THE BECKMAN CENTER FOR THE HI STORY OF CHEM STRY

RUDCLF SI GNER

Transcript of an Interview
Conduct ed by

Tonj a Koeppel
at
Berne, Switzerl and
on

30 Septenber 1986



7 4
|
1

: 3
F:
i
i
:

irbe i v i

R T

i

Oral History Program

RELEASE FORM

s'jt contains my understanding and agreement with
+r for the History of Chemistry with respect to
.'in a tape-recorded interview conducted by

O UTA Ko el on __ >0 STPEhze .

I have read the transcript supplied by the Beckman Center and

returned it with my corrections and emendations.

1. The tapes and corrected transcript (collectively called the
"Work") will be maintained by the Beckman Center and made
available in accordance with general policies for research
and other scholarly purposes.

2. I hereby grant, assign, and transfer to the Beckman Center
all right, title, and interest in the Work, including the
literary rights and the copyright, except that I shall
retain the right to copy, use and publish the Work in part

or in full until my death.

3. The manuscript may be read and the tape(s) heard by scholars
approved by the Beckman Center subject to the restrictions
listed below. The scholar pledges hot to guote from, cite,
or reproduce by any means this material except with the
written permission of the Beckman Center.

4. I wish to place the following conditions that I have checked
below upon the use of this interview. I understand that the
Beckman Center will enforce my wishes until the time of my
death, when any restrictions will be removed.

a. }S No restrictions for access. -

b. My permission required to quote, cite, or
reproduce.

c. My permission required for access to the entire
document and all tapes.

This constitutes our entire and complete understanding.

(Signature) 6%i&$¢2§¢143f-\Jf;éz7éhgizg

(Date) 6. D&ﬁ’&rﬁ,(;«) Zf . 274
4 S

(Revised 20 February 1989)




Thisinterview has been designated as Free Access.

One may view, quote from, cite, or reproduce the oral history with the permission of CHF.

Please note: Users citing this interview for purposes of publication are obliged under the terms
of the Chemica Heritage Foundation Oral History Program to credit CHF using the format
below:

Rudolf Signer, interview by TonjaKoeppel at Berne, Switzerland, 30 September
1986 (Philadelphia: Chemical Heritage Foundation, Oral History Transcript #
0056).

Chemical Heritage Foundation
Oral History Program
/ﬂi 315 Chestnut Street

Philadelphia, Pennsylvania 19106

\

The Chemical Heritage Foundation (CHF) serves the community of the chemical and molecular
sciences, and the wider public, by treasuring the past, educating the present, and inspiring the
future. CHF maintains a world-class collection of materials that document the history and
heritage of the chemica and molecular sciences, technologies, and industries;, encourages
research in CHF collections; and carries out a program of outreach and interpretation in order to
advance an understanding of the role of the chemical and molecular sciences, technologies, and
industries in shaping society.



RUDCLF SI GNER

1903 Born in Herisau, Switzerland on 17 March
Educati on
1928 Ph.D., chem stry, Swi ss Federal Institute of

Technol ogy, Zurich

Pr of essi onal Experi ence

1926- 1935 Teachi ng Assistant and Research Fellow, University
of Freiburg, Gernmany
Uni versity of Berne

1935- 1937 Associ at e Professor of Organic Chem stry
1937- 1972 Prof essor of Organic Chemstry
Honor s

1933 Rockef el l er Fell owship, Uppsala and Manchester
1948 Rockefell er Special Fellowship, USA
1949 Lavoi si er Medal, La Soci été Chini que de France



ABSTRACT

Rudol f Signer starts this interview by talking of his famly
background in Herisau. The Kantonschule at St. Gall en enphasized
mat hemati cs and the sciences and here Signer's youthful interests
i n astronony and phil osophy were reinforced. Study of chem stry
at ETH fol l owed and Signer recalls sonme of his professors there.
Graduat e research on pol yoxynet hyl enes with Staudi nger introduces
Signer to the young field of polymer chem stry and he renmenbers
the controversy about Staudi nger's nmacronol ecul ar hypot hesi s.
Moving to Freiburg with Staudi nger, Signer set up equipnent to
measure stream ng birefringence, which proved a powerfu
techni que of the solution characterization of polyners. A
Rockefell er Fell owship enabled Signer to work with Svedberg at
Uppsala and to apply ultracentrifugal sedinmentation to synthetic
polymers in organic solvents. The rest of that postdoctoral year
was spent at Manchester with Bragg, where Rudolf Signer used X-
rays for structural investigations. Signer tells of his decision
to | eave Freiburg and of his acceptance of a chair at the
University of Berne. The interview includes nention of much
research made at Berne, including the isolation and
characterization of nucleic acids, water-protein interactions,
nol ecul ar separation techni ques and the thernodynam cs of pol ymner
solutions. The interview concludes with recollections of a post-
war tour of the United States and of Signer's nenories of
St audi nger .

I NTERVI EVEER

Dr. Tonja A. Koeppel received a master's degree in chem stry
fromthe Swi ss Federal Institute of Technology in 1944. Since
then she has witten about chem stry, done research, and taught
coll ege chemistry. Dr. Koeppel is also a historian of chem stry.
In 1973 she earned a Ph.D. degree in the history and soci ol ogy of
science fromthe University of Pennsylvania. She is especially
interested in the devel opnent of organic chemstry in the
ni neteenth and early twentieth centuries.
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| NTERVI EVEEE: Rudol f Si gner

| NTERVI EVEER: Tonj a Koeppel

ALSO PRESENT: Peter Signer

LOCATI ON: Berne, Switzerl and

DATE: 30 Sept enber 1986

KOEPPEL: Professor Signer I'd like to start the interviewwth a
few questions about your early childhood. You were born in 1903,
in Herisau, Switzerland. Could you tell ne sonething about your
parents, your father?

