerous empty gaps of 15 or 30 min. The smoker passes the
time by lighting up a cigarette. I, on the other hand, found it necessary to fill these
gaps some other way. If I was at home or in the lab I’d open a book, if books were
not at hand then I start to turn over some scientific problem in my head. I can’t even
begin to count the number of unexpected discoveries I made in these quarter hour
gaps, but they were many.

My necessary physical regeneration took place in the long summer recess. In
Riga, as everywhere in the north, the academic year was divided into the autumn
and spring semesters so that the holidays were at Christmas and in the summer.
That is a lot more sensible than the system in Germany where the holidays are at
Easter and in the autumn between the winter and summer semesters because these
holidays fall in times of the year that are better suited to work than the semesters
and it’s all made more complicated by the stupidity of Easter being a moveable
feast. In the Polytechnic, lectures and exams came to an end in the middle of June.
The hot months that followed were spent “on the beach” which is to say on the
Baltic coast which lay about ten kilometres from the city. Here, midway between
the sand dunes and the woods behind them lay the summer houses of the well to do
citizens of Riga and the apartment houses which the coastal farmers had built and
rented out. In the middle were the houses of the rich while closer to the city or
farther away the buildings were smaller, cheaper and simpler so that there was
something for every purse. Because there was only a tiny garden at our house in the
city, I brought the family out to the summer house as soon as the weather permitted.
I then had to stay alone in the city until the end of term when I could move out as
well.
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In these summer weeks the days were comfortably filled with swimming, eating,
chatting and going for walks. I’d made it a rule for myself that in the holidays I'd
answer all the children’s questions. The children soon noticed this and exploited it
to the full. I can see myself at my most common occupation, swinging slowly in a
hammock slung between two pine trees (no other trees would grow in the dunes)
while the children sat on my stomach and asked question after question till we were
all overcome with the heat of the day and drifted off into sleep.

At the beginning I had some misgivings about spending my time like this, but on
the one hand I owed it to the children (and they were later grateful for this), while
on the other I made the following reassuring observation. After about 4 weeks of
this lazy life without any need or longing for scientific work I’d begin slowly to turn
over in my mind my next research project and this grew ever more until I’d be
impatient to start and couldn’t wait to test my latest thoughts experimentally. Once
the short northern summer was over and I had some free time in the lab before the
start of the semester I was able to immediately carry out the long planned exper-
iments so that I could enter the lazy summer days as a profit rather than a loss. In
those years of frenetic work these holidays made it possible for me not only to
maintain my physiological balance but also to collect excess energy which was
available later and which substantially increased my performance. Since the value
of this performance grew faster than the output of the extra energy I’d tanked, the
holidays provided me at the end of the day with a significant excess of achievement.

Sadly It was only much later that I developed this theory of holidays and so I
often failed later on in my life when the challenge were even greater, to give myself
this extra boost.



Chapter 11
My Colleague

Arrhenius. Till now I’d worked in my special field more or less on my own, but
now this under populated field area started to attract independent minds and other
researchers coming from different areas began to move in. The first of these was
Svante Arrhenius.

I’ll never forget the day—it was in June 1884—on which I heard his name for
the first time. All on that 1 day I’d got a painful gum infection, a wonderful new
daughter and a manuscript from Svante Arrhenius entitled “FEtudes sur la
conductibilité des électrolytes™." All that together was too much for 1 day and I had
a feverish night with bad dreams.

The gum infection soon went away and my daughter caused no great problems,
since the birth was easy and her mother recovered surprisingly quickly and I only
had to take my role as father seriously in the later stages of her development. But the
paper caused me headaches and more than one fretful night—and this was most
unusual for me. What he’d written was so contrary to everything that was known and
accepted that at first I thought it must be nonsense. But then I saw that the obviously
very young author had presented some calculations of the chemical affinity of the
acids which agreed with the values that I’d already reached from a completely
different starting point. Finally, having read the paper in detail I convinced myself
that this young man had approached the problem of the relationship of acids and
bases—a problem I’d expected to spend my life working on and for which I’d

"This is the Ph.D. thesis of Arrhenius submitted to the University of Uppsala. The correct title is
“Recherches sur la conductibilité galvanique des électrolytes. Premiere partie: La conductibilité
des solution aqueuses extrémement diluées déterminée au moyen du dépolarisateur. Bihang till
Kongl. Svenska vetenskaps-akademiens handlingar 8 (1884) No. 13. Seconde partie: Théorie
chimique des électrolytes. Bihang till Kongl. Svenska vetenskaps-akademiens handlingar 8 (1884)
No. 14. Stockholm 1884. Kongl. Boktryckeriet.
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managed by hard work to clarify a few points—the most important of which was the
demonstration that there is a fixed quantity for the affinity which is irrespective of the
type of process involved. He had looked at the problem in a much more generally
applicable way and had, to some extent, even solved parts of it.

You may well imagine the jumble of feelings which this caused in a young
researcher trying to build his future in a field he believed to be under populated but
who now found that he had a forceful and energetic competitor. His work had its
weaknesses (which were soon to be seized on by other critics in a rather excessive
way), so that I could still believe, if I wanted to, that he’d hit on the right answer
simply by chance.

I struggled inwardly for a few days just as the the black and white retainers
struggled for the soul of the huntsman in Biirgers ballad “The wild huntsman” (Der
wilde Jager). Since not very many people were interested in this field, it wouldn’t
have been difficult to simply ignore this interloper. One simply had to damn the
whole work on the basis of the errors it contained and in any case the publication
was in the Annals of the Swedish Academy of Sciences which automatically
restricted its impact because few chemists read this journal. I only had to ignore the
paper and I’d have got rid of my competitor, maybe not forever, but at least for the
immediate future.

I must add that these thoughts were never formulated then with the clarity and
precision I give them now. It was more in the form of waves of feeling that now and
then managed to wash over the borders of consciousness.

The details of the techniques for dealing with unwelcome colleagues and
competitors were things I learned only later, initially by witnessing the intrigues of
colleagues against me and then, once I’d recognised what was going on, by fol-
lowing the developments in the chemical literature. On the other side I held to the
scientific ideals which I’d learned from my teachers Karl Schmidt, Johann Lemberg
and Arthur von Ottingen, as the prerequisites for work in this highest region of
human endeavour. The selfless and heartfelt letter of recommendation which Karl
Schmidt had sent to the Polytechnic and which was doubtless decisive in their
decision to offer me the professorship was an ever present example for me. In
addition, it is always a joy to find a new colleague with whom to open up a new
field, especially when there is room for everyone and particularly when such new
colleagues are equipped with those intellectual tools which I lacked and which
together with mine would guarantee that we would both succeed in progressing.

The electrical conductivity of acids. In a few days it was clear to me what direction
I must follow. I wrote to the author of the manuscript in Uppsala and tried to get a
clear detailed view over one major issue. This was the relationship between the
electrical conductivity of acids and their relative chemical affinities which I had
established.

Already in Dorpat I’d noted the work of F. Kohlrausch who’d invented the
measurement of the resistance of electrolyte solutions using alternating current.’

ZKohlrausch F (1876) Ann Physik 235:233-275.
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For the few acids he’d investigated the order of their electrical conductivity fitted
with the order of their chemical affinity. However, I wasn’t able to make any sense
of this and the measurement of conductivity was at that time a complicated business
so that I wasn’t in a position to determine it for all the acids I’d investigated.

But now Arrhenius presented in his paper an interpretation which not only
explained the parallel between the two sets of values but actually demanded it. In
the meantime Kohlrausch’s method for determining conductivity had been sim-
plified to such an extent that I could set it up myself.

I hadn’t procured any electrical measurement equipment in Riga but now my
love of tinkering which I’d retained from my boyhood came to the rescue. I’d found
an old but adroit mechanic in the Polytechnic who was just hanging about because
no one seemed to need his services. I at once took lessons from him at the lathe and
bench vice which surprised my elder colleagues and caused a certain amount of
amusement amongst them. In this way I was able to make modified versions of the
necessary equipment and was able to borrow for just a few days a resistor box from
the local post office which we copied so that in a short time I was able to determine
the electrical resistance of solutions with more than enough precision. I measured
the whole collection of acids which I"d saved from my earlier work and, with a
pounding heart, found that one value after another fitted exactly into the prediction.
Since all the solutions were to hand and each measurement only took a few minutes,
the results poured in faster than I have ever otherwise experienced. The end result
was that I had here a means of determining in just a few minutes the chemical
affinities which, using my old methods, had taken as many days. I quickly wrote up
a short communication® of my confirmation of Arrhenius’s idea and sent it to the
editor of the Journal fiir praktische Chemie (Journal of Practical Chemistry). By a
happy chance it could be published right away. In it I expressed my firm opinion
that the work of Arrhenius was one of the most significant results to be published
recently in the field of chemical affinity.

The second journey. On my first visit to Germany, which I’d made because of the
construction of the new laboratory, I’d been under such time pressure that I’d only
been able to gather an impression of a tiny part of the country’s vast treasures in the
arts and sciences. Because of this I wanted to make my second visit more relaxed.
In addition it now turned out that the library in the Polytechnic was insufficient for
my now well advanced work on the text book, so that it was now desirable, indeed
necessary, that I visit other larger and more complete libraries. I therefore applied to
the Board of Governors for a travel stipend which was given me for the summer
holidays of 1884. After these events were all completed I decided to follow up my
written contacts with the strange Swede with a personal visit and to travel back to

30stwald W (1884) J Prakt Chem 30:93-95.
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Germany via Sweden. Since there was a direct steamer connection between Riga
and Stockholm the matter was not difficult to arrange.

Visit to Uppsala. After I’d visited the museums in Stockholm and had seen the
wonderful landscapes which make it one of Europe’s most beautiful cities, I
travelled on to Uppsala where Arrhenius was waiting for me.

So that we’d recognise each other he came to meet the train holding up like a
flag a reprint of my paper which I’d sent him.

This meeting was the start of a long friendship which has continued ever since.
He insisted that I stay with him for there was naturally a lot to discuss and we
planned how we would together study the extensive new area which had opened up
before us.

On the first evening we went to a beer garden where as the sun set the waiter
brought us felt blankets to ward off the cold evening fog. From time to time
Arrhenius would be called over by young people who greeted him warmly and
shook his hand. He told me later that these were student friends who wanted to
congratulate him on the special honour done him by a well known foreign full
professor who had come all the way to Uppsala to visit him and who treated him as
an equal. It turned out that he had used the work from his publication to produce a
thesis for his accreditation as a university teacher. He’d submitted this to the faculty
but there had been some problems concerning its contents. Earlier he’d run up
against the physicist Thalén whose lowering and unfriendly manner I would later
get to know. I should say right away that this was the only Swede of this type I met
for otherwise they are about the friendliest nation I have come across. Thalen had
either refused to allow Arrhenius to work in the physics institute or at least made his
life there so unpleasant that he’d gone instead to Stockholm to the academy member
Edlund who worked in the same laboratories in which Berzelius had spent the last
10 years of his life. I visited Edlund later with Arrhenius and was met by a strange
little bent over man whose goodness of heart shone out of his eyes. He showed me
the remains of Berzelius’s chemicals and equipment which lay all higgledy pig-
geldy in a cupboard. I gazed in astonishment at the balance with which Berzelius
had made more than one extremely exact measurement because it was a very
primitive thing that even back then one would hardly have offered to a beginner. It
was immediately clear to me that the equipment is less important than the man who
uses it. I saw here a justification for my habit—inherited from my rather impov-
erished childhood—of being satisfied with the simplest equipment.

Arrhenius had carried out the experimental part of his project in Edlund’s lab
and had measured the conductance of a number of electrolytes which Kohlrausch
had not looked at. However the procedure which Edlund had suggested he use
turned out to be difficult and not terribly effective. He later brought this apparatus
with him when he came to Riga to work with me. However once he saw the
simplified version of the Kohlrausch equipment which I had built, he used it instead
and took the unopened box containing his equipment with him when he left.

Of course in Uppsala I made the usual round of visits. I was received in a
particularly friendly manner by the respected chemist Cleve, who could not hide his
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surprise that I was so impressed by the strange ideas of Arrhenius. Nevertheless, he
was prepared to hear me out on the subject. This discussion took place some
2 years before the theory of the dissociation of electrolytes had been formulated and
yet Cleve, with rigorous logic, drew one conclusion after another from Arrhenius’s
hypothesis and at the end asked me, “So do you really believe that in this beaker
with the solution of sodium chloride the sodium atoms swim about on their own?” I
answered, “Yes” and he glanced at me sideways as if to signify that he now had
reason to doubt my chemical common sense. That didn’t in any way change his
friendly attitude and he invited us both to lunch the following Sunday. We got there
a little late because as Arrhenius put on his best clothes the trousers ripped and it
took a while to repair the damage. Instead of sitting down at table we collected
plates from a well arranged set and went to the lady of the house who distributed
our soup and other food. One went off with the booty and—standing—ate as well as
one could. I was told later that this was an old Swedish custom that nationally
minded people were trying to revive. I do so hope that in the meantime they have
given up the attempt. All the other cheerful lunches and dinners I had in Sweden
were eaten at table as in the rest of Europe.

I also remember an excursion to the baroque castle of Skokloster, though plans
for the future were more at the front of our minds than old weapons and furniture.
We agreed that Arrhenius should come to Riga as soon as possible so that we could
work together on the solution of our problems. For that it was necessary that his
thesis be approved and that he be given a travel grant. These difficulties had been
much reduced by my personal appearance in Uppsala and in fact were soon
overcome. Later Arrhenius wrote me that none of it would have been possible had it
not been for my visit.

Apart from these things which were important for me, I hadn’t forgotten the
reason for which I’d been given the grant by the Board of Governors. I turned to the
library there to look for the references I needed only to find that this was a matter
which lay in the hands of Professor Thalén. This was the situation mentioned
above, in which I met the exceptional Swede who was unfriendly. It turned out that
he just had a rough outer shell, for my request was granted. After that Arrhenius and
I went to Stockholm for the meeting with Edlund which I described above.

In addition I met a number of Swedish chemists with whom I thereafter stayed in
contact.

Chief amongst these was Oskar Petterson, a small wiry figure with a square
head, short light moustache, a sunburned face which was darker than his hair. He
moved liked a sailor and was in fact a passionate yachtsman. His friends told me
that he considered a summer wasted if he had not at least once been shipwrecked,
though he always managed to get out unhurt. He had recently published remarkable
papers in the field of physical chemistry and I valued the independence of his mind.
He introduced me to his friend Nilsson* who as Professor of Agriculture lived in a
marvellous official villa outside the city. He didn’t have much in the way of

*The spelling is incorrect. Ostwald refers here to Lars Fredrick Nilson.
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teaching duties and so could devote himself to science. He was blessed with a sweet
wife and a house full of children and in general lived a life which seemed to me to
be ideal. Seeing that this sort of thing was possible awoke in me the desire to
achieve something similar for myself. Through all the changes of my later life I kept
this goal in mind until I was finally able to realise it with my country house
“Energy”.

From Stockholm I went on to Goteburg. Close at hand lay the beautiful Aspen
lake which I tried capture in watercolour paintings. I’d already bought a paint box
and paper in Stockholm and had tried to paint some of the wonderful scenery I’d
seen all around there. The results were not terribly impressive and I was convinced
that this technique was inadequate for my purposes. When later, in Norway, I had to
leave one marvellous scene after another unpainted because the colours would not
dry in the damp air; it became clear to me that the only thing that would work would
be oil paint. After I returned home I tried them out and afterwards enjoyed many
happy hours painting.

From Goteburg I took a ship through the Schéren islands to Christiania. There a
great treat was waiting for me—a meeting with Guldberg and Waage.

Christiania. We entered the Christiania fiord on a misty morning. To begin with
we sailed between rocks bare of vegetation on which the waves broke, later came
larger islands with the odd weather beaten pine tree. The further we went the more
the vegetation increased and with it came the first signs of civilisation—fishermen’s
huts and farmhouses. From time to time we could see the green banks. Suddenly a
ray of sunshine broke through the clouds and the silvery light illuminated a glit-
tering city at a bend in the fiord. Then a cloud and a bank of mist covered it all up
again. The experience was like a well constructed symphonic movement. It was this
that sparked my later thoughts on the art of motion pictures.

Once I reached the city I immediately went to visit my two colleagues whose
solid work had smoothed my first entry into the field. I’d established from their
addresses that Waage was a chemist, but that Guldberg was a mathematician, and so
I went first to Waage. I was met by an elderly man whose unkempt hair and beard
almost covered his face. He was of short stubby stature and looked more like a
farmer than a professor. He glared at me suspiciously as I introduced myself. When
he’d finally grasped who I was he was overcome with joy. He danced around me
shouting “So young. No! He’s so young”. He’d imagined that I must be a dignified
old man like himself and his brother in law Guldberg and had a hard time con-
vincing himself that it was really me.

Waage insisted that I stay to lunch and sent to invite Guldberg too. At home he
had a little flock of children, some grown up some still small—most of them were
daughters. In addition there were several older ladies of the sort one sees around
pastors. It turned out that he had a strong interest in youth clubs, church homes,
abstinence societies and the like, all of which had a strong Christian bent, though
that didn’t stop him being an enthusiastic hunter and mountaineer. The main part of
the meal consisted of snow grouse which he had shot himself and he recounted the
details of the hunt in a way that reminded me of my father’s hunting stories.
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In the meantime Guldberg had arrived. He was outwardly the opposite of his
brother in law. He was tall and slim, with an aristocratic-intellectual face, pro-
truding nose and white hair and beard both of which were cut short. He looked
more like a senior military officer than a professor. It soon turned out that the idea
behind the work had been his. Waage seemed not to have done much more than
deliver the chemical analyses. Nevertheless in questions of hunting and moun-
taineering he was not a whit less enthusiastic than Waage and insisted that the next
day I should come and taste his snow grouse. These were hunted high up in the
mountains, immediately roasted, tightly packed and dipped in melted butter so that
they were preserved sterile and could be kept for a whole year.

Although it was already late in the year my Norwegian friends wanted to show
me some of the beauties of their country. Since they were held up by their lectures
they worked out an itinerary for me up to Honefos by train, car and on foot which I
undertook over the next few days. Since I’d grown up in flat country the wild and
magnificent Norwegian scenery shook me with an intensity I’d not expected.

