
Next month, we are celebrating the 90-year anniversary of Tswett's first report on chromatography, presented at 
the meeting of the Biological Section of Warsaw Society of  Natural Scientists. On this occasion this two-part 
article outlines the steps in Tswett's research which led to the discovery of the chromatographic separation process 
and summarizes the most important points in his work. 
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Summary 
On the occasion of the 90th anniversary of the Warsaw 
lecture of M. S. Tswett representing the first report on 
the chromatographic technique, this two-part article 
outlines the evolution of the method. This part deals 
with Tswett's early work in 1899-1901 and his research 
in 1901-1903 leading to the lecture at Warsaw. The 
second part will deal with the fundamental twin papers 
of 1906, with his book of 1910, summarizing all his 
activities related to the investigation of plant pigments 
and to the development of chromatography, and with a 
few special questions related to Tswett's scientific 
activities in this field. 

Introduction 

In 1952 the Nobel Prize in Chemistry was awarded to 
A. J. p. Martin and R. L. M. Synge "for their invention 
of partition chromatography". On these occasions the 
recipients of the award present a lecture on their work. 
Martin started his Nobel Lecture with the following 
statement [1]: 

Part II of this article will be published in the next month's issue of 
Chromatographia. 

"If enough histories, written while the ideas are still fresh in 
the mind of people concerned, are available for a variety of 
discoveries of inventions, it may eventually be possible to 
lay down some of the principles required to facilitate the 
obtaining of fruitful results in scientific research in gener- 
al." 

In his lecture Martin gave an example of what he 
suggested and discussed the background of the discov- 
ery of partition chromatography: the problems they 
were facing and the considerations which finally led 
them to try partitioning between two phases, one 
stationary and the other moving, as the basis of 
separation. In doing this Martin provided a very 
important contribution to the history of chemistry in 
general, and specifically, to the history of chromato- 
graphy. 
The particular contribution of Martin and Synge was to 
extend chromatography which up to then was based on 
adsorption, to the utilization of partition as the basis of 
separation. This achievement, however, does not re- 
duce the importance of the original work of Michael S. 
Tswett, the inventor of chromatography. 

Unfortunately Tswett never had the opportunity to 
accept the applause of his peers and present a summary 
of his thinking leading to the new technique. In fact, his 
main concern in the decade following his discovery was 
to defend himself against his contemporaries who 
belittled the importance of his work. However,  in his 
publications and in the polemical material there is 
enough information to permit the reconstruction of his 
thinking and the sequence of events which led to the 
development of chromatography, one of the most 
important scientific achievements of the twentieth 
century. Our goal in this two-part article is exactly what 
Martin suggested: to reconstruct Tswett's thinking and 
summarize the events and steps during the develop- 
ment of chromatography from observation, through 
experiments trying to reproduce a natural process and 
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utilize it for a meaningful purpose and finally to the 
development of a systematic laboratory separation 
method. 
Next month we are commemorating the 90th anniver- 
sary of Tswett's lecture at the meeting of the Warsaw 
Society of Natural Scientists in which he first described 
the fundamentals of the technique he called three years 
later "chromatography". Our present discussion is 
dedicated to this anniversary. 
It is not our aim to deal with the life of Michael S. 
Tswett; this had been treated in the past in numerous 
publications [2-12]. However, since for better under- 
standing of the present discussion, knowledge of the 
major events of his brief life (he died one month after 
reaching his 47th birthday) is necessary, these are 
summarized in Supplement No. 1, with some additional 
information not found in earlier publications. We also 
use this opportunity to correct a few errors found in 
earlier publications. 
The development of chromatography by Tswett can be 
best followed through his major reports published in 
the first decade of this century. In the present article we 
shall deal with his early work in Russia leading to his 
Russian master's (magister's) thesis of 1901 [14] which 
provided the background to this development, and with 
the first period of his research in Warsaw which was 
then summarized in the lecture presented in 1903 [15]. 
In Part II to be published next month we shall deal with 
his twin papers from 1906 [16-17] which described the 
fully developed new method and reported on some 
results in the investigation of plant pigments; and, 
finally, with his 1910 book [18] containing a systematic 
discussion of the state of chlorophyll chemistry, debat- 
ing the misconceptions of his contemporaries and 
presenting his own results together with a concise 
description of the chromatographic technique. In addi- 
tion, we shall discuss a few special questions related to 
Tswett's scientific activities in this field. 

