Joursial of Chromalograpiy
Clyomatograpiic Reviews

Elsevier Publishing Company, Amsterdrin
Printed in The Netheriands

THE LIFE AND SCIENTIFIC WORKS OF MICHAEL TSWETT

K. SAKODYNSKII
Karpov Institute of Physical Chemistry, Moscow (U.S.5.R.)

(Received March 21st, 1972)

CONTENTS

L. Introduction. . . . . . . . 0 0 . s e s e e e e e e e e e + + s+ « + 303
2. Biographical data . . . . (. .
3. Chromatographic worles hy M S Tswr.‘r’r T X $ !
4. Conclusion . . v L v 0 0 0 s v v e e e e e e e e e e e v+ o« o« + 358
Acknowledgements . . . . . . . 4 b h 0 4 e 4 e e e e e e e e e « + - « . 358
References. . . . ¢« o« 4 v v & v v v o 4 o s o s 8 e e e e e e « « « « . 358

I. INTRODUCTION

There are many instances in the history of science when fundamental discov-
eries outstripped their epoch, their contemporaries for one or another reason being
unaware of them, and only many years later did they become known and widely put
into practice.

This is true of the phenomenon of chromatography, which was discovered at the
beginning of this century by the Russian scientist Michael Tswett*. The discovery of
this phenomenon made it possible to broaden the use of sorption phenomena. It has
influenced the development of the analytical chemistry of complex compounds,
including natural substances, put on an absolutely new basis control, regulation and
automation in chemical technology, and made it possible to carry out a number of effi-
cient processes of purification and isolation. It served as a basis for the development of
a most effective instrumental method of investigation and analysis.

2. BIOGRAPHICAL DATA

~ Some parts of TSWETT's biography unfortunately remained obscure for a long
period!~12**. He was born in the small town of Asti, Piedmont, in Northern Italy. Even

* The German transcription of the name, which M. Tswett used in most of his non-Russian
papers, is used throughout this article, although Tsvet, of course, would be in line with this jour-
nal’s rules—Editor.

- "% Of all the material published, the most dctmled information was given in the articles by
Dnufirfil and HEssE aAND WEILY,

After my carlier papers were published?, I received many letters, and in particular from
I. Hais (Czechoslovakin) and K. Lustig (U.S.A.), The latter wrote: “This is the best description
of his life I have read and I am only sorry that we know so relatively little about his personality.
It would be of interest if one could know more about the man whose method produced so much
progress in chemistry and biochemistry in the last 50 years,” These letters made me extend, in the
present paper, the information based on many years search of m'ttenals about M. Tswett and his
contribution to science.”
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Fig. 1. Asti, Alfieri Square,

today there is the three-storey building of the Hotel “Reale” in Alfieri square in the
centre of the city. There, in room 14 on May 14, 1872, at 11.30 a.m. Michael Tswett
was born. By going along the narrow streets of this ancient city, dating back to the
time of the first Roman settlements, one can get to San Sccondo square, where there
is the municipality. Here in the old register of births onc can find the verbose birth-
certificate of Michael Tswett. It says that Michael's mother was Maria, née de Dorozza,
daughter of Nicholas (presumably an [talian). His father’s name was given as Simone
de Zevett, son of Nicholas, a Russian subject, who was then alrecady a high-ranking offi-
cial. They were passing through Asti and Maria de Dorozza had no relatives in this
city. The birth-certificate mentions the ailing state of the newborn child.

Semen Tswett was born in 1828 in Chernigov, Malorossia (Ukraine) of a well-off
family. It should be noted that the Tswetts have lived in Malorossia from time imme-
morial to the present day. According to family legend, one of Tswett's ancestors,
Kolyadinskii by name, was implicated in the Mazepa insurrection in the time of
Peter the Great, after which the name was changecd*18-15,

After graduating from the Tartu (Yur'ev, Dorpat) University, Semen Tswett
was offered a position in the Department of IFinancel®, An honest and energetic man,
without any patronage he quickly advanced up the ranks. By the time of Michael
Tswett’s birth, his father was head of the Exchequer of the Podolsk province.

* The fact that S. Tswett's sons were allowod 1o bear the double name of Tswett-Iolya-
dinskii when they joined the armmy as officers serves as a confirmation of this assertion.

J. Chromatogr., 73 (1972) 303~-360



LIFE AND SCIENTIFIC WORKS OF MICHAEL TSwWETT 308

T'ir. 2. Hotel *‘Reale’”, where M, 8. Tswett was born,

Semen Tswett was a man of letters, took a great interest in literature and was
well acquainted with many writers, He ofien went abroad, He was also noted for his
independent character and liberal views,

Maria de Dorozza was born in 1846 in Kiitahya, Turkey, and it is not known
how she came to be in Russia. She was brought up in a family of Russian writers®,
Semen Tswett and Maria de Dorozza were married in 18%0.

Michael Tswett spent the first half of his short life abroad, in French-speaking
Switzerland. He lost his mother very early. I'rom his father’s subsequent marriages
Michael had two brothers, Alexander and Vladimir, and three sisters, Natalia,
Nadezhda and Vera. Michael spent most of his childhood in Lausanne, where his
father often came from Russia. In 1882-1885 he studied at the Collége Galliard in
Chauderon Square, Lausanne. He lived in the Villa Montbell, at the Rochat-Lagnel
boarding house?-1?. When his father, who resigned in 1882 (when the period of reaction
began after the assassination of Alexander I1), moved to Switzerland, Michael Tswett
went to Geneva. There he studied at the Collége Saint-Antoine and after graduating
in 1891 he entered the Physics and Mathematics Department of Geneva University.

After a 4-term course of studies, Michael Tswett in 1893 passed the examina-

* The brothers Zhemchuzhnikov, better known uncler the joint preudonym, together with
their cousin A, KK, Tolstoi, of ‘' Koz'ma Prutkov'' —FEdilor,

J. Chromalogr., 73 (1972) 303—360
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Fig. 3. Entrance to the Hotel "'Reale’.
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A

Fig. 4. Room in the Hotel “Reale'’ where M, 8. Tswett was born,

tions and was awarded a bachelor’s degree in science. In 18qo his father resumed state
service, but still resided in Switzerland together with his family, having an assignment
to study the conditions of supplies of Russian agricultural products to France. In 1893
he was appointed Russian trade representative to Genoa.