The weather was almost always dull and it often rained so that the distant
scenery was usually hidden and yet the 3 days of wandering left me with unfor-
gettable memories. It was the first such experience I’d had—and the strongest.
What particularly impressed me was that I experienced water not as a peaceful
element but as a living crashing cascade, which was often enough of enormous
power. At Hogsund I could see within the breadth of one glance three huge
waterfalls. I returned to Christiania shaken and soaked to the skin.

From there I took a ship to Copenhagen to visit Julius Thomsen the
thermo-chemist whose work had been an ideal for me and to whom I wished to pay
my respects. My Swedish and Norwegian colleagues had warned me that in him I
would be meeting a self-assured and rather unapproachable colleague. However he
had recently publically praised my work so that I had no hesitation in going to see
him. I indeed met a very distinguished closely shaved man—every inch of whom
might have been a privy councillor, but who had an unusual growth on his left
temple. Nevertheless there soon developed an intensive and fruitful discussion and
after an hour as I was leaving he retreated far enough from the formal plane to
suggest that I visit the Tivoli Park in the evening where there would be a garden
party. I went there and it was very nice.

During a visit to the Thorwaldsen museum, I experienced for the first—and
almost the last time—a sense of artistic elation from looking at sculptures. A visit to
the Church of the Lady with its paintings from the late pious period was by
comparison a disappointment.

A steamer brought me to Liibeck which I was glad to see for merchants from this
city had been the founders of Riga. Liibeck is really very pretty. From there I went
on to Leipzig to discuss the success of the first part of my book and to say hello to
all my acquaintances there. I was also going to meet up with Arrhenius in the city.
My publisher couldn’t tell me much but he was obliging and friendly. I met Kolbe
and von Meyer and was once again convivially greeted as was Arrhenius whom I
introduced to them. However the plans to offer me a professorship, which a year
ago had seemed so firm, had not got anywhere and Kolbe pointedly refused to be
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drawn on the matter. My other Leipzig acquaintances were all away on holiday. In
his lab Kolbe showed me the start of his work on indigo. He’d challenged his rival
von Baeyer, who’d made significant progress in this work but then given it up for a
while, and bet him that he’d solve the problem within a year. However he had not
forseen that his early death would free him from his duty in this respect. About a
year later he’d attended a meeting in the best of health at which decisions were to be
made about the future of a Society of which he’d long been a member and in which
he expected to have a senior position. However the majority voted against him and
he was so enraged that on the way home he suffered an apoplexy and soon died.

Arrhenius and I arrived in Magdeburg in time to attend the Natural Scientists
Meeting there at which I was slated to hold a lecture. It was the first meeting of this
sort that we’d attended. We were lodged as guests with the family of a young
businessman where we were kindly looked after and I learnt the blithe goings-on of
this science fair. I knew quite a few of my colleagues from my previous visit a year
and a half ago. Once again there were hints that I might be appointed to a pro-
fessorship, though after my recent experience on Leipzig I regarded them all with
polite scepsis. In particular there seemed to be some interest in Gottingen. I don’t
remember whether my lecture was a success or not. I conclude from that that it
wasn’t a success otherwise my memory would have worked a little better. From
there we went home, which I was longing to do, and in any case the holidays were
coming to an end.

The only other thing I can remember from the Magdeburg meeting is that at the
city’s one-time mayor—Otto von Guericke of air pump fame—was smuggled into
each of the innumerable speeches and toasts as a means of making some sort of
connection between the Natural Scientists Meeting and the city.



Chapter 12
Progress

Work on conductivity. 1 got back to Riga with my head overflowing with research
plans but first I had to deal with the move to the new laboratory building and the
installation of the various new pieces of equipment. This challenge was made more
difficult by the fact I mentioned already that the administration had substantially
underestimated the growth in the student numbers so that by the time it was opened
the new laboratory was already overcrowded. This situation remained unchanged
for the rest of my time in Riga.

I needed a new assistant and since there were no suitable candidates amongst my
Riga students I asked Lothar Meyer if he could suggest a suitable candidate. He
suggested the Swiss Ulrich Schoop who later on made a name for himself by
inventing his metal spraying process. In Riga, however, he never really seemed to
find his feet.

My experimental work was now directed to questions of electrochemistry, in
particular to the conductance of electrolytes which, since Arrhenius’s work, had
become of such importance. First of all we had to modify Kohlrausch’s method-
ologies to fit our particular problems. In Stockholm the newly invented telephone
communications system had been rapidly developed and there I’d found suitable
telephones. The tubular rheostat and the induction device needed to generate
roughly sinusoidal current waves could be replaced with a resistance wire coiled
around a 1 m long ruler plus the smallest commercially available induction coil.
The measurement of electrical resistance was carried out using a measurement cell
which Arrhenius suggested and the thermostat I'd developed earlier turned out to be
indispensible because of the temperature sensitivity of the conductance we were
measuring. Slowly our equipment took form and it was later used by numerous
other researchers in thousands of experiments.

However, before I could interpret the results I first had to deal with an objection
which came from an authoritative source, namely from G. Wiedemann in Leipzig.
He doubted Kohlrausch’s assumption that the effect of polarisation was completely
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excluded by the use of alternating current and this drove me to test this point
experimentally. The results fully substantiated Kohlrausch’s view: there was no
doubt that the procedure was generally applicable and it has proved its usefulness
down to the present day.

I then started work and from a series of separate determinations established the
relationships in the conductance of acids. The largest and most diverse variable was
the effect of dilution. While the conductance per equal equivalents or moles of a
strong, well conducting acid changed little on dilution, the effect was large for weak
acids. Kohlrausch had already shown that for acetic acid, the only weak acid he
examined, the conductance increased with the square root of the dilution.

It turned out that these two types of acid defined the two ends of a continuous
series so that for all monobasic acids there was just one function describing the
relation of dilution and dissociation. At a given dilution the different acids differ
only in the position at which they would appear on the curve. However from that
point, dilutions of all of these acids all follow the same curve. This was the first step
to the establishment of the “Dilution Law” which my chemical colleagues were so
kind as to refer to by using my name.

I of course looked for a mathematical formulation of this law which was later
found by use of the dissociation theory developed by Arrhenius. I remember that I
tried this possibility out on my data since it was almost suggested by Kohlrausch’s
remark that the conductance of acetic acid varied with the square root of the
dilution. In fact it fitted more or less—but not closely enough to be accepted as an
experimentally demonstrated result. A different mathematical model based on
tangents fitted better but I was unable to find a rational explanation for its use. Later
it turned out that my data contained a systematic error which had been caused by
the ammonia content of the water in Riga. Ammonia was present only in trace
amounts and was hard to demonstrate but it had an appreciable effect on the small
quantities of the acids which were being measured. At that time all the later dis-
coveries about the effects of trace contaminants on conductance lay in the future.

Joint work. In the meantime Arrhenius had as planned put his affairs at home in
order and come to Riga. He arrived at the beginning of 1886 and we then had the
joy of working and thinking together. We thought it best to divide the practical
work between us. He wasn’t familiar with the physical chemical measurement
methods which I’d developed and so he started to work on individual problems
such as reaction rates, conductivity and internal friction which could be approached
with these methods. I, in the meantime, had progressed from conductivity to
electromotive force and to measure this in absolute terms I’d built a dropping
mercury electrode which had been described by Helmholtz. I’d already read in
Dorpat the fundamental work of G. Lippmann concerning the relationship between
the surface tension of the mercury and the potential jump on the surface and, not
without some considerable difficulties, had managed to construct a proper capillary
electrometer. Only many years later did the fruit of this preliminary work become
apparent.
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J.H. van’t Hoff. Winter, spring and summer passed in uninterrupted work, and on
top of that I was getting the last part of the textbook ready. This was the most
difficult section of the book because it should describe the current state of
knowledge about the field of chemical affinity. Shortly before this, I’d read a
publication that caused me even more headaches than had that of Arrhenius. It was
entitled “Etudes de dynamique chimique” and had been written by a completely
unknown researcher whose name according to the title page, was J.H. van’t Hoff. It
described both theoretical and experimental studies of the laws governing the rates
of chemical reactions. It deferred neither to past not present researchers and ended
with some confusingly written paragraphs which suggested that the author had
made considerably greater advances in the application of thermodynamics to
chemistry than had Horstmann—or L.

Third journey. As the summer holidays approached, those around me pointed out
that I seemed to be over worked and in need of a rest. I therefore decided to go with
Arrhenius to Germany. He went to Wiirzberg and Graz while I first spent a few
weeks on Riigen. Later there was going to be a glittering meeting of scientists in
Berlin where we would meet again.

On Riigen I spent pleasant days in SaBnitz, GShren and Binz.

In Gohren I met the philosopher Vaihinger who at that time was already pro-
fessor in Halle. I look back with pleasure on the walks we had together and on our
conversations though I fear my unrepentant naturalism and my obvious lack of
respect for the details of philological work sometimes annoyed him. If I remember
correctly, however, his “as if” philosophy was not mentioned.’

However the main thing this time was painting from nature. I’d started some
years ago diffidently trying to paint landscapes. At the beginning I’d used water
colours but after my experiences in Sweden where I'd learned that, especially
outdoors, this could easily go wrong, I’d switched to oils. Since I didn’t have a real
teacher or guide in Riga and as there were only few I could learn from, I had to find
my own way. In my scientific work I was used to having to put together or invent
the necessary equipment and protocols, and so for this journey I’d put together a
light, functional paint box which I could easily carry on walks which did not require
an easel. It was the third or fourth version of the basic design which I’d originally
tried out on the beaches around Riga and then improved. The exceptionally diverse
landscapes on Riigen were completely new to me and spurred me on to a certain
freedom in the conception and execution of the works. The idea for this came from
my school drawing teacher Clark who’d suggested I paint not on canvas but rather
on paper prepared for oil paint by soaking it in diluted glue. This made it possible
for me to keep several wet sheets in the cover of the paint box without them
damaging each other. It allowed me to paint on a sheet for just one to 2 h, which is
how I preferred to work.

'"Vaihinger proposed the idea that we behave “as if” the world matches our models.
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On this visit to Riigen I experienced for the first time the beneficial effects that
painting had on my tired brain. Much later my colleague in Leipzig Flechsig, the
famous investigator of the human brain, provided me with the theory. Every type of
mental activity is associated with a particular set of cells. If such a set is more than
normally excited by overuse then it can be stimulated even by extraneous stimuli so
that it never gets rest and cannot regenerate. However if some other group of cells is
strongly stimulated then they call for energy and the circulation directs the energy
stores there. The tired out cells in the first group are ignored and can now come
back into equilibrium. I was not a great painter but I had a certain talent, in
particular a good colour sense, so that the stimulus of painting was sufficiently
strong to have the healing effect he’d described. Over the years I took advantage of
this beneficial effect. Painting helped me to recover from the health threatening
effects of working and at the same time it provided me with many very happy hours.

No less important was the fact that I could take my painting cure to the ends of
the earth and never had to fear that I’d be bored. I didn’t have to look for company
in the holidays, which in any case would have meant that science would be dis-
cussed, but could go wherever I wanted on my own.

I think that what I’ve just described is generally true. Everybody who is involved
in mental work needs a hobby he loves and the further the hobby is from his main
work the better.

The Natural Scientists’ Meeting in Berlin. Indeed I was fully recovered when I went
on to Berlin so that I could take part in all the activities there without any adverse
effects.

In Berlin there was much to be done. To begin with I saw again most of those
colleagues whom I’d met on my hurried trip round the laboratories in 1883 and
could use this opportunity to get to know them better. From the friendly looks of
most of them this seemed welcome to them too. In the sessions I was able to present
some of my results and was able to note an interesting tactical manoeuvre. While
those chemists whose work was closer to mine greeted me warmly there was a
group of organic chemistry “purists” who made it clear that anything outside of
organic chemistry was unwelcome. And, although we were a tiny minority, the
organic “purists”, perhaps subconsciously, reacted jealously to the budding com-
petition that we represented.

For example, I presented the results of my conductivity measurements on
organic acids and had got the audience sufficiently interested that one of the
“purists” considered the situation ominous. We were scheduled to leave in 10 min
to take part in a trip to the lime works in Riidersdorf and I’d timed my presentation
accordingly. Suddenly, far too early and in the middle of my presentation, Professor
Tiemann, a leader of the organic “purists” shouted out, “We have to leave now” and
by doing so saw to it that nobody heard the end of my presentation. At the time I
was so naive that I thought that this had happened just by chance and only later did
others explain to me the reason behind it.
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On this trip to Riidersdorf I experienced another aspect of the atmosphere in
Berlin. We’d been well fed in Riidersdorf and went from there to Erkner where
there was a chemical factory for us to see. As we reached the place we could see a
long line of tables set out for us which promised to challenge our well filled
stomachs. It was indescribably astonishing to see that those colleagues who were in
the front started going faster and faster and those behind hurried to overtake them
until a serious race developed to be first at the coffee tables. What drove these
educated and respected people, who all had had more than enough to eat, to lose all
self control in this way? It was an involuntary expression of the competition and
envy that was the daily fare of people in that city.

The question of the journal. The Berlin meeting gave me the opportunity to discuss
a new project which I and my publisher Engelmann had been thinking about for a
while. Once the fourth and last part of my textbook had come out and had been well
received we’d wondered if it would not be a good idea to provide a forum for newly
emerging work in general chemistry. The publisher was enthusiastic and agreed to
produce a journal initiated and headed by me. Though my self confidence at this
point was at its height I nevertheless felt a little diffident at the idea of officially
taking on the leadership of the new chemistry and representing it to the rest of
science not only in Germany but in the entire world. After all I was only thirty three
and knew most of the established people in the field only fleetingly.

Because of this I"d written my publisher that while I personally had great interest
in accepting the challenge, I wanted to use the opportunity presented by the Berlin
meeting to get the views of my peers in the field.

The results of my survey were completely negative. The first person I asked said
that there were far too many journals as it was and a new one would find no
subscribers. The next said that since papers on physical chemistry in the existing
journals were scarcely read, publishing them in a separate journal would simply
ensure that no one at all would read them and that was not in our interests. Even
people like Landolt and Lothar Meyer, whose good will was not to be doubted,
advised me not to go ahead with such a risky project whose chance of success was
SO uncertain.

I noted these opinions and passed them on to the publisher, but we didn’t give
the idea up and instead quietly got on with our preparations.

Art. Apart from the scientific experiences the visit to Berlin brought many artistic
ones. A wonderful performance of Wagner’s “Valkyrie” was given at the Royal
Opera for those attending the meeting and there was a glittering artistic festival at
the Lehrter train station. This was the first time I'd experienced a large modern
exhibition which contained some 3,000 paintings. Now that I’d made my first
attempt at painting myself I looked forward with burning interest to the multifaceted
statements of contemporary art from which I could learn so much. Sometimes when
I was faced with a choice between science and art the art won and I spent long hours
at the exhibition.
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Journey home. 1 travelled back to Riga feeling completely rested and excited by
all I’d seen. I was determined to come back to Europe again as soon as possible.
Once again I got hints from several sides indicating that there was a serious pos-
sibility of my being offered a professorship at a University in Germany in the near
future. Where and when were, however, still unclear. Nevertheless, now that
general or physical chemistry had been presented in my textbook as a well ordered
rich branch of science with clearly defined goals, many thought that it should be
properly represented in the universities.

I found the idea of teaching at a university in German more than welcome,
because the situation in Riga continued to deteriorate. Kieseritzky, who’d been the
director for many years had retired because he felt that partly due to me the
atmosphere at the Polytechnic had become too heated. Under his rather young
successor there developed also now in Riga a rift between the professors who saw
themselves as Balts and the German appointees.” This was the same problem that
had overshadowed my final years in Dorpat and it was fought out over the proper
response to the politics of the government in St. Petersburg. While the foreigners
were ready to go along with the russification measures so as not to risk losing their
jobs, the Balts were ready to oppose the measures in any way possible even at the
risk of being fired.

To begin with this rift was just latent because the measures were postponed.
During this period of waiting I’d invited a circle of like-minded colleagues to a
dinner party at my house and the talk quite naturally turned to the measures which
St. Petersburg was threatening to impose on us but which we still hoped might be
avoided. Since we were all quite young there sprang up that evening some gallows
humour and somebody suggested that we should think over how we would manage
if we were all fired. I’d entertained my guests with all sorts of chemical tricks and so
we decided that we’d make our living as wandering street performers. Everybody
had to show what he could do. The first could swallow knives. The second laid the
newspaper on the piano and melodramatically sang the adverts in the style of a
Wagner opera. A third could fall backwards off a chair without doing himself any
harm. Only the newly elected Director had nothing to offer and since he was an
economist he was sentenced to look after the cash box.

Turbidity. This happy evening was about the last time that we innocently enjoyed
our lives because soon thereafter, when the new rules became reality, conflicts
between the two groups started. Although a Balt, I had good personal contacts with
my German expatriate colleagues and in the beginning I was able to prevent the
threatened conflicts developing. However nobody could be in any doubt that the
points of conflict could not be avoided for long and that they would, and indeed
must, constantly threaten to break out again. This in fact is what happened and it led
to increasing bitterness. On top of this a German member of the university was
accused of currency irregularities.

2Ostwald distinguishes between the Balts who where state residents of the Russian Empire, and the
state residents of the German Empire.
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On the other hand my increased standing in science—the newly finished text-
book had already begun to have an effect on the development of chemistry—made
it clear to me that there was a basic incongruity in the situation. True, the number of
chemistry students had more than doubled during my brief tenure of the chair, but
the students themselves were just the same as before. They were not really up to the
standards of university students. Only a small fraction were from the German
speaking Baltic states, where a level of culture was practised that was in no way
inferior to that in Germany itself. However most of these went if at all possible to
the university and that left only the less talented for the polytechnic. A lot of our
students were Poles and Jews from the furthest corners of the Russian empire and
they’d mostly had an inferior education. Then there was a lot of Letts and Estonians
who were almost all fervent nationalists who only picked up German culture in
order to be able to oppose it. They all had the simple goal in mind of passing the
exams as soon as possible and going off to the sort of practical jobs which were
easy to find as Russia’s industrialisation was getting underway.

There was only one student from my time at the Polytechnic who later gained a
scientific reputation and high positions first in Riga and then in St. Petersburg. This
was Paul Walden, who is currently professor in Rostock. But Walden was already
then an assistant in the physics institute and, though he was working along the same
lines as us, he did so rather independently.