Background; The Beginning of Tswett's 
Research in Russia (1899-1901) 

The subject of Tswett's Swiss Ph.D. thesis submitted in 
1896 to the University of Geneva was cell physiology, 
dealing with the structure of cells in plants, the 
movement of the protoplasma and the structure of 
chloroplasts [13]. Contrary to remarks in some publica- 
tions, it had no direct relationship to his future work 
except that, naturally, it was the first demonstration of 
his interest in the pigments present in plants and the 
mechanism of assimilation of solar energy by plant 
tissue. However, the development of the chromato- 
graphic method can be directly connected to Tswett's 
research in 1899-1901 in the laboratory of the Russian 
Imperial Academy of Sciences, in St. Petersburg, in 
conjunction with the preparation of his Russian magis- 
ter's (master's) thesis [14]. He  emphasized this connec- 
tion a number of times. In his 1903 lecture [15] he 

stated that "the present work began with some experi- 
ments which I made a few years ago on the insolubility 
of chlorophyll in petrol ether or ligroin". Later, in the 
preface of his 1910 book [18] he again noted that "the 
first outline (of chromatography) is to be found in my 
Russian work of 1901". Thus, in order to understand 
the motives which led Tswett to the development of 
chromatography, we have to investigate his Russian 
master's thesis from this aspect. 
The fundamental observation leading eventually to the 
development of chromatography was that petroleum 
ether or ligroin a which easily dissolve chlorophyll and 
other associated pigments when they are available in 
isolated form, cannot be used to extract the same 
pigments from leaves, while this can be easily accom- 
plished when;using ethanol as the solvent or as a 
component of it. After extensive investigations Tswett 
very correctly concluded that this behavior - which had 
also been observed earlier by other researches - cannot 
be ascribed to the "insolubility" of the chlorophyll 
pigments in petrol ether or ligroin vs. their "solubility" 
in ethanol, or to other assumed phenomena such as e.g., 
that during extraction with ethanol the chlorophyll 
pigments may undergo a chemical change rendering 
them soluble. He postulated that "this (behavior) is 
rather due to the interference of the molecular forces of 
the tissue, that is to say, to adsorption". As he 
summarized two years later [15]: 

"the dissolving power of ligroin for the pigments is lower 
than the adsorption force of the tissue. However, the latter 
force is overcome by certain other solvents, such as alcohol; 
hence the addition of even a small portion of absolute 
alcohol to ligroin leads to an immediate extraction of all the 
pigments." 

After this explanation Tswett logically made the 
conclusion that if the insolubility of the chlorophyll 
pigments in the leaves is due to adsorption the forces of 
which are stronger than the dissolving power of one 
solvent but weaker than that of another solvent, then 
one should be able to imitate this process by using a 
substrate which would behave similarly to the tissue of 
plant leaves. He selected filter paper which consists of 
cellulose just as the plant leaves do. After extraction of 
the pigments from leaves by ethanol he evaporated the 
solvent and redissolved the residue in ligroin. Next, he 
impregnated the filter paper with this solution. The 
paper tainted with the pigments in this manner behaved 
toward the solvents exactly in the same way as the 
original green leaves: ligroin only extracted carotene 
but not chlorophyll, while the addition of traces of 
ethanol to ligroin freed all pigments, and this behavior 
could be readily observed by colour changes on the 

a These two solvents used most frequently by Tswett represented 
the most widely used non-polar solvents of that time. Both 
correspond to certain petroleum fractions. Petroleum ether 
(petrol ether, petrol, petroleum benzin) consists mainly of C5-C 6 
hydrocarbons with a boiling range of 35-80 *C. Ligroin (naphtha, 
solvent naphtha) mainly consists of higher paraffins, with more 
than 80 % boiling between 130 and 145 *C. 
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filter paper and in the solutions. As he expressed it, 
chlorophyll can be transformed in this way at will from 
the "soluble" to the "insoluble" state and vice versa, 
without altering the chemical nature of the pigment. 
Since there can be no chemical affinity between the 
cellulose of the filter paper and the pigment, the only 
explanation is that this is a typical case of adsorption. 
As a conclusion we can state that Tswett's research 
work reported in his magister's (master's) thesis [14] 
showed (among others) the following results: 

- the retardation of chlorophyll in the leaves is due to 
adsorption; 
the adsorbed pigments can be easily desorbed, i.e., 
transferred from the "insoluble" to the "soluble" 
form by the addition of even small amounts of 
certain solvents which have a stronger dissolving 
power toward the pigment(s) than the adsorption 
force of the leaves; 
the process observed in leaves can be repeated 
(simulated) with the use of filter paper consisting 
also of cellulose; 

- since the pigments are colored, the colour changes 
during adsorption-desorption provide an excellent 
means of detection. 