Meanwhile, M. S. Tswett continued his studies at Geneva University, where the
scope of his scientific interests included biology, chemistry and physics. However,
most of his time he spent in the laboratory of botany, where under the guidance of
Prof. Chodat he carried out his first research on the anatomy of Solanaceae, for which
he was awarded the H. Davy prize by Geneva University in 1894. Later, he started
working in the general botany laboratory of Prof. Thury, where he prepared for his
Doctorate thesis, The object of his research was the study of cell physiology. The
thesis was completed by February, 1896 and consisted of two parts. The first part
dealt with the cell structure and the movement of the protoplasm, and the second
with chloroplast structure. In this first extensive study, M, S. Tswett began to outline
the problems which later formed the essence of his scientific activity—the study of
chlorophylls and the mechanism of assimilation of solar energy by plant tissue. Even
then he showed his worth as a versatile scientist, who could make use of methods,
approaches and knowledge of related sciences for solving the problems of the branch
of science he took up.

By the time of M. 3. Tswett’s completion of his Doctorate thesis, his father
made up his mind to go back to Russia, thinking it wrong to keep his grown-up
children far from their motherland. Semen Tswett was given a new assignment; he
was appointed President of the Chamber of the Exchequer of Tauria and moved to

J. Chromalogr., 73 (1972) 303—360
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Fig. 5. Semen Tswott, father of Michael Tewett, 1862.
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Fig. 6. Maria de Dorozza, mother of Michacl Tswett, 1870,
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Fig. 7. M. S, Tswett in Lausanne, 1875.
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Fig. 8, _Housu {Cour de Rive 7) in Geneva where the Tswett family lived in 1883.
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Fig. 9. M. S. Tswett with his brother, Alexander, in Geneva, 189r1.
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Fig. 10. University of Geneva.

Simferopol. Here, after a tour of Italy (Genoa, Florence, Rome and Naples), M, S,
Tswett also came. Having taken up residence in Steven’s summer-house, rented for
his family by his father in the suburbs of Simferopol, the young scientist completed
the manuscript of his Doctorate thesis!?®. In July, 1896, having dispatched his thesis
to Geneva for publication, he started to look for work. First he went to Odessa, where
he was promised an appointment at the Botanical Gardens of the University!8.

Unexpectedly, M. 8. Tswett did not take up this post in Odessa and in December,
1896, he went to Saint Petersburg, which was recommended to him by the well known
scientist I. P. Borodin, who promised him a position at the physics laboratory of the
Academy of Sciences?S.

However, circumstances proved to be rather complicated there and the first
period of M., S. Tswett’s life in Russia was rather difficult. It appeared that the D.Sc.
degree of the Geneva University was not valid in Russia and Tswett had to submit
new Master’s and Doctor’s theses®1?, In his letters to his friend Briquet in Geneva,
Tswett complained of the hardships of life, expressed his disapproval of the then
general situation in Russia, and even mentioned his wish to move abroad. One can
judge the attitude of mind of the young scientist at that time from the following
extracts from his letters!s.

A letter of December 30th, 1896. ‘. . . it’s already more than 6 months that I have
been in Russia, but vainly did I try to feel the beat of a Russian heart in myself! I
have passed through nearly all the country, I visited Moscow, the sacred city, trying
to see and hear something interesting. But nothing moved my feelings and aroused
response in my heart. I feel alien in my motherland. And all this dispirits me...

J. Chromalogr,, 73 (1972) 303—360
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Fig..;11, Genova Botanical Gardens.

Jv Chromalogy., 73 (1972) 303~360



LIFE AND SCIENTIFIC WORKS oF MICHAEL TsSWETT

- ":.. .

R R

Le Laboratoire de Botanigue générale de I'Université de Genéve, en 1896,
B. P. G. HOCHREUTINER Joun BriguEeT

Marc THURY . MicHEL TsweTT
candidat au doctorat

assistant de botanique Professeur de botanique candidat au doctorat

i,

Fig. 13. M. S. Tsweit, M. Thury, J. Briquet and B. Hochreutiner (from right to left), Labora-
tory of General Botany of the University of Geneva, 18906.
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Fig. 14. M, 8. Tswett, Geneva, 1896.
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Fig. 15a. M. S. Tswett with his sister Natalia in Switzerland,
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Fig. 15hb. M. 8. Tswett in Switzerland.
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Fig. 16, Laboratory of the Botanical Gardens of Odessa University where Tswett worked for a
short time in 18496,

Fig, 17. House of Steven, Simferopol.

J. Chvomatogr., 73 (19%2) 303-360
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- Fig: 18. (a) The place (5 Linee of Vasil'evskii Island) where the house in which M. S. Tswett lived
in Saint Petersburg in 1896--1897 was situated. (b) View of this house according to an old plan,
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Just think a little of the situation here and you’ll see how it constrains and
depresses a man in his aspiration for flight. Then you’ll understand why our science is
developing so slowly and why it's so retarded.”

A lelter of Mavch 30th, 1897. “No results yet. I'm still awaiting the decision and
suffer from bureaucracy, When my thesis is ready, I'll take my examination for a
Master’s degree, but it will probably take me no less than a year. Having a Master’s
degree, I may hope to become a lecturer and assistant professor. As you can see,
things are not so brilliant, I should say I'm no more lucky in my motherland thanif I
were abroad.” '

These sincere and bitter words, said in his hardest times, were interpreted by
some publications abroad as being almost a denial of his being Russian. However, all
the subsequent life of the scientist conclusively refuted this incorrect assertion® (see
also the words of Charles Baehni?»8).