SIGNER:  For many generations the famly has owned a textile
firm And now ny ol dest brother has his sons running the firm
so there have been six or seven generations of Signers, working
in the field of dyeing and bl eaching textiles.

KOEPPEL: Ch, that's very interesting. D d that have an
i nfl uence on your studying chem stry?

SIGNER.  Yes. | was very interested in two things in ny youth:
astronony and phil osophy. M father told ne that when | have ny
Maturitat | should not study phil osophy, because | would not earn
aliving with this theoretical field, and that | should take

ei ther mat hematics, physics or chemstry. And so | took

chem stry.

KCEPPEL: You took his advice?

SIGNER:  Yes, and that lies in the line of the famly. M father
was a chem st, educated at Wnterthur. There is a Technikumwth
a section of chem stry, where he studied. He had many friends,
chem sts too, and he saw them each year, and they all were very
happy to cone together.

KCEPPEL: What was your father's first nane?

SI GNER: Jakob, Jack



KOEPPEL: And your nother, was your nother related in any way
with science or was she a housew fe?

SIGNERT No. M father married one of many sisters of a man in
St. Gallen who built w ndows, a "glaser”. But she died after the
birth of the fourth child. And then he was left with his four
children, ranging from ages seven to three days old. Soon, he
married the sister of his dead wife, and she was ny nother.

KOEPPEL: He had nore children with his second w fe?

SIGNER: | amthe only child of the second marri age.

KCEPPEL: So you are the youngest of the famly. D d any of your
brothers and sisters take up chem stry or anything scientific?

SIGNER:  The ol dest was a student of chemistry also in
Wnterthur. And then he was in Krefeld, where a special school
for textile studies was avail abl e.

KOEPPEL: So he becane a textile chem st?

SIGNER: A textile chem st.

KCEPPEL: And then he was active in the conpany. | see.

SIGNER:  Since he died, three or four years ago, his two sons
have been running the firm

KOEPPEL: What was his first nane?

SI GNER: Jakob, too.

KOEPPEL: They al so called himJack?

SI GNER: Yes.

KOEPPEL: So you grew up in a lively famly, and you nust have
many nenories fromyour childhood. Your elenentary schooling was
in Herisau.



SIGNER. That is correct, Herisau. The famly played a big role,
for each of ny brothers had a hobby, and they all were very nice
to the youngest. And | saw how they worked in their hobbi es.

The ol dest was building electrical machines, notors and

el ectrical circuits. The next brother who is now still living at
ei ghty-nine, was a gardener, he planted fruits and vegetabl es and
sold themto his nother. Later on, he went into conmerce and was
many years in India where he built up a big business.

KCEPPEL: But not connected with the textile firm he did not
build up a textile firm

SIGNER: No. Then the great disaster cane in 1929. He |ost al
his noney, and ny father had to pay a good part of his own nobney
to help him

KCEPPEL: What was the great disaster?

SIGNER: The great Depression.

KOCEPPEL: The Depression in 1929.

SIGNER:  Yes. The next son, ny next brother was interested in
collecting stanps. And so | saw how each one pursued very
i ntensively his hobby.

KOEPPEL: It was a very stinulating environnent, | would say, for
you.
SIGNER:  Yes, | saw so many different things, and all, in ny

eyes, very agreeabl e and pl easant.

KCEPPEL: So you nust have been a good student, in school, which
was of course easy in elenentary school.

SIGNER: At the gymmasi um

KCEPPEL: That neans we're going now to the secondary school.
Where was that?

SIGNER:  St. Gallen. Even the Kanton Appenzell had at that tine,
not this sort of school. So if one was to be prepared for
studies at the university, you had go to St. Gallen from Heri sau.
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And in our class there were two people who would be the first,
one was nysel f, and the other was the father of the Bundesratin

[ Federal Councilor] Elisabeth Kopp, Max Ikl é. W always tried to
be at the top of the class.

KCEPPEL: You were conpetitors. That was healthy. Very good.
And so you both went to St. Gallen. Did you enter into the first
grade at the gymasiumor |ater, after secondary school ?

SIGNER: | was six years in Herisau, and then there was a
secondary school, where | was two years. And fromthere
entered the first class of the technical division of the
Kant onsschul e.

KCEPPEL: Ch | see, not the gymasium

SIGNER:  You see the technical division of the Kantonsschul e had
the same cl asses as the gymasi um but no ancient |anguages.
Instead of the old | anguages we had a | ot of nmathematics, and
physics, chem stry and the principal natural sciences, botany and
geol ogy, and so on. So | had, already in St. Gallen, the
possibility to develop my mind in the direction of natural
sciences. And that was passed on to nmy son and to his son. They
don't Iike |languages. There are so many irregular verbs.

KOEPPEL: Yes, and so you nust have had chem stry. You liked it
at St. Gllen?

SIGNER:  Yes. There was a new professor for chem stry, just
coming fromthe ninth division of the Sw ss Federal School at
Zurich., That's the division of the teachers in natural sciences.
At that tinme it was the tenth division, and this teacher in St.
Gallen told me not to go to the division of chem stry because
there were so many students that they didn't get good contact
with the professors. He said, "Go to the tenth, the Natural
Science Division, where there are two or three students [in
chem stry], and they each have a very good contact with the

pr of essors. " And that was what it was like. | had very fine
pr of essors.