The results of this work reported in his thesis led 
Tswett to postulate that if filter paper shows an 
adsorptive action toward chlorophyll pigments present 
in ligroin solution, then it might be possible that certain 
powdered substances would also behave similarly. He 
also felt that a systematic investigation of this question 
"would elucidate the nature of adsorption, and furnish 
a new physical method based on adsorption for the 
Separation of substances". 
We are not sure whether he already carried out some 
preliminary work in St. Petersburg along this line. It is 
not included in his master's thesis; on the other hand, 
Senchenkova, in her book [8], refers to a lecture Tswett 
presented in St. Petersburg on October 30, 1901 - one 
month after defending his master's thesis in Kazan - at 
the Congress of the Society of Russian Natural Scien- 
tists and Physicians on "Methods and Tasks of the 
Physiological Study of Chlorophyll." She evidently 
found the published abstract of this lecture according 
to which "the speaker draws attention ... to the 
adsorption method he has developed and demonstrates 
the underlying phenomena" (see also Note 27 in [11]). 
We have no further information on this. It is, however, 
clear that as soon as he settled in Warsaw, he started to 
Work along these lines. 

b Although this question will be discussed as a separate section in 
Part II of our publication, we should already emphasize here that 
Tswett had a strong and in-depth knowledge of the theoretical 
treatments of adsorption which were very new at that time. 

Start of the Development of a New 
Separation Method (1901-1903) 

After arrival in Warsaw toward the end of 1901, Tswett 
spent the next 14 months to study in details the 
possibility of utilizing adsorption for the separation of 
plant pigments. The summary of these activities was 
presented by him in a lecture presented on March 8 
(21), e 1903, at the meeting of the Biological Section of 
the Warsaw Society of Natural Scientists d [15]. Tswett's 
report can be divided into four parts: preparation of the 
pigment solutions, investigation of a large number of 
powdered substances concerning their adsorptive prop- 
erties, adsorption of substances other than leaf pig- 
ments, and finally, the description of a separation 
method based on "filtration" and on adsorptive pre- 
cipitation. 
The first step in these investigations was the prepara- 
tion of a solution of the pigments. The fresh leaves were 
powdered rapidly in a mortar together with glass 
powder and magnesia or calcium carbonate (added to 
neutralize the acids present in the leaves). Acetone was 
then added and the grinding continued under acetone. 
The resulting chlorophyll solution was filtered through 
a double filter paper or through a pad of asbestos to 
clear it from suspended particles. 
The same process was also repeated but now carrying 
out the grinding under ligroin containing 10 % absolute 
ethanol. After filtration this solution was shaken with 
water; ethanol passes practically completely into the 
aqueous phase while the pigments remain dissolved in 
the ligroin phase. 

In his report, Tswett presented the results of the 
investigation of over one hundred inorganic and 
organic adsorbents (Supplement No. 2). As stated by 
him, he tested such a wide variety of materials so that 
"it should be possible to arrive at a general adsorption 
law for matter, independent of its molecular structure" 
and to "ascertain various chemical effects of a range of 
substances on the chlorophyll pigments." The experi- 
ments were carried out in three ways: 

(1) The adsorbent ground to a fine powder was poured 
into a small filter funnel made by drawing a narrow 
tube from the bottom of a test tube, adding a small 

Concerning the date see Note 1 to Supplement No. I. 
Hesse and Weil [19] translate the name as the "Warsaw Society of 
Natural Sciences" while it is given as "Warsaw Naturalists' 
Society" in [20]. Such associations were frequent in the 19th 
century in a number of European countries, encompassing 
learned people who were interested in various questions of 
natural sciences. The names of these associations represent an 
adaptation of the German "Naturforschende Gesellsehaft" or 
"Gesellschaft filr Naturforscher," i.e., association of people 
dealing with the exploration of Nature. In Russia, such societies 
existed both nationwide and locally, and sometimes they also had 
their own scientific journals. For example, both Tswett's master's 
thesis submitted to Kazan University [14] and his 1903 Warsaw 
lecture [15] were published in the journal of the respective local 
society. 

Chromatographia Vol. 35, No. 3/4, February 1 9 9 3  Originals 225 



, . . . .  - ~ - -  

mm I.D. 
i . . . .  ~,-FILTER PAPER 

Figure 1 
System used in Tswett's first experiments examining the behavior of 
adsorbents and the separation of pigments. After the description in 
[151. 

filter pape r  cup to its end (Figure 1) and pressed in 
firmly and uniformly with a glass rod. Pure  ligroin was 
first passed through the powder  column to displace air, 
then the ligroin solution of chlorophyll  was in t roduced 
into the tube. Fil tration took place under  a slight 
pressure or  suction, and adsorpt ion (or the lack of it) 
could be observed  by colour  changes.  

(2) The  chlorophyll  solution and the adsorbent  were 
in t roduced into a small test tube which was then 
vigorously shaken and centr ifuged.  

(3) In the case of  hygroscopic substances the adsorbent  
was added to the chlorophyll  solution in a mor ta r  and 
then ground.  F rom then on, version (2) was followed. 