I have already related that I wanted to raise the standards by getting the students
to carry out a proper scientific project. I soon found out, however, that the projects
would have to be very simple and it wasn’t that easy to come up with three or four
dozen such topics per year and then to supervise the students and make sure they
could complete them in the few months available. Nevertheless I put in this work
because in their future jobs my students would often enough have to move into
unexplored territory and so the experience—no matter how restricted it might be—
of dealing with new things was for them of enormous benefit.

The journal of physical chemistry. The discrepancy between my official position
and my actual work became even greater as the question of a journal for physical
chemistry, which had received such a poor reception at the Berlin meeting, now
became acute. My discussion in Berlin had set off a wave of resonance which was
picked up by an enterprising Hamburg publisher. He wrote to me at the end of 1886
asking how I would feel about such an undertaking. In reply I related the negative
response to the idea in Berlin and at the same time told my publisher in Leipzig that
the idea was now being taken up by someone else. I got a very confident reply from
Hamburg and a preliminary mock up of the new journal’s cover. It turned out that
the editor of the journal was to be a young chemist in Berlin, who had no reputation
either as an experimentalist or as a writer. This was presumably his reward for
having told the publisher the story of my discussions in Berlin. I was expected to be
happy with the job of refereeing the papers submitted by others.

Had one of the leaders in the field been nominated as editor I would have had no
problem with the arrangement, but to give the top job to this fellow who I felt
superior to in every way was not something that I was going to accept. I informed
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Dr. Engelmann in Leipzig of what was going on and wrote to Hamburg telling them
that I’d long since planned to set up a journal but that I would only work with him if
I was given the editorship, for I did not want, so to speak, to rent a place in my own
house. There followed a lively correspondence. While Dr. Engelmann asked me to
establish a new journal under my leadership to be published by him, the Hamburger
publisher tried to persuade me that being referee on his journal was actually ideal
for me. I wrote to all my colleagues from whom I hoped for contributions and asked
them to publish in the journal I would edit.

On Christmas Eve a telegram came from Hamburg. It read, “Are you prepared to
accept our conditions?” The boy from the post office took my reply back with him,
“No”.

Since most of the chemists I’d written to had replied affirmatively I was soon
able to get the new journal organised in Engelmann’s publishing house. The list of
contributors in the first year included: M. Berthelot, J.W. Briihl, Th. Carnelley,
H.L. Chatelier, C.M. Guldberg, A. Horstmann, H. Landolt, O. Lehmann, D,
Mendeleew, N. Menshutkin, Loth. Meyer, Viktor Meyer, L.F. Nilson,
O. Pettersson, L. Pfaundler, W. Ramsay, F.M. Raoult, R. Schiff, W. Spring,
J. Thomsen, F.E. Thorpe, P. Waage. As one can see this includes the most
important foreign scientists and all of these men, many of them world figures, had
accepted the invitation of the young academic who just a few years previously had
been completely unknown. We may assume that a good part of the surprising
success of the project lay in the reputation of the publishing house.

It was exceedingly important to get the support of the Dutchman van’t Hoff who
had recently become so famous. He’d given a sort of conditional half acceptance to
the other side. In reply to my letter of invitation he gave a positive reply but
demanded to be named as co-editor on the title page, adding that he had no wish to
interfere in the running of the journal but would be satisfied with a formal
appointment. As it turned out he held strictly to this agreement, despite my best
efforts to persuade him to take a more active part. He didn't want to do more.
However, he did immediately submit several important papers from his laboratory
in Amsterdam which were the pride of the new enterprise. It seemed to me to be so
important to link the journal to the name of this brilliant researcher that I unre-
servedly agreed to his conditions. I never regretted this decision and am convinced
that the rapid success of the journal was to a large extent due to having van’t Hoff
on board.

The first issue of the Journal was published on the 15th of February 1887.
Further issues followed at monthly intervals. The final double-sized issue of that
year came out on the 27th December and brought the page count for the year to 678.

The fear that difficulties would be caused by having the leadership of the journal
in Riga while the printing was done in Leipzig turned out to be unfounded, because
the journal was not tied to fixed dates of publication. However when June came and
I moved to the beach I did have to undertake some long walks because the post
office which handled registered mail was some five kilometres away.
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The actual editorial work—that is to say the review of the incoming manuscripts
to check their suitability—was in general not a great problem because in most cases
the answer was clearly “yes” or “no”. Manuscripts that fell in between were rare.
However I also took on some manuscripts that caused me more work. Translating
the manuscripts which had been submitted in a foreign language was not a big
problem and in the first years I did all that myself. Linguistic formulation had never
been a problem and gave me the same sort of pleasant feeling one gets from skating
where there is an immediate sense of clear achievement. I never had to search for
the appropriate words but could translate freely and simply write the sentences
down. Writing short reviews of papers summarizing the work which appeared in
other journals was more challenging. However, this was the core competence
needed to write the textbook and so I was used to this sort of work. Since the
textbook had required that I carefully assess the literature—and this I had done with
great earnestness—I only had to continue this habit so as to develop this aspect of
the journal which gave me a useful channel with which to influence the views of the
scientific community.

The same applied to a section devoted to book reviews which I did myself for
many years. This was the means I used to rapidly project the new ideas which were
springing up in neighbouring areas of science and the constant repetition of the
importance of the work under discussion made this transfer of ideas faster than
would otherwise have been possible. My natural predilection for using lively lan-
guage, which I exercised to the full here, assured me many readers and lent my
point of view a certain vigour which even dedicated critics were not able to stand up
to for long.

Style of working. Although this new work was of course a new challenge, partic-
ularly at the beginning, I think it’s fair to say that I did not allow it to interfere with
my university duties. The ability to do so many things simultaneously was due to
the speed at which my mind then worked. While I chatted in the office with
colleagues I’d be skimming through the journals laid out there and noting anything
I’d need to review so that later I could just write the review straight down. This way
of working on different issues in parallel could be used to fill odd gaps and my brain
was able to switch between tasks without any difficulty. I count the loss of this
capability as the greatest drawback of old age.

I did all my writing alone using a pen. I never wanted a secretary or typist
because the idea of being dependent on someone else was intolerable. At that time
even in Germany typewriters were seldom seen outside trading circles and jour-
nalists liked to show off by saying that they had “typed” their reports. Wilhelm
Wundt was one of the few academics who used a typewriter and his friends all
hastened to explain that this was only because of his poor sight. In any case the
enormous costs involved put most people off this idea. And so I was dependent on
pen and ink because the ball point pen was only invented much later.

The wish to get all my work done with the minimum fuss—my instinctive
anticipation of the energetic imperative—had led me already during my years in
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Dorpat to conduct comparisons of various pens, inks and paper so as to find the best
combination for writing. I invented all sorts of designs which maximised the
amount of ink taken up in one dip, chose nibs with broad or rounded tips, replaced
the iron based ink which corroded the nib with coloured solutions, prevented
deposition on the nib by adding glycerol, used thick smooth paper and by doing so
made writing such a smooth process that it afforded me real immediate pleasure.



Chapter 13
The Appointment in Leipzig

Letting go. Though I did not permit my work as editor to interfere with my official
duties, I still had the feeling that this, together with my other scientific work, was
loosening my ties to the professorship in Riga. Though I'd managed to commu-
nicate my urge to work to my assistants and they began to produce useful results,
there was little chance of getting any useful help from the students. However, there
were no “Privat dozenten”' and the half educated students went straight from their
exams to conventional jobs. Only one, J. Spohr, the son of well off parents, who
was therefore not dependent on earning a salary, worked for a longer time as a
volunteer with me and produced quite a lot of work which brought us forward.

Nevertheless, it became ever clearer that the Polytechnic in my home town was
not the right place for me to conduct the many tasks which had more or less by
chance fallen into my hands. It was inconceivable that the situation at the
Polytechnic could be improved particularly at a time when the entire institute was
embarking on a fight for its existence against political influences—a fight from
which it would not emerge without having suffered some wounds.

Because of this I set my sights on getting a position at a university in Germany.
There had been several rumours and hints about possible positions but till now
nothing had come of them. And then in 1887 there appeared on the horizon a
chance so glorious that, though I secretly wished for it from the bottom of my heart,
I couldn’t really expect to get it.

The situation in Leipzig. Hankel, the professor of physics in Leipzig, had in his old
age retired and been replaced by G. Wiedemann. In this way the only professorship
for physical chemistry in Germany was now vacant and I naturally eyed this
possibility which had opend up. At first it was without hope for both Landolt and
Lothar Meyer were in the field and would certainly be considered first. Both of
them were full professors who taught the entire spectrum of chemistry and I
assumed that they would jump at the chance to be able to concentrate on their own

!“Privatdozenten” are senior scientists who had the formal right to teach.
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speciality. In fact both of them were considered and both were attracted by the
possibility but after a closer look at the situation in Leipzig both of them declined.

The agricultural chemist W. Knop had retired at the same time as Hankel and
this confused the situation considerably. The honorary professor F. Stohmann who
covered this area had long complained that his laboratory space was in the “Cow
tower” which belonged to the Department of Agriculture and lay outside Leipzig.
He’d successfully concentrated on thermo-chemistry for several years and was at
that time the only researcher in this area in Germany. He was a very precise
researcher and had uncovered a methodical error in the work of the distinguished
thermo-chemist Julius Thomsen in Copenhagen which threw doubt on many of his
results. He viewed Wiedemann’s now vacated physical chemical lab space as ideal
for his important experiments. This laboratory had been built by O. L. Erdmann and
was considered one of the best in Germany.

Space for the physical chemist who was to be appointed would therefore be
available in the institute where W. Knop had hitherto worked. It was on the ground
floor of the agricultural department and was controlled by the professor of agri-
culture. Its only asset was that it lay close to the other scientific and medical
institutes. The laboratory was out of date and could not be redesigned because that
would have interfered with the intended purpose of the entire institute. In addition
the professor of chemistry, J. Wislicenus, had used the opportunity to clear some
space on his own overcrowded department which housed both a chemical and a
pharmaceutical department by assigning the pharmaceutical unit to the space of the
new department which was to be known as the “Second Chemical Institute”.

Under these circumstances Landolt, L. Meyer and Cl. Winkler from the Freiberg
Mining Academy all turned the offer down. With that the opportunity for me
became tangible because no one else except me and van’t Hoff really fitted the bill.
However van’t Hoff had the great advantage that the decisive voice in Leipzig was
J. Wislicenus’s who had for years energetically supported van’t Hoff’s doctrine of
3-dimensional chemical structural formulae and his tetrahedral structure for carbon.
In addition Wislicenus had recently published the results of experiments which
were based on these concepts and which provided strong support for them. The
publication had been widely read and well received.

As co-editor of the journal I was in constant contact with van’t Hoff and I’d
asked him if he would be accepting the position in Leipzig which would certainly
be offered him, though as a full professor in Amsterdam this would not actually be a
promotion for him. He had answered evasively and so I concluded that he would
accept the offer and buried my hopes of getting the position.

The “Acid-journey”. This was the situation in the summer of 1887 as I started out
on my fourth journey which I undertook in order to help bring my scientific work
forward. The remarkable and interesting relationship I’d noted between the struc-
ture and electrical conductivity of organic acids made me want to investigate this in
the broadest possible way. The thousands of acids described in the literature were
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not commercially available and synthesising them would have cost me years of
preparative work. The only possibility to get them was to ask their discoverers for a
small sample for my measurements. The amount needed would be less than that
required for a structural analysis and the university collections might contain some
interesting samples which I could get—so long as the professor in charge was
willing. And so I set off in the summer holidays on my “acid-begging journey”.
This took me first to Austria where I’d not been so far.

The journey to Vienna via Warsaw introduced me to the unbelievable filth of
Poland. In my student years I sometimes joined in the canon:

The Pole says the Russian
Is not free of vermin
To which the reply comes
The Russian says the Pole
Is not free of vermin

And so on ad infinitum. On this journey I was able to convince myself that the Poles
are absolutely unbeatable in this regard.

In Vienna I was given a friendly reception by my colleagues there. I got to know
the physicists Stefan and Victor von Lang, the chemist Barth, the botanist Wiesner,
the physiologist Fleischl and other well known professors as well as a large number
of younger faculty including Goldschmied, Zeisel, Wegscheider, Weidel, Exner and
Herzig with whom I spent most of my time. Many of the connections I made then
have lasted my whole life.

I soon had the goal of the journey fulfilled because I was given all of the
preparations I wanted and all of my colleagues there were happy to help me in my
work. All of them had heard of it and they knew of the textbook and the journal.
The only exception was the physics professor Exner who seemed to me to lack the
necessary scientific impartiality which is the basis of all research. I soon came into
conflict with him and, although I have since then avoided giving him any cause for
offence, the repercussions seem not yet to have been forgotten.”

Vienna seemed to me to be a city of contradictions. The newly built university
shone forth in excessive luxury, while nearby the physics institute was housed in
rented accommodation and was in a worse state than that in Dorpat or Riga—and
with no prospect of any improvement. In a similar way the Polytechnic building
looked magnificent from the outside but the labs in it were unbelievably inadequate.
The institute budgets were all completely inadequate, while millions were thrown
out to finance the prestigious looks of the buildings. Because of all this there was an
oppressive air to the place which did not let a happy scientific culture
develop. Nevertheless I was happy to be given the hint that in four years Professor

For the details of this conflict see Part II, Chapter 3.
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Loschmidt, would retire and that then every effort would be made to appoint me to
his position. The city had certainly impressed me as it impresses so many from the
north with its elegance and cheerfulness. Already on the first evening I’d noticed
that almost every cabman had a carnation or some other brightly coloured flower
stuck between his teeth or behind his ears. The harmless merriment of the people in
the Wurstelprater’ contrasted favourably with the attitude of a similar crowd in
Berlin.

Graz and Innsbruck. From Vienna I went on to Graz where I met Arrhenius who
was working at the physics institute there. L. Boltzmann, one of the cleverest and
most original researchers of his time, was the professor of physics and he received
me warmly. We had a long talk and met several times thereafter. Thus began a
relationship of affection and trust that brought us often together and ended only with
Boltzmann’s tragic death.

H. Z. Skraup was the chemistry professor in Graz. He was a splendid researcher
and I liked him right from the start. He gave me many acids from his collection and
both he and his lively and amiable wife were most hospitable. Once again this was
the start of a long and happy association which was only terminated by Skraup’s
untimely death.

Arrhenius introduced me to Dr. Walter Nernst a chemist of our age whom he had
introduced to our way of thinking. As we described our joint work in Riga he
expressed the wish to work with me as well. I of course agreed at once and we
arranged to start in the next autumn. Up till then he had carried out research on
magnetism at the Technical University with the physicist von Ettingshausen who
turned out to be a dignified and interesting scientist and a close friend of my teacher
von Ottinger who had given him many positive reports of me and that helped no
end in the development of our relationship.

While I found the institutes in Graz to be first rate—the chemistry institute had
been built by Pebal and was rightly held to be the best in Austria, perhaps one of the
best anywhere—The situation in Innsbruck where I went next was simply unbe-
lievable. Chemistry and Physics were housed in a dark and dirty building which had
at one time been a Jesuit college. They had almost no equipment.

The physics professor was Leopold Pfaundler a well known researcher for
whose original and elegant work I had the greatest respect. When I met him he was
depressed because he lacked the funds needed to pursue his research. His col-
league” in chemistry was more interested in hunting chamois than in running his lab
and was understandably less discontented.

Apart from the scientific high points I also had a chance on this journey to
admire the wonderful scenery through which I journeyed and managed to use some
days to visit the especially beautiful places. Although I had brought my paint box,

3An amusement park.
“The chemist, whose name Ostwald discreetly conceals, was Carl Senhofer.
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I scarcely had time to use it because I never stayed anywhere for long enough. The
time of year—end of June and the beginning of July—could not have been better
and I was all the more in the mood to appreciate it because the discomforting
memories from Riga had been driven into the background by the many congenial
interactions with my Austrian colleagues. Even thoughts of Leipzig did not trouble
me because I no longer had any realistic hopes in that direction.

Getting closer. From Innsbruck I travelled on to Munich where I renewed my
acquaintance with A. von Baeyer. He was at that time at the height of his most
productive phase and received me in a friendly fashion and invited me to dinner.

Of the physicists the one that interested me most was Sohncke at the Technical
University because of his work on crystal structure. He, for his part, was glad to
meet a chemist who had such a lively interest in his research which was not widely
accorded the merit it deserved. I spent a number of instructive hours with him. I also
got to know the leading crystallographer P. Groth with whom I also had a long
discussion and we have remained on friendly terms since then.

From Munich I travelled across Lake Constance to Zurich. I’d travelled as usual
by night so that I watched form the boat as the first rays of the sun lit up the snow
covered Swiss alpine peaks—an unforgettable experience.

Victor Meyer, whom I’d met on my first journey, was no longer in Zurich
because he’d moved to Gottingen. His position had been taken by A. Hantzsch
whom I’d met before and who had just come as a very young researcher from
Leipzig where he had been G. Wiedemann’s assistant. He’d been recruited by the
famous educator Kappeler. He also gave me a friendly reception and made me a gift
of lots of acids. He radiated happiness at being the possessor of such a famous
professorship and of such a beautiful wife. She was a daughter of the Dresden
sculptor J. Schilling who had created the national monument at Niederwald for
which she had served as the model for the figure of Germania.® Many years later we
met again in Leipzig, though unfortunately his wife had died early.

From Zurich I went on to Basel where Nietzky gave me a number of very
interesting preparations. There I met again my old Dorpat colleague Gustav Bunge
who was professor of physiological chemistry. In the meantime he devoted his life
to the war against alcohol and tried his best to convince me. I must admit that I
wasn’t quite ready for that since I’d not been too abstemious in Munich and thanks
to my strong constitution I’d survived without any obvious harm. Nevertheless the
earnestness with which Bunge treated the problem left its mark, and in the longer
term was not without effect.

From Basel I moved on to Strasbourg. A. Kundt was working there at the
Institute of Physics and since his excellent experimental work had often been
physical chemical in nature I was anxious to get to know him. In the morning as I
went towards the physics palace—now that it was part of Germany the university
had been rebuilt at enormous cost—I was greeted very politely by a number of

5 P . . .
Germania is a personification of the German nation.
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students which surprised me quite a bit, for despite my self confidence I really
didn’t think I was so famous that the students in Strasbourg would recognise me.
Kundt was giving a lecture and so I waited in the pleasant gardens near the institute.
Once again [ was respectfully greeted by students. Once the lecture was over and I
saw Kundt I understood the students. We were both of similar size and posture,
both had a red beard (though Kundt’s was a lot redder than mine) and our hair was
done in the same way so that the students had thought I was their professor.