KOCEPPEL: That was good advice. What was the name of your
professor in St. Gllen?

SIGNER. Enz. He died two or three years ago.

KCEPPEL: So you went on to the Swiss Federal Institute of
4



Technol ogy, and you entered the D vision of Natural Sciences.
That was in what year?

SIGNER: That was in 1921.

KCEPPEL: In between, we had a world war, did that affect you in
any way?

SIGNER:  Yes, | was very inpressed by this big war. This

i npression goes on up to now, and oftentines | ask nyself why it
is not possible that human beings live friendly and peacefully on
this earth, which grows smaller and smaller.

KOEPPEL: Well that was really a consequence of your w tnessing
this war at a very early age. So now let's go to the ETH

[ Ei dgendssi sche Techni sche Hochschule], the Swi ss Federal
Institute of Technol ogy.

SIGNER. | was very lucky to have wonderful teachers. [Hernann]
St audi nger, we will turn back to himmany tines this afternoon.
The physici st Paul Scherrer.

KOEPPEL: Paul Scherrer. ©Oh, he was there already?

SIGNER. Yes, he was a young professor at that tinme, and was
wonderful in the great nunber of experinments he nade in each
| esson. That was a firework.

KCEPPEL: Yeah, he was an exciting teacher wasn't he?

SIGNER. And then there was the old botanist [Carl] Schroéter,
very fanous for his know edge of plants of the Alps. He wote a
thick book, Die Pflanzen der Al pen(1l), and he made excursions and
| photographed. | was his so-called Hof photograph [court

phot ographer]. |[If he saw a very nice plant he would call,
"Signer, cone and take a picture.”

KCEPPEL: Did you devel op your own pictures?

SIGNER. Yes, | had made them on gl ass, diapositives, and so had
a nice collection. | have it no nore, because now, at ny age,
must see to it that not too many things which have only a
relation to ne are still there when | close ny eyes. So it's
not nore than half a year that | let go of these fine pictures.
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It was hard for ny heart because | said, "Now a new generation is
com ng and they have their own interests.”

KCEPPEL: Now, at the ETH, you had inorganic chem stry, do you
remenber who taught it?

SIGNER:  Yes, the son of the very fanmpbus Treadwel | [Frederick
P.]. Treadwell was one of the nmasters known all over the world
for analytical chem stry.

KOCEPPEL: He was English? [Anerican; ed.]

SIGNER:  Yes. At the tine when | was there it was his son, the
young [WIlliamD.] Treadwel |, who was very good in analytica
chem stry, and he instructed in organic chem stry. St audi nger
gave the first lecture of inorganic chem stry, not only in
organic chemstry. 1In one termit was inorganic and the next
termorgani c chem stry, so you see Staudi nger had a broad view on
chem stry as a whol e.

KOEPPEL: Yes, he was very versatile.

SIGNER: But there was not a very good relation between the
scientific division of the Swiss Federal Institute of Technol ogy
and the technol ogi cal division, each division seened to feel nore
i nportant than the other.

KCEPPEL: WAs the technol ogy section chem cal engineering?

SI GNER: Chemi cal Engi neeri ng.

KOEPPEL: And who was there, was it Fierz?

SIGNER:  Eduard Fierz [Hans E. Fierz-David].

KCEPPEL: And August Guyer, was he there?

SIGNER:  Cuyer cane |ater

KOEPPEL: Fierz was quite fanmous for his dye chem stry.
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SIGNER: He was a very strong personality. As well as
St audi nger .

KOEPPEL: But you had no interest in going into dye chem stry,
al t hough you woul d have had sone relationship to it through your
textile background.

SIGNER: | had no intention to go back to join the firmafter ny
studi es because there was ny ol der brother, who was especially
educated to run the firm But there was a conpetition for good
students between the good professors. [Paul] N ggli asked ne
whet her | would join his departnent as an assistant, and take

m neral ogy. But then it was chem stry which had the higher
attraction for ne.

KOEPPEL: | wanted to ask you who taught mineral ogy, but you have
answered ny question: it was N ggli.

SIGNER:  Paul Niggli, yes, and his son is now professor of
m ner al ogy at Berne.

KCEPPEL: From your work | have seen that you have quite an
interest in mneralogy. So you nust have concentrated quite a
bit on this aspect during your studies.

SIGNER: The lectures of Niggli were fascinating. And | was
fasci nated by these Raungroups [spatial groups], by this

wonder ful geonetry and symretry, the mathematics of crystals. So
when | got the Rockefeller fellowship |I chose to go to Manchester
for six nonths, where the young [WlliamL.] Bragg was the

prof essor of physics. He got the Nobel Prize at twenty-five
together with his father [WlliamH]. Both got, if I amright
in nmy nenory, the Nobel Prize for applying the X-ray nethod for
determ ning the crystal structure of organic materials [in 1915:
ed] .

KOEPPEL: So you worked with the younger Bragg. But we're
junping ahead a little bit. W are still in 1921 to 1925, at the
Swi ss Federal Institute of Technology, and I would Iike to hear a
little nore about your relationship with Staudinger. Your Ph.D
wor k was done with Staudinger.

SIGNER. | started ny thesis on pol yfornal dehyde at Zirich and
shortly afterwards Staudi nger was asked to be the nmain professor
of chem stry in Freiburg. And then, having made half the thesis,
I went with Staudinger to Freiburg and I finished the thesis
there, and had ny exam nation at Zurich, by Professor EmI|I Ot.
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KOEPPEL: Ch, | see, you got your degree from Zirich but you did
your doctoral work in Freiburg.