All tested substances were  able to adsorb at least some 
of the chlorophyll  pigments .  The  best results were 
obta ined  with inulin, e When  the chlorophyll  solution 
was shaken in the tube  with inulin powder  (particle size 
about  2 lam), par t  of  the pigments  were immedia te ly  
adsorbed on the powder  which, af ter  precipitat ion to 
the bot tom,  looked green while the superna tant  solu- 
tion was yellow, If  more  inulin powder  was used, the 
solution became  less colored; if a sufficient quanti ty of  
inulin were  added,  only the caro tenes  remained  in 
solution. Var ious  solvents could be used to l iberate the 
adsorbed pigments  f rom the precipi ta ted inulin pow- 
der: best results were obta ined with ligroin containing 
10 % ethanol.  

e Inulin is a polysaccharide, a starch-like substance, isolated from 
the tubers of a number of plants such as dahlia or artichoke. 

Calcium carbonate ,  a lumina and a n u m b e r  of  other  
adsorbents  gave results similar to those observed  with 
inulin. In o ther  cases, however ,  different  behavior  was 
observed.  Some  substances adsorbed  not only the 
chlorophyll  p igments  but also the caro tenes  and xan- 
thophylls; in o ther  cases, interact ion with the solid 
modif ied the chemical  compos i t ion  of  the pigments .  A 
special case was charcoal  which adsorbed  the chloro- 
phyll p igments  so strongly that  they could not  be 
extracted f rom it even with pure  ethanol ,  

As ment ioned  above,  in this early work Tswet t  carried 
out separa t ion in two ways: e i ther  by precipi ta t ion of 
the adsorbent  retaining the pigments ,  or  by "fi l tration",  
having the p igment  solution percola t ing through a 
short  column of  the adsorbent .  Descr ibing the latter 
version in Tswet t ' s  own words,  using inulin as the 
adsorbent:  

"It is very instructive to observe the adsorption phenomena 
during filtration through a powder. First a colourless liquid 
flows out of the bottom of the funnel, then a yellow one 
(carotene), while a bright green ring forms at the top of the 
inulin column, f below which soon a well defined yellow ring 
appears. On subsequent washings of the inulin column with 
pure llgroin both rings, the green and the yellow, are con- 
siderably widened and move down the column ... If the 
powder column through which filtration took place was not 
sufficiently long to retain all the colouring matter by 
adsorption, then the yellow ring might reach the bottom 
opening of the funnel in its descent and a yellow ligroin 
solution flow out ... There are also differences within the 
green ring itself, consisting of a deep blue-green lower zone 
and a yellow-green upper zone." 

This is clearly identical to ch romatograph ic  separat ion,  
However ,  evidently,  Tswet t  did not decide as yet to 
p ropose  this var ia t ion as the p re fe r red  new separa t ion 
technique. A t  that t ime his favoured  me thod  was what 
he called precipi tat ion by differential  adsorpt ion and 
extraction.  This was a stepwise me thod  consisting of 
mixing the p igment  solution with the adsorben t  and 
precipi tat ion of the lat ter  with the p igments  adsorbed  
on it, then extracting the individual p igments  f rom the 
adsorbent  with a suitable solvent and carrying out 
part i t ioning be tween  two solvents,  ligroin and 80 % 
aqueous  ethanol,g to isolate the individual pigments,  
The  individual fractions were identified by their  U V  
absorpt ion maxima.  

As an example  for this method.  Tswet t  i l lustrated in his 
lecture the separa t ion  of var ious p igments  extracted 

f It should be noted that at that time Tswett did not use the 
expression "column" to describe the tube filled with the adsorb- 
ent; we are using this term in the translations for convenience. He 
generally spoke about the "adsorbent pellet" or the "tube filled 
with the adsorbent." He first used the term "column" (St~ule) in 
his twin 1906 papers; from then on, he also called the tube filled 
with the adsorbent a "chromatogram." 

g This method was originally described by Kraus, an early pioneer 
in the investigation of chlorophylls. Tswett often refers to it as the 
Kraus'sche Verfahren (Method of Kraus). Tswett called the 
phenomenon "differential dissolution in two-phase systems" and 
not "partitioning". 
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Figure 2 
Separation scheme used by Tswett in the stepwise differential adsorptive precipitation and extraction 
method. After the description in [15]. 

from leaves. As visualized in Figure 2 this resulted in 
solutions of pure carotene, xanthophyll c~ and 13, and 
the chlorophylls. 
It should be mentioned here that at the time Tswett 
carried out his research the identification of fractions of 
the plant pigments was based mainly on differences in 
certain physical characteristics (e.g., crystal structure, 
solubility in different solvents and UV light absorption) 
and not necessarily on differences in their chemical 
composition. In general "carotin" (carotene) referred 
to hydrocarbons and "xanthophyll" to oxygenated 
compounds; the elementary compositions of these two 
compound groups were established in 1907 by Willst~it- 
ter and Mieg, but the structural differences between the 
various isomers (indicated by suffixes to the general 
names) were not known until their molecular structures 
Were established in the later 1920s onward. The term 
"carotenoids" as a collective name for the carotenes, 
xanthophylls and similar compounds was proposed by 
Tswett in 1911 [23], but it took about a decade until it 
was universally accepted. The same is true about the 
chlorophylls where, in Tswett's time, there was a great 
controversy concerning the existence of one or more 
chlorophyllic pigments in plants and whether the 
different fractions are native or are artifacts, products 
of chemical treatment. Thus, it is sometimes difficult to 
exactly identify the individual fractions indicated by 
Tswett (and others) by different suffixes or names with 
the chemically defined compounds. 

