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ABSTRACT

Charles Dhéré (1876-1955), professor at the University of Fribourg (Switzerland), was the first in Europe to recognize the importance

of chromatography. While with his students W. Rogowski and G. Vegezzi he improved the laboratory set-up used for chromatography,
he also proved the correctness of Tswett’s assumptions on the existence of a multitude of chromophyllic and carotenoidic pigments,
demonstrated that chromatography can provide purer substances than any of the then accepted methods and further extended the use
of chromatography into animal biochemistry. He also provided the first reliable discussion on the life and activities of Tswett, the
inventor of chromatography.
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1. INTRODUCTION Tswett on the chromatographic separation method

[1,2]. This development already started in St. Pe-
In 1991 we are celebrating the eighty-fifth anni-  tersburg where he moved in 1896 and was finished

versary of the two classical publications of M. S. in Warsaw™™. In the 85 years which have passed

* Parts of this paper were presented at the 15th International Symposium on Column Chromatography, Basel, June 3-7, 1991 and at the

8th Danube Symposium on Chromatography, Warsaw, September 2-6, 1991.

*=* Mikhail Semenovich Tswett was born in Asti, Italy, in 1872. Although his father was a Russian, he spent the first 24 years of his life

in Switzerland where he studied at the University of Geneva, receiving his Docteur és Sciences degree in botany in 1896, At that time
he followed his father to Russia. However, the Russian educational system and science establishment did not recognize foreign
degrees: therefore, he had to submit new master’s and doctor’s theses to Russian universities. He worked on the first in St.
Petersburg, in the laboratories of the Imperial Academy of Sciences and submitted it in 1901 to the University of Kazan. He received
his Russian doctor degree later, in 1910, in Warsaw, where he had been associated with various universities between December 1901
and the Summer of 1915. For details on the life and activities of Tswett see the publications of Sakodynskii (refs. 3-6), Senchenkova
(ref. 7) and Hais (ref. 8), and the paper of Dhéré discussed in the present publication (ref. 9).
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since these publications, chromatography became
the most important laboratory method used in
chemistry and biochemistry.

Tswett’s invention, chromatography, and his re-
sults in the field of plant pigments, did not receive
the recognition they deserved: they were greeted
with skepticism and even by ridiculing them [10,11].
This so-called dormant period finally ended in 1931,
when the group of Richard Kuhn, in Heidelberg,
demonstrated the superiority of chromatography
[12].

In the 25 years which have passed between
Tswett’s two fundamental papers and the start of
the work in Heidelberg, only a very few scientists
recognized the importance of chromatography as a
separation technique and utilized it in their re-
search. Among these two are particularly impor-
tant: Charles Dhéré, in Switzerland, and Leroy
Sheldon Palmer, in the USA. The purpose of this
paper is to discuss in detail the activities of Dhéré
and his students with special emphasis on their con-
tribution to the evolution of chromatography. We
plan to deal with the activities of Palmer in a sep-
arate publication.

2. DHERE’S LIFE; HIS FIELD OF INTEREST

Charles Dhéré (Fig. 1) was born on March 3,
1876, in Paris, and first studied medicine, receiving
his Docteur en Médecine degree in 1898 with a thesis
dealing with the variation of nerve centers as a func-
tion of size [13]. However, he never practiced as a
physician. First he became an assistant at the Sor-
bonne, in the Department of Natural Sciences;
then, in 1900, he joined the University of Fribourg,
in Switzerland, as an associate professor (professeur
extraordinaire) of physiology, biological chemistry
and microbiology. In 1908, he became a full profes-
sor and, in 1909, he received the Docteur és Sciences
degree from the Sorbonne, with a thesis on the in-
vestigation of albuminoides, proteides and their de-
rivatives using ultraviolet spectroscopy [14]. During
his long tenure at the University of Fribourg, Dhéré
served twice (in 1916-1917 and 1933-1934) as the
dean of the Faculty of Science. He retired in 1938
when the title of a professeur honoraire was be-
stowed on him.

After his retirement Dhéré moved from Fribourg
to Geneva where an office and laboratory space was
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Fig. 1. Charles Dhéré, in the 1930s.

provided for him in the Institute of Zoology of the
University. He continued his scientific studies until
1951. He died on January 18, 1955%

Dhéré’s main interest was the investigation of
biologically important substances. particularly by
ultraviolet and fluorescence spectroscopy. He even
coined two special terms to express his field of in-
terest: oprochimie and optochimie biologigue. As a
summary of his life’s activities Dhéré in 1937 pub-
lished a major book on fluorescence in biochemistry

¢ Most data on Dhéré’s life were taken from the eulogy by L.
Laszt (ref. 15). Note that this Bulletin was always published in
one volume during the summer of the following year. This is
the reason that although Dhéré died in January 1955, his eu-
logy was published in the 1954 volume.
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[16]* (Fig. 2), which was considered at that time so
important that in 1938, he received the Marcel Ben-
oist Prize for it’.

Naturally a prerequisite of any spectroscopic in-
vestigation is the ability to prepare pure substances.
For this reason Dhéré became interested already at
the beginning of his professional career in funda-
mental laboratory techniques which can be utilized
for this purpose. One of them was electrodialysis
and Dheré contributed significantly to the advance-
ment of this technique. His interest in methods per-
mitting the separation of biologically important
substances and their preparation in pure form also
led him to chromatography.

It is interesting that Dhéré never met Tswett, not
even during Tswett’s frequent visits to his friend
Edouard Claparéde®, in Geneva. However, obvi-
ously, he had learned about chromatography fairly
early and immediately realized its advantages for
his own work: after all, he needed pure substances
for the spectroscopic measurements and chroma-
tography seemed to be the ideal method for it.