SIGNER:  The exami ners were Richard Kuhn, the successor of
St audi nger, and co-referent Fierz. They took ny oral
exam nati on

KOEPPEL: Was that a difficult situation for you?

SIGNER: St audi nger said | should not prepare anything, as they
will only question ne in relation to ny work, and so it was. So
it was very easy. It was nore a formality than an exam nati on.

KOEPPEL: Do you know why Staudi nger preferred to go to Freiburg,
i nstead of staying at The Swi ss Federal Institute of Technol ogy?

SIGNER:  Yes. The reason was that the two divisions, the
i ndustrial and the scientific had a very poor relationship.

KOEPPEL: It was a personality conflict?

SIGNER:  Yes, and in Freiburg he was the chief of the whole
chem stry. So that was in accordance with his intentions. He
was a man with enornous energy.

KCEPPEL: Did you like hin

SIGNER: Ch yes. | admred him He did very nmuch for ne. He
was very content with me. MW wife was not so happy with him He
was very busy running the institute, all norning.

KCEPPEL: Are we tal ki ng about Freiburg now?

SIGNER. Yes. Then between twel ve and hal f past one he finished
that work, and then he cane to ny small place at the Institute
and said, "Oh, Herr Signer, jetzt haben wir Zeit. Jetzt wollen
W r etwas uber Wssenschaft diskutieren.™ [Ch M. Signer, now we
have the time. Now we want to discuss a little science.] And
that went on until two or three, whilst at home ny wfe was
waiting for me and keeping the neal warm | had very many fine
di scussi ons w th Staudinger

KOEPPEL: Did you talk a | ot about polyner chem stry, | guess
8



that was his main concern in those days?

SIGNER: Now and then. Fromtinme to tinme he remenbered the nice
tinmes we had in Switzerland. And then there was the great change
in Germany, when Hitler took power. And then one had to walk --
all the Institute, Staudinger and the assistants and the nmen who
cleaned -- all together had to walk to a big arena, where

t housands of people had to attend the speech of the Fuehrer.

Then Staudi nger said to nme, "Herr Signer, wir nehmen das als
Sonnenbad. "

KOEPPEL: "W take this as a sun bath,"” very good, yes. But that
was only in the early thirties, and Htler was already so strong,
his influence was so strong then?

SIGNER: | left in 1935. | had to | eave Frei burg because ny son
Peter, and the other boy who was born at that tinme, would already
stand by the street, and when people wal ked along they lifted an
armand said, "Heil Htler." At that tine my wife and | deci ded
that we woul d have to | eave.

KOEPPEL: So you were married at that tinme. Wen did you get
married?

SIGNER:  That was in 1928.

KOEPPEL: | see, and that was still in Zirich?
SIGNER:  That was in Freiburg. | changed from Ziurich to Freiburg
in 1927.

KOEPPEL: Was your wife Gernman?

SIGNER: No, | knew her during ny studies in Zirich. W were in
the sanme dance class and then, we made a |life together, and we
are now 58 years nmarri ed.

KCEPPEL: And what was her mai den nane?

SI GNER: Margaret he Meiers.

KOEPPEL: From Ziri ch?



SIGNER: From Rueschl i kon on the Zirichsee [the | ake of Zurich].

KOEPPEL: | would like to know a little nore about Staudi nger at
the ETH. Wio el se was there? Ws Leopol d Ruzi cka there?

SIGNER.  Ruzicka was there, but then he had not an inportant
position in the Institute. He was a hard-working man. He al ways
wore a green Girtnerschirze [gardener's apron], and carried a
very big Scheidetrichter [separatory funnel]. In his very smal
room where he worked with two or three doctorands [doctoral

candi dates], he was very active in perform ng experinents
hinmself, in contrast to Staudi nger who had no tine to do
experiments hinself. But Staudi nger had a great nunber of
students working on their thesis and that was fine with ne.
Because |l ater on, when | cane up with the idea of stream ng
birefringence, I had so many different high pol ymer substances
that | was in a very fine position, with so nany materials, to
get a good insight into the new nethod. [Tadeus] Reichstein was
no longer in Zirich at that time. He had done an enornous anount
of work together with Staudinger. Staudinger tried to extract

t he products which nmake up the aroma of coffee. And he,

Rei chstein and many students worked in this field for years. But
then it was shown that by roasting coffee at a high tenperature

t he nol ecul es break down, and what nmakes the taste is a nunber of
ten to twenty different things. So it's absolutely inpossible to
make synthetic coffee.

KCEPPEL: Synthetic coffee aroma, yes.

SIGNER: That was the great work which Reichstein did under
St audi nger .

KOEPPEL: Now you went to Freiburg with Staudinger, and you

di scussed his theories, and you nust have wi tnessed the
controversy around Staudinger. H's theories were attacked, and
t here nmust have been great concern on his side. Can you tell ne
alittle about this?

SIGNER. Yes, that was very interesting to see how i ntensely

St audi nger was attacked when he cane out with his idea of
macronol ecul es. Now, every student or pupil wth secondary
school i ng knows about nucleic acids and it's easy to understand
that there are big nolecules. | told you that I was interested
in philosophy, and | read, when | was sixteen or seventeen, the
wor ks of Kant and Schopenhauer. And in the introduction to his
main work, Die Wlt als WIle und Vorstellung, Schopenhauer says
"Ei ne grosse Wahrheit kann nur ein kurzes Siegesfest feiern

zwi schen den | angen Zeitr&umnmen in der sie als absurd verlacht und
als trivial geringgeschatzt wird."(2)
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[END OF TAPE, SIDE 1]

KCEPPEL: So you think that Schopenhauer's ideas relate to
St audi nger' s situation.