Kundt turned out to be a lively, friendly and obliging colleague who gladly
showed me his institute and was also interested in my work. He was amused by the
similarities between us. When I accepted his invitation to dinner he got us both to
stand together in front of his wife and asked, “Who am 1?”

Of the younger physicists I met there I particularly remember E. Cohn. He had a
fine mind but was shy and diffident in everything and he even kept his scientific
achievements more under wraps than one would have expected from his ability and
astuteness.

Fittig was professor of chemistry in Strasbourg. He was a gaunt, elderly, intense
man who didn’t say much and who wasn’t interested in giving me any of his
collection of acids of which he must have had a large number. He had to go off to a
lecture and made an appointment with me for the afternoon and at this he thawed a
bit and we became friends. But he didn’t give me any samples of his acids.

During our discussion he asked me where I was going next. I mentioned
Tiibingen, Wiirzburg and Leipzig. He made a strange face and said, “In your
situation I’d avoid Leipzig”. Surprised, I asked, “Why? I have to go there to pick up
travelling funds from my publisher” “Don’t you know that your appointment there
is being discussed?” he replied. He couldn’t give me any more precise information
but said that I’d probably hear more in Wiirzburg from F. Kohlrausch who was a
friend of Wislicenus who was in charge of making the appointment.

Already in Munich I had news from home that van’t Hoff had written to say
rather elliptically that he would not be standing in the way of my appointment in
Leipzig. I hadn’t given much thought to Leipzig because I’d more or less given up
on the whole idea but Fittig’s remark brought the idea back. Nevertheless it wasn’t
strong enough to make me change my travel plans which led me to Tiibingen where
I was glad to see Lothar Meyer and Hiifner once again. Hiifner had in the meantime
left the antiquated laboratory in the castle and was now well established in a smart
new building.

The Tiibingen botanist Wilhelm Pfeffer interested me very much. The strange
but momentous use which van’t Hoff had recently made of Pfeffer’s discovery of
osmotic pressure prompted me to enquire into the historical background of his work
which had been done some 10 years previously. He told me that he’d been a
lecturer in Bonn and had done the experiments in his lodgings because he’d had no
lab space. He’d been pretty sure that his discovery was of great general importance
but he hadn’t been able to pursue this line in the direction of chemistry because he
had to stick to his botanical problems. He’d therefore invited R. Clausius, who was
an important physics professor in Bonn to see his experiments. Clausius came, read
on the manometer the astonishingly high pressure generated by a dilute solution of
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sucrose, shook his head and departed without saying a word. Once he was in
Tiibingen Pfeffer had repeatedly asked Lothar Meyer to join him in investigating
the phenomenon but Meyer had seen no way to attack the problem.

F. Braun was a physicist in Tiibingen with whom I had common interests. I’d
criticised a conclusion of one of his experiments in my textbook and he’d accepted
this very well. He told me personally, “The only serious criticism of that piece of
work is the one you mentioned and you were absolutely right”. Since one doesn’t
get to hear things like that very often, this little episode stuck in my memory.
A quarter of a century later we met again in Stockholm where we both received the
Nobel Prize: he got the physics prize for his work on radio telegraphy while I got
the chemistry prize for catalysis.

I learnt nothing in Tiibingen about the business in Leipzig, though everyone
seemed to agree that I was the best candidate. L. Meyer told me that according to a
friend of his in Leipzig Wiedemann had opposed his candidature and when he
asked his friend “Then why don’t you take Ostwald?” the friend had replied “He
would be even more inconvenient to Wiedemann”.

The great news. From Tiibingen I journeyed on to Wiirzburg where I finally learnt
some details of the situation in Leipzig. Quite apart from the situation unfolding in
Leipzig, here in Wiirzburg Kohlrausch was of particular importance to me because
he was the inventor of the method to measure conductivity and the leading expert in
this field. He’d written to me with the urgent request that I express the results,
which up until now I had presented in arbitrary units, in absolute terms, and I had
accepted his suggestion with thanks.

He was a tall thin man with a grey blond beard, cool and noncommittal who
spoke little and was uninterested in things that one could not prove.

After we had finished our scientific discussion the talk turned to Leipzig. I
mentioned Fittig’s remark and he said that Wislicenus had spoken approvingly of
me. More he didn’t know. He took me home for coffee and invited me to an
academic bowling evening. This was a cheerful affair in the company of the
Wiirzburg colleagues. There Kohlrausch thawed a little and offered to telegraph to
Wislicenus the next morning. The answer should come around midday and I should
meet him for lunch. This was done but it didn’t really solve the problem because the
answer was something like, “Where is Ostwald going? I support his application and
hope he will be appointed”. Kohlrausch sent another message asking if I should go
on to Leipzig. He had in the meantime decided to help me and for his support I am
eternally grateful. I was lucky to have his wholehearted backing despite the fact that
because of the closeness of our areas of work and given the difference in our
temperament—he was a pure scientific classicist while I was a romantic—it was
clear that we would have our differences of opinion. These, however, could always
be sorted out by friendly agreement. As evening fell, Wislicenus’s answer arrived.
I should go on to Leipzig to personally discuss matters. I left at once.

Events in Leipzig. In Leipzig the situation was as follows. Once the attempts to
appoint a German professor had all failed, Wislicenus had pushed for van’t Hoff’s
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name to be put on the list. However the offer was accompanied by the condition that
without any further negotiations he must answer simply yes or no. Van’t Hoff had
quietly gone to Leipzig and looked the situation over. He considered the situation to
be unsatisfactory and replied with a list of changes which he wanted. Wislicenus
had to tell him that since he had not respected their conditions the matter would not
be further pursued.

As aresult of this chain of failures the philosophical faculty in Leipzig refused to
continue looking for a suitable candidate. However Wislicenus wanted at all costs
to avoid losing the second professorship for chemistry and appealed to Gerber who
was the education minister of Saxony and whose confidence he had, to grasp the
last possibility and offer the job to me.

The faculty made clear its reservations because of my youth and reputation for
being impetuous, but had to admit that there were now no other candidates. And so
an offer of the professorship was sent north from the ministry while I, all unawares,
was roaming about in the south.

After journeying all night I arrived in Leipzig in the early morning, collected my
travelling funds from my publisher and went as early as was seemly to visit
Wislicenus. It was an odd feeling to find him established in the same room in which
a year ago on my previous journey to Germany I had met Kolbe and had been
received by him with quite unexpected and overwhelming friendliness. In fact
Kolbe’s old lab technician Schumann was still at work there. Wislicenus received
me. He was an imposing figure, with a broad chest, almost white wavy hair and a
strong beard. In short, a head like Zeus. Nevertheless he was very cordial and we
had a long conversation. He told me that the first candidate for the position had
been Landolt who was at that time professor at the agricultural university in Berlin.
However his demands (a new building etc.) were out of the question. They had
similarly failed to reach an agreement with Winkler in Freiberg. He said nothing
about the van’t Hoff episode. Then my name had been brought up but Wiedemann
had been against my candidature and gave as his reason that I published too quickly
and proclaimed laws on the basis of insufficient evidence. Wislicenus had accepted
this to some extent but pointed out that this was due to my youth, that this would
change as I matured, and that I had more ideas than any of the other candidates.
W. Wundt had strongly supported me.

Wislicenus told me that in order to resolve these contradictions the faculty had
asked Clausius and Kohlrausch to give their opinions and both of them had written
very much in my favour. They had both said in almost the same words that I was at
times somewhat bold in drawing conclusions but that my experimental work was
absolutely solid and that they therefore strongly supported my appointment.
Wislicenus had presented these letters to the minister who, since the faculty
remained silent in the matter, had personally decided to support my appointment.
Since he had the right to make the appointment without the formal agreement of the
faculty Wislicenus believed that this is what had been done and that the official offer
had by this time been sent to Riga.
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He then gave me a summary of my future duties and the salary I could expect
which was several times more than I had in Riga. As the talk developed he became
ever warmer and by the time we parted he was as affectionate as an old friend.
The appointment. A few hours later he appeared in my hotel just as I was packing
my bags. “Ah, there you are—everything has worked out. You are now a Leipzig
professor”. Immediately after our conversation he had telegraphed the ministry in
Dresden and been told that I should go immediately to Dresden: the letter of
appointment was already in Riga. I was flabbergasted. I had difficulty grasping the
fact that the goal around which my thoughts had circled these last few days was
now reality. Wislicenus was, if anything, even happier. He admitted that he’d had
the feeling that he was taking a great risk in pushing my candidature but that our
personal talk in the morning had removed his doubts. He was now convinced that I
would fulfil their expectations and in adjusting to the new situation would soon lose
the rough edges that his colleagues had criticised.

Wislicenus thought it important that I should meet personally with Wiedemann.
He brought me there and then left on pressing official business. Wiedemann for his
part assured me that he was looking forward to wonderful results for science from
our work together. I didn’t realise at the time that he had wanted the position I had
just got for his son.

As I was on the point of leaving Wiedemann, we were met by a little old man
with an angular face, a red wig and indescribably shy eyes. We were introduced: it
was Carl Ludwig the greatest and cleverest physiologist of his time. He told me
how happy he was to be able to greet me as a colleague and added, “I learnt a lot
from your book”. I didn’t know what to say because of all the happy moments on
this eventful day this was the most intense.

In the evening I went to Dresden so as to present myself in the ministry the next
day. I was met by Petzold who was in charge of university affairs. He was a
dignified and kindly official and after some friendly remarks led me, despite my
travelling garb, to meet the education minister Gerber who had previously been a
law professor in Leipzig. Gerber told me that the letter of appointment had been
sent ten days previously to Riga and he asked me for a formal declaration as to
whether I would accept the offer. I replied, “It’s as if you were to ask a corporal
whether he wanted to be a general. Yes”.

And so I became a professor in Leipzig before my 34th birthday and saw
scientific challenges stretch out in front of me which, if I could meet them, would
have their effects across the entire world.



Part 11
Leipzig



Ostwald during his experimental lecture at the official opening of the Institute of Physical
Chemistry in Leipzig on January 3 1898
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Chapter 14
Leaving Home

Return. The 2 days following my appointment to the professorship in Leipzig were
taken up with the journey back to Riga and the beach where my family was staying.
This was hard for I was exuberated at my promotion from a mere teaching position
at a mediocre technical college to a full professorship at one of the most important
universities in Germany and was bursting to let off steam, but I was on my own and
so the news could not be shared. It was only on the rail journey from Riga to the
beach that I met my colleague Gronberg and could spill the beans. He’d already
caught wind of it but, like the others, had been unable to believe the news. He cross
questioned me to make sure that it was really a full professorship and not just an
honorary professorship which was the maximum that most of the experts felt was
possible.

The news of my appointment had already reached my family on the beach where
they were together with my parents in law. By chance my father in law told an
acquaintance of his from the neighbourhood who had a relation from Leipzig
staying with him. The next day a little old lady visited my wife and with many
apologies asked her to please not spread the news any further. The visitor from
Leipzig, who was a professor of law and knew the workings of the university, had
explained to her that my appointment as a full professor in Leipzig was completely
out of the question. A career jump of this magnitude was impossible. At the very
outside it might be an appointment as a replacement for the honorary professor
Carstanjen who had died a few years previously. There must have been some
misunderstanding and in our best interests my wife should avoid spreading the
impossible news that I had been appointed as a successor to privy counsellor
Wiedemann. Although my wife could reply that it did indeed involve Wiedemann’s
position, she naturally felt a bit unsure of herself and impatiently awaited my
arrival. The enormously sensitive gossip circle of the Riga beach had however
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quickly picked up the news and its interpretation and passed it on to my colleagues
at the technical college which explained Gronberg’s doubts and his questions.

The successor. In order to push through my resignation quickly I had turned to the
chairman of the administrative board, the minister (Landmarschall) von Ottingen.l
He was the fourth of the Ottingen brothers the other three were all professors at
Dorpat and he was a powerful politician with a great say in the running of the Baltic
country. He met me with the remark, “You come to tell me something I don’t want
to hear”, but he didn’t turn down my request to put aside the formal period of
notice. He rightly thought that I’d only half heartedly do my teaching duties if I had
to stay an extra semester in Riga, and so he only demanded that I find my own
replacement. I turned to Wislicenus with this problem, and he so warmly recom-
mended his pupil and assistant C. Bischoff that he was soon elected. This was
especially helpful to my Leipzig colleague and patron because though he trained a
very large number of pupils year in year out he managed to get only a very few of
them so far that they were appointed to academic positions. I didn’t realise this at
the time but learnt it much later when I studied the development of research careers.

Because of the semester holidays in Leipzig Professor Bischoff was able to move
right away to Riga so that I got to know him and could personally hand over the
Institute. He turned out to be a completely different person from me. In his scientific
interests he’d been brought up in the arrow circle of organic chemists and the spatial
organisation of the atoms in an organic molecule was for him the ultimate problem.
I suppose he threw up his hands in horror when he found that there was no
preparative organic chemistry in Riga. He knew nothing about physical chemistry
and probably, like the majority of his organic colleagues, didn’t consider it to be
chemistry at all.

During my appointment in Riga I’d often enough wondered if we shouldn’t have
at least a departmental section devoted to organic chemistry—which after all was
the central area of chemistry then. It would surely have been possible to get such an
assistant professorship financed. But I always ended up with the thought that there
was no point because there was no industry established in the Baltic provinces or in
Russia which would have provided employment to our graduates. Any attempt to
compete with German industry, particularly in the area of dyes, would have been a
waste of time. In contrast, there was a continuously increasing industrial require-
ment for analytical inorganic chemists for whom an understanding of the basics of
the doctrine of chemical affinity was enormously important and this gave our
graduates an advantage when seeking employment. For this reason I had deliber-
ately decided against establishing organic chemistry in Riga. My successor saw
things very differently.

' August Georg Friedrich von Oettingen.
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Just as in scientific matters, so we were completely different in our approach to
social occasions. He was a fine figure of a man with a good voice who could render
Wagner’s “Seid mir gegriiBt in diesem edlen Kreise™ so as to at once conquer all
the ladies’ hearts. And so as soon as I left, the rudder was swung over to point the
Riga laboratory in a completely new direction. Soon almost all traces of my work
there had disappeared and only Paul Walden remained as a fully fledged repre-
sentative of the new science which he carried on and expanded quietly and tena-
ciously. Once the new direction of teaching that I instituted in Leipzig began to
achieve public approval he managed to restore its prestige in Riga. Walden was
granted a leave of absence to come and work in Leipzig and afterwards in Riga his
lectureship for physical chemistry was, in due course, converted into a full
professorship. Because of the great influence he exerted in the Polytechnic in Riga
and in the Petersburg Academy of Sciences, he finally managed to establish the
science we loved in the place where its physical representations—the textbook and
the journal—had been started. He himself added many important results to the new
chemistry.

Farewell. Because of the different rhythm of semester starts in Germany and
Russia I had a few months free before I had to move to Leipzig. They passed in a
flash because of the numerous things which had to be done to close the tents in Riga
and get ready to open them again in Leipzig. The events I described above had
played out at the start of August while the new semester in Leipzig didn’t start till
the middle of October.

My leave taking from Riga was not an emotional wrench. In the five and a half
years as professor at the Polytechnic I hadn’t really established myself in society
circles in my old home town. The development of a salon at home, which was usual
in Riga society, had not been possible because of my limited salary and because
social occasions in the well off business community in Riga were considerably
more opulent than in academic and democratic Dorpat. In addition, the rapidly
growing family made such demands on my wife as mother that she had little time or
energy left over for other things. However the real cause lay in my personal attitude.
The many scientific demands, be it research, teaching or writing, left me neither
time nor any great interest for the sort of social occasions which were usual in my
home town. At that time I simply wasn’t interested in anything outside of pure
science. In my own country there was little interest in this but things were different
in Germany where the roots of my being had—at first subconsciously but later quite
openly—always driven me. Because the publishing house for the text book and the
journal was in Leipzig I’d found a sort of spiritual home there which gave me
everything that my home town couldn’t offer. Since I’d made no secret of my
views, I aroused without wishing to—but also without trying to counter it—an
opposing response from my peers in the Polytechnic who in the meantime were all
rising in the ranks of the appropriate social circles. If instead of making a career in
chemistry I’d applied myself to the humanities, perhaps to philology or even

The reference is to Act 2 of Wagner’s opera Tannhiuser, though the quotation is inaccurate.
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theology, then I’d have been widely accorded respect and acceptance, but nobody
was going to show appreciation for special achievements in a strange subject like
physical chemistry.

I’ll discuss the general causes of my inner separation in greater detail below.

The farewells to my colleagues at the Polytechnic were made in sincere
friendship but without any great heartache. They were close enough to appreciate
what I’d achieved, both in research and in teaching, and yet not so close that—with
one or two exceptions—there was any jealousy or envy. They didn’t take it amiss
that I’d jumped at the chance to leave them and they viewed the chance I’d been
given to go to Leipzig as a real stroke of luck.

Problems. A dark shadow had fallen over my parents’ lives during the last years in
Riga. Once my father had reached sixty he had accumulated what was for him a
considerable fortune and had decided to leave his business so as to have more time
to devote to charitable activities in town and to the guild. So as not to be eco-
nomically completely inactive he granted money to a relative to start a lumber yard
and he joined this venture as a partner. The business went well for a year after
which my father more and more left the running of the business to his partner. This
man, however, became ambitious and, wanting to make a killing, let himself be
seduced by the Jewish lumber syndicate® without whom nothing could be achieved.
In this way he got involved in a risky venture through which he lost not only the
entire fortune but a great deal more besides.

This hit my parents so hard that it was almost unbearable. All his life my father
had made sure that he didn’t give out a single penny that wasn’t covered. In this
sense he’d have got over the loss of his fortune even though he’d worked hard his
whole life to amass it, but what was for him quite inacceptable was the feeling that
he was saddled with debts which there seemed no way to pay off.

My small savings were just a drop in this ocean, what little my brother Eugen
had was not much more—and the debt had to be paid. At this point my father in law
filled the breech with a loan which my father accepted with the determination not to
rest until he’d paid it back.