Dhéré started to use chromatography around
1911 and the first work in which this is documented
is the doctorate thesis of Wladyslaw de Rogowski, a
student from Warsaw. A few years later, the chro-
matographic technique was further improved in the
work of another graduate student, Guglielmo Ve-
gezzi. Let us deal in more detail with these two stu-
dents and their work.

¢ It is indicative that for his book (ref. 16) Dhéré selected a mot-
to from the book of Thudichum, On Chemical Identification of
Diseases, published in 1868, in London: “The phenomena of
fluorescence will in future yield important means of diagnosis
in animal chemistry.”

This prize was established by a Frenchman, Marcel Benoist, to
honor annually important scientific inventions which partic-
ularly help to improve human life. The winner is always select-
ed by the Swiss Federal Department of the Interior. The prize
was presented for the first time in 1919. In 1938, the Prize
carried an amount of 30 000 Swiss Francs, a very large sum at
that time.

Edouard Claparéde (1873-1940) was a physician and professor
of psychology at Geneva University. He had been a student at
the University when Tswett studied there and they became
close friends (see ref. 8).
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Fig. 2. Title page of Dhéré’s book on fluorescence in biochem-
istry, published in 1937.

3. ROGOWSKI AND HIS THESIS WORK

Wiladyslaw Franciszek de Rogowski? was born
on December 3, 1886, in Warsaw, in the Russian-
occupied part of Poland. His grandfather was in-
volved in the 1831 Polish uprising against Russia
and this rebellious nature was evidently inherited by

4 Rogowski’s Christian name is given in different ways in the
various sources, as Wliadyslaw, Wladislas and Ladislas. The
first is the correct Polish spelling of the name while the two
other forms represent an attempt to spell it in the French way.
Unless we quote the source verbatim, we shall give it in the
Polish form.



his grandson: in 1905, as a senior in high school, he
organized a strike, most likely induced by the dis-
turbances in Warsaw in conjunction with the 1905
Russian revolution. Therefore, he had to transfer to
a private school (the Jezewski School of Commerce)
in order to finish his secondary education. Subse-
quently he went to Switzerland, to start his universi-
ty studies. Again, this was probably connected with
the political events in Russian-occupied Poland
where, for a period, the universities were closed to
students.

We have found his police registration in the city
of Bern dated October 12, 1906, indicating him as a
student at the University. However, he left after one
year: an entry at the police dated September 14,
1907, indicates that he departed to Russia which
undoubtly means his return to Warsaw. We have
information that he also studied at the Jagellonian
University of Cracow (in the Austrian-occupied
part of Poland) which served not only the Polish
people under Habsburg rule: large numbers of Poles
from the territories under Russian and German rule
also studied there. A Polish biography [17] indicates
further studies by Rogowski at the universities of
Miinchen and Leipzig, but the autobiography add-
ed to his doctorate thesis (see below) does not men-
tion any of these.

The next definite information we have about Ro-
gowski is an entry in the student registration book
of the University of Fribourg dated October 19,
1911 (Fig. 3). He carried out his thesis work under
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Professor Dhéré and received his doctorate on De-
cember 21, 1912°,

Toward the end of Rogowski’s laboratory inves-
tigations a co-authored paper discussing part of his
results was submitted by Dhéré to the journal of the
French Academy of Sciences (where most of his pa-
pers were published): this report was presented at
the October 7, 1912, session of the Academy [18]. In
this short paper chromatography is indicated in a
single sentence only. However, in the thesis of Ro-
gowski [19] the technique and the system used by
him is described in more detail.

In Rogowski’s chromatography system (Fig. 4)
the glass column was not tapered at its lower end (as
originally proposed by Tswett [2]) but closed by a
cork having multiple perforations; it was standing
on a perforated porcelain disk held by a tapered
outer glass sleeve. Calcium carbonate which was
prebaked at 150°C for 10 h was used as the ad-
sorbent; the height of the chromatographic packing
in the column tube was 60-80 mm.

“ In his later paper on Tswett and on the evolution of chroma-
tography (ref. 9) Dhéré mentions that ““my student and cotlab-
orator W. de Rogowski left my laboratory (and, most likely,
also Switzerland) immediately after finishing his doctorate ex-
amination at Fribourg, in 1912.”" As discussed later, Rogow-
ski’s thesis was never printed and is not deposited at the Swiss
National Library. We should also mention that his name is not
included in the Annual Reports of the University of Fribourg
which list all the persons who received a doctorate: he is miss-
ing in the Report of 1912 as well as in the Reports for the
following years.
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Fig. 3. Entry in the Student Registration Book of the University of Fribourg, for the 1911~1912 Winter Semester. We give the transcript
of the hand-written text: de Rogowski, Varsovie, (Ladislas — Franzen) — Carte d’étudiant de I'Univ(ersité) de Fribourg — Certif(icat) de
maturité de 'Ecole de commerce Jezewski, 4 Varsovie — Certif(icat) médical, p. temps.. ().. séjour & Fribourg — Certif(icat) d'étud(iant)
a U'Univ(ersité) de Berne. Carnet d’étudiant a I'Univ(ersité) de Cracovie.
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Fig. 4. Rogowski’s chromatography system (from ref. 19). a =
Chromatographic column (250 mm X 20 mm L.D. glass tube);
b = cork (10 mm high) with multiple perforations; ¢, d = wood-
en pestle; e = outer glass sleeve; f = rubber stoppers; g = perfo-
rated porcelain disk; / = glass flask; m = funnel; w = water
pump.