Although Tswett's main interest was always directed 
toward plant pigments, he also tried to utilize selective 
adsorption fractionation for the separation of other 
substances. Thus, we have here the beginnings of 
chromatography as a universal separation method, 
without yet using this name. 
As a conclusion we can summarize Tswett's 1903 
lecture as the key link between his observation of the 
natural process in plants and the development of a 
laboratory separation method. It reported on the 
investigation of over 100 solid substances concerning 
their potential as adsorbents and described two tech- 
niques in which such adsorbents were used to separate 
plant pigments in the laboratory, with the potential of 
utilization for the separation of other compounds. At 
that time Tswett preferred the technique of differential 
adsorptive precipitation combined with selective ex- 
traction and partitioning between two solvents, but the 
lecture also clearly described the fundamentals of the 
technique we now call column chromatography, al- 
though at that time, he did not yet use this term. 
Tswett's 1903 lecture was published only two years 
later and even then only in a local journal, in Russian 
[15]. Therefore, his results remained practically un- 
known until his two major papers were published in 
1906 in the widely read transactions of the German 
Botanical Society. However,  in spite of this, the date of 
presentation of this lecture - March 21, 1903, by our 
present calendar-  should be considered as the birthday 
of chromatography. 
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Supplement No.  1. Major events in the life of  Michael Semenovich Tswett 1 

February 1,1829 

1846 

1870 

May 14,1872 

1872-1896 

June 17,1891 

1891-1896 

1894 

February1896 

Spring1896 

July 1896 

December 1896 

April24,1900 
September23,1901 

October 30, 1901 

Semen Nikolaevich Tswett, his fa- 
ther, was born in Chernigov, 
Malorussia (Ukraine) 
Maria de Dorozza, his mother, 
was born in K~itahya (Turkey), of 
Italian parents 
S. N. Tswett and Maria de Doroz- 
za married 
Birth of Michael Semenovich 
Tswett in Asti, Italy, at 11:30 AM; 
his mother al~parently died soon 
after his birth ~ 
Living in Switzerland, first in 
Lausanne (1872-1885), and then 
in Geneva 
Graduates from high school in 
Geneva 
Studying at the University of Ge- 
neva, majoring in botany 
While a student at the University 
of Geneva, he receives the Hum- 
phry Davy Prize 3 for original re- 
search on the anatomy of Solanace- 
ae 

Completes the work for his doc- 
torate thesis in botany and suc- 
cessfully finishes all the necessary 
examinations 
Moves to Russia, to his father who 
meanwhile settled in Simferopol 
(Crimea) as a high official of the 
Russian Government 
Mails the text of his doctorate 
thesis to the University of Geneva; 
it is published later in this year in 
the Bulletins de Laboratoire Bota- 
nique G~ndrale de l'Universitd de 
Gendve [13] 4 

Moves to St. Petersburg, starting 
to work in the laboratories of the 
Imperial Academy of Sciences; his 
Swiss doctorate is not accepted in 
Russia and he has to get new 
Russian degrees 

His father dies in Yaita (Crimea) 
Defends his Russian Master's The- 
sis at the University of Kazan [14] 
Presents a paper on "Methods and 
Tasks of the Physiological Study 
of Chlorophyll" at the l l th  Con- 
gress of the Russian Society of 
Natural Scientists and Physicians, 
in St. Petersburg 

End of 1901 

1902 

Summer1902 

March 8 (21), 1903 

Summerl903 
September1903 

1905-1906 

June l906 

May 30 and 
June 28, 1907 

August 1907 

Septemberl6 
(29),1907 

October 1908 

1908 

1909 

December31,1909 

Moves to Warsaw, starting to work 
at the University as a laboratory 
assistant 
Becomes a "privat dozent" at War- 
saw University 
Study trip to Germany; becomes a 
member of the Deutsche Bota- 
nische Gesellschafi (the German 
Botanical Society) 
Lectures at the meeting of the 
Biological Section of the Warsaw 
Society of Natural Scientists; this 
is the first public disclosure of the 
chromatographic technique [15] 
Study trip to Germany 
Applies unsuccessfully for appoint- 
ment as the head of the Plant 
Physiology Department at the In- 
stitute of Agriculture and Forest- 
ry, in Novaya Aleksandriya 5 
Extended study trips to Germany, 
to the Universities of Berlin and 
Kiel 
Submits his two major papers on 
chromatography to the Berichte 
der Deutschen Botanischen Gesell- 
schaft [16, 17] 
At the meetings of the German 
Botanical Society, in Berlin, he 
demonstrates the chromatograph- 
ic technique and shows pure pig- 
ment solutions prepared in this 
way 