I can’t relate all the details of how my father, with a degree of mental flexibility
and intense hard work which we normally associate with America, managed to pay
off the debts despite his advanced age. In fact he managed to do this in a sur-
prisingly short time and he amassed a second fortune—smaller than the first but
sufficient to ensure that he could live out the last 10 years of his life in peace and in
the sort of circumstances which he’d longed for all his life. He bought a small estate
which was charmingly situated between the sea and the forest and enjoyed long
walks in the woods on which he’d watch the antics of hares, deer, foxes and other
forest creatures which he’d earlier always shot. From Leipzig my family and I
visited my parents who were still fit on their golden wedding anniversary and there
he died when he was nearly ninety. My mother survived him by many years.

3Ostwald uses the term “Holzjuden”, which has a clearly pejorative and anti-Semitic smack.
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These events also had not been helpful in aiding my entry into polite society in
Riga.

The students. What hit me most was the separation from the students. I’d chal-
lenged them much more than my predecessor had done and yet had found a
readiness on their part to accept this. This had filled me with real joy, however, I
have to say that the leave taking was overdue.

I’ve already related (Part 1, Chap. 13, p. 131) that due to the nature of the
existing conditions, there was no chance to bring on a new generation of scientists
dedicated to my special area. Instead I had to take into account the students’
interests in finding jobs in local industry and so I had to avoid letting them probe
too deep into my research work. This was not only completely opposed to what I
wanted, but also to their desires as well. The chance that I'd be able to assemble a
cohort of foreign students who were not locked into the normal curriculum was
something that seemed to be extremely difficult if not impossible. Even the simple
question of space worked against any such scheme. Because of the overcrowding
every last corner was packed with regular students doing their practical courses and
it was unthinkable that they should be pushed aside for the sake of foreigners. In
fact Arrhenius’s work with me had only been possible because, since I had no other
space, I gave him the bench in my own office which then had to serve both as a lab
and as an administrative office.

National customs. To leave Russia one required a pile of paperwork which had to
be filled out by the police and for which one normally had to wait for ages unless
one used the usual Russian lubricant of a ten rouble note. In my case the responsible
official refused the money without however being in the slightest degree offended.
“Professor”, he said. “I’m an honest man. I can’t swing this for you. A week ago it
would have been alright and in a couple of weeks it will be alright again. The
trouble is that the day before yesterday a new chief of police was appointed and he
doesn’t permit it yet. It won’t be long and then everything will be as it always was,
but for the moment it can’t be done. I’'m sorry but I can’t accept your money. I’'m an
honest man”. I therefore had no option but to follow the official route. Despite this
the paperwork was completed in time.

This was my last impression of the Russian Empire. In Leipzig I completed the
papers renouncing my Russian citizenship and this was quickly accepted and at the
same time had myself registered as a citizen of the German Empire.

The family’s departure. 1 and my family left Riga for Leipzig in September 1887.
In addition to my wife there were my two sons, Wolfgang and Walter, and two
daughters, Margarete and Elsbeth (Elisabeth). Margarete at five was the eldest and
she was already a sensible girl. Walter, the youngest, was just learning to walk. For
the journey we’d taken along a nanny, a neglected orphan whom my wife had taken
up out of pity. She proved herself and the journey passed without incident.

It had pleased me that our sons’ first names, just like mine, began with a
W. T hadn’t reckoned with the fact that all of us would make our names as authors
so that there was bound to be a bit of confusion with the work of the three
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W. Ostwalds, Only once it was too late did this possibility become apparent and
that was earlier than I’d expected. This was of course more of a disadvantage for
my sons. They helped themselves by adding to the common consonant W their own
personal vowels so that Wolfgang became Wo. Ostwald, Walter Wa. Ostwald and
both were able in this way to establish their places in the scientific and technical
literature. The short form W. Ostwald was left to me. However, as they gradually
became better known I began to see that, to avoid any confusion, I was being
referred to by others as Wi. Ostwald.

Accounting. When I try to render an account of the scientific goals I’d achieved by
the time I moved from Riga to Leipzig then I can list the following:

1. By reorganising the chemical syllabus in Riga, which had scarcely existed when
I started, and achieving a sharp growth in the numbers of students I’d demon-
strated to myself and others my ability to build a scientific culture even in an
environment which had been almost sterile up till then.

2. There had been two important scientific advances in my time in Riga. First of all
the development both of chemical kinetics and of the necessary thermostat and
the demonstration that with these methodologies the same values for the
chemical affinity of acids were obtained as from static methods. Then came the
first steps in electro-chemistry. First of all there were the analyses of conduc-
tivity measurements where my work joined that of Arrhenius who had postu-
lated the direct proportionality between conductivity and chemical reactivity.
Second was the first exploration of electromotive forces, though the further
work in this area came only years later.

3. By writing the textbook I had methodically worked through the entire area of
general chemistry and put it into a clear framework. It was now pretty
straightforward to insert new insights at any place in the text because the basic
ideas had been described and put into context.

4. The establishment of the journal had secured the future of general chemistry as a
branch of science in its own right. Now the current researchers had access to a
common platform of their own and no longer had to try to publish as barely
tolerated guests in other frequently unfriendly environments.

5. Despite my unusually heavy load of teaching duties—a few years after I left my
responsibilities were divided between three full professors—I’d nevertheless
carried out a great deal of research work as well as a great deal of writing which
was an assurance that my powers were up to still greater challenges.

These could be booked on the positive side of the balance. How about the
negative side?

After thinking this over carefully I could only come up with the fact that I had
failed to establish myself adequately in the social sphere either amongst my col-
leagues at the Polytechnic or in Riga society.

My colleagues had not lacked confidence in me nor was there any lack of respect
from society in the town. It was merely that in the years that I was there no real
relationship had developed.



14 Leaving Home 151

When the long serving director Kieseritzky retired and my economist colleague
Lieventhal was elected to be his successor he told me that in view of my scientific
success the post should actually have been mine. The members of the board of
governors had agreed but had thought that it would be a pity to rob me of time and
energy for my scientific work by burdening me with the daily round of adminis-
trative duties which this position entailed. After all, in comparison to professors like
himself, who only held lectures, I was already over burdened by the enormous
amount of course work in the laboratory. I agreed entirely. I could never have taken
on the office, partly for the reasons he gave and partly because I was personally
quite unsuited for it. From my scientific work I was so used to abstract thought that
I’d never have been able to interest myself in the daily problems of individual
faculty members.

Similar considerations had governed my attitude to social intercourse.

When I now ask myself how my departure from my home town seemed so easy
and involved no sense of loss then I think the reasons are clearer today than they
were then. First of all my family was not old Riga stock since we’d been there only
for two generations. This alone ensured that I did not really belong to the inner
circles and brought with it the subconscious but nevertheless real feeling of distance
in the way I was viewed and treated. I could see this clearly in my wife’s family
who were all down to earth and whose members formed a broad net stretching out
from Riga and who owned land in Livland and Courland. They were friendly and
courteous but nevertheless there was an unmistakeable undertone of condescension
towards the upstart. Only my father in law had a genuine interest in my scientific
efforts and he knew from his eldest son Karl (Vol 1, Chap. 13, p. 3)* the volatile
possibilities of a scientific career. Since I didn’t find anyone else who shared my
enthusiasms I didn’t put much effort into pushing myself into the circle and they
responded by considering this unseemly arrogance on my part. In this way both
sides were content to keep our contacts to the minimum. My wife quite naturally
found all this painful but she understood the need for it and in any case she took
seriously her increasing duties towards our rapidly growing family.

My scientific activities also isolated me in another important area. I’ve already
mentioned that in the leading political circles of my home town it was considered
nothing less than robbery that I failed to put my work and my talent, which they
well recognised, in the service of my country as did almost everyone who was
mentally a bit above average. On various occasions I was taken to task by the
leading political figures who I all knew from my time as a member of the inner
circle of the Fraternitas Rigensis. I was, however, so immersed in my scientific
activities that there was no time left for narrow patriotic matters.

I can well imagine that these people considered my attitude as a serious fault
which verged on treason. After all the destructive wave of pan Slavism had, as I
recounted, begun and one could daily expect further pressure. It wasn’t just that
foreign people were intent on forcing their language and customs on us, it was
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much more that a clearly more primitive culture was attempting to destroy our
higher values—as in fact later happened, though the attack came from a rather
different source. Because of this I appeared to them to be someone who ignored the
cry, “All hands on deck”, simply for personal interests.

For my part a feeling of responsibility for the future of the home country had
never been able to develop. The ordinary citizens like my parents had no say in the
way the town was administered. My father was part of the so-called small-guild.
The council and the two guilds formed the city council and though he had achieved
the rank of alderman he had to recognise that he and those like him had no real
power. A few years previously Petersburg had imposed a new city constitution
which introduced an electoral roll based on a person’s assets and my father became
a member of the city council. However in reality the power was retained in the
hands of same old crew because they were the only ones who understood the art of
political infighting and who were therefore in a position to swing the elections. Of
course this could only last so long as these political techniques were not learned by
the other side.

From all of this I had grown up without any feeling of loyalty to the ruling
circles in Riga or any sympathy for their continued existence. The most important
breeding ground for high office in the administration had been the student
Fraternitas and I’d cut my time there short by quickly ending my student years. As a
result I’d never been long enough in the student society to be given any of its offices
which were the training ground for a later career in the town’s administration. Once
again it had been my scientific ambitions which had nipped this potential oppor-
tunity in the bud.

As a result I was not accepted into the leading circles in Riga. My relationship to
my class mates who were now working or in office quite quickly cooled and on the
few occasions we met it became clear that I was now regarded as an outsider. Since
this was happening parallel to my growing scientific success I did not consider it
any great loss.



Chapter 15
The New Work Place and the First Fruits

The first days in Leipzig. In my haste to get established in the new place as soon as
possible I'd gone to Leipzig much sooner than necessary and had taken my family
with me. There was an apartment in the same building which housed my future
institute in which Professor Knop had lived. After he’d left, the apartment was
renovated and the workers were still busy when I arrived so that we had to stay in a
hotel to start with. Because of the holidays only a few of my new colleagues were
around but luckily Wislicenus was there and he gave me much needed helpful
advice as to how to make contact within the large and famous Leipzig university.

The difficulties here were by no means trivial. I’d never, neither as student nor as
lecturer ever been part of a German university so that I had no idea of the modes of
conduct and I constantly ran the danger of assuming that the customs and usage
appropriate to Dorpat would also be appropriate in Leipzig. I’ve little doubt that
because of this I caused a fair amount of astonishment, umbrage and disaffection.
As is always the case with these things the stories quickly spread round the uni-
versity and only the person involved never gets to hear of them and so never learns
to mend his ways. I think that this is one of the reasons why even later I never really
totally fitted into the life of Leipzig University.

Teaching. The department which Wiedemann' had headed was called the Physical
Chemistry Institute. The department which I was now to take over had, under the
influence of Professor Wislicenus, been named The Second Chemical Laboratory.
In this way it was made clear that although it was run by an independent professor it
was nevertheless to be seen as an adjunct to Wislicenus’s First Chemical
Laboratory. This is probably the main reason that the other candidates had turned
the professorship down but I, in my ignorance of the ways things were done in
German universities, hadn’t even registered this subordination. I’d learnt in Dorpat
that teaching arrangements were immutable and hence that this sort of thing must

1 . . .
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simply be accepted. I must add that even if I’d understood, I’d still have accepted,
so great was the difference to the position I’d held in Riga and also because of the
great respect that I had for Wislicenus. He was nearly 20 years older than me and
had long since achieved a reputation as one of the principle representatives of his
branch of science. His dignified and friendly manner had given him a sort of
fatherly authority and so it was not in the least difficult for me to take on the
subordinate role he’d prepared for me.

This resulted in the following situation. So that the newly matriculated students
in each semester could attend the basic lecture in inorganic chemistry, he and I held
this course in alternating semesters. I held the physical chemistry lectures in the
semester in which I didn’t have the inorganic course. This was fine by me and we
kept to this scheme until 7 years later with my complete approval a badly needed
third full professor of chemistry was appointed.

To begin with my laboratory course was in physical chemistry and I had to
organise this from scratch. In addition there was to be a course for the beginners in
analytical and preparative chemistry which was to be modelled on the course given
in the First Chemistry Institute so as to ensure that the contents were uniform. This
too I welcomed and this sort of course had already been offered in Wiedemann’s
time. Thirdly, however, I was to take over the laboratory course for pharmacists.
This had nothing to do with physical chemistry but the space in the First Chemistry
Institute was so packed with chemistry students and doctoral students that
Wislicenus wanted to get rid of the pharmacists to make space.

In vain I argued that I knew nothing about pharmacy. Wislicenus told me that
he’d give me his assistant who had up till now looked after the pharmacists and
since Dr. Beckmann was himself a pharmacist and was both capable and reliable I
need only consider myself formally responsible for this section. I trusted Wislicenus
to be able to judge the situation better than I and agreed to this organisational
curiosity without further ado. I had luck in this game because the relationship that
developed to Ernst Beckmann turned out to be friendly and profitable for both of us.

For the rest, particularly the remuneration for the examinations of the medical
students, pharmacists and teachers, the responsibilities and duties were divided
equally between Wislicenus and me. There will soon be much to tell about the
assistants but first we need a brief description of the state of the art and the problems
which the new department was there to solve.

A watershed in science. Others have already noted that 1887 was a most decisive
and extraordinarily fruitful year for physical chemistry. To start with there was the
completion of the “Textbook of General Chemistry” (Lehrbuch der Allgemeinen
Chemie) whose title page carried this date though, as I already explained the book
was completed in 1886. In addition the Journal of Physical Chemistry (Zeitschrift
fiir physikalische Chemie) began in this year. When one considers that an objective
branch of science requires not only an existence in the heads of individual
researchers but also a written basis then one will certainly admit that these two
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events were crucial for the emergence of physical chemistry as an independent
entity within the group of sister sciences and permitted its further and ever more
rapid development. While the Professorship in Leipzig which Wiedemann had held
and which was now mine was at that time the only department of its kind in the
world there is now, one generation later, probably no university anywhere without a
physical chemistry department. Nowadays the division of the subject into spe-
cialities shows that this science has now grown so large that no single person can
cover it all.

In addition there was an essay written by my co-editor J. H. van’t Hoff which
was published in the middle of that year with the at that time oddly sounding title
“The role of osmotic pressure in liquids in analogy to gases”,” whose contents were
to be of enormous importance for the development of physical chemistry which as a
result became in certain large areas a truly new science. Alongside these creative
thoughts of van’t Hoff there appeared also in 1887 the no less creative idea of
electrolytic dissociation which was brought to light by Arhennius® and this too
rapidly led to the development of a large new area of science.

The organisation of physical chemistry. It is customary in discussions of the his-
tory of science of this period to bring together with the names of van’t Hoff and
Arrhenius also that of Wilhelm Ostwald, though he did not at this time make any
equally important discovery. The reason for this is that I was the organisational
factor without which the broad and rapid establishment of a new area of science
cannot be brought about.

The new subject won by my appointment in Leipzig a geographical and sci-
entific centre point. Had Wiedemann still been the professor there then the publi-
cations of the great discoveries of 1887 would have remained without effect for a
long time because Wiedemann was soon opposed to these new advances. True to
his temperament he strove to avoid giving any forceful expression to his opinion in
public but rather spread his view through his broad network—naturally always
maintaining the friendliest manner in his personal interactions with me. And once
the time seemed right his son Eilhard, who shared his disapproval of the new ideas,
also argued against them publically, as will be related in due course.

With that Germany would have been closed to us for there was no other pro-
fessorship of physical chemistry here and even Lothar Meyer, who was otherwise
close to us, was amongst those who opposed in particular the ideas of van’t Hoff.
Though van’t Hoff was a full professor in Amsterdam and director of a large
laboratory he did not feel called upon to lead an active movement and in any case
he was so tied up with official duties of a non scientific nature that he simply didn’t
have the time. Arrhenius, for his part, was still something of a scientific apprentice
and it was many years before he got a professorship in his own country.

2van’t Hoff JH (1887) Z Phys Chem (Leipzig) 1: 481-508.
3Arrhenius S (1887) Z Phys Chem (Leipzig) 1: 632-648.
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I on the other hand was ready and willing to throw everything I had into the
service of the new science. Animated by inexhaustible joy at the new ideas and
armed with the necessary prerequisites of a good teacher I could easily make the
Leipzig institute into the headquarters of the new work and from there organise the
battles. The new journal gave us a forum in which to publish the results so that I
think it’s fair to say that never before had a new branch on the tree of science
enjoyed such favourable conditions as did physical chemistry in its youth.

The article from Arrhenius concerning the dissociation of salts in aqueous
solution and van’t Hoff’s contribution, both of which appeared in the journal’s first
year, formed the basis for the subsequent development of the new branch of sci-
ence. These two articles complemented each other in the most fruitful way possible
and laid the basis for the extraordinary number of diverse discoveries which soon
flowed from them.

Osmotic pressure. The advance which van’t Hoff had made in the article just
mentioned can be summarised as follows. Horstmann (Part 1, Chap. 8, p. 6) had
largely discovered and described the laws which govern the relationship between
the rates of reaction and the equilibrium of the reactants achieved, in terms of
thermodynamics, which was the best available scientific method. In practical terms
however these laws were of little significance for they were limited to reactions in
the gas phase and there were only a few gaseous interactions that could be studied.
The vast majority of chemical reactions involve liquids, in particular aqueous
solutions.

Some researchers in particular J. Thomsen (Part 1, Chap. 11, p. 8) had recog-
nised a certain similarity between gases and dilute solutions, though nobody knew
how close this similarity was nor how it came about.

This was where van’t Hoft’s idea, which gave precise answers to these ques-
tions, came into its own for he showed that the well known gas laws also applied to
solutions and hence that the thermodynamic theory of chemical reactions could be
applied to reactions in dilute solution. Suddenly the way was open to solve all sorts
of problems which till now had seemed beyond our reach.

And the key to all this had been osmotic pressure.

The name of this phenomenon came from botany. Osmosis is the name given to
the free diffusion of solutes in the cells through the cell envelope so that they spread
equally out through the cell fluid, just like a gas diffuses to fill the space available to
it, and the process does not stop till the entire available space has reached the same
concentration. The cell walls however often hinder the diffusion and this results in a
force which may even break open the walls. These were things which were well
known to botanists.