After separation and formation of the colored
rings, the column packing (the “‘chromatogram™)
was slowly pushed out of the tube and the colored
rings were carefully separated from each other and
from the rest of the packing. This represented a ma-
jor improvement: for a long time it had always been
a problem how to isolate and collect the separated
colored rings, without loss and contamination by
compounds present in the other rings. Let us not
forget that elution of the separated compounds
from the column by a continuous solvent flow (ob-
taining a “liquid chromatogram”, an expression
used at that time to distinguish it from the column
serving as the “chromatogram’) started to be used
only in the second half of the 1930s [11]. In his later
paper on the evolution of chromatography [9] (dis-
cussed below) Dhéré emphasized this special feature
of Rogowski’s system, that it permits one to obtain

the individual fractions without rapture of the col-
umn packing.

The subject of Rogowski’s thesis was the spectro-
scopic investigation of chlorophyll a («) and b (f)°,
of the so-called “crystallizable chlorophyll”® and of
certain carotenoids.

With regard to the so-called ‘crystallizable chlo-
rophyll” Rogowski’s investigations proved again
that Tswett had been correct: it was not a pure sub-
stance but rather a mixture. Concerning the leaf
carotenoids investigated by Rogowski, Dhéré em-
phasized iater [9] that this work was the first after
Tswett preparing pure substances and demonstrat-
ing (independently of Tswett) that pure xanthophyll
does not have a red fluorescence in alcoholic solu-
tion, as described by Escher — a close collaborator
of Willstitter — in his Ph. D. thesis of 1909 [23]. As
stated by Dhére [9], ““if Escher had used purification
by the chromatographic method, he would not have
committed this error.”

The main subject of Rogowski’s work was the
UV adsorption of chlorophyll a (x) and b (f), and
an important point in the investigation was to check
the purity of the isolated fractions, comparing data
of Tswett vs. Willstdtter and his collaborators.
Twenty-five years later Oscar Biermacher® (another
student of Dhéré), in his thesis [24] summarized the
situation in the following way:

“By the classical Willstétter and Stoll method of 1913, frac-

tionation between immiscible solvents was employed to sep-
arate chlorophyll components ¢ and b from the yellow pig-
ments and from each other. The spectrograms inserted in the
thesis of W. de Rogowski show, however, that the chlorophyli

b previously prepared by Dhéré and de Rogowski by the chro-
matographic adsorption method was notably more pure than

¢ Chlorophyll @ and & are identical to chlorophyll a« and §;
Tswett used Greek letters while later literature adapted the use
of Roman characters (cf. ref. 10).

“Crystallizable” chlorophyll was an isolated substance which
Willstétter believed to be a single, native pigment. Tswett, in a
number of publications (refs. 20-22) demonstrated that, in
fact, is was an artifact, formed during the long alcoholic ex-
traction of the living tissue and that it was a mixture of two
substances.

Oscar Biermacher was born on September 10, 1904, in Cleve-
land, Ohio (USA). He received the B.Sc. degree from the Uni-
versity of Dayton, Ohio, in 1928. After four years’ teaching at
high schools in Ohio, he returned to the University of Dayton
in 1932 for graduate studies. In 1934 he enrolled at the Uni-
versity of Fribourg and carried out his thesis work under Prof.
Dhéré, receiving his doctorate in 1936.

o
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the chlorophyll b prepared at the same period by Willstétter
and Stoll.”

The same fact was emphasized in 1940 by Hans
Fischer and Adolf Stern [25] who stated that

“M. Tswett was able to establish exactly the existence of two
green components with help of the adsorption analysis intro-
duced by him and to describe in detail the spectra of these
pigments. These investigations were, however, later violently
contradicted and they were forgotten, although, as we know it
today, M. Tswett was the first who actually obtained — be it in
solution ~ really pure chlorophyll. Only Ch. Dhéré and W. de
Rogowski (1912) could again prepare pure chlorophyll solu-
tions according to the method of M. Tswett and describe the
fluorescent spectra of both components.”

Although this is not the place to discuss and val-
ue Rogowski’s spectra it is interesting to compare
his VIS spectra of chlorophyll a and 5 with the ones
published by Willstdtter in those years. Twenty
years later Alfred Winterstein [26,27] analyzed in
detail Willstitter’s spectra and proved that his chlo-
rophyll » was not pure but had a 15% impurity of
chlorophyll a. This is evident from the spectra pub-
lished by Willstdtter and co-workers [28,29] where
the 644 nm absorption band of chlorophyll 5 is ac-
companied by a weak band at 663 nm (being the
most prominent but not the only extra band in the
spectrum): the 663 nm absorption is caused by chlo-
rophyll a present in the solution (see Fig. 5). Today
it is funny to read that Rogowski, in his thesis, was
worrying about this missing band and that he only
obtained une légére ombre (a weak shadow) at this
wavelength when he increased the optical path-
length to 26 nm [19]. Obviously the chlorophylls
prepared by him were really pure (Fig. 6) and in-
deed he confirmed Tswett’s results. However, in
those days Willstdtter was the big authority in this
field and people believed him more than the little-
known Russian botanist.

It is noteworthy that F. M. Schertz (one of the
translators of the chlorophyll book by Willstitter
and Stoll [28]) published a paper [30] as late as 1929
in which he highly criticized Tswett’s work and
methodology. The following two sentences are
quoted from this paper:

“It is evident that Tswett was never at any time dealing with

pure pigments for not once were the substances crystallized,

nor did he report any attempt made at crystallization.”