Becomes a lecturer at the Veteri- 
nary Institute of Warsaw 
Marries in Warsaw Helena A. 
Trusevich (born on May 14, 1874, 
in the Russian-occupied part of 
Poland) 
Becomes a senior lecturer at the 
Chemistry and Mining Depart- 
ment of the Polytechnic Institute 
of Warsaw 

Completes the work for his Rus- 
sian doctorate thesis 
Study trip to Germany 
At the 12th Congress of the Socie- 
ty of Russian Natural Scientists 
and Physicians, he presents a pa- 
per on "A New Physical Method 
for the Analysis of Pigment Mix- 
tures and its Application to the 
Investigation of Chlorophylls", and 
demonstrates the chromatograph- 
ic separation method 
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F e b r u a r y  1910 T h e  t ex t  of  his thes i s  is f ina l ly  
s u b m i t t e d  to  t he  p r i n t e r ;  it  is 
p u b l i s h e d  l a t e r  in this  y e a r  in b o o k  
f o r m  [18] 

N o v e m b e r 2 8  D e f e n d s  his d o c t o r a t e  thes i s  in 
(Dec ,  11), 1910 W a r s a w  

1911 A p p l i e s  unsuccessfu l ly  for  a p p o i n t -  
m e n t  as p r o f e s s o r  o f  b o t a n y  at  
M o s c o w  U n i v e r s i t y  

1911 E x t e n d e d  s t u d y  t r ip  t o  G e r m a n y  
(Be r l i n ) ,  t he  N e t h e r l a n d s  ( A m -  
s t e r d a m ,  L e i d e n  a n d  De l f t ) ,  Be l -  
g i u m  ( B r u s s e l s )  a n d  F r a n c e  

(Pa r i s )  

D e c e m b e r 1 9 1 1  R e c e i v e s  the  M. N.  A k h m a t o v  
P r i ze  o f  the  I m p e r i a l  R u s s i a n  
A c a d e m y  of  Sc ience ,  for  his b o o k  6 

1914 R e f u s e s  ~n o f f e r  to b e c o m e  p ro -  
f e s so r  o f  b o t a n y  at  the  U n i v e r s i t y  
o f  T o m s k  ( S i b e r i a ) ,  b e c a u s e  o f  
b a d  c l i m a t e  

S u m m e r  o f  1914 F o r  h e a l t h  r e a s o n ,  he  s p e n d s  s o m e  
w e e k s  in the  A u s t r i a n  alps ,  in 
Pi~rgg a n d  A i g e n  7 

June  1915 H e  l eaves  W a r s a w  wi th  his wife 
a n d  m o t h e r - i n - l a w  for  v a c a t i o n  to  
O d e s s a .  D u r i n g  his  a b s e n c e  W a r -  
saw is o c c u p i e d  by  G e r m a n  t r o o p s  8 
and  he  c a n n o t  r e t u r n  a n y m o r e  
the re ;  t h e y  t e m p o r a r y  m o v e  to 
M o s c o w  

1915 

A u g u s t  1916 

A p r i l - A u g u s t  1917 

M a r c h  24, 1917 

S e p t e m b e r  1917 

F e b r u a r y  24, 1918 

A u g u s t  31, 1918 

N o v e m b e r  12, 1918 

J u n e  26, 1919 

J u n e  1922 

A p p l i e s  unsuccessfu l ly  for  a p p o i n t -  
m e n t  as  p r o f e s s o r  o f  b o t a n y  at  the  
U n i v e r s i t y  o f  S a m a r a  a n d  at  N o v o -  
ross i i sk  U n i v e r s i t y  9 

A s s u m e s  his  d u t i e s  a t  t he  e v a c u a t -  
ed  P o l y t e c h n i c  I n s t i t u t e  o f  W a r -  
saw, in Nizh i i  N o v g o r o d  

S tays  at  V l a d i k a v k a z  ( C a u c a s i a n  
M o u n t a i n s )  b e c a u s e  o f  h e a l t h  t e a -  
SODS 

A p p o i n t e d  as  p r o f e s s o r  o f  b o t a n y  
a n d  d i r e c t o r  o f  the  B o t a n i c a l  G a r -  
dens  at  the  U n i v e r s i t y  o f  T a r t u  
( p r e s e n t - d a y  E s t o n i a )  1~ 

A r r i v e s  in T a r t u ,  to  s t a r t  his  t e ach -  
ing  d u t i e s  

G e r m a n  t r o o p s  o c c u p y  Tar tu ;  t em-  
p o r a r y ,  the  R u s s i a n  p r o f e s s o r s  re-  
m a i n  in t he  town  