SIGNER: It's only one thought, one idea, of Schopenhauer, it's
not his principal idea. He says it with respect to his own work.
Nobody was reading his main work "Die Welt als WIlle und
Vorstellung”. And the publisher could do nothing better than to
"ei nstanpfen, die ganze Auflage." [Scrap the whole edition.]

KOEPPEL: Oh | see, he had to can it [take it off the market]
because he couldn't sell it. | can see that your phil osophica
background, your interest in philosophy, cones through in your
approach to science, which is sonething very valuable. There's a
| ot of depth.

SIGNER:  When | heard that you were comng, | read all ny works,
out of a long series, and decided that they are perhaps of sone
value. | had the idea that, [in] each work, [it] was very well

founded. Al | did was sedinentation of macronol ecul es, flow

birefringence, but it's very conplete and very detailed in
publication. And that's perhaps what | gained from phil osophy.

KOEPPEL: Now we're gradually getting to your work. The

i nfl uence of Staudinger is obviously very strong in the

begi nning. Could you relate the start of your professional work,
wi th what you did for Staudinger? Your first publication was on
pol yoxymet hyl enes (3).

SIGNER.  That was a very fine work for me. There was the idea of
all other scientists, that these are particles with a great
surface, and there is sonething absorbed on the surface, so that
the content of formal dehyde is not one-hundred percent, but |ess.
And the smaller the particles, the greater the surface, and the
greater the difference between the content of formal dehyde and
one hundred percent. And Staudi nger had the idea that these are
| ong chains of -CH,-O CH,- so on and as end groups, H and OH, the
parts of water. Then he said if that is right, one should break
these long chains into small pieces of different length. And he
had the idea that with acetic acid anhydride he could break this
long chain. And the shorter the parts were, the fewer nol ecul es
of fornmal dehyde were between the two parts of acetic anhydride.
He told ne to take a big quantity of the formal dehyde pol yner,
heat it with acetic anhydride in Carius tubes to two hundred
degrees and then it breaks, then what's coming out is like a
slurry.

KOEPPEL: Wsat kind of tubes, excuse ne, what did you call then?
11



SIGNER:  The tubes which you can heat in the oven to a high
tenperature after having them sealed. And then what cones out is
sonmet hing which is not solid and not liquid but is all together.
Because it has dozens of different kinds of nolecules, and then
ny problemwas to separate this conplex mxture, to real unique
nolecules. And | did it as a "Pedant"” with great enthusiasm and
really | could isolate pure sharp nelting substances, with one,
next two, and so on, until twenty-two groups of CH, between the
end groups of acetic anhydride. And then the wonderful thing was
at the sanme tinme he worked together with a m neral ogi st, and he
made x-ray pictures and could see the |l engths of the nolecule
because they, |ike the paraffins, formsheet lattices. You could
neasure the lengths of all types of nolecules. And that was in
conpl ete accordance with the nunmber of CH, groups, | got out by
chem cal analysis. So |I'mvery proud to have given one of the
nost inpressive points to Staudinger's idea by the separation and
this breaking down of the particles of the polyner formal dehyde.

KOEPPEL: So he nust have been very pl eased.

SIGNER.  He was very pl eased.

KOEPPEL: You published this work in two different chapters
(3,4), and it was one of your earliest publications with

St audi nger, and then you also habilitated [habilitate: qualify
for a teaching position at a German University; ed.] at the

Uni versity, you started teaching. Wat was your position then?

SI GNER: St audi nger was very pleased that | hit on the idea of
flow birefringence, and his teacher [D.] Vorl ander was the
physical chem st, w th whom St audi nger studied. He had studied
the flow birefringence of | ow nolecul ar weight materials, such as
stearic acid or palmtic acid in solution, or nolten, and he saw
that the |onger the nolecule, the stronger the flow
birefringence. Then | said to Staudinger that if he were right,
all the polystyrene and cel |l ul ose derivatives should all show
stream ng birefringence. Then | built an apparatus to nmeasure
it, and it was a second new proof of Staudinger's idea. And I
was so lucky, to have so many different materials for this

i nvestigation of flow birefringence because Staudi nger had ten or
fifteen students, each working on another sort of polyner. |
could get material, to study in this stream ng birefringence
apparatus and, in a very short time, showed a wonderfu

accordance with Staudinger's work. And then if other young
peopl e had the idea to habilitate, he said that they nust do |ike
Si gner, make sonmething new wth a bottle of liquid. So he was
very pl eased about my work, and support of his theories. For
that he obtained the Rockefeller Fellowship for ne.

KCEPPEL: | see, that's how you got it.
12



SIGNER: Yes, because the fight was in 1932 or 1933. That was
already in the period where the idea of macronol ecul es had a good
root and all people not too closed in their m nds saw t hen that
St audi nger was right. And in this connection | will tell you
about a discussion after a great |ecture which Staudi nger gave in
Dissel dorf, before the Gesellschaft Deutscher Naturforscher und
Arzte (5). They neet once each year, and one of the |eading
scientists is called on to give the main | ecture. So Staudinger
very enthusiastically told of his idea of the macronol ecul es.

Od [Richard M] WIllstatter was present and said, "I am not

absol utely convinced now that this idea of Staudinger is right,
but if he is right, he opens to chemstry a field which is nuch
bi gger than all organic chem stry."

KOEPPEL: That's great; WIllstatter said that?