... Tswett’s methods have been shown to be unreliable in
identifying and distinguishing carotin and xanthophyll.”

V.R. MEYER, L. S. ETTRE

Fig. 5. Willstdtter's visible spectra of chlorophylls (from ref. 28).
The spectra were obtained by the direct exposure of a cell filled
with solution to a photographic plate. Optical pathlengths were,
from top down: 5, 20, 40 and 80 mm. Concentration: 31.2 mg of
chlorophyll in 1 1 of ether. The wavelength scale is in nm. Upper
spectrum: chlorophyll a; lower spectrum: chlorophyll 4. The 644
nm absorption band of chiorophyll b is accompanied by the 663
nm band of chlorophyll a.

It took ten more years until this argument was final-
ly confuted by P. Karrer who stated [31] that ... it
would be a mistake to believe that a preparation
purified by crystallization should be purer than one
obtained from chromatographic analysis. In all re-
cent investigations chromatographic purification
widely surpassed that of crystallization.”

These facts emphasize even more the farsighted-
ness of Dhéré who realized at such an early stage of
the evolution of science that chromatography can
give purer compounds than the classical methods.

When we were looking for the thesis of Rogow-
ski, we could not find it at the Swiss National Li-
brary where all doctorate theses submitted to Swiss
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Fig. 6. Rogowski’s visible spectra of chiorophylls, (from ref. 19).
The uppermost strip is a blank followed by optical pathlengths
of 5, 10 and 20 mm. Concentration of the solution was not
known. The wavelength scale is in nm. Upper spectrum: chlo-
rophyll a; lower spectrum: chlorophyll b. These spectra were ex-
panded for this reproduction in order o obtain equal distances
in the 400-700 nm region for Figs. 5 and 6.

universities are deposited, and there was no record
of it there. Finally, we found a poor copy of the
typewritten text at the University of Fribourg [19];
this text is unusual in a number of aspects. Al-
though the text on the title page of the typed thesis
specifies that it is presented by Wladislas de Rogow-
ski to the Faculty of Science of Fribourg University
in order to obtain the degree of a Docteur és
Sciences, the date (year) on this title page is given as
1914 (and not as 1912) and the city as Warsaw (and
not as Fribourg). Also, in the brief autobiography
of the author included with the thesis the fact that
he received the doctor degree is given in past tense:

** A la suite de mes examens a la Faculté des Sciences
de Fribourg j’ai obtenu le title de docteur le 21 dé-
cembre 1912 This would mean that this text is a
later typescript and that he probably did not have a
formal written thesis at the time of his final exam-
inations®.

The fact that the text we found at the University
of Fribourg was typed later, outside the French-
speaking part of Switzerland, is also indicated by
our observation that the typewriter used did not
have the accented vowels use in French (e.g., 4, é, ¢,
etc.) and he had to add the accents by hand.

Zechmeister and Cholnoky, in the bibliography
section of their fundamental chromatography book
published in 1937 [32] list Rogowski’s thesis as sub-
mitted to two universities: to Fribourg, in 1912, and
to Warsaw, in 1914. Thus, an easy interpretation of
the past tense, and of the year 1914, would be that
this text was typed later and while a copy was sent
to Dhéré, it was actually submitted by Rogowski to
the University -of Warsaw, for the second doctor-
ate®. There is, however, a major problem in this in-
terpretation. On the title page of the thesis, the au-
thor is listed as Wiadislas de Rogowski de Varsovie
{ Pologne ). There is no possibility that the Universi-

4 See footnote a on p. 6.

b In this respect we would like to refer to the well-known prob-
lem Tswett had with his Swiss doctorate. When moving to
Russia, he found out that foreign scientific degrees are not
accepted there; therefore, he had to repeat both his master’s
and doctorate degrees (¢f. footnote ** on p. 3). It is quite
possible that this “second doctorate” of Rogowski simply
meant the same, submitted for official recognition.

If we assume this “second doctorate” theory, there is an
intriguing possibility: in connection with submitting his thesis
to the University of Warsaw Rogowski may have met Tswett.
It is true that from 1908 on, Tswett was affiliated with the
Polytechnique Institute and not with the University: however,
undoubtedly, he maintained connections with the University
where he had been active between 1901 and 1908. In his thesis
Rogowski frequently cited Tswett and the thesis discussed a
subject only a few could understand; therefore, it would not be
unusual if his colleagues gave Tswett this thesis for review or at
least, to read it. Furthermore, let us not forget that in Russia,
defending a doctorate thesis had always been a well-publicized
pubtic affair. It would have been unusual if Tswett did not go
to this open session: after alfl, the candidate used Ais method
and the main subject of the thesis was to prove that his
(Tswett’s) results disputed by others were correct. The only
reason which could have prevented this was Tswett’s illness: we
know (c¢f. refs. 5 and 8) that in 1914, he was absent between the
end of March and the middle of November.
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ty of Warsaw would have permitted to submit a
thesis in which the country is indicated as “Po-
land”: let us not forget that officially, ““Poland” did
not exist and Warsaw was in Russia®! On the other
hand, it is also possible that this title page was pre-
pared only for the copy mailed to Dhéré. Most like-
ly one can never resolve this mistery.

The most interesting in Rogowski’s thesis is that
he quoted Tswett’s magnum opus, his book pub-
lished in 1910 [33] by giving its Russian title, written
in Cyrillic, while e.g., Vegezzi, in his thesis (see be-
low) was quoting the book by giving its title in
French®. We can safely assume that Dhéré already
knew about Tswett’s activities from his papers pub-
lished in German and French scientific journals®.
However, most likely, it was through Rogowski
that he became exposed to Tswett’s Russian book.
Obviously Rogowski knew Russian and we would
not be surprised if he brought the book with him to
Fribourg. Here, we have the direct connection be-
tween Tswett’s publication and the work in Dhéré’s
laboratory.