L e a v e s  T a r t u  wi th  t he  s e c o n d  t r a in  
e v a c u a t i n g  the  R u s s i a n  p r o f e s s o r s  
to  V o r o n e z h  w h e r e  t he  un ive r s i t y  
was to  be  r e o r g a n i z e d  as a n e w  
S t a t e  U n i v e r s i t y  

T h e  n e w  V o r o n e z h  S t a t e  U n i v e r -  
s i ty beg in s  its ac t iv i t i e s  

M.  S. T s w e t t  d i e s  in V o r o n e z h  

His  wife  d ies  11 in t he  v i l l age  o f  
G l e b o v k a ,  n e a r  A b r a u - D y u r s o ,  on  
the  e a s t e r n  s h o r e  o f  the  B l a c k  Sea ,  
j u s t  n o r t h w e s t  o f  N o v o r o s s i i s k  

This table was mainly compiled from information contained in 
refs. [2-12], In general full dates referring to events in Russia 
are given according to the old Julian calendar which was by 
about two weeks behind the Gregorian calendar used in the 
western world. This is the reason why the "Great October 
Revolution" of 1917 actually happened on November 7. If 
available, the corresponding date according to the Gregorian 
calendar is given in parenthesis. 
In addition to his study trips, Tswett often spent vacation 
periods in Western Europe, mostly in Switzerland. These are 
not enumerated in this table. 

2 After the death of Michael's mother. Semen Nikolaievich 
Tswett remarried twice. His second wife was Adelaida Aristo- 
va, a Russian; they had two children, Natalya (born 1878) and 
Aleksandr (born 1882). His third wife was Ella Wilhelmina 
Ebner, a native of Bavaria; they had three children, Nadezhda 
(born 1889), Vera (born 1891) and Vladimir (born 1892). 

3 The Humphry Davy Prize was established in 1829 by Lady Davy 
in memory of her husband who died in Geneva. 

4 We do not know the exact date of his doctorate degree but we 
found information that he received the corresponding docu- 
ment on November 13, 1896. 

5 This town was located in Russian-occupied Poland, about 50 km 
from Lublin and 140 km from Warsaw. 

6 This prize was established in 1908 to honor selected important 
and original treatises written by Russians, in the Russian 
language, in three fields: science (physics and mathematics; 
chemistry and botany also belonged here), history and philoso- 
phy, and Russian language and literature. In each field, one 

major and three minor awards were given, with cash premiums 
of 1000 and 300 Rubles each. Tswett received in 1911 the major 
award in science. This prize was discontinued at the end of the 
first world war. 

7 Austria declared war on Serbia on July 28, 1914; however, while 
Germany declared war on Russia on August 1, Austria joined 
only on August 6. On July 24, Tswett and his wife were still in 
Austria, in Aigen (on the river Enns, about 60 km southeast of 
Bad Ischl), but evidently they managed to return to Russia at 
the last minute. 

8 Warsaw was occupied by German troops on August 4-7, 1915. 
The Polytechnical Institute was evacuated just before the 
occupation. Since the Tswett's were already absent, all his 
private property, manuscripts, scientific notes and library were 
lost, 

9 Novorossiisk University was not located in the city of Novoros- 
siisk, which is on the eastern shore of the Black Sea, but in the 
town of Odessa, on its northwest shore: its name indicates that it 
is the university for "New Russia." 

t0 This university was originally founded in 1632 by the Swedish 
king Gustavus II Adolphus; at that time Livonia (the Baltic 
shore, including present-day Latvia and Estonia) was part of 
Sweden and the town's name was Dorpat. In 1710 this area was 
annexed into Russia by Peter the Great and then, the university 
suspended its operation. It was reorganized in 1802 by Tsar 
Alexander I as an imperial university and soon it became a 
highly respected school. In this period the original German/ 
Swedish name (Dorpat) or its Russian version (DerpO was used 
for the town. Teaching language was German, but a sizeable 
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part of the students (in 1847:32 %) came from other (non- 
Baltic) parts of Russia; e.g., S. N. Tswett, the father of M. S. 
Tswett, also studied here (in 1848-1851). Wilhelm Ostwald, the 
founder of physical chemistry, was also a student at the 
University of Dorpat in 1872-1875 and has served here as an 
assistant until 1881. From 1889 onward, a forced Russification 
took place, changing the teaching language to Russian; in 1893, 
the town's name was officially changed to Yur'ev, but Dorpat 11 

remained in use also. In 1918, during the (temporary) German 
occupation of the area, the Russian university moved to 
Voronezh. One year later, after the formation of independent 
Estonia, the University of Tartu (the Estonian name of the 
town) was reorganized, now as an Estonian university, and it 
remained this since then, even in the period of 1944-1989, when 
Estonia was part of the Soviet Union. 

She killed herself. 