SIGNER:  Yes, at a tinme when nost of the chem sts went agai nst
this idea of macronol ecul es.

KOCEPPEL: That was a | ot of support for his ideas. At |east he
opened the door to the acceptance of Staudinger's theories. Do
you renmenber what year that was approxi mately?

SIGNER: | cannot say directly, but it was when | was not very
long in Freiburg.

KOEPPEL: Because in 1933, you went to Uppsala on your
Rockefell er Fell owship, and wasn't Staudinger reluctant to |et
you go?

SIGNER:  No, he knew that it was only for a short tinme. And he
told ne that he would Iike nme to cone back to Freiburg after this
peri od.

KCEPPEL: Wi ch you did.
SIGNER.  Wiich | did, yes.

KOEPPEL: Could you tell us a little bit about your work with The
Svedberg, which was of great influence on your own devel opnent.

SIGNER. It was a wonderful tine, there existed only one
ultracentrifuge in the world, that was Svedberg's in Uppsal a.
There you net people fromall the world com ng with speci al
proteins to determ ne the nol ecul ar wei ght by sedinmentation in

13



the ultracentrifuge. People fromthe United States, from London,
fromeverywhere. This ultracentrifuge was used so intensively
that at the beginning of the week one of his assistants made a

pl an, Monday between m dni ght and four in the norning that's for
MacFarl ane, from4 to eight that centrifuge is for Signer. And
so all through the week.

KCEPPEL: You had to take turns. Did Linus Pauling come over
wi th some problens?

SIGNER. No, his tine cane |later. Svedberg' s ultracentrifuge was
perhaps a little tine before, yes.

KOEPPEL: He got the Nobel Prize in 1926, so he already was very
fanous, when you studied with him

SIGNER: He got the Nobel Prize as a young man, | don't exactly
know how ol d he was, but | don't think he was thirty. [forty two;
ed. ]

KOEPPEL: Now, much of your work really centers on determ ning
nol ecul ar wei ghts of high polynmers and this is where you used the
ul tracentrifuge.

SIGNER:  Yes, and the work in Uppsala was very difficult, because
when we canme with our substances, only soluble in organic
solvents, the ultracentrifuge could not be used at first, because
it was constructed for aqueous sol utions.

KOEPPEL: Why was it difficult?

SIGNER:  The cell in which the solution was placed is closed by
guartz wi ndows on both sides. You neasure the sedi nentation

vel ocity using the rotation of the rotor at a thousand tines a
second, by illumnation with ultraviolet Iight through the quartz
wi ndows. But between the quartz wi ndows, and the m ddl e part
containing the solution, was a very thin sheet of India rubber.

KOEPPEL: | see, so that was attacked by organi c sol vents.

SIGNER:  Yes. Wien | cane to Uppsala | needed to construct a

fil mwhich was insoluble in organic solvents, but had the
nmechani cal properties of a thin sheet of India rubber. And for
that | could fall back on the experience gained from Staudi nger

I made a very thin filmof polyacrylic acid with a plasticizer of
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glycerin. | made it in a dish over nercury by evaporating
aqueous solution of these two conponents. At the end there was
on the nercury a wonderful uniformfilmof this new material,

pol yacrylic acid, plasticized to the desired degree with
glycerin. W nade a small sheet which was put between the quartz
wi ndows and the central cell. It took four nmonths before we
could make the first sedinentation nmeasurenents with our

subst ances.

KCEPPEL: Ch, and you only had six nonths.

SIGNER.  In two nonths we worked day and night, the details of
whi ch may be seen now in three publications: three works on the
sedi mentati on of macronol ecul es (6-8). Svedberg was really

pl eased and he said to me, "No one of the many peopl e who have
come to this place to use the ultracentrifuge becane so quickly
acquainted with all the details. | think | keep you here, cone
to Uppsala and work with us for all your life."

KCEPPEL: And you didn't want to?

SIGNER: | preferred to go back to Staudi nger, because one knew
that in Sweden it was very difficult for a non-Swedi sh man to get
into the higher positions. They had the very good practice to

| ook out for their own people. And Staudinger had said to ne

bef orehand, "Come back to Freiburg.” So | went back to Freiburg,
and there | had the idea of the stream ng birefringence, and
that, Staudinger said, "That's the way our people, who should get
to the venia docendi [perm ssion to teach; habilitation], nust
open sonet hing new, as Signer has done."

KCEPPEL: That was really a demandi ng precedent. But then you
went to Manchester first, before you got back to Freiburg, and
you stayed six nonths in Manchester w th Bragg.

SIGNER. Six nonths. There are sone publications in quite
another field. | had ny idea what | wanted to do with Bragg, but
then the professor of physical chemstry in Freiburg, [Gyorgy de]
Hevesy, a very well-known man and, |ater [1943], a Nobel Prize

W nner, said, "If you go to another place don't conme with your
i deas, go and see what is being done there and what you can |l earn
there." So it was clear to ne that when | went to Manchester |

woul d see what Bragg woul d propose for ne. Just at that tinme a
very inportant work of one of his students had been conpl eted on
hetero poly-acids. Bragg suggested that, as there are other
hetero poly-acids, | could, in this half year, see whether they
have anal ogous structures. So, in Manchester | had the chance
to work on hetero poly-acids. A student of Professor Bragg had
just evaluated the constitution of these very conplicated
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i norgani ¢ substances (9). W could see fromthe Debye-Scherrer
di agrans that other hetero poly-acids had just the sane
structure. The different hetero pol y-acids gave Debye-Scherrer
di agranms with al nost exactly the same lines, with the sane
intensity. So in a very short time, only a few nonths, we could
see that all these hetero poly-acids have anal ogous, if very
conplicated, structures.