Just a few more words about Rogowski (Fig. 7).
After his doctorate he was not engaged any more in
original scientific work. He was an educator, both
in Poland and Brazil (setting up schools for the chil-
dren of Polish immigrants); a poet and a writer; a
politician and a pioneer in modern agricultural
methods; and when needed, he served his country
against those who wanted to destroy it. He survived
the 1944 Warsaw uprising but, on January 20, 1945,
a few days after the liberation of Warsaw, Rogow-
ski was arrested by the Red Army. He died on April

¢ We would like to express our appreciation to Prof. Edward
Soczewinski (Department of Inorganic and Analytical Chem-
istry, Medical Academy, Lublin, Poland) who drew our atten-
tion to this fact.

It should be noted that on the top of the front page of Tswett’s
book, the French translation of its title (Les Chromophylies
dans les Mondes Végétal et Animal) is given. This can clearly be
seen in the photo of the title page shown on p. 211 of Senchen-
kova’s book (ref. 7). The identical French title of Tswett’s
book is cited by Vegezzi, in his thesis (ref. 34) and also in the
bibliography of Dhéré’s paper on Tswett (ref. 9).

In the comprehensive bibliography section of her book (ref. 7)
Senchenkova lists three papers in German from 1906; five in
German and one in French from 1907; seven in German and
one in French from 1908; none from 1909; one in German
from 1910; three in German and two in French from 1911.

o
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Fig. 7. Wladyslaw Franciszek de Rogowski, in 1935.

25, 1945, in the Soviet concentration camp Baskoje,
in the Ural Mountains.

Rogowski’s wife, Irena Maczewska, survived her
husband and died on January 4, 1973, in Warsaw,
at the age of 81. They had two daughters, Barbara
Rogowska-Piotrowska (born in 1923, now living in
Warsaw), and Kalina Rogowska-Przeslawska
(born in 1927 and died in 1972).

4. VEGEZZI AND HIS THESIS WORK

In 1913-1914 Dhéré had seven publications on
animal and plant pigments and their spectroscopic
investigations. Among these only one, the paper co-
authored with Ryncki, dealing with the UV spectro-
scopic investigations of carotenoid pigments [335],
mentioned that pure carotene was prepared accord-
ing to the method of Tswett, using the technique

¢ We obtained this information and the photograph of Fig. 7
through Dr. H. Lamparczyk (Faculty of Pharmacy, Medical
Academy, Gdansk, Poland) from Mrs. Barbara Rogowska-
Piotrowska (Warsaw) for which we express our special grat-
itude.
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Fig. 8. Guglielmo Vegezzi, in his middle age.

described by Rogowski, and reference is given to
the paper by Dhére and Rogowski [18].

The next major work carried out in Dhéré’s lab-
oratory in which the chromatographic technique
was further improved was the thesis of Guglielmo
Vegezzi, born on August 1, 1890, in Ticino, the Ital-
ian-speaking area of Switzerland (Fig. 8).

Vegezzi did his undergraduate studies at the Uni-
versities of Ziirich and Fribourg; he started his the-
sis work under Dheéré in 1913 and it was mostly
finished by the Summer of 1914. However, his mil-
itary service in 1914-1915 prevented him from fin-
ishing it until the spring of 1916. He received his
Docteur és Sciences degree on July 25, 1916. Sub-
sequently he joined the Swiss Federal Administra-
tion of Alcohol as a chemist, later advancing to the
position of the vice-director of the Agency. He died
on September 3, 1955.

The subject of Vegezzi’s thesis was the spectro-
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scopic investigation of various pigments present in
invertebrates, such as in the bile and liver of the
escargot Helix pomatia, and in the eggs of the spider
crab Maja squinado. These investigations were very
important because they represented the first appli-
cation of chromatography in the preparation of
such pigments in pure form, permitting the mea-
surement of their UV absorption bands and their
fluorescence. In addition to the printed thesis of Ve-
gezzi [34] the results were summarized in six papers
co-authored by Dhéré and Vegezzi [36-41].

The chromatographic system of Vegezzi (Fig. 9)
differed only slightly of that of Rogowski. Now, the

Fig. 9. The chromatographic system of Vegezzi, (from ref. 34).
t = Chromatographic column (350 mm X 16 mmI.D, glass tube),
m = outer glass sleeve, v = glass wool layer (about 5 mm high),
I = cork with multiple perforations, d = perforated porcelain
disk, s = rubber stoppers, w = water pump.
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outside glass sleeve extended to the whole length of
the chromatographic column: in his 1943 paper [9]
Dhéré implied that in the Rogowski design (¢f. Fig.
4), the upper part of the ““‘chromatogram’ could not
be seen well because the upper rubber stopper
blocked the view of it and this was the reason for
the change. In Dhéré’s later book on fluorescence
(16] the Vegezzi design of a chromatographic sys-
tem is recommended.

It is interesting to note that after finishing the
investigations with Vegezzi, Dhéré evidently did not
carry out any more chromatography. He also
slowed down in having graduate students. In the list
of Laszt [15] there is one thesis from 1906, six are
from 1910--1912, one each from 1916 (Vegezzi’s),
1924, 1927 and 1928, two each from 1932 and 1936
and one from 1941. In other words, there is an
eight-year hiatus after Vegezzi, there are a couple of
theses from the second part of the twenties and
then, there is again an indication of renewed activ-
ity toward the end of Dhéré’s professional career.