W. Pfeffer (Part 1, Chap. 13, p. 7) had decided to investigate more closely the
forces involved. He set up synthetic cells whose boundaries he cleverly constructed
of semi permeable membrane which were strong enough to withstand considerable
pressure and through which water could readily pass though many solutes could
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not. He filled the cell with solutions of substances which could not move through
the membrane and then placed the closed cell in pure water. The result was that the
pressure inside the synthetic cell rose and this was the same pressure which
sometimes led to the destruction of plant cell walls. With the aid of a manometer he
determined the pressure, showed that it was unexpectedly high and worked out the
law governing its formation. In this way he had established the physical basis for
his work in plant physiology. However in trying to understand the physical laws
underlying this effect he had attempted in vain to interest the brilliant researcher
Clausius (Part 1, Chap. 13, p. 7).

This was where van’t Hoff set to work. He showed that the osmotic pressure
which a solute exhibited followed the same laws as the pressure which a gas exerts.
This went so far that under similar experimental conditions both forms of pressure
were quantitatively the same.

Now equilibria and chemical reactions between gases are usually determined by
their pressures and the laws of thermodynamics are concerned with how these
pressures are affected by volume and temperature. One therefore only had to
substitute osmotic pressure for pressure in the equations and one had established the
laws governing the reactivity of solutes.

When these equations were compared with those derived from the few experi-
mental studies which had been carried out using solutions then it became clear that
they gave similar results. However the new equations provided many more details
and more penetrating answers to general questions.

My personal view. One can easily imagine what a powerful effect this revelation
had on me. For the last part of the textbook I’d recently brought together and
compared all the published results about chemical equilibria and reactions and seen
that they all led to the same laws. My own experimental work was directed solely to
the same questions. And now all of these results turned out to be individual cases of
a general law. Chemical kinetics thus achieved the same scientific status as, for
example, the mechanics of the cosmos. The central tendency of my entire scientific
thinking had always been to tease out the generally applicable—and hence infor-
mative basic principles and laws—and it found here an unexpectedly rich
fulfilment.

To be frank this advance came at an unfortunate time for me. The paper was
published in one of the last issues of the journal that I edited from Riga and the
distractions of the move to Leipzig and our adaptation to the new environment
delayed my proper assimilation of it. However once these obstacles had been
overcome, this new idea turned out to have a fruitful affect on my own work.

Electrolytic dissociation. van’t Hoff’s brilliant idea had now seen the light of day,
but it had been born with a defect that was almost fatal. Though it could be
generally applied to the large group of neutral molecules it did not apply to the
more important group of salts including acids and bases. In order to encompass
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them van’t Hoff had had to add into the equations a mysterious factor i* which was
greater than one and which seemed to obey laws for which no rational explanation
was available.

This was the situation when, in Leipzig, I received the other manuscript. It was
from Arrhenius and carried the title: “Concerning the dissociation of chemicals in
water”.

Dissociation means splitting or disintegration. With this term one described
situations in chemistry whereby complex substances were decomposed into simpler
components, usually under the influence of heat. If one of the resulting components
is a gas then the reaction follows certain simple laws which I had summarised and
shown in the textbook.

The study of the conductivity of electrolytes, that is to say of salts, acids and
bases with which Arrhenius had started his career (Part 1, Chap. 11, p. 1) had led
him to the conclusion that the conductivity was supported by only a fraction of the
electrolyte which like a ship carried the electricity along, the positive charges going
in one direction the negative ones in the other. That was one fraction of the
electrolyte—the other fraction was inactive. At that time he was unable to come up
with an explanation for the difference between the two fractions and none of the
possibilities he considered provided a solution. Even during our work together in
Riga in 1886 no progress was made on this front. However, he found the solution in
the 1887 by making the radical proposition that the conducting fraction of the
electrolyte was completely ionised while the non conducting fraction was not.

The term ion had already been introduced by Faraday. He had shown that in
electrolytes the movement of the electricity was always accompanied by the
movement of a part of the electrolyte that he termed “ions”. He had, however,
believed as did his successors that the dissociation was induced by the applied
current. Clausius, for his part, had serious reservations about this and suggested that
at least for a small number of electrolytes the application of current was not nec-
essary for their dissociation. In contrast he believed that they were already ionised
and that it was these ions which transported the current.

Arrhenius now showed that the restriction to a small fraction of the electrolytes
was inappropriate. Rather one had to assume that the majority of salts, strong acids
and bases in solution were already to large extent dissociated so that these solutions
were in fact solutions of the ions which resulted from the dissociation of the salt
together with a certain small fraction of the non dissociated material.

He cited a mass of irrefutable data in support of his revolutionary idea. The most
important for us is that the mysterious factor i, which had defaced the doctrine of
osmotic pressure, now turned out to be simply the number of ions into which the
dissolved material dissociated. This could be either read off the chemical formula or
alternatively it could be deduced using other equations which van’t Hoff had
derived from certain properties of the solution such as its freezing point.
A considerable amount of data to the freezing points of solutions had already been

*This quantity was later named “van’t Hoff factor”.
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published by the French chemist F. M. Raoult and Arrhenius showed that the values
of i obtained by both methods agreed with the values predicted by his theory.

This was a dramatic development, for now a problem was transformed into a
triumph. I have no doubt that those who were attracted by the growing importance
of the matter and who quietly followed the developments, there were many who
were most impressed and some perhaps were already convinced. Little of this
leaked out to the broad public. Instead the novelty of Arrhenius’s thoughts was so
startling that initially it provoked an instinctive movement of rejection.

My contribution. 1 myself did not doubt for a moment. From earlier conversations I
was aware of the basic idea which fitted well to my own thoughts on the matter
which I’d started to develop a decade previously but which had never matured. In
my Master’s dissertation of 1877 the third thesis I proposed had read, “Water
decomposes all salts”.

This short sentence was the result of a long thought process developed on lonely
walks in which I wondered what happens when a salt and water are united as a
solution. In this process all the indications of a chemical reaction are present: heat
exchange, volume change and effects on all measureable properties, and these
increased with increasing dilution. Yet nevertheless in most cases the salt could be
recovered simply by letting the water evaporate. This must have been an unusual
form of chemical interaction but I couldn’t work out what this special form might
be. And so I left this problem in one of the theses in the part of the dissertation
reserved for unsolved problems.

Now there was an answer to this old problem. And so there was a reason for me
to join in and make the synthesis or symbiosis of the two new concepts, which had
so far been restricted to providing an explanation for the irrational factor i, deeper
and more complete. This made use of the experiments started in Riga on the
conductivity of organic acids which had been interrupted by the move to Leipzig.

The dilution law. 1 found little equipment in the laboratory which W. Knop had
left, as he’d had few students and in the last years had done little experimental
work. This suited me because it meant that I had to re-equip the laboratory and the
ministry made sufficient funds available.

Since at the beginning I didn’t need to do much for the practical courses, I was
able to restart my interrupted research work. A workshop with a lathe was set up
and a thermostat was constructed in my office. The equipment to measure electrical
conductivity was built initially with a resistor box borrowed from the neighbouring
physics institute. I soon found by re-measuring some of the organic acids I’d
assayed in Riga that the water in Leipzig was much purer so that the analysis done
at higher dilutions gave much more precise results. This small improvement had
considerable consequences.
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In my mind the two concepts described above led to the conclusion that the gas
laws could be used to investigate equilibria between ionic species in much the same
way as Horstmann in his time had used them to describe equilibria in the gas phase
(Part 1, Chap. 8, p. 6). Equilibria of this class are found particularly with weak—
that is to say incompletely dissociated acids of which acetic acid is a typical
example. I made the calculations on the results of the new measurements which had
been carried out under more favourable conditions than had been possible in Riga
and found a complete confirmation of the expected relationship. I announced the
results to the scientific world in a brief publication dated January 1888 in which I
emphasised that in particular the laws I proposed governing the relationship of
conductivity and dilution fitted exactly with this premise.” With that the “Ostwald
dilution law” was established on which an entire thermodynamic analysis of ions
has been based. This premise was naturally the starting point for a large number of
different applications which were soon addressed, partly by my colleagues and
partly by me. The proof for the existence of “free ions” had now been made and it
had been shown that they were individual entities whose only restriction was that
the sum of the positive and negative ionic charges had to be equal.

Resistance and help. Arrhenius’s theory of the dissociation of electrolytes gave rise
to considerable concern in the field and I was repeatedly warned not to support it so
unconditionally. My request that the objections be spelled out was usually declined.
Only G. Wiedemann’s son Eilhard, who was in the meantime professor of physics
in Erlangen, decided to address this point and sent me an essay for publication in
the “Journal” (“Zeitschrift”). This reached me in May of 1888 and I made haste to
publish it.° The objections it listed were all easily refuted and even M. Planck
joined in the discussion by showing that one of the main objections was based on a
misapprehension.” E. Wiedemann abandoned the idea of publishing a reply and
even the detailed discussion he’d originally proposed to write under the title
“Concerning the reliability, if any, of certain physical-chemical conclusions” was
not published.

Unexpected help came from the brilliant mathematical physicist Max Planck.
From a completely different starting point he had arrived at general laws governing
chemical equilibria whereby he had reached the same results as earlier workers but
had made progress in important points. He compared the ability of salts to reduce
the freezing point of a liquid with the theory and demonstrated that this required
that more molecules be present than the normal chemical formulae allowed. He had,
however, made no suggestion as to where the extra molecules might come from. He
joined in the discussion and showed that E. Wiedemann’s explanation of poly-
merised water would not serve, because the molecular size of water was not an
element in the equation and hence was irrelevant.®

SOstwald W (1888) Z Phys Chem (Leipzig) 2:36-37.
SWiedemann E (1888) Z Phys Chem (Leipzig) 2:241-242.
"Planck M (1888) Z Phys Chem (Leipzig) 2:323.

8planck M (1888) Ann Phys 270:139—154.
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This was the only public attack made by our opponents, but they were never-
theless not convinced. They continued their agitation in private and in their influ-
ence on students many of whom were doubtless warned off the new teaching. This
had the advantage for us that the large majority of mediocrities who normally seize
on a new field avoided this one and so didn’t waste our time. That meant that only
the independent thinkers joined the field and they naturally sought out the few
laboratories where the new teaching was established and where new truths could be
discovered by experiments driven by theory.



Chapter 16
The Laboratory

Overview. The events I’ve just described all took place without interrupting my
teaching duties. I had right away held the lecture course in inorganic chemistry in
the winter semester of 1887/1888, the lectures in physical chemistry in the fol-
lowing summer semester, and had step by step started my duties as examiner and as
a member of the faulty. I had also begun the endless round of introductory visits to
my new colleagues and had shown my great willingness to become a typical cell in
the vast organism of Leipzig University.

This was at that time a very cumbersome and even difficult business. The
original university building was at the edge of the old town, squeezed into the space
which the old city wall had enclosed. The wall had long since given way to wide
tree lined boulevards on the far side of which lay the suburbs that slowly diffused
out into the surroundings and thus irresistibly united the surrounding villages with
the city. The space available in the old university buildings had for long been
inadequate. Instead of doing the sensible thing and building a complete new campus
suitable for the next hundred years or more out on the edge of the suburbs, “his-
torical” sentimentality dictated that the revered old buildings could not be aban-
doned and that land be bought piecemeal in the south east of the city on which the
new buildings needed for the medical and scientific institutes were constructed. The
humanities now had their space in the old buildings.

Thus it came about that only the professors and lecturers of the humanities were
able to meet in the central “professors’ room” in the quarter hour breaks between
lectures in the old auditoria. The various outlying institutes each had its own lecture
room so that the members of the faculties of medicine and science had no place
where they could meet at leisure.

This, together with my dislike of the usual social round, ensured that in Leipzig,
just as in Riga, I never really became integrated into the academic scene.

The old laboratory. As 1 related above I had been given space for the Second
Chemical Institute in rooms which had previously been used by the agricultural
chemist Wilhelm Knop. He had been a pupil of Wdohler who considered him a
particularly thoughtful scientist. By introducing hydroculture to investigate the
nutrient requirements of plants he’d made a major advance in his field.
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By the time I got to know him he was an old and rather odd bachelor who lived
with his similar sister in the rambling official apartment in which they only used a
few rooms. He’d been excited about the geometric forms of atoms which van’t
Hoff’s tetrahedral structure for carbon had started and which in Wislicenus’s hands
had proved to be so fruitful. The only problem was that he had assigned the
tetrahedral structure to hydrogen and given carbon an octahedral structure.

When I visited him I met a little man with an owl-like face and droll behaviour
which was partly deliberate and partly subconscious. His head was essentially bald
with just a few remaining tufts of red hair and his chin was beardless. He was very
friendly and he highly recommended his laboratory assistant Naumann who’d been
with him for many years and who subsequently turned out to be first rate. He gave
me a present of a manuscript about his theory together with his collection of
paintings which he’d had himself photographed next to holding the theory manu-
script. On the lecture hall table, which was given to me, he had arranged numerous
molecular models and the blackboard behind was completely covered with
explanatory notes. One of the pictures showed himself with an expressive look on
his face pointing with his stick at a model of benzene and on the blackboard behind
was written:

There you see it

That’s how benzene is constructed
Six tetrahedral hydrogens

Six octahedral carbons

When I met him once later on a social occasion he lifted up a box of cigars, held
it up against his bald head and asked, “What’s that?” Naturally no one knew.
“Moonshine on the coast of Havana” was the answer. There was a large dose of self
irony in the odd things he did. One can well imagine that the laboratory I inherited
from him was not in the best shape. As I mentioned earlier it had been built for the
professor of agriculture Blomeyer who was not outstanding either as a scientist or
as a teacher. The architect had used the same scheme to divide the space on the
ground floor for the laboratories, on the upper floors for the specimen collection on
the top floor for the apartments and in the basement for the cellars. The building
stood on a corner and was made up of two wings each of the same size and between
which was the central staircase. Though there was an equal division between
agriculture and chemistry—each got a complete floor for the institute and half a
floor for the apartment—the overall responsibility for the building remained with
the agriculturists. This was a completely unnatural arrangement and the unavoid-
able problems were not long in coming despite my readiness to subordinate myself
to my much older colleague. The difficulties became much greater when a few years
later Blomeyer died and his successor,' who wanted to put the sleepy agriculture
department back on its feet, found himself hemmed in and incommoded by the
needs of the expanding physical chemistry department. In the ministry the

"The successor was Wilhelm Kirchner.
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impossibility of the situation was quickly recognised but my agricultural colleague
managed to present the problems of his department as being the most pressing and
these were then solved by the construction of a roomy new building for him. I too
was promised a new building but the funds for it would only become available once
the agricultural building was completed. For this reason I had to spend the major
part of my teaching time in Leipzig in a quite unsuitable building.

The assistants. There was one assistant assigned to each of the three divisions of
the institute: physical chemistry, analytical chemistry and pharmaceutical chem-
istry. The latter two positions were held by the men who had run these units for
Wiedemann and Wislicenus. There was however no one available for the physical
chemistry position until I remembered Dr. Walter Nernst whom I’d recently got to
know in Graz and whom Arrhenius had warmly recommended for his talent and
knowledge. Since in any case he’d wanted to come and work with me in Riga I
offered him the position in Leipzig and he accepted right away. To begin with there
were only two students studying physical chemistry so Nernst had plenty of time to
get to know the special methods which we’d begun to develop. Up till then he’d
only worked in physics and was not practiced in the usual routines of chemistry.
However, he picked them up quickly and managed to publish his first results
already in the second volume of the Journal of Physical Chemistry. A few years
earlier Helmholtz had developed a thermodynamic theory of the voltaic pile which
described the relationship between the heat produced by the chemical reaction and
the electromotive force and their temperature dependence. When Czapski checked
this in practice he found several situations in which the equations fitted very well,
but also some in which the results were very different from those predicted and
these he couldn’t explain. They were only apparent in voltaic piles containing
mercury whose thermochemical properties had been determined by J. Thomsen and
they appeared to be just as beyond question as his other oft reproduced measure-
ments. However, I’d begun to suspect Thomsen’s measurements for mercury
already back in Riga and had got a particularly talented undergraduate to check
them using an independent method. The student’s results were quite different from
Thomsen’s and agreed well with Helmholtz’s equations. Because this work was
done during my final period in Riga I had no opportunity to check it in the way
necessary before such an important result could be published. I was therefore glad
to have the chance to check it once again. Nernst’s results agreed with those from
Riga and so showed both that Helmholtz’s thermodynamic theory was correct and
at the same time that Thomsen’s measurements were in error. I wrote about this to
Thomsen with the request that he comment on it because I didn’t want to get into a
polemical battle with this respected researcher after the dispute with Stohmann had
taken on such an unfortunate form. He at once set about doing experiments which
checked the values again, this time using a third independent method. The results
were in agreement with those of Nernst. I published his results together with those
of Nernst so that it was clear that there was complete agreement and thus avoided
any conflict.
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Soon after Nernst found the line of thought in which his enormous special talents
were to bloom.

The theory of electromotive force. Within the small group of the laboratory we
constantly discussed the theories of van’t Hoff and Arrhenius whose full value
became apparent when they were combined. It was hard for most to grasp that
indeed dissolved materials and the ions they gave rise to behaved like gases within
the volume of the solute and in particular that they could exert the strong pressure
which had been calculated. At that time none of us had seen Pfeffer’s experiments
which directly demonstrated this pressure and permitted its measurement. Later on
Pfeffer built an osmotic cell for our edification and let us read the manometer for
ourselves. Why don’t the molecules fly out of the solution when they hit the
surface? As we were aware the Viennese physicist Stefan had provided the answer:
on leaving the surface strong forces amounting to several atmospheres drive them
back. But, said Nernst, if one got around this force by forming a layer of pure
solvent over the salt solution, then the molecules in the salt solution must imme-
diately fly into the solvent layer. That’s what they do, I replied, because diffusion
starts right away. The objection was that a gas fills the empty space in just a few
moments while diffusion takes weeks and months. I countered that the empty space
provides no hindrance to movement while the liquid solvent gives rise to a con-
siderable frictional resistance which will slow the solutes movement.

I left it at that, but in Nernst’s mind the phenomenon grew into a picture which
he analysed further and which ended with his discovery of the electromotive force
of ions.

(Footnote in original) Of course I can’t claim that this conversation in the
corner room of the old institute, which is still fresh in my memory, provided the first
seeds of this idea. Yet I had the impression that at that time Nernst found these
thoughts hard to accept.