Supplement No. 2. Substances investigated by Tswett as potential adsorbents* 

Elemental materials: 
aluminum [A1], antimony [Sb], iron 
[Fe], lead [Pb], magnesium [Mg], 
silicon [Si], sulfur [S] and zinc [Zn] 

Inorganic compounds: 
Oxides aluminum [Al203], antimony 

Hydroxides 

Halides 

Sulfides 

Chlorates and 
iodates 

Nitrites 
Nitrates 

[Sb203], iron [Fe203] , lead [PbO], 
magnesium [MgO], manganese 
[Mn02], mercury [HgO], phospho- 
rus [P205], silicon [SiO2], silver 
[Ag20 ], uranium [U308] and zinc 
[ZnO] oxides; magnesium peroxide 
[MgO2] 
aluminum [AI203 . H20], barium 
[Ba(Oi.i)2 ], boric [B(OH)3 ] and 
sodium [NaOH] hydroxides; soda- 
lime [Ca(OH)2 + NaOH] 
aluminum [AI2CI 6 �9 12H20], am- 
monium [NH4CI], barium [BaCI 2 �9 
2H20 ], calcium [CaCI 2, dry], cobalt 
[CoCI 2 �9 6H20 ], copper [CuCl 2 �9 
2H20 ], iron [FeCI 2 �9 4H20], mag- 
nesium [MgC12 �9 6H20 ], mercury 
[HgCI2], potassium [KCI, dried at 
180 ~ and sodium [NaC1] chlo- 
rides; potassium bromide [KBr]; 
mercuric [HgI2] and potassium [KI] 
iodides 
mercury [HgS] and potassium [K2S ] 
sulfides 
barium [Ba (CIO3) 2 �9 H20 ] and po- 
tassium [KC103] chlorates; potassi- 
um iodate [KIO 3, dried at 180 ~ 
potassium [KN02] nitrite 
barium [Ba(NO3)2] , calcium 
[Ca(NO3) 2 . 4H20 and dry], cop- 
per [Cu(NO3)2, dried], lead 
[Pb(NO3) 2, dried at 180 ~ potas- 

Compounds given in Italics were added in Tswett 's book [18] to 
the original list of his 1903 lecture [15]. The chemical formulae of 
the individual compounds are given according to the listing in 
f18]. 

Phosphates and 
molybdates 

Permanganates 
Carbonates 

Sulfates 

Sulfites 

Silicates 

Cyanides 

sium [KNO 3, dried], silver [AgNO3] 
and uranium [UO2(NO3)2 �9 6H20 ] 
nitrates 
ammonium [(NH4)3PO4] , calcium 
[Ca 3(PO4)2], iron [Fe 2(PO4) z 
4I-I20 ], potassium [KH2PO 4 and 
K2HPO4] and sodium [NaH2PO 4 
and Na2HPO4] phosphates; ammo- 
nium molybdate [(NH4)6Mo7024- 
4H20] 
potassium [KMnO4] permanganate 
calcium [CaCO3], copper [CuCO 3 . 
Cu (OH)2 ], iron [FeCO3] , magnesi- 
um [(MgCO3)4. Mg(OH)2.5H20 ], 
potassium [K2CO3, dry] and sodi- 
um (Na2CO 3, dry] carbonates 
ammonium [(NH4)2SO4] , barium 
[BaSO4]: calcium [CaSO 4 �9 2H20 
and dry], copper [CuSO 4 5H20 
and dry], iron [FeSO 4 �9 7H20 and 
dry], magnesium [MgSo4, dry], 
manganese [MnSO 4 . 7H20], po- 
tassium [K2sO4] and zinc [ZnSO 4 �9 
7H20 ] sulfates; ammonium copper 
sulfate [(NH4)2Cu(SO4)2]; sodium 
bisulfate [NaHSO4] 
sodium [Na2SO 3 �9 7H20 ] sulfite; 
sodium [NaHSO3] bisulfite 
potassium silicate [K2SiO3; dried]; 
asbetos 
potassium ferro- and ferricyanides 

Organic compounds." 
Acids boric, citric, oxalic, picric, quinic, 
Salts of organic tannic, tartaric and uric acids 

acids lead and copper acetates; ammoni- 
um and magnesium oxalates; ferric 
saccharate 

Amides asparagine; urea 
Phenols hydroquinone, phenolphthalein, py- 

rogallol and resorcinol 
Aldehydes paraformaldehyde 
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Polyols 

Carbohydrates 

Proteins 

chloral hydrate; dulcitol (galactitol) 
and mannitol 
dextrin, galactose, saccharose (su- 
crose), cellulose (filter paper), inu- 
lin and starch 
hemoglobin, ovalbumin, pepsin, 
peptone; egg white 

A l k a l o i d s  c i n c h o n a ,  q u i n i n e  

D y e s  c a r m i n e ,  c h r y s o i d i n e ,  f l u o r e s c e i n ,  

g e n t i a n  v i o l e t  

Miscellaneous substances: 
emery, garden soil, glass wool, 
Kieselgur, charcoal made of bone 
and blood, salicin 
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