When going through the doctorate theses pub-
lished from 1924 on, one may wonder why chroma-
tography was no longer used in Dhéré’s laboratory.
A great number of pigments from various sources
were prepared in pure form (or whatever was as-
sumed to be pure) by precipitation, dialysis, crystal-
lization and liquid-liquid partition. We may as-
sume that the know-how for chromatography was
lost when Vegezzi left Dhéré’s laboratory, just after
his exam, to start working in Bern. As mentioned,
for some years Dhéré did not have any graduate
students and the next thesis was only finished in
1924. The only one who was thinking about chro-
matography was Oscar Biermacher who finished his
thesis in 1936 [24]. In this he discussed the method,
but then decided to use liquid-liquid partition for
the isolation and purification of chlorophylls, be-
cause he found that this technique is not inferior to
chromatography. This is even more strange because
by then, chromatography started to be widely used
in many laboratories, also in Switzerland.

We have discussed the activities of Dhéré only
from the point of chromatography. An investiga-
tion of his whole professional life was beyond our
task.

V. R. MEYER. L. S. ETTRE

5. PAPER ON TSWETT AND ON THE EVOLUTION OF
CHROMATOGRAPHY

In 1937 Zechmeister and Cholnoky published
their bestseller, their book on chromatography [32]
and one year later a second, greatly enlarged edition
was published. In the preface of the second edition,
the authors stated that “it was intended to begin
this volume with a biography of Tswett, but reliable
data about the life of this pioneer were not available
up to this time”. Indeed this was true: the first brief
biography of Tswett (a total of 28 lines, with a bibli-
ography listing 56 publications) was published only
in 1940, in a collection of the biographies of bota-
nists from Geneva [42] written by John Briquet®.

Evidently this publication induced Dhéré to start
collecting data on Tswett. Dhéré was now retired
and living in Geneva, with strong connection to the
University. Unfortunately Edouard Claparéde,
Tswett’s closest friend in Geneva, with whom he
studied at the University and whom he visited al-
most yearly from Russia’, was already dead when
Dhéré became interested in Tswett’s life and activ-
ities, but his widow provided a photo of the young
Tswett which he presented in 1896 to his friend Cla-
paréde. However, Dhéré could still contact P.G.
Hochreutiner. professor at Geneva University, who
was also a graduate student together with Tswett in
the laboratory of professor Marc Thury.

It took about two years for Dhéré to compile his
50-page long paper which he finally submitted on
March 23, 1943 to the journal Candollea [9]. This
paper not only dealt with the life of Tswett but it
also discussed in detail his scientific work presenting
a critical evaluation of the controversies related to
the early years of chromatography and to Tswett’s
chromatographic investigations of plant pigments.
In addition, Dhéré also presented a summary of the
evolution of chromatographic analysis up to 1940.
The article finished with a brief discussion of the

“ John Briquet (1870-1931) was assistant at the Botanical In-
stitute of the University of Geneva when Tswett studied there.
He later became professor of botany at the university. After
Tswett’s return to Russia, they remained in touch through fre-
quent correspondence. Briquet finished the compilation of ref.
42 just before his death but it was published only nine years
later, on the occasion of the 50th anniversary of the Société
Botanique Suisse.

* See footnote ¢ on p. 5.
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influence of Tswett’s method on the results of “the
princes of contemporary science”, the Laureates of
the Nobel Prize in Chemistry. Finally a detailed
bibliography listing the most important papers re-
lated to chromatography, including 36 papers by
Tswett, was given“. For 30 years, until the start of
the publications of Sakodynskii, Senchenkova and
others, this was the most comprehensive discussion
of Tswett’s life and activities.

6. CONCLUSIONS

In the early evolution of chromatography Char-
les Dhéré occupies a very important place. He was
the first who, by independent investigations, proved
the correctness of Tswett’s assumptions on the ex-
istence of multitude of chlorophyllic and carot-
enoidic pigments. Dhéré extended the use of chro-
matography into animal biochemistry” and demon-
strated that indeed, chromatography can provide
purer substances than any of the then accepted
methods. We might rightly cite Winterstein and
Willstaedt in praising his activities: In 1933 Winter-
stein stated that “‘the significance of this method
(i.e., of chromatography) to biochemical research
subsequently (i.e., after Tswett) appeared to be un-
derstood only by Charles Dhéré and his co-work-
ers” [26]; and, according to Willstaedt, “one of the
first authors to appreciate the advantages of this
new procedure (i.e., chromatography) was Dhéré,
who made use of it in a number of investigations”
[43].
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¢ We have found two apparent errors in Dhéré’s paper: (a) the
date of Tswett’s death is given as May 1920, while he actually
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announcement of Tswett’s death in the Berichte der deutschen
botanischen Gesellschaft giving this false date. (b) Dhéré stated
that Edouard Claparéde died in 1939; however, according to
Hais (ref. 8) he died in 1940.

Actually L. S. Palmer at the University of Missouri (Columbia,
MO) in the USA, also carried out chromatographic investiga-
tions of pigments present in plants and animal tissues, from
1911 on. However, at that time, neither knew about the other’s
work.
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NOTE ADDED IN PROOF

In our paper we often used the term “Russia”: by
this we simply referred to the Russian Empire of the
Tsar prior to 1916 and not to the geographical area
of Russia formed after the dissolution of the Soviet
Union at the end of 1991. Similarly, the term ““Rus-
sian” meant a subject of the Russian Empire.