KOEPPEL: So this had an effect on your |ater approach, when you
al so worked with X-ray anal ysis.

SIGNER:  No, that was the only work in this field.

KOCEPPEL: OCh | see, that had no bearing on the nol ecul ar
structure of macronol ecul es.

SIGNER: No. W have been very interested in the arrangenent of
chain nol ecules in solids. That comes in another publication
(10).

KOEPPEL: Yes, let's talk about Bragg. Do you renenber something
interesting you could tell us?

SIGNER: He was very inpressive, he was a Nobel Prize man, fanous
for

KCEPPEL: Are we tal ki ng about the younger Bragg?

SIGNER:.  The younger Bragg, yes. Wen | cane to his office, it
was as if he would greet a very old friend. Such a friendly

at nosphere. Such an inportant man, well known all over the
worl d, that nmade a very great inpression on ne. And the whole
time when we were there, ny wife and I, we always had the

i npression with these English people you are like old friends.

KOEPPEL: And that's where you | earned your excellent English
Was [Francis] Crick there, or wasn't he there yet?

SIGNER:  No, that was later. There was once a colloquium of the
Sol vay Congress in Brussels, and | was invited. There Bragg
greeted nme and said, "Ch, the double helix was evaluated fromthe
material you have isolated in Berne."

KCEPPEL: Ch wonderful, your thynonucleic acid.
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SIGNER It was perhaps in 1940 or 1942. Two years after |
started nmy work in Berne, [Torbjoerr O] Caspersson, a Swedish
col | eague, cane and said that his master [Ei nar] Hanmarsten had
the idea that the nol ecul ar wei ght of nucleic acid which they had
prepared coul d best be found by flow birefringence. 1In half a
day Caspersson and | knew t he nol ecul ar wei ght, and the next day
we wote the small publication which is in the...

KOCEPPEL: It was published in Nature in 1938. "The Mol ecul ar
Shape and Size of Thynonucleic Acid,” by Signer and Caspersson
(11). So you consider this your nost inportant publication?

SIGNER:  Yes, fromthis tine on | saw that nucleic acid was one
of the biologically nost inportant polynmers. This led ne to
undertake student dissertations including the preparation of

nucl eic acids. About eight years later there was a synmposiumin
London, organi zed by the C ba Conpany in Basel, and | tal ked
about inprovenents in the preparation of nucleic acid. Not only
did | talk about, | brought a bottle of this size [Signer
denmonstrates], of finely prepared nucleic acid, and | gave it to
the director of the synmposium Dr. [John A V.] Butler, and he
distributed the nucleic acid to different institutions. One part
went to Canbridge, Massachusetts to Doty, who neasured the |ight
scattering (12), and one part cane to Canbri dge, England where
Wat son and Crick evaluated the double helix with a Bernese
nucleic acid (13). And then | was, as | heard | ater, proposed
for the Nobel Prize but it was not enough.

KCEPPEL: But you were nom nated for the Nobel Prize?

SIGNER | heard that | was nom nated but | don't know from which
side. Staudinger, when he cane to Berne, was always interested
in what | was doing, and he would tell other pupils that Signer
al wvays makes new things. That's nmy great fault, if | would have
wor ked one invention, it would have made nore of an inpression.

[END OF TAPE, SIDE 2]

SIGNER:  When | did the birefringence of this thynonucleic acid
prepared in Stockhol mby Hamrarsten and Caspersson, | saw that
this nucleic acid was one of the nobst inportant biological
substances and then | tried to isolate it fromcalf thynus,
because it has a high concentration of thynonucleic acid, as
native as possible w thout degradation. In [Adolf] Knapp's

di ssertation we cane one step further(14).

KOEPPEL: So he was a student of yours and he did his thesis with
you.
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SIGNER:  And anot her student [H.] Schwander continued the work of
Knapp, and the result was this. [Signer points to fig. 2 of note
15] That's the viscosity of the material which canme from

St ockhol m Caspersson and Hammarsten's, from which you al ways
knew that it was high nolecular by the flow birefringence. This
wor k of Knapp and Schwander gave the material with a much hi gher

viscosity, that nmeans with nuch nore native nolecules. | took to
t he London synposiuma bottle with fifteen grans of this
material. And this material was distributed by the man who

arranged this colloquium Dr. Butler, and he sent one part to
Canbri dge where Watson and Crick di scovered the double helix with
the material from Berne.

KOEPPEL: So you actually played a role, in a way, in the double
hel i x structure.

SIGNER.  Yes, there is an English botanist who cane to Berne, and
asked nme all these details, and he wote an article, | don't know
in which journal it cane out, with the title "Before The Doubl e
Helix." And in this, you'll find all that | explained just now.
But in Berne it was tedious work, to prepare the nucleic acid

wi t hout degradi ng the nol ecul es.

KOEPPEL: You al so had sone interesting specul ation there about

t he arrangenent of the purines and pyrimdines in a communication
in Nature, in English, a comunication on the nol ecul ar shapes
and size of thynonucleic acid (11).

SIGNER.  In this first publication you already see the idea that
the purine and pyrimdines rings nust |ie perpendicular to the

| ong axis of the nolecule, because it showed negative doubl e
refraction, which neans the main polarizability of the
arrangenent of atons |lies perpendicular to the Iength of the

nol ecul e.