Gradually, the young scientist’s life began to return to normal. He started work
at the Lahoratory of Biology newly established by Prof. F. Lesgaft and at the same
time he taught botany in the instruction courses for women. Above middle height,
slightly stooping, always faultlessly dressed, vivacious and witty, M. 3. Tswett won
the sympathy of everybody. He made the acquaintance of and became intimate with
prominent Russian botanists, especially Academician A. 8. Famintsyn, in whose
botany laboratory he started work on his Master’s thesis. And when in 1898 Briquet
offered him a position in Germany, he refused: “. .. Thank you for your offer, which I
would have accepted without the slightest hesitation a year ago. But now I have here

Fig. 19. The house in Torgovaya Street 25/6, where M. 8, Tswett worked and lived in Saint Peters-
burg in 18g97~1901. ' ‘

J. Chyomalogy., 73 (1972) 303-360
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Fig. 20. The complex of buildings of the Russian Academy of Sciences where M, S. Tswett worked
on his Russian Master’s thesis,

Fig. 21, M. 8. Tswett, Saint Petersburg, 1go1.
Ji Chromalogy:, 73 (1972) 303-360
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a position as stable as the one you offer me and soon it will be still better. Besides, I
dare not change my independence for an all-absorbing, perhaps very difficult, ocecupa-
tion".

In 1900, on the recommendation of a number of distinguished scientists, M. S.
Tswett was admitted to the Saint Petersburg Naturalists Society.

In 1901, he completed the work on his Master’s thesis “Physicochemical struc-
ture of the Chlorophyll Grain. Experimental and Critical Study”. Shortly before M. 8.
Tswett completed his thesis, his father died, and M. S. Tswett wrote on the first page
of his work “In memory of my father, S. N. Tswett, a thinker and public man”20.21,
After he had passed the Master's examination on September 23rd, rgox, in the
Assembly Hall of Kazan University, he defended his Master’s thesis. He was a great
success and M. S. Tswett could manifest in full measure his talent as a brilliant speaker
who liked and could, in a really captivating style, expound the most complicated
phenomena.

M. 8. Tswett's thesis for the Master's degree, apart from the results of the study
of chloroplasts, chloroglobin® and chlorophyll and careful consideration of the litera-
ture, contained many interesting ideas and speculation which characterise Tswett as
ascientist with a materialistic viewpoint. In his thesis, giving detailed consideration to
different methods of extraction of substances, he touched upon the problems of
adsorption. In one of the sections hewrote: . . . I could vividly see differently coloured
rings when filtering petroleum ether extracts of leaves through Swedish paper”s,
These words are indicative of the young investigator’s interest towards adsorption and
the results obtained by him represented the first step towards the discovery of chroma-
tography. That is why he had good reasons for writing in the foreword to his major
work?? “The source of my chromatographic method lies in my Russian work of 1g01”,

After he obtained the Master's degree, Tswett intended to stay in Kazan, but
there were no vacancies and there was no hope of obtaining a suitable post at the
University or the Academy of Sciences in Saint Petersburg, So, in January, 1goz,
M. S. Tswett moved to Warsaw, where he first worked as a supernumerary laboratory
assistant and later as an assistant at the Plant Anatomy and Physiology Department ;
in 1902 he became “privat-docent” and was allowed to lecture?®. Tswett spent 14
years in Warsaw, and it was there that he delivered his first paper on the new field of
chromatographic phenomena® and numerous works in botany and photosynthesis. In
1907, Tswett was offered a position as Lecturer” in botany and agriculture at the
Veterinary Institute in Warsaw, and in 19o8 he was elected Senior Lecturer*” in
botany and microbiology at the Chemistry and Mining Department of the Polytechnic
Institute in Warsaw,

At the llbrary of Warsaw University worked Helena A, Trusiewicz, a Czech, who
became his wife in 1907.

‘This first period of the young scientist’s life in Warsaw was very happy and
successful,

When sfill in Saint Petersburg, M. S. Tswett worked extensively on the prob-

- A. (hypothctwa.l) complex including chlorophyll and another constituent of the chloro-
plasts—Editor.

© " “Propodavatel’ ' and * shta.tny1 prepodavatel’ ™' : Although even Tswott nsed to trans-
late these titles as Profesgor, it should be borne in mind that they were actually inferior to the post
of a University Professor—=Editor.

J. Chromalogr., 73 (1972) 303—360
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Fig. 22. House of Ignacy Kraszewski, where M. S. Tswett lived during the first period of his stay
in Warsaw.

Fig. 23. Veterinary Institute, Warsaw.

J- Chyvomatogr., 73 (1972) 303~360
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Fig. 24. Helena Tswett (née Trusiewicz), wife of Michael Tswett. .

lems of chlorophyll, and he searched constantly for a method of separating substances
that could be used for the separation of very complex compounds. He was quite
convinced that chlorophyll was not an individual substance. After scores of experi-
ments, a simple method was discovered, and in the simplicity of the method lay its
great advantage, which, unfortunately, was not appreciated by some of Tswett's
contemporaries. '

Tswett’s experiments on the separation of compounds in a tube filled with chalk
not only ofiered a clue to the mystery of the green leaf, but aiso laid a foundation of a
new method of separation of complex mixtures, viz., chromatography.

- M. S. Tswett reported on his discovery (March 8th, Igo3) at a meeting of the
biology section of the Naturalists Society of Warsaw University?. The proceedings
stated that in the course of the report, diagrams were shown and D. Ivanovskii,
I. Morkovin and the speaker exchanged their opinions on the matter?s,

The young scientist who began his work while still in Saint Petersburg carried
out strikingly extensive research work within a short period of time.

Then there were three years of silence when Tswett published only short
articles based on his previous research. At the same time, he was working hard on the

J: Chvomatogr,, 73 (1072) 303~360
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Fig. 26, H. Tswett and M, 'S. Tewett, Switzerland,
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Fig. 27. M. 8. Tewett with wife-and her relations.
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328

J+ Chyvomatogr,, 73 (1972) 303360

Fig. 28. M. 8. Tswett near the first chromatographical unit, Warsaw,
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Fig, 29, The proceedings of the first report and the first paper on chromatography. (Continued
on pp. 330 and 331).
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Fi’g »29 ( aoutinued ).

'fdevelopment of the chromatographic method. In 1906 two articles were pubhshed in
‘which Tswett gave detailed descnptmns of the results that he had obtamed in the
course ‘of his research?8:2?,

" "By 1908 he had completed his Doctorate thesis “Chromophylls in the Plant and
,Ammal World”, which was published in 1910. On November 28th, 1910, M. S, Tswett
-brilliantly defended his Russian thesis for a Doctor’s degree in botany based on the
‘material of his book. His official opponents were’ ‘the Professors of Botany D, Ivanovskii
‘and’ W. Chmielewski, and the chemist, Professor B. Kurilov. M. S. Tswett was
-'awarded. N. Akhamatov’s Grand Prize by the Russian’ Academy of Sciences in 19x1I.
' At ﬁrst ‘Tswett’s discovery drew the attention of his contemporanes, and was
chscussed not only in scientific publications, but also in popular newspapers.