Actually, the true nationality of M. S. Tswett and
of his father is not so simple. His father, Semen N.
Tswett, was born in Chernigov which is in the Uk-
raine; thus, according to present-day standards he
might be considered a Ukrainian. However, he left
that area as a teenager and never returned (except
for brief visits). He studied at the University of Tar-
tu (the same school where, 70 years later, his son
became a professor) in Estonia (which, at that time,
was part of the Russian Empire) and, after gradua-
tion, he had been active in Russia proper or abroad
(in Italy and Switzerland). In the last few years of
his life he was a Councilor of State, the Chairman of
the Provincial Finance Department in the Crimean
Peninsula which then was part of Russia proper but
today, because of a decree of Khrushchev from the
mid-1950s, belongs to Ukraine.

Mikhail S. Tswett’s mother, who was of Italian
origin, was born in Turkey but grew up in Russia.
As mentioned (cf. footnote a on p. 4) M. S. Tswett
was born in Italy and grew up in Switzerland. In
fact, when he returned to Russia, in 1896, he spoke
only fairly poor Russian and we know for instance
(see ref. 8) that at home, he and his wife preferred to
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use French in conversation. In his life M. S. Tswett
spent 25 years in Switzerland, seven years in Russia
proper, fifteen in Poland and less than one in Esto-
nia (both within the Russian Empire). So what na-
tionality was he?

REFERENCES

1

10
11

14

15
16

17

M. Tswett, “Physikalisch-chemische Studien iiber das Chlo-
rophyll. Die Adsorptionen”, Ber. Ditsch. Botan. Ges., 24
(1906) 316-323. An English translation of this article has re-
cently been published in: V. G. Berezkin, Editor, Chromato-
graphic Adsorption Analysis: Selected Works of M. S. Tswett,
Ellis Horwood, New York, London, 1990, pp. 21-26.

M. Tswett, ““Adsorptionsanalyse und chromatographische
Methode. Anwendung auf die Chemie des Chlorophylls™,
Ber. Disch. Botan. Ges., 24 (1906) 384-393. An English trans-
lation of this article has recently been published in: V. G.
Berezkin, Editor, Chromatographic Adsorption Analysis: Se-
lected Workssof M. S. Tswett, Ellis Horwood, New York,
London, 1990, pp. 27-34.

K. 1. Sakodynskii, “M. S. Tswett — His Life”, J. Chromatogr.,
49 (1970) 2-17.

K. I. Sakodynskii, “The Life and Scientific Works of Michael
Tswett”, J. Chromatogr., 73 (1972) 303-360.

K. I. Sakodynskii, “New Data on M. S. Tswett’s Life and
Work”, J. Chromatogr., 220 (1981) 1-23.

K. 1. Sakodynskii, Michel Tswett — Life and Work, Carlo
Erba Strumentazione, Milan, undated (1981).

E. M. Senchenkova, Mikhail Semenovich Tsvet, Nauka,
Moscow, 1973.

1. M. Hais, “Tswett’s Letters to Claparéde™, J. Chromatogr.,
440 (1988) 509-531.

Ch. Dhéré, “Michel Tswett, le Créateur de 1’Analyse Chro-
matographique par Adsorption. Sa Vie, ses Traveaux sur les
Pigments Chlorophylliens™, Candollea (Genéve;, 10 (1943)
23-73.

T. Robinson, “Michael Tswett”, Chymia, 6 (1960) 146-161.
L. S. Ettre, “Evolution of Liquid Chromatography: A His-
torical Overview”, In Cs. Horvath (Editor), High-Perform-
ance Liquid Chromatography — Advances and Perspectives,
Vol. 1, Academic Press, New York, 1980, pp. 1-74.

E. Lederer, “La Renaissance de la Méthode Chromatogra-
phique de M. Tswett en 19317, J. Chromatogr.. 73 (1972)
361-366.

Ch. Dhéré, Sur la Variation des Centres Nerveux en Fonction
de la Taille, Thesis for the Docteur en Médicine degree, Uni-
versity of Paris, Paris, 1898.

Ch. Dhéré, Recherches Spectrographiques sur I’ Absorption des
Rayons Ultraviolets par les Albuminoides, les Protéides et
leurs Dérivés, Thesis for the Docteur és Sciences degree, Uni-
versity of Paris, Paris, 1909.

L. Laszt, Bull. Soc. Frib. Sci. Nat., 44 (1954) 304-313.

Ch. Dheére, La Fluorescence en Biochimie, Presses Universi-
taires de France, Paris, 1937, 318 pp. + 27 plates.

Data on Rogowski’s life were mostly taken from the book
Slownik  Biograficzny 1988-1989, Ossolineum Publisher,
Warsaw. 1990, pp. 455-457.

18

19

2

—

22

23

24

25

26

27

28

29

30

3

—

32

33

V. R. MEYER, L. S. ETTRE

Ch. Dhéré and W. de Rogowski, “Sur I'Absorption des
Rayons Ultraviolets par les Chlorophylles et par la Chlo-
rophylle Crystallisée”, Comp. Rend. Acad. Sci. Paris, 155
(1912) 653-656 (presented on October 7, 1912).

Wiladislas de Rogowski, Recherches sur les Spectres d’Ab-
sorption Ultra-Violets et sur les Spectres d'Emiission par Fluo-
rescence des Pigments Chlorophylliens, Thesis for the Docteur
és Sciences degree, 79 (typed) pages + 4 plates. The year
given in the thesis is 1914,

M. Tswett, “Uber die Natur des sogenannten ‘Krystallisier-
baren Chlorophylls’ (Meta-chlorophyllins)”, Biochem. Z., 44
(1908) 414-425.