After a few months he published the basic idea which soon led to his theory of
the electromotive force of a voltaic cell.

Ernst Beckmann. The work of the assistant for pharmaceutical chemistry turned out
to be no less important than that of the assistant for physical chemistry. I’ve already
told how I was forced against my will to take over the pharmaceutical section and
how this annoyance was more than made up for by the personality of the assistant
who came with it. In fact Ernst Beckmann developed into one of my best and most
successful co-workers whose friendly and appreciative attitude towards me never
faltered. He was the staunchest of all my co-workers till then and I know that, were
he still alive, he would be happy at being so described.

I, on the other hand, must reproach myself because later after he had gone his
own way and become the director of a Kaiser Wilhelm Institute in Berlin, I put his
friendship severely to the test through my negligence. It was not deliberate and not
because of ill will or because I’d changed my attitude to him but simply that I had
so much else to do and because I was more and more losing interest in chemistry
which he practiced so successfully. He for his part used every opportunity to
convince me of his continued good will.
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Beckmann’s research. To begin with we were not close outside of the lab. He was
already well started on his scientific career and, like almost all chemists at that time,
had turned his interest and his considerable experimental ability to organic chem-
istry. This was a field where he couldn’t learn anything from me because he knew it
much better than I did. In his research he’d come across very odd cases of isomers
the explanation for which depended on knowing whether they had the same
molecular weights. Since the material was not volatile there seemed to be no
experimental way to the answer. In discussing the matter I pointed out that F. M.
Raoult had recently shown the relationship between molecular weight of a sub-
stance and its ability to reduce the freezing point of a solvent. Thus the possibility
of determining molecular weight, which till then had been restricted to volatile
substances whose vapour density could be determined, was now available for all
soluble chemicals. Since the molecular weight determination was central to the
analysis of chemical reactions this discovery had attracted a great deal of interest
and many groups were now working on it. I myself, stimulated by Walden’s
conductance measurements of aqueous chromic acid, had shown by the reduction of
the freezing point that the solution contained not chromic acid but rather dichromic
acid. Dr. W. Hentschel (Part 1, Chap. 9, p. 99), who in the meantime had moved
from Dresden to Leipzig and was now Wislicenus’s assistant, had been persuaded
by me to apply his great experimental expertise to setting up the method and had
then used it to discover relationships which must have seemed astonishing to the
normal chemist but not to the physical chemist to whom they seemed both natural
and necessary.” I felt it was my duty to make this more widely known. This
annoyed Hentschel so much that he terminated our friendly relationship without
letting me know what it was that had so wounded him. He soon left Leipzig to do
completely different things and I haven’t come across him since then.

Beckmann also went in this direction and it is a shining testimonial to his sure
touch in developing highly practical experimental protocols that the apparatus he
built and described in 1888 is still in use practically unchanged 40 years later.” In
particular his first description of the “Beckmann thermometer” described how by
allowing for a change in the amount of mercury being used, it could cover any
desired temperature range.

At the end of his manuscript Beckmann noted that at my suggestion he had also
employed the alternative method of Raoult for the determination of molecular
weight which involved the determination of the reduction of vapour pressure of a
solution. This was of particular interest to me because I’d already seen a part of this
relationship in the data of A. Wiillner (Part 1, Chap. 9, p. 7) and therefore had not
shared the widespread doubt about Raoult’s results. Beckmann had immediately
wanted to attack the problem experimentally and we discussed the two possibili-
ties—either measuring the vapour pressure or the boiling point of the solution.

Hentschel W (1888) Z Phys Chem (Leipzig) 2:306.
3Beckmann E (1888) Z Phys Chem (Leipzig) 2:638, 715.
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I knew from Ottinger’s lectures that the temperature of a boiling liquid can only
be approximately determined because of a small degree of superheating which at
that time was considered unavoidable. In the vapour one does not measure the
temperature of the solution but only that of the pure solvent which immediately
condenses on the thermometer and prevents a further rise in temperature. I therefore
suggested that he go for the “static” solution of measuring the vapour pressure.

Beckmann got started on this right away but found that because of the extremely
small volumes of liquid which were present as vapour, the error in the determi-
nations was even larger. However, instead of giving up the idea and satisfying
himself with the determination of the molecular weights by measuring the reduction
of the freezing point which he had carried out, he was sufficiently tenacious and
unbiased to ignore my warning and to try the boiling point approach by applying
the various methods to suppress superheating and by doing so he managed to
establish a highly sensitive procedure.

In this way he completed his conversion to physical chemistry. His apparatus
and the method to determine molecular weights of solutes are used throughout the
world and there can scarcely be a chemistry laboratory in which they are not used.

Beckmann was the same age as me, but because he’d turned to science rather
late he found himself in a subordinate position as we worked together in Leipzig,
although he had already an established reputation for his research in organic
chemistry. His rise was not long in coming. After a few years he was appointed to a
professorship in Erlangen and a few years after that he returned to Leipzig as a full
professor of applied chemistry and thus became my colleague at the same level in
the hierarchy.

J. Wagner. 1 have much less to relate about the third (actually the second) assistant
Dr. Julius Wagner. He had been educated by Wiedemann, and became only slowly
and incompletely enthusiastic about the flood of new ideas and research in which
the others were engaged. He staunchly carried out his duties in instructing the
beginners and he also did some research in areas related to his teaching responsi-
bilities. With his help I finally managed to get rid of the foolishness that teacher
trainees were being put through a course designed to make them analytical chemists
which was of no value at all for their future work in the class room. I therefore told
him to organise a course which would teach them to carry out safe and instructive
experiments suitable for use in a school. This was a challenge that suited him and he
presented this course for many years to the benefit of the coming generation of
chemists. Later on he was given a separate position devoted entirely to this.

Of all my assistants he was the one who stayed longest for he remained in the
institute until his failing health forced him into retirement.

Progress. 1 and my colleagues watched with suspense the development of the
physical chemistry course, because this was the point which would decide whether
and how well I was mastering my assignment. In the first semester two students had
joined us, but one of them had to leave Leipzig unexpectedly and there was not a
single applicant at the beginning of the next semester, so that then the institute had
only one single student.
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That was more or less the situation in which this course had laboured under
Wiedemann who had not managed to attract students and I began to worry that the
hope I’d had when I came to Leipzig of expanding my sphere of influence was
going to be disappointed.

However in the third semester there were eight students and nearly double as
many in the following one. The practical courses for the analytical chemists and the
pharmacists left only a rather cramped space free and this was soon completely
filled. Thus the lack of adequate space for all the students who wished to study
under me, which I’d suffered for most of my time in Riga, now reappeared in
Leipzig. And so, after just a few years I had to inform the authorities that more
space, in particular more properly equipped space, was now urgently needed.

Crucial to this rapid progress was the fact that the institute in Leipzig had, as I
described, quickly become associated with a fundamental advance and hence was
seen as being a centre where the fruits of the new advances could be harvested.
Since in the next year, 1888, Arrhenius himself came to Leipzig, first as a post
doctoral fellow and then, when Nernst for health reasons left for a while to
Heidelberg, as assistant in the institute there arose a strong new attraction for
ambitious young students. At that time there were no other professorships for
physical chemistry available nor was it taught as a subject in its own right, and
therefore we in Leipzig could only attract those who were convinced of the
importance and the enormous scope of the new area of research. Seldom has an
academic teacher been blessed with such a flock of talented young co-workers as I
was in the old and unsuitable laboratories at 34 Briiderstrasse. Our work was
collaborative and the discussions between the individual students and the professor
took place in the presence of all the others who readily joined in and contributed
their opinions. The success of the one spurred the others on to greater efforts which
almost always were crowned with success.

Finding time for writing. It seemed to me that the many doubts and misunder-
standings about the new concepts should be countered by an essay about the
chemical and other consequences which stemmed directly from the theory of the
dissociation of electrolytes. In particular I showed that the chemical affinities of the
acids which I’d studied now for some years, and which could be demonstrated by
various different methods could now be completely explained. In each case the
reactions were determined directly by the number of available protons and this
number was dependent on the nature of the acid and its degree of dilution. This is so
clear and obvious today that we can see no other explanation and find it almost
impossible to remember what a long hard struggle it was to demonstrate chemically
the affinity values that the conductance measurements so accurately reflected. The
conductance values themselves, however, tell us nothing of the chemical rela-
tionships. Only once it was realised that the phenomena which they reflected had
been independently discovered and measured was their general applicability clear.

In this essay I considered in detail the various objections which Arrhenius and I
had come across in our discussions with colleagues and students and showed that
by rigorous application of the new insights these objections could be swept aside
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and that it was now possible to bring together various experimental results which
had so far been merely unexplained observations and show that they fitted into a
uniform theory and, by doing so, we were now able to explain them properly. In
addition, I added some examples of the dilution law which showed that it applied
over such a broad range of concentrations that could never have been investigated
chemically. I think it is fair to say that since the publication of this essay no further
informed objections have been raised to the concept which was from then on
accepted as a legitimate part of scientific thought.

Conductivity of organic acids. In addition to this work there was one further duty
which had to be completed and that was to finish the analysis of the conductance of
the many acids which I’d been given during the course of my begging tour in the
summer of 1887. In addition to them there were a number of preparations from the
old collection of O. L. Erdmann which had belonged to Wiedemann’s physical
chemistry department and which I had now inherited. All in all this amounted to
some 150 probes. Once again it gave me the greatest pleasure to go through these
repetitive determinations which I mainly did in the evenings when it was nice and
quiet in the laboratory. The many interesting and informative relationships to the
chemical structures which these measurements revealed, kept my enthusiasm at a
high pitch. The hours spent doing this work were happy and comfortable. On top of
that they provided a vast data set in support of the dilution law.

Before I published these data I waited for the results from van’t Hoff’s labo-
ratory for I’d heard that he was also checking the law. From a co-worker from the
Amsterdam laboratory I later heard how van’t Hoff had set his assistant Reicher to
produce extremely pure acetic acid. Time and again Reicher did his best and each
time van’t Hoff demanded an even higher degree of purity but without telling him
what it was all about. The same thing happened with several other acids. The results
were published in a short paper and they fully supported the dilution law* “No
single case of ordinary dissociation has been checked across such a broad range”.
The sorely tried assistant was recompensed with his name on the paper even though
the professor had had the idea and had carried out most of the measurements.

Among the acids investigated was an exotic one from Japan called “Shikimic
acid” which had been recently discovered by professor Eykman in Tokyo. Its
outlandish birthplace did not prevent it from obeying precisely the dilution law
established in Europe.

I now set to work writing up the results of the many measurements through
which the outlines of one chapter of the new science was established, even if it did
not receive the degree of general recognition which it deserved. This was in part
due to the fact that my interest in the questions which the method was there to solve
or at least to more precisely formulate was not sufficiently great and, in addition,
other questions were more pressing. Nevertheless the work was not for nothing
because Professor Wegscheider in Vienna took it up eagerly and pushed the matter
very considerably forward.

“4van’t Hoff JH, Reicher LTh (1888) Z Phys Chem (Leipzig) 2:777-781.
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In order to calculate the results it was necessary to know a particular constant
(the diffusion coefficient of the anions) and here also ways were found that also
resulted in the formulation of a number of new laws. Working in this new area was
like walking through a garden where the fruit was just ready and one only had to
touch the low hanging apples for them to fall ripe and sweet into one’s hand. That’s
not just the way I saw it, all my co-workers felt the same way. The first volumes of
the Journal of Physical Chemistry contain many papers from our group which
provided the starting points of substantial scientific developments. One can see this
most clearly when one compares our publications with those from other laboratories
where the boundlessly fruitful ideas of van’t Hoff and Arrhenius had not yet taken
root.

Not a chemist. The conductance determinations of so many organic acids clarified
so many structural questions that the relationship of the new area to “real” chem-
istry, which most chemists considered to involve the synthesis and structural
analysis of new substances, could not be doubted. Nevertheless even later there
were those who asserted that I wasn’t really a chemist because I had never syn-
thesised a new chemical.

I have to say that in this sense I have to be described as an “anti-chemist”
because though I never increased the length of the list of known substances I did in
one instance reduce it—sadly only by one entry.

The story was as follows: In 1863 H. Kdmmerer recovered from a silver bath
used to make photographic plates an acid which he considered to be different from
all of the then known acids. The elementary analysis yielded numbers which fitted
closely to the values for malic acid, however since the acid was clearly different he
thought it must be an isomer and therefore named it “isomal acid”. He referred to it
in a number of subsequent publications but was never able produce it again. Despite
that it survived unchallenged and even made it into the first edition of Beilstein’s
fundamental reference book.

In the collection of the old institute I found a glass tube with a tiny sample of this
weird acid which was signed by its discoverer and had apparently been given by
him as a gift to Erdmann. It was far too little for an elementary analysis at that time
but it was ten times more than was required for a determination of the conductance
of its dilute solution. The measurements were carried out both on the free acid and
on its sodium salt, and the result was that isomal acid turned out to be nothing more
than citric acid. I wrote to K&mmerer and asked him for a sample of his acid. He
still possessed some and shared it with me. It turned out to be identical to the
preparation from the Leipzig collection. Under his experimental conditions the
citric acid which normally forms crystals that contain water, had been crystallised
without water and this had prevented him from recognising the product. I published
the result in the Bulletin of the German Chemical Society, and in the next edition of
Beilstein’s hand book isomal acid was no longer to be found.
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Although there was at that time no other method known by which such clear
results could be obtained with such tiny amounts, I don’t remember ever being
congratulated for having exorcised this ghost. Admittedly, there were no objections
and even the discoverer of isomal acid was satisfied.

German and foreign students. After the first few lean semesters the number of
co-workers in the institute rose rapidly, and in addition to Germans there soon came
a number of foreigners, especially Americans and Britons. These two groups
remained in the majority though almost all advanced nations were represented in
the Leipzig institute at one time or another.

One of my first foreign students was the Scotsman James Walker who later was a
successful proponent of the new concepts and did much to introduce them into
Britain. He is now professor at the University of Edinburgh which is one of the
most influential chemical chairs in the country. Of the Americans I must first
mention A.A. Noyes who soon made the Technical University in Boston into a
centre for research in physical chemistry. Later his health problems forced him to
move to a more southerly climate and to restrict his research activities. Both of
these scientists are not only excellent teachers and researchers but are among the
most splendid examples of the diverse human species.

My German students were of two quite different types. The first was a small
group and consisted of those who were attracted by the new concepts which we
were developing and worked for the joy of it without worrying too much about the
future. Of course they were just a handful and this was not surprising when one
considers the mass of silent opponents of these new ideas who had a strong
influence on the views of the young students.

In addition to them, there would appear every semester a group of casual stu-
dents in the beginner’s lab who’d signed up for the course because other practical
courses were full or because their friends wanted to study here or for other sec-
ondary reasons. They were usually mediocre but afterwards lots of them found
employment in the highly developed chemical industry where they rendered ster-
ling service. Once they’d finished the preliminary courses they would apply for a
position as a doctoral student with us because they knew they wouldn’t be welcome
in other departments.

It is a happy memory for me that even these students were so swept along by the
sense of excitement for research and discovery in the institute that they usually
managed to produce results which were far beyond what I would have initially
thought they could achieve. And if one sees what they achieved afterwards in the
struggle for existence in comparison to their mediocre chemical contemporaries,
then one can fairly judge them to have been clearly better.

In this regard I learnt a curious feature of Germans which I’d never seen in my
Baltic compatriots. It is the ability, despite a meagre level of general interest or
education, to suddenly discover some small area in which the most extraordinary
accomplishments will be achieved. Schiller’s injunction, “concentrate quietly and
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ceaselessly the greatest effort on the smallest point”, was followed exactly by these
unimposing minds and often enough I could see that the achievements reached in
the chosen small niche then fed back to raise the entire level of mental accom-
plishment. This applied only to these casual students. As the success of the new
concepts became known, the number of students who joined us because they
wanted to learn more, increased and I got to know many splendid minds amongst
them. Their number was always so large that I was able to fill all of the increasing
number of assistant positions with Germans (without exception they all later
became professors) and many of the rest were able to find similar positions
elsewhere.



Chapter 17
At the Writing Desk

The “Outlines”': The physical chemistry lectures which I held as usual in the
summer semester of 1888 came just after the fruitfulness of the synthesis of the
ideas of van’t Hoff and Arrhenius had been made apparent by the discovery of the
law of dilution. I’d worked these new thoughts with ever increasing pleasure into
the fabric of science and could see from the shining eyes of my audience that they
eagerly accepted the insights that flowed from them which explained so much of the
world. Since many of them were students who’d chosen other areas such as organic
or physiological chemistry as their main subjects, they asked me if there was a
textbook in which they would always be able to find the content of the lectures.

I myself felt a sort of creative urge to make out of the rich and beautiful new
concepts an impressive overall picture. In this way I’d also be able to satisfy my
deeply held wish to extend the circle of the “ions”, as we were known by the others
because of our constant use of the word, beyond the limited numbers who could be
directly reached by word of mouth. Of course the textbook was available, but it
couldn’t contain all the new discoveries from 1887 since it had been completed in
1886 and in any case it was too detailed for this sort of audience.

And so I quite easily reached the decision to write a short book in which the
central tenets of physical chemistry would be laid out in a way accessible to all
chemists but without any excessive detail or concentration on methods. Fired by the
joy of creation I completed the “Outlines of General Chemistry” in 1888 and it
appeared with the official publication date 1889.

This book was an immediate success. A second larger print run had to be
brought out in the following year and a third followed in 1899. After that the book
was out of print for quite a while because I wanted to revise it but didn’t find the
time. In 1909 a fourth edition and later on a fifth were published. In total roughly

'Ostwald refers here to his book “Grundriss der allgemeinen Chemie” Leipzig, Engelmann 1889,
which was translated into English by James Walker and published as “Outlines of general
chemistry”, London, McMillan, 1890.
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1,200 copies of the German edition were sold. It would have been a lot more if I'd
attended to it with the care that it really deserved.

Beyond the Germans, the book brought the news of the new science to other
peoples. Already in 1890 J. Walker prepared an English translation. There followed
Russian, French, Japanese, Spanish, Hungarian and other translations so that the
“Outlines” turned out to be one of the most effective means of spreading the new
concepts. I also noticed that in public libraries which held my work the “Outlines”
always looked more used and worn than the other books.