Some manuals of biochemistry published in 1912 included articles with a
detailed description of the adsorption chromatographic method. M. S, Tswett enjoyed
. universal esteem. As an example, we can refer to the testimonial that was given to

him when he was transferred from Warsaw University to the Polytechnic Institute in
1908723,

J+Chromatogy., 73 (1972) 303-360
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BBegenie.

Iloas massaniem® adcopluiu COGXHHANTCH BB HACTOAMEe
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pOB®, XEAROCTEH BAN PACTBOPEHAHXS BB HOCKBAHNYE BEMECTSS.

IToraomenie RABOTHHMT B XPEBECHHMS yIIEM: HE TOALEO
Kpacamux® BellecTss, N0 obmepacnpocrpanersony uuhnin, Bo
u Boo6me BCOBOSHMOKHHXD PACIBOPEHHHXT BEMECTBD, A TAKES
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noakaMn; EMOROMNIORHNA CBOICTBA NEAXDAESH, KPAXMAIA R NP.:

1

Fig. 29 (continued).
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During the years of his work in Warsaw, M. 8. Tswett went abroad several times
to acquaint himself with the state of research work and training, particularly to the
Botanical Gardens in Berlin, and to the universities of Kiel, Amsterdam, Leiden, Delft,
Brussels and Paris. He repeatedly participated in scientific congresses in Moscow and
Saint Petersburg, where he presented his papers; e.g., in 1911 at the 2nd Mendeleev
Congress he presented a paper “The Present State of the Chemistry of Chlorophyll”.
M. 8. Tswett was accepted as a member of the Naturahst s Society of Warsaw and the
German Botanical Society.

fi

Fig. 30, First chromatographic unit.

However, many of the ideas and the chromatographic method of M. S. Tswett
were not recognized during his lifetime. This may be partly due to unfavourable refer-
ences by some well known scientists with whom Tswett had a scientific controversy.

According to an apt remark of I.. ZECHMEISTER, many people met M. 8. Tswett's
work “with silent distrust”833, which is why some time later Tswett’s discovery was
not acknowledged and served as the basis of the distrust towards him as a scientist.

‘During this period,. lecturing in botany and microbiology to the first-year
students became a-burden for Tswett, He had to perform more and more experiments
to develop his ideas in order to prove them right, and he was therefore constantly
looking for an opportunity to obtain a position in the special Botany Department in
the Samara or Novoalekseevsk Institute, or in Moscow or Lvov University. In one of
his applications to the Ministry of Education, he wrote: "My nomination to the chair
would give me an opportunity to find a broader field of application for my knowledge
and to place my scientific work on a broad footing”.

But the officials at the Ministry considered the opinion of influential but not

J. Chyomatogr., 73 (1972) 303=360
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Fig. 32a. H. Tswett and M, S, Tswett, Warsaw.

very competent people rather than the ‘opinions of people who were famﬂlar w1th
Tswett and could characterize him in the best possible way?. '

A contrary opinion of one of the experts of the Ministry of Educatmn of the
Tzarist government, Professor V. Zalesskii, was. also published eatlier’.

The difference between the: point of view of Zalesskii and that of some other
people can be illustrated by the letter of the scientists’s wife, Helena Tswett, to the
Deputy Minister of Education, found in the State Archives”®. This letter is charac-
teristic of the a.tmosphere that surrounded Tswett. ‘For this double Doctor of Botany,
widely known in Russia and abroad, there was.no chair or laboratory available in the
Russian Empire, which could only have a. negative effect on his life. ‘An outstanding
scientist, daring in his scientific works, always a man of principle in his: d_lsputes with
his opponents, Tswett-at the same time was a very gentle and sympathetlc man, but
quite unpractical. He could not learn to compromise his beliefs amongst the corridors
of the Departments and he suffered deeply from the’ dlstmst of lus assocntes and his
failure to devote: lurnself to science solely.

When German troops a.pproached Warsaw in: 1915, Tswett moved 1:0 Moscow
He left all his books and archives in Warsaw; la.ter they all- dlsappeared never to
return. He hoped to have favourable changes in his life in Moscow. In his letter to his
friend Briquet; dated Novemberz8th, 10135, he wrotel®: "I hope to- obtain a. post of &
chair at one of the University cities and not to grow too old by this time to go on with
my research”,

In 1916, together with the Warsaw Polytechnic Institute, M. S. Tswett moved
to Nizhnii Novgorod. Here, under the difficult conditions of war, he organized lectures
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Fig. 32b: M. 8. Tewett, 1913/ Warsaw.
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Fig: 34 M. 'S, Tswett with'his'step-inothir Ella ' Wilhelmina “Tswett {(Ebner), -
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T'ig, 35. M, &, Tswett, 1911, IWicl.
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Fig. 37. M. 8, Tswett with his relations (from left to right): Viadimir Tswett-IKolvadinskii, Mi.
chael Tswett, Nadezhda Tswett, (then Lyashchenko), Ella W, Tswett (Ebner), Vera Tswett (then
Brand), Alexander Tswett-Ilolyadinskii.
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Fig. 38 (continued),
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Fig. 30. M. S. Tswett, Warsaw, 1013.

in bota.ny and la.bora.tory work a.nd participated in developing programmes for agri-
cultural courses, which later were reorganized into the Ag-rlcultur'tl Institute of
Gorkn, Tswett being one of the founders®®. :
" During this permd M. S, Tswett'’s health became very poor. On doctor’s recom-
mendatwns he went to Vladikavkaz (now Ordzhonikidze), where his sister and her
farmly lived at that time. He wrote to Geneva from this city on'J uly r8th, 1917: “L
obtained a full prot‘essorshlp in Yur'ev (Derpt, Tartu), where I am also in charge of the
Botanical Gardens.! This could have been very happy news for me if my state of
health had not. becomie sopoor within the last two years and if there had not been the3
menace of a new occupation because the. Germans are in.the vicinity of Yurev. ". ..
" Here the political situation is rather strained and the revolution ‘acquires an
increasingly social nature. “Death to the bourgeois” can be read on many slogans
carried by the demonstrating Bolsheviks, the supporters of Lenin.
- Clapargde told me in his letter that you suffer greatly from war there in Geneva.
If only this war would finish. Both opponents in the war resemble to me two infuriated
lions ready to gorge one another till the end of their tails”19,
This noteworthy letter shows the understanding by M. 8. Tswett of the social
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e g