M. Tswett, ““Das sogenannte ‘krystallisierte Chlorophyll’ -
ein Gemisch”, Ber. Disch. Chem. Ges., 43 (1910) 3139-3141.
M. Tswett, “Uber die Loslichkeitsverhilinisse der Chloro-
phylline und eine neue Methode zur Isolierung derselben™,
Ber. Disch. Chem. Ges., 45 (1911) 1124-1127.

H. Escher, Zur Kenntniss des Carotins und des Lycopins, The-
sis, E. T. H., Ziirich, 1909.

O. Biermacher, The Visible and Infrared Fluorescence Spectra
of Chiorophyll a. Chlorophyil b and Several Porphyrins, Thesis
for the Docteur és Sciences degree, University of Fribourg,
Fribourg, 1936.

H. Fischer and A. Stern, Die Chemie des Pyrrols, Il., 2.
Hidlfte: Die Chemie der Chlorophylle, Akademische Verlags-
gesellschaft, Leipzig, 1940.

A. Winterstein and G. Stein, “Fraktionierung und Reindar-
stellung organischer Substanzen nach dem Prinzip der chro-
matographischen Adsorptionsanalyse. 1. Anwendungsbe-
reich; 1. Chlorophylle™. Z. Physiol. Chem., 220 (1933) 247-
263, 263-277.

A. Winterstein, “Fraktionierung und Reindarstellung von
Pflanzenstoffen nach dem Prinzip der chromatographischen
Adsorptionsanalyse”, in G. Klein {(Editor), Handbuch der
Pflanzenanalvse, Springer Verlag, Wien; Vol. 1V, Part 3
(1933), pp. 1403-1437.

R. Willstatter and A. Stoll, Untersuchungen iiber Chlorophyil:
Methoden und Ergebnisse, Julius Springer, Berlin, 1913; viii
+ 424 pp. An English translation of the book was published
15 years later: Investigations on Chlorophyil: Methods and Re-
sults (translated by F. M. Schertz and A. R. Merz), Science
Press, Lancaster, PA, 1928,

R. Willstatter, A. Stoli and M. Utzinger, " Absorptionsspek-
tren der Komponenten und ersten Derivate des Chloro-
phylls”, Ann. Chem., 385 (1911) 156-188.

F. M. Schertz, *The Pure Pigments Carotin and Xantho-
phyll, and the Tswett Adsorption Method”, Plant Physiolo-
gy, 4 (1929) 337-348.

P. Karrer, "“Zur Frage der Reinheit und Wirkungsstarke von
Vitamin A Prdparaten”. Helv. Chim. Acta. 22 (1939) 1149-
[150.

L. Zechmeister and L. Cholnoky, Die Chromatographische
Adsorptionsmethode, Julius Springer, Wien, 1937, 2nd ed.,
1938.

M. S. Tswett, Khromofilly v Rastitel'nom i Zhivotnom Mire
(““Chromophylls in the Plant and Animal World™), Izd. Kar-
basnikov, Warsaw, 1910. A part of this book specifically
dealing with the chromatographic method has recently been
published in English translation in: V. G. Berezkin. Editor,



THE ACTIVITIES OF Ch. DHERE

Chromatographic Adsorption Analysis: Selected Works of M.
S. Tswett, Ellis Horwood, New York, London, 1990, pp. 35—
79. (Note that in this publication the Russian title of Tswett’s
book is given incorrectly, by reversing the order of “rastitel-
‘nom” and “‘zhivotnom™).

34 G. Vegezzi, Recherches sur Quelques Pigments des Inverté-
brés: Hélicorubine, Hépatochlorophylle, Tétronérythrine, The-
sis for the Docteur és Sciences degree, University of Fribourg,
Fribourg, 1916, 111 pp. + one plate.

35 Ch. Dhéré and L. Ryncki, “Sur I’Absorption des Rayons
Visibles et Ultraviolets par les Pigments Carotinoides”,
Compt. Rend. Acad. Sci. Paris, 157 (1913) 501-503.

36 Ch. Dhéré and G. Vegezzi, “Sur 'Hémochromogéne Acide”,
Compt. Rend. Acad. Sci. Paris, 163 (1916) 18-20 (presented
on July 3, 1916).

37 Ch. Dhéré and G. Vegezzi, “Influence Exercée par le Degré
de Réduction des Hémochromogénes sur leurs Propriétés

38

39

40

41

42

43

15

Spectrales”, Compt. Rend. Acad. Sci. Paris, 163 (1916) 209—
211 (presented on August 23, 1916).

Ch. Dhéré and G. Vegezzi, “Sur la Composition Pigmentaire
de 'Hépatochlorophylle”, Compt. Rend. Acad. Sci. Paris,
163 (1916) 399-401 (presented on October 16. 1916).

Ch. Dhéré and G. Vegezzi, “Sur I'Hélicorubine”, Compt.
Rend, Acad. Sci. Paris, 164 (1917) 869-870 (presented on
May 29, 1917).

Ch. Dhéré and G. Vegezzi, “Recherches sur 'Hélicorubine,
17, J. Physiol. Pathol. Gén., (1917) 44-52.

Ch. Dhéré and G. Vegezzi, “Recherches sur I'Hélicorubine,
11, J. Physiol. Pathol. Gén., (1917) 53-66).

John Briquet, “Biographies des Botanistes a Genéve (1500—
1931)”, Bull. Soc. Bot. Suisse, 50a (1940) 1-494; Tswett’s
biography is on pp. 463-466.

H. Willstaedt, L’Analyse Chromatographique et ses Applica-
tions, Hermann, Paris, 1938.