The Classics. In the same year I made a start on the “Classics of Exact Science”. In
getting together the material for my textbook I had been struck by the enormous
discrepancy between the vast number of published papers and the tiny fraction
which was of real long standing significance. The diligence of editors ensured that
the amount of completely trivial publications was and is extremely low, yet nev-
ertheless I’d noted that for example Poggendorf who had made the “Annals of
Physics” (Annalen der Physik) into a leading journal had in his last years lost his
critical sense and let through a number of papers which it would have been no loss
to science had they never been published. And yet the vast majority of good and
useful published papers have served their purpose once their contents reach the text
books. There are however a tiny number of masterpieces which tower like moun-
tains over all the rest and whose value is not exhausted once their message enters
textbooks and whose brilliance and significance should be made available to future
generations who will only rarely have access to the old volumes of the journals.
From them one can learn how such timeless contributions to science are generated.
Furthermore such papers will frequently contain hints towards the seeds of new
ideas which only await planting in a receptive mind to burst forth into new fruit.

My publisher, Dr. Engelmann was soon happy to undertake the project.
A number of excellent colleagues undertook to advise us on all the main areas of
the exact sciences from mathematics to physiology in which I was not competent.
The “Classics” soon developed nicely and over two hundred volumes came out,
quite a few of which were reprinted in several editions of several thousand. Later
they were edited by my teacher A. von Oettingen and, after his death, by my eldest
son Wolfgang Ostwald. Today they are printed by the “Akademische
Verlagsgesellschaft” in Leipzig.

The idea of the “Classics”, that masterpieces of science should be made available
to the general reader in special editions, caught on. Similar reprints concentrating on
various speciality topics sprang up and this German example was soon followed for
French and English readers. Here lay for me the seed of the thought that developed
much later into the question of the technical organisation of science and that in turn
led to the foundation of the “Bridge” and to various other enterprises—but these are
things that will be related in the third and last volume of this work.

Criticism of History. For me the main purpose of the “Classics” was the simple
practical effect outlined above. But there was also a secondary emotional reason for
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me. Karl Schmidt had taught me to treasure the history of science and in fact his
two hour per week course on the history of chemistry was, as far as I remember, the
only lecture course that I regularly attended as a student. On top of that my own
studies of lots of old papers in chemistry and physics went in the same direction.
I didn’t do it merely to learn physical chemistry from its sources but also because I
derived real pleasure from this intimate contact with the great and less great names
of science. This enthusiast’s love of immersion in the historical details is often
associated with an awe of everything historical and this has been elevated by the
philologically oriented high priests of scholasticism to represent the epitome of
“culture”. As a student I followed this lead uncritically and accepted it as something
one did not have to discuss.

Later on I was proud of myself that right from the start of the “Classics” project I
concentrated only on the practical aspects outlined above and didn’t waste any time
on the usual waffle about the “ideals” of history. This of itself shows that even then
I found such turns of phrase suspect. During my time as a professor in Riga I
sometimes had long conversations about history with the historian Otto Seeck, the
older brother of my friend Fritz. He strongly defended the standard position that
science must be pursued “for its own sake” and that every historical detail is
therefore important because one never knows how it may help solve a problem in
the future. In fact, the brilliance of his own work lay in showing how apparently
secondary notes in the original sources could be used to open up surprising and
important perspectives. I thought all this went too far and wasn’t prepared to accept
it as a general rule and I exclaimed, “What sort of science is this is in which any
blockhead who out of ignorance destroys an irreplaceable manuscript produces a
hole which can never be filled?”

I don’t remember anymore how that conversation ended, but I was left with a
subconscious distrust of the over estimation of the value of history as a science
while nevertheless paying lip service to the usual public reverence for the subject.
Only in 1895, after I'd written a major historical work, “Electrochemistry: its
History and Concepts”,> did I realise that history is not a science but merely a
method or tool which may help in reaching a scientific understanding of certain
questions. There is a history of politics, of economics, of sociology, a history of
mathematics, of chemistry or of any other branch of science, there is a history of the
world in a geological sense, and so on; but there is no such thing as History on its
own.

I would go further and say that the historical aspects of any subject are not, as
some would have us believe, the epitome of scientific investigation but rather they
are its most primitive form. This became clear to me when the urgently needed
professorship for the theory of teaching, which had been opposed in the faculty by
the philologists who felt that their monopoly on the subject was being threatened,
was finally approved and filled. The candidate, who was chosen for peculiar rea-
sons, didn’t really know much about the theory of teaching and so limited himself

2«Elektrochemie. Thre Geschichte und Lehre, Veit & Comp. Leipzig, 1896.
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to lecturing on the history of teaching.” I was surprised at first until it became clear
to me that he did this because to lecture about the history of a subject requires much
less detailed knowledge than to lecture on the subject itself.

The textbook. Scarcely were the “Outlines” and the “Classics” underway than my
publisher brought me the happy news that the two volumes of my detailed textbook
would soon be out of print and that I should arrange for a new edition. This suited
me well because the few short years since the book’s completion had seen so many
major advances both in terms of real results and new concepts as well as in the
development of my own deeper understanding of the field that I now regarded it as
absolutely essential that the field be reviewed and presented anew. I eagerly set to
work. It turned out that the advances of the last few years had resulted in such a
growth of the science that I had to rewrite almost everything and in the process the
book grew enormously. The first volume—"“Stoichiometry” (“Stdchiometrie””)—
which had amounted to about 500 pages was now no less than 1163 pages long.
I started work on this in 1889 and completed it in 1890. It gave me the opportunity
to present a complete picture of the new theory of solutes both in terms of content
and history. This part was translated into English and it was influential in Britain
and even more so in America in attracting many new adherents to the new concepts
of physical chemistry.

The second volume—“General Chemistry” (“Allgemeine Chemie”)—which
dealt with chemical affinity had grown even more than “stoichiometry”. It came out
as two volumes. The first was 1104 pages long and came out in 1893. The second,
which was 1188 pages, came out between 1896 and 1902. The problem was that
new material flowed in at an ever faster rate; after all the “Journal”* on its own
produced four thick volumes every year. Though there seemed to be no limit to the
new data there was a limit to my capacity to handle it and so the second volume of
the textbook was left unfinished. After the second edition was sold out there could
be no thought of a third edition.

Thus my textbook suffered the same fate as many other similarly successful
projects. In my literary excavations in Dorpat I’d noticed that the Kekulé’s textbook
of organic chemistry, on which the entire development of organic chemistry at that
time was based, broke off in the middle of the most important part and couldn’t be
bound because one had waited in vain for the rest. Erlenmeyer’s ground breaking
textbook had met a similar fate. Back then I’d postponed my exam in analytical
chemistry from the second to the third dead-line in order to wait for the final part of
the classical textbook of Fresenius, but that last part didn’t appear until long after I
had become a professor.

30stwald refers to Emil Jungmann (1846-1927), a teacher and professor at the Thomasschule (a
boarding school founded in 1212, and attended by all members of the boys Thomanerchor) in
Leipzig. In 1901 he was appointed professor of secondary school pedagogics
(“Gymnasialpadagogik™) at the University of Leipzig.

4Zeitschrift fiir physikalische Chemie (Z Phys Chem (Leipzig)).
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The reason for this—or at least one of the reasons—is given in Goethe’s ballad
about the sorcerer’s apprentice. “I can’t get rid of the ghosts I summoned”. The
stimulation given to an area of science by a successful and original textbook attracts
many competent researchers who produce a flood of experimental and theoretical
research in the new area. Once the field had been divided up into drawers by the
definition of generally applicable concepts it becomes relatively easy to fill them
and so a mass of new material is generated which must then be digested and put into
context. At the same time the author of course becomes exhausted and so these two
elements inevitably lead to the result that a continuation becomes ever more difficult
if not impossible.

In my case there was something else which added very considerably to these two
factors and that was the development of a new scientific philosophy’—Energetics.
However, we will come to that later because I haven’t yet finished with the
description of the first phase of development of physical chemistry.

J. Willard Gibbs. The next book that I brought out with my still venturesome
publisher Engelmann was not an original work of mine but simply a translation.
Back in Dorpat Oettinger had told me about the work on thermodynamics of
J. Willard Gibbs which, he said, was of great importance—but hard to get hold of.
Once it became ever clearer to me how important this approach was for explaining
chemical affinity, I managed, not without considerable difficulty, to obtain these
papers and study them. For me the experience was like it had been for Oettinger.
I found them hard to read but recognised without any doubt their great importance.
Not many had come this far. The physicists Maxwell and Lorenz had been there
before me but they had only occasionally mentioned or used Gibbs’s ideas.

I found no better way to get to the heart of the matter than to translate the
publications word for word. They certainly couldn’t be summarised because they
were written in such a condensed form. I thought that by bringing out a German
edition I would do my part to rescue these long overlooked treasures and make
them available as common currency to the current research effort.

This work had a huge effect on my own development because although he didn’t
particularly stress it, Gibbs worked exclusively with terms of energy and their
factors and completely avoided kinetic hypotheses. By doing this he reached
conclusions which for their truth and generality must be considered among the
highest products of human understanding. In fact, so far no one has found a single
error either in his equations or in his conclusion or—which is the most remarkable
of all—in his premises. There are many scientific works in which the logic and the
mathematics are all impeccable but which are nevertheless completely useless
because the premises do not reflect reality. In this respect Gibbs was completely
faultless.

5Ostwald used the word “Weltanschauung”.
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The papers which had originally been published in English were brought
out in German by me in 1892 under the title “Studies in Thermodynamics”
(Thermodynamische Studien).® For a long time it was the only form in which this
extremely important work was available to the scientific community, for Gibbs had
published the original in the “Transactions of the Connecticut Academy of Arts and
Sciences” where no one would look for it and which in any case was long out of
print. So, although they were written in their own language, even Britons and
Americans had to read the papers in German until finally, after Gibb’s death, a
desperately needed new edition was brought out in the original language.

Willard Gibbs was an excessively modest and diffident scholar who, apart from a
few years of study elsewhere, spent his entire life in his birthplace New Haven,
Connecticut where his father had also been a professor. No one in his hometown or
in America was aware of his greatness—and he is without doubt the greatest
scientific genius that the United States has ever produced. He had to be discovered
in Europe; first by the physicist Lorenz in Holland and by me in Germany once
Oettinger had brought him to my attention. In Holland a whole school of
researchers developed from this, beginning with Lorenz’s pupil Bakhuis
Roozeboom whose work concentrated in exploiting the phase law which is often
absurdly referred to as the phase rule. This phase law, one should bear in mind, was
just one of the many laws that Willard Gibbs had discovered and described.

In this way the scientific world slowly came to understand that Gibbs was a
genius whose mental depth and fruitfulness places him alongside the giants of
thermodynamics like Helmholtz, Clausius and W. Thomson. However he was so
little known in his own country that the following strange story really happened.
The news that Gibbs was regarded in Europe as a great genius crossed the Atlantic
and spread across the country. Now, at this time there was a chemist called Wolcott
Gibbs who, while he had done some nice work, was far from being a genius.
Nevertheless, in America his name was much better known. Without any further
questions being asked he was proclaimed to be the new star and presumably no one
was more astonished than he over the congratulations which poured in from his
enthusiastic countrymen from every corner of the United States. Only later was the
mistake discovered and then Willard Gibbs successfully countered all attempts to
make him into a popular hero.

The close scrutiny of these publications, which was needed for the translation,
had enormous consequences for me. Although I could not follow his mathematics
in all its details I experienced an education in thinking by following the straight-
forward objectivity with which he attacked the different problems and the
exhaustive care with which he teased every last possible implication out of the
equations. I also couldn’t help noting that that the 200 equations in the main part of
the work were almost all concerned with relationships between energy terms. This

5The story of the contacts between Ostwald and Gibbs has been described in: Moore CE, von
Smolinski A, Jaselskis B (2002) Bull Hist Chem 27:114-127.
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was initially just a formal observation but it became of great importance to me
because it showed that this fundamental work could be described as chemical
energetics.

The handbook. "Because at the beginning the students in the physical chemical
laboratory were all qualified chemists who wished to get a practical introduction to
the new area, I just let them get started right away on whatever research topic
appealed to them and which seemed to me to be worth looking at. It soon became
clear, however, that this resulted in a rather one sided education since they were
deeply knowledgeable about their own little area and largely ignorant of all the
other parts of the subject. After a few semesters I therefore decided that before
starting with the research topic which was usually used for a doctoral dissertation
that each student should take part in an introductory practical course in which he
had to learn the most important methodologies. At the same time this involved a
seminar in the use of mathematics which naturally went a little deeper than the
usual rule of three which had so far been enough for almost all chemical problems.

Strangely enough a group of my students who were just finishing the usual
general analytical and preparative courses did not take kindly to this decision
because they had thought that they would be able to start right away with their
doctoral thesis work. They let me know through my assistants that this sort of thing
was not done in the other laboratories and that they would leave my group unless I
rescinded my decision. For me there was no question of what should be done.
I wished them luck for the future and increased the introductory program which had
been designed for 6-8 weeks so as to accommodate some important new methods.
Eight to ten students did in fact leave the department, though as far as I know none
of them did anything worthwhile later so it was no great loss to me. However, 1
must admit that I reproached myself that because of a deep aversion to such things I
had avoided a personal confrontation with the students.

Nevertheless I did realise the need to relieve myself and my assistants of the
necessary but repetitive work involved in the introductory course and came up with
no better solution than to write another book. I called it “Handbook and aid to
perform physico-chemical measurements” and worked into it all the little tips and
tricks that I’d picked up in nearly 20 years work in this area. I tried to coax into my
students the same love of working with their hands and putting equipment together
that makes the sometimes rather mechanical work we have to do in this area of
research not just acceptable but a real joy.

The book was published in 1893 and was translated into several languages.
Initially subsequent editions were prepared with the help of my co-workers and
later on they took over the entire work because as I later turned most of my energies

"Ostwald refers to the “Handbook and aid to perform physico-chemical measurements” (“Hand-
und Hiilfsbuch zur Ausfiihrung physiko-chemischer Messungen”), Engelmann, Leipzig 1893. The
fifth German edition was reprinted by Dover Publication, New York, 1943 together with an
English translation of the table of contents and a German-English glossary.
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to other problems I no longer felt that I had sufficient knowledge of the daily
problems in the lab to be a teacher of this material.

Legwork. In order to facilitate the use of the new methods and concepts I wrote in
1888 and 1889 a number of popular essays for the “Journal”® in which I described
the details of conductance measurements, and since then this is how such mea-
surements are done all over the world. I also described in detail the most important
chemical reactions of acids, bases and salts in the light of the dissociation theory
and these have since found general acceptance. In both cases the basic ideas were
from others—the methodology from Kohlrausch and the concept from Arrhenius—
and I made that very clear in the essays. Only the outline of the applications and the
presentation were due to me though these were very important and effective in
reducing the hesitation that chemists initially had to apply these new methods.

In particular, it turned out that the whole field of the thermo-chemistry of “salt
formation”, from Hess’s “thermo-neutrality” of 1841 to the most recent research of
Thomsen and Berthelot, could be explained in a clear and readily understandable
fashion with the help of the dissociation theory. Beyond that I examined the
reactions used in analytical chemistry and showed that here too a large number of
facts, that had up till now been unexplained and had had to be learnt off by heart,
turned out to be simple consequences of the degree of dissociation. In particular the
concept of normal and abnormal reactions was suddenly made clear.

Analytical chemistry. The concept of free ions found many applications in terms of
physical and chemical relationships and Arrhenius had developed these ideas lar-
gely in terms of general and physical chemistry. Because I had to lecture on
inorganic chemistry and organise practical work in analytical chemistry I felt
myself driven to apply the new concepts to these two areas and soon found
important generally applicable results.

Arrhenius had already in his first publication emphasised that the ions of a salt
were independent and this independence applied to all of their properties (except of
course that the necessary equivalence of positive and negative charges had to be
maintained). The properties of a salt solution must therefore simply be the sum of
the properties of the different ionic species—they must, to use the term I introduced,
be “additive”. He showed, using a whole set of examples, that this additive property
had been noted by earlier researchers who, however, had been at a loss to explain it.

For analytical chemistry it followed that the analytical properties of a salt
solution were simply the analytical properties of their ions. Nowadays that is a
platitude, but back then it was a real discovery. It threw the spotlight of science onto
an area which till then had consisted of empirical results that lacked any integrating
concepts. This was reflected in the general view that those who settled for a career
in analytical chemistry were mentally not quite up to the level of those who were
also able to handle organic synthesis and structural chemistry.

8Zeitschrift fiir physikalische Chemie (Z Phys Chem (Leipzig)).
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Wilhelm Hittorf. My analysis of these questions was given depth by the fact that |
had carefully studied Wilhelm Hittorf’s classical paper on the migration of ions
which I’d selected for the “Classics”. In it Hittorf had already anticipated a large
part of the theory of free ions but had failed to make the last radical
step. Nevertheless, what he saw as the unavoidable conclusion from generally
known phenomena and from his own measurements was considered by the leading
electro-chemists of the time—Magnus and Wiedemann—to be so heretical that they
attacked him with such polemics that the fundamental significance of his work was
not recognised. On top of this Wiedemann’s textbook summarising the then current
knowledge of electrophysiology mentioned Hittorf’s work only briefly and in a
negative tone while numerous insignificant papers were listed and considered at
length.

It seemed to me that it was a necessary duty to give this underestimated and
unfairly judged researcher the recognition he deserved by reprinting his paper in the
“Classics”, particularly as he was still alive and held a professorship in Miinster.
I wrote to him to get his permission to reprint the paper and he replied with a
moving letter of thanks for the recognition that his work was finally receiving. In
order to spare me any inconvenience that might arise by reprinting his published
defence against Wiedemann’s unjustified condemnation of his work, he asked me to
edit out any polemical passages and reduce it to the presentation of the facts and
their interpretation.

This I did and it was only after the death of both protagonists that I took the
opportunity to arrange for a new edition which included the uncensored exchanges.
1 did this because it seemed to me to be important that the reader be shown not only
the factual arguments but also the personal difficulties that almost always accom-
pany the establishment of important new ideas—especially when they are simple
and clear.

For me the most important aspect of this work was the clear distinction between
simple and complex ions. When a metal is present in ionic form it carries a positive
charge and will migrate with the electric current. However if it is part of a com-
posite or complex, then negatively charged ions will migrate against the electric
current. Hittorf had s