Fig. 40. Housc of Nadezhda Tswett-Lyashchenko, near Kicv, with whom M, 8, Tswett stayed in
19I5,

Fig. 41. Building of the . Technical School of - Nizhnu Novgorod.. whore the Polytechmc Institute
wag installed in 1916, :
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Tig. 42. Letter from M. 8. Tswett Ito J. Briquet from Vladikavkaz.

forces behmd the revolutlonary processes in Russm a.ncl of the ‘unjust nature of World
War I

In the autumn of XQI7, Tswett moved to Tartu (Estonia), where he started
lecturmg in’ genera,l botany, but he ha,rdly had time to give lectures ori the first part of
the programme for the first term when German troops marched into Tartu in February
1918. In spite of the persuasion of German friends, Tswett left that quiet city which
he loved. Together with other Professors of the Russmn Department of the Unwers1ty,
he moved to Moscow: and then to’ ‘Voronezh?, REy

In Russia the. revolutivs tnumphed but counter—revolutlon unleashed the (‘1v11
War and nobody cared for the sick Professor. A tender-hearted man, 1. V. Verevkin,
a vetermery surgeon, offered Tswett a small room in his house at; the end.of his court-
yard mf'-Kha.lutmska.ya (Batunnskaya.) street ‘Here i in the garden it was. qulet and
comfortable. Qinte .near was the: hlgh bank of" ‘the rwer ‘where the' atlmg screntlst
deserted by nearl' i verybody K often went for-a- walk: In Voronezh he beca.rne one of

: 5 Gre: ber ‘Re

ged -representa.twes of the Russ:a.n mtelligentm.. whio’ Were not’ hostile to’ the Soviet
power. - His ‘brother, V.’ Tswett-Iolyadinskii,” holder of four St. George " Crosses :t‘or courage.
became- one ‘of the first pilots in the Red Armyi,
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Fig. 44. The house in the Yur’ev Botanical Gardens where M. 8. Tswett gave lectures,
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e,

Fig. 47. M. S. Tswett on his deathbed.

J: Chyomalogy,, 73 (1972) 303~360



350 K. SAKODYNSKII

GRKBOK

o:pEccaPoB NPENOAABATENER ¥ uarimbtx carpywqecs
9%&5&{0}{0:‘0 YHUBEPCHTETA, YMEPWI¥X € 15191924 T.I.-

1919 r.

- 1. 'yMoBCcKHN, Euenb.m ABIDeCSAY-—OPIAHBATOD BITY -
pcxo-raneaonomqecxon KJIHHBKH. 22 anpens.
4 2. llomxos, Huronaf AnexkcaslpOBHY—OPIHHATOP K-
KH HEPBHLIX H HIymeBHEX Goaespen 10 wmas.
© ergmTpeM Aupbepr I'ycTaBoBHY—IIpeNscIaBaTEI®
CHYECKOR ¢HI0JIOTHH. HIOHB
pXeeBCKHUN, DBHURTOp DBAKTOPOBHY— OPIHHATOP
'PBHEIX M JYIIeBHLIX 60Jie3HeH. HIOHb.
‘Ka. Asryer HOBHY —IpDaHHTENb MYy3ed npenao
BAIIEEIX HCCKVCTB. v HIOHA
L8 U & e T, Muxans CeMeHOBHY — podeccop GOTAHHKH. 26 HIOKS
JTeGe :+~ B, Huarkorah A ercaIpoBU4 —OPIAHHATOP npolie
oIMUCCKON TepalieBTHYECKOA KIMHAKA. 10 aBrycra
5 AH Aepcesn, :marap,n ApHECTOBHY — JIeXTOp AHIJIARCKOro
swuka 23%aervera.
9. 1 oo "d\ﬂ.‘l&TOH I'I:za:rononuq-—npo@eccop MATEMATHLH.
‘> HOHO0p:s..
10. KomapmeBcxmfn, dpary ‘Dpa.uuenmi——noqumux
A63HOoTeRApA 19 HOAO0pA. . '
11. Mlaawuasn Jles AnamMupoBEd—IIpogeccop HCTOPHH
paBa H rocylnaperBa. 13 nexaGps.

&

Fig. 48. Information about the death of M. $. Iswett.

Fig. 40, Alekseev Monastery where M. 8., Tswett was buried.
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Fig. 50. The opening address of Prof. A, Kiselev during the installation of a memorial tablet to
M. 5. ‘I‘swctt -Voronezh, in ]une, 19069, ‘ ‘

health was poor. He could lecture only when sitting at a desk. His thoughts were clear,
the ideas were profound and consistent, but it was clear that it took a great effort to
lecture. The University doctors stated that he had suffered from heart diseases. He
died on June 26, 1919 in the hospital and was buried not far from his last refuge in
the cemetery of the Alekseev monastery®. During World War II the cemetery was
destroyed and it is now impossible to find M. S. Tswett’'s grave. The modest memorial
tablet placed on the house at 20, Baturinskaya street, in June, 1069, reads “Here lived
the outstanding Russian scientist Mikhail Semenovich Tswett, 1872-1919”. In May
1972 memornl tablets were unveiled in Asti and Leningrad.

3. CHROMATOGRAPHIC WORKS BY M. S, TswETT

During the three different periods of his work (in Geneva, Saint Petersburg and
Warsaw), M. S, Tswett worked not only in different cities, but partly also on dif-
ferent problems. The number of his published works totalled 62, three of them being
books!?8:21,22, the rest being mostly short papers. The publications dealt with the prob-
lems of cell physiology, chlorophyll chemistry, photosynthesis and chromatography.

: M. S, Tswett's distinguishing features as a scientist were exceptional erudition,
thoroughness in the lay-out and execution of experiments which he did himself, his
power to generahze, 'his respect for the work of other scientists, coupled with his being
a man of principle in sticking to his views, his ability to present his thoughts in a clear
and accurate form and, when necessary, in a telling metaphorical way.

. An indication of M. 8. Tswett’s emphasis on the search for purely physmal
methods of separation can be found in his work of r8gg but especially in his Master’s

J: Chvomatogr., 73 (1972) 303—360
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thesis. He there states: “Different coloured bands were observed by me when filtering
a. petroleum ether extract of leaves through Swedish paper”, and he ‘added that
“instead of | paper, Tinen or starch powder can be used”. This ena.'bled him to say in the
foreword to his main book‘m that the embryo of the analytmal method had. been
descmbed in his Russmn work of :cgo:r :

I‘ zrst akromatogmgbhw jbajmr (1903 )

. Only two years later the above method was outlmed more clearly In his paper
“A’New Category of Adsorptmn Phenomena. and its: Application to Biochemical
Analysis” Tswett remarked: “Especna]ly instructive is the observation of adsorption
phencomena du.rmg ﬁltratlon through powder. First a colourless then yellow (carotene)
liquid . flows out 'of the’ lower end of the funnel, and in the upper layers of an inulin
column there'is formed & green'ring, below which there appears a yellow border.
Durmg the. subsequent flow : through the inulin ‘column of pure l1grom, both rmgs,
green and yellow, con51dera.bly broaden: and spread downwards ...

. On'the basis of the foregoing, there appears the posmblhty of developmg a new
method of physmal separation of different substances dissolved in organic liquids. The
method is based on the ability of the solutes to form physical adsorptron compounds
with different mineral and organic solids"3,24,

In this first chromatographic work, M. S. Tswett for the first time used the
developing variant of chromatography in addition to the frontal version; he described
the use of more than 100 different substances as adsorbents, for the first time used the
methods of stepwise changes of the properties of the solvent, and determined that
purely physical adsorptlon of substances takes place. The only missing aspect in this
work was the term "chromatography”, which, naturally, does not prevent us from
cons:dermg it to be the first work on chromatogra.phy

The 1906 j)aj)ers

" In the next WDrksW %, pubhshed three years after the 1go3 report M. s. Tswett
introduced the term “chromatography”. He wrote: “If a petroleum ether solution of
chlorophyll is filtered through a column of adsorbent (for this purpose I use mainly
caleium. ca.rbonate tightly packed into narrow glass tubes), the pigments, according to
their position in the adsorption.sequence, are deposited in separate coloured zones
along the column from the top down, due to the fact that the pigments with stronger
adsorptmn displace: those which are more weakly retained. This separation becomes
practically perfect if, after the extract of pigments has passed through the column of
adsorbent; the latter is.washed with pure solvent”. He then vividly and metaphori-
cally descnbed“ his dlscovery “Like rays of light in the spectrum, different compo-
nents ofi‘the plgment mlxture are naturally arra.nged in the column of calclum car-

th ‘.sa.me pa.per, M S Tswett gave 111 aclva.nce an a.nswer to those who would

' . Unfortuna.tely. ‘soime a.uthors da,ted the' dlscovery of chromatography a,s rgoﬁ when
M S ‘Tswett's first: a.rtlclo was pubhshed m Germ'm“ 87,
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consider the method suitable only for the separation of coloured substances, judging
by its name: “Itis obvious that the adsorption phenomena described are characteristic
not only of chlorophyll pigments; it is evident that different coloured and colourless
compounds follow the same regularities”.

In his next paper?”, M. S. Tswett described a manifold with a number of
chromatographic columns, 2-3 mm in diameter and 30-40 mm in length, the pressure
head at the inlet being 0.5 atm; he described a detailed method of preparation of
highly efficient columns and pointed out the necessity of using small and homogeneous
particles of adsorbent: “Fineness of the adsorption powder is very important: when
roughly ground maiterial is used the chromatograms are blurred, as diffusion in too
wide capillaries interferes with the adsorption”.

- In the same work, Tswett first described the use of columns 20 mm in diameter
for preparative purposes and mentioned the necessity of using, in some cases, adsorbents
that would provide for hydrolytic or oxidation-reduction reactions on their surface.

" In these two papers there is an inaccurate description of the nature of the
processes that occur in capillary analysis (predecessor of paper chromatography in the
frontal version). At this time, M. S. Tswett ruled out adsorption as the basis of this
method and he thus suggested: “In order not to mix up different matters, the term
“adsorption analysis” should be reserved for the method developed by me. But this,
undoubtedly does not lessen the significance of capillary analysis”., Subsequently,
Tswett modified his opinion, admitting that adsorption might also be involved. In his
major work?? he wrote: “The band of filter-paper, used for capillarization of solutions,
is analogous to the column of calcium carbonate powder or other adsorbent used in
chromatographic analysis”.

A study of his first works on chromatography conveys a vivid idea of the ma]or
stages of the discovery. of chromatography. First Tswett carried out static experi-
ments on the adsorption of pigments by filter-paper. By using different solvents and
displacing adsorption equilibrium, he successively solubilized different pigments.
Then, instead of filter-paper, he used adsorbent powder. As adsorbent powder had to
be filtered off, Tswett placed it in a funnel and this suggested the use of dynamic con-
ditions, combining filtration and adsorption operations, 7.e., carrying out separation
by the frontal version. Similarly, as in the static experiments he had used a solvent
wash on the coloured filter-paper to solubilize carotene, so after the partial separation
of the coloured zones he then proceeded to wash with solvent under dynamic condi-
tions and thus discovered the elution development version of liquid chromatography.
He noted the advantage of this method over the frontal versnon, making it possible to
achieve complete resolution.

It is worth mentioning some of the prmmpa.l qualities of M. S. Tswett that were
conducive to his discovery of chromatography. In the first place, he was an excellent
chemist, physicist and botanist, a man of great erudition, a subtle observer and a
brilliant experimentalist. His experiments with chlorophyll gave him a splendid
opportunity for observation as it was possible to follow the movement of the coloured
zones visually. He proceeded from his previous experience, but he did not stop there
as he constantly searched for a new and more- powerful physical separatmn method
unt11 he succeeded. :

~‘When evaluatmg M. 8. Tswett s role in the dlscovery of chromatography, i.6.,4
'contmuous multi-stage sorption process, one can compare this discovery with such a
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great step forward as the development of methods of separation and analysis, which
represented a transition from single evaporation to multi-stage distillation. It should
be borne in mind that these two stages are separated by centuries of research.

Chyomophylls in the Plant and Animal Wovld (1910)

M. S. Tswett’s major monograph, which represents his Russian thesis for a
Doctor's degree, shows the further development of his chromatographic method?e,
The work comprises three parts and is striking in its thoroughness, The first part is
devoted to methodology. Four chapters of the eleven discuss adsorption from solvents
presented in the literature and describe methods of adsorption chromatographic sepa-
ration. The second part describes the results of the study of chromophylls of seminal
plants and archegoniates, algae and bacteria, flagellates and animals (twenty chapters
altogether). The third part, comprising three chapters, is dedicated to the energetics
of chromophylls and presents the author’s ideas of the mechanism of photosynthesis.

- Inthis book, Tswett's new ideas and results, obtained by the chromatographic
method, are of majorinterest. Naturally, a substantial proportion of the material on
this matter in the book overlaps with the above-mentioned results of the first three
pubhca.tlons -on adsorption chromatographic analys:s”‘ 120,27 hut here the theory of the
method is essentially developed.

_ Data on the study of the adsorption properties of 126 different adsorbents are
of interest. Tswett carried out.a thorough study of the phenomenon of adsorption
substitution of some substances by other substances, thus defining an adsorption
series. In some of his experiments he used displacement chromatography for separa-
tion. He gave a very detailed description of the mechanism first of the frontal separa-
tion of mixture components, and then of the process of the migration of sorbed sub-
stances under the stream of solvent, which results in “the mass of adsorbate moving
slowly in the direction of the current of pure solvent”, during which process the zone
broadens. Tswett wrote ““When passing an appropriate solvent through the column of
adsorbent, saturated at its top with some substances, the latter, besides displacement
phenomena,, will move w1th d1fferent speeds and then gradually sepa,mte as mdepen-
dent adsorption zones”..

. Tswett realized the necess1ty of studymg the aggregatmn states of the plgments
when‘they ‘become adsorbed, by exploiting their spectroscopic properties and exam-
ining, for instance; the reflection spectra of adsorbates. He emphasized that all the
Phenomena stud.iedr confirm the purely physical nature of adsorption which can take
place only if there is no complication arising from chemical interactions-or the forma-
tion of molecular complexes between the solutes. At the same: time, he noted the
inadequacy of the thermodynamic theory, of adsorption and thought it necessary.to
supplement it with the molecular-kinetic approach. Tswett observed the distortion of
the: front of zones in columns of large diameter (up to 30 mm) owing to'uneven move-
ment of the stream through different parts of the column cross-section. I-Ie gave deta.ﬂed
'recommendatmns on the selection of adsorbents and: solvents.

- It should -be noted that M.:S. Tswett gave thorough conmdera.tmn 1:0 the pro-
cesses of capillary analysis, which before his work were carried out by using the. frontal
method:. He did not: iuse the: developmg chromatographic - technique, developed by
him,;: although he was the ﬁrst to pomt uut this method, having compared a strip of
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paper with a chromatographic column, as already mentioned, In spite of the short-
comings of capillary analysis demonstrated by direct experimental evidence (“partial
separation, crude, incomplete”), Tswett wrote, quite unbiased: “However, further
development of capillary analysis is highly desirable”.

A number of chapters of the book can be considered as being a detailed manual
on chromatography, which is of interest even now, 40 years after the discovery of the
chromatographic method,

In some short papers, M. S, Tswett gave a description of the practical applica-
tion of the chromatographic method.

Tswelt’s main methodical contyibutions

While alive, M. S. Tswett did not earn honours, neither did he win full recogni-
tion. He died in obscurity, but he was deeply convinced of the importance of his
discovery. Unfortunately, in Tzarist Russia, conditions were such that part of his
merit could not be realized in full measure.

In evaluating the part played by M. S. Tswett in creating chromatography, it
should be noted that his discovery of chromatography was based on the results of the
study of adsorption available in his time, due to the efforts, in particular, of Lowitz,
Ostwald and Freundlich. The ability of M. S. Tswett to make a profound analysis of
the works of other scientists by no means detracts from the importance of the very
fact of discovery. A study of M. S. Tswett’s works reveals that his merit is first of all
in defining the basic principle of the process as a multi-stage separation of complex
mixtures by sorption, discovering the elution development version of chromatography,
substantially developing the frontal version, establishing the possibility of carrying
out the processes according to the displacement version, and unifying all the versions
of the chromatographic method by a general approach. Of exceptional interest are
M. S. Tswett’s ideas concerning the physical nature of adsorption in chromatographic
separations, the conditions that lead to rapid establishment of adsorption equilibrium,
the distribution of substances in adsorption series, and, accordingly, the regular order
of their distribution along the column or at the column outlet. He pointed out the
possibility of adsorption on a surface previously saturated with another adsorbed
substance, and was the first to show distinctly the complex nature of interactions in a
sorbate-sorbent-solvent system. He suggested what is now known as reaction
chromatography. He was the first to carry out modification of adsorbents by heating
them. By discussing the sorptive properties of water, he showed to a certain extent,
the way to partition chromatography (ref. 22, p. 89). M. S. Tswett also made a gas (air
or methane) pass through the column, although this was done only to eliminate the
solvent. :

. Tswett used the chromatographic method widely, not only to sepa.rate a mixture
and to establish the fact that it consists of different components, but also for quanti-
tative analysis; he contemplated the possibility of introducing reference (marker)
components into the mixture to facilitate identification. He was the first to use
chromatography as a preparative method to produce individual compounds and to
change deliberately the properties of the mobile phase in the course of the chromato-

graphic process. He also pointed out the need for a spectral study of compounds in the
adsorbed state. .
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M. 8. Tswett carried out for the first time chromatographic processes under
reduced or increased pressure, gave recommendations for the preparation of effective
columns and used both micro-scale and preparative columns and the inverse flow of
the mobile phase in the column. He drew attention to the necessity of accounting for
the simultaneous occurrence in the column of adsorption processes and of diffusion
phenomena. He carried out the separation of substances both by the method of elu-
tion of sectional zones and by the effluent method.

M. S. Tswett proposed that all pigments (and all substances) should be subjected
to chromatographic analysis in order to elucidate their composition and to check their
purity®2, Apart from evolving the fundamentals of the method and using it extensively
to solve many problems that are complicated even at the modern level of development,
he introduced many basic concepts and terms of the novel method, including the
name of the method—"“chromatography”, “development”, “displacement”, “chroma-
togram”, etc.

The present extensive development of paper chromatography is to a considerable
extent the result of extending the general relationships discovered by M. 5. Tswett on
columns to paper strips. He paved the way to thin-layer chromatography by showing
the analogy between the properties of a paper strip and those of a calcium carbonate
layer used for chromatographing solutions in columns.

This detailed examination of all that has been introduced by M. S. Tswett into
chromatography confirms the view of Zechmeister, who wrote: “M. S. Tswett is the
true inventor of chromatography in all of its fundamental aspects”?28,33,

M. S. Tswett envisaged chromatography merely as a method with which he
would be able to solve other problems in which he was deeply interested, such as the
structure of the subcellular components of plants and animals and the mechanism of
photosynthesis, and in these fields he has launched many novel ideas and established
many new relationships. Some of these have been highly appreciated. However, he
entered the history of science in the first place as the founder of chromatography.

- As is well known, in the early days chromatography remained unnoticed.
Zechmeister was correct in stating® that the importance of many an outstanding
discovery is not always appreciated at first and that further development often begins
only after a considerable period of time has elapsed. The duration of such a latent
period is a measure of the extent to which the discoverer has advanced ahead of his
contemporaries. The latent period of chromatography lasted about 25 years, only a
small number of various applications of the method being reported, e.g., the Czech
biochemist STOKLASA in 1gog and DuERE in Switzerland from 1911 used chromato-
graphy systematically®4, In the U.8.A.,, this method was used by PALMER35, The works
of COWARD (1929)%% and LirMmaA (1926)?7 who were concerned with a study of extracts
from flowers and the separation of rhodoxanthin and xantophyll, also fall ‘within this
period. BERL AND WACHENDORF? were then drawing near to the use of gas chromato-
graphy. However, chromatography did not develop extensively during that period. In
part this may be.due to the warning voiced by WILLSTATTER, who was afraid of chemi-
cal reactions of pigments with adsorbents. But the main reason was the absence of a
genuine need for the method. The latent period lasted until about 1931 when the
work of LEpERER, KUHN and WINTERSTEIN39-41- opened up the new and still devel-
oping epoch of the flourishing of chromatography in its more advanced versions.in
new fields of application. ‘ : :
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Forerunners of Tswett

From time to time there have appeared the results of interesting searches into
the old literature for work carried out in the pre-Tswett period of chromatography42-4e,

It seemns that the earliest works in this field were those of RUNGE, who had used
since 1834 a radial method for separating salts and organic substances®.5, Then in
1851 SCHOENBEIN and GOPPELSRODER started a series of investigations on the so-
called capillary analysis, which consists in the separation of zones by capillary ascent
of sample solutions on strips of paper®2-8, Tswett was well acquainted with this work
and wrote: “Goppelsrdder devoted himself from 1861 to the practical development of
Schoenbein’s idea with astounding patience and accumulated an enormous number of
observations’ (ref. 22, p. 106). Tswett noted the work carried out in 1851 by Coux who
obtained a radial chromatogram with three rings when evaporating drops of a solution
of “phycocyan’'45,

Another group of studies was devoted to separations on a bed of sorbent. It
seems that in this case it is best to begin with the words of M. S. Tswett, who, citing
Sachsse, (ref. 22, p. 24) wrote: “The absorptive properties of soil with respect to salts
were known already to Aristotle, since he pointed out the conversion of sea water to
potable water by passing it through a layer of earth”. WiLL1aAMs?? referred to the work
of THoMPSON AND WiLL1AMS, who developed a separation method on a column with an
adsorbent long before 1850. Later, the work of READ (1893)%8, who observed some
changes in the composition of a solution of salts when filtered through powdered
kaolin, is mentioned. The work of DAY (1897)57, who observed the clarification of oil
upon being filtered through a limestone bed, was described. In rgoo, S. XK. KvIiTRA re-
ceived a patent for a method of fractionating petroleum by filtration through porous
mediat®, Similar results were obtained by ENGLER AND ALBRECHT®. This list of
publications could be extended further.

In both cases, adsorption separations were carried out by the simplest versions
of frontal analysis. In spite of their unquestionable value, usefulness and interest,
none of these proposed methods was able to evolve into the chromatography that is
used so extensively today.

The name of chromatography

Instead of the name “chromatography”, it has been suggested that the method
should be named after Tswett in his honour, that is, “Tswettanalysis” or “Tswett-sor-
boanalysis"59-81,86 while other workers have proposed the term “sorption analysis”62-64
or the unusual term “likmisis”®, M. S. Tswett used two terms almost equally:
“chromatographic analysis” and “adsorption analysis”, and also sometimes “adsorp-
tion chromatographic analysis”. A reply to all these suggestions has been given. by
ETTRE, By keeping the name of chromatography, which is familiar and customary to
everyone, then M. S. Tswett will receive the measure of respect that he deserves as the
founder of thé method. It is necessary to remember also the words of PURNELL about
the similarity between the surname of Tswett in Russian and the Russian word for
colour®?, | '
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4. CONCLUSION

As a scientist, M. S. Tswett was not only the founder of chromatography. He
considered chromatography first of all as a method that he could use to solve other
problems in which he was interested, such as the structure of plant plasma and the
mechanism of photosynthe51s In these fields he put forward many new ideas that
were given credit in his time, but he went down in the history of science in the first
place as the founder of chromatography. Undoubtedly, Tswett was an investigator of
remarkable personality, who outstripped his epoch and belonged to the group of
outsta.ndmg scientists of the beginning of the zoth century who enriched science with
discoveries of paramount importance.
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