KCEPPEL: | think we should go back. W have junped ahead a bit,
because you were in Manchester, now you went back to Freiburg,
and then you went to Berne. So could you tell me about that
peri od when you were ready to | eave Freiburg.

SIGNER: | told you already that it was the behavior of the sons
whi ch made the Signer famly | eave Gernmany.

KCEPPEL: Now you were nmarried, and you had how many chil dren?

SIGNER:  Peter and the next younger, Dieter. Then we decided to
get out of Germany and | went to the director of Cba, D. G
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Engi, and asked whether they had a position for me. And he said,
"Certainly.” | had already a contract with C ba, when we found a
house in Ri ehen, and then we noved with our possessions to

Ri ehen. Then cane a tel ephone call fromBerne, fromthe

prof essor of inorganic chemstry, [Vol kmar] Kohl schutter, he was
a friend of Staudinger, and Kohl schitter told nme, "You nust cone
to Berne, you are proposed as the professor of organic chemstry,
and the people in the governnent would like to make your

acquai ntance." | cane to Berne and after a short tinme it was
decided that | could take this position. Then | had to go to

C ba at Basel, and tell themthat | could not cone. Then

St audi nger said that was very nice. |If you want to ride in a
car, you should go to Basel, but if it doesn't trouble you to go
by foot, then go to Berne. 1In other words, | could be a wealthy

man in Basel, but nust be content with a small salary as a
professor [in Berne]. M wfe said that there was no doubt, |
was not the man for big industry. | took the good advice from ny
wife. | was very |ucky.

KCEPPEL: You have not regretted it, have you?

SIGNER:  Never, | very enthusiastically introduced all students
of nmedicine into organic chem stry. They had, in the first two
ternms, inorganic chemstry, organic chem stry, botany, and

zool ogy. And very often, when | canme to any place, maybe Chur,
with one of ny injured sons at el even or twelve at night, when
the doctor arrived he said, "Ch, | know you. You were ny teacher
in organic chem stry."

KOEPPEL: Well, that's wonderful. And [in Berne] you then
started as an associ ate professor, and very soon becane a full
pr of essor.

SIGNER:  First in charge of the whole institution, inorganic and
organic together, and with tinme, inorganic devel oped, and we
decided that it should be two institutions, each with a director.

KOEPPEL: So you succeeded Fritz Ephrai mas professor of organic
chem stry, in 1937. You started in 1935. 1In 1933 you were in
Engl and. You went back to Freiburg, then in 1935 to Berne where
and in 1937 you becane a full professor, and in 1939 you becane
the director of the chemcal institute, and chairman of organic
chem stry. And the institute was then split, you say, into
organi ¢ and inorganic, during the war. And how did the war
affect the institute or your work, did it have any bearing or any
ef fect?

SIGNER. | was a soldier of the Swiss Arny. And | had to spend
two nonths as a soldier, and | had Wlaub [l eave] for one nonth
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and then | canme to the institute and | ooked what probl ens had
piled up. After several periods of mlitary service | got a
heart attack, because it was too nmuch to do the mlitary service
and then one nonth go to the institute and see what happens
there. Qur doctor said, "Now you have a nice house and garden.
For a half year you don't go to the institute and you will cure

your heart."” And | had no nore difficulties since then.
KOEPPEL: And you had no nore mlitary service, |I'msure you were
di schar ged.

SIGNER. Yes, the only effect of World War |11 was that it neant
too nmuch work.

KOEPPEL: No ot her problens, |ike shortage of materials or
anyt hing that woul d have had a direct bearing on your work?

SIGNER:  No, things went on in the institute normally. There
were very few students, because nost of themhad to do mlitary
service. So there was not that nuch work.

KOCEPPEL: It was a very disruptive period because the students
also had to interrupt their work. It's been very difficult.

S| GNER: Yes.

KOEPPEL: Well | think we could talk a little nore about your
wor k. The conpounds, you worked on were pol ystyrenes, cellul ose
derivatives, proteins and | ater agai n pol yoxymnet hyl enes, so what
can we discuss here?

SIGNER: | worked out a nethod of separating nol ecul es by
different diffusion coefficients, and that was intensive work,

for ten years, and the man who coul d best see what work was done
was Harold Urey, fromthe States. He canme to Switzerl and,
visited different universities, and I showed hi mny apparatus for
separating organic nolecules by different diffusion coefficients.
He was very interested, and told ne about his work. He devel oped
the nmet hod of separating the urani um hexafluorides for the Atomc
Bonb. And he said this was the greatest industrial conplex which
ever existed in the United States, at the tine, because it needs
an enornous nunber of nenbranes to separate these urani um
hexaf | uori des where the uraniumatons differed | ess than one
percent in the nolecular weight. He was extrenely interested to
see that a man in a small university in the small country of
Switzerland took up the sane probl em of separating the nol ecul es
of different nolecular weights by diffusion.
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KCEPPEL: You have been quite semnal in many fields.

SI GNER: St audi nger al ways said, "Signer macht imrer w eder etwas
Neues." [Signer is always doing sonething new. |

KCEPPEL: To go back to flow birefringence, you devel oped an
appar at us?

SIGNER:  Yes, that was nothing new, because Vorl &nder had done
this thing in 1925, for |ow nolecular weight materials, as a
paraffins or acids like palmtic and stearic acid. And when |
saw this publication then | said to nyself, and to Staudi nger,
your chai n nol ecul es nmust give a very intensive flow

bi refringence. Then we neasured these different substances with
di fferent nol ecul ar weights, and devel oped very nicely all the
rul es, which govern the influence of concentration of the

di ssol ved material: of the constitution of the chain nolecul es,
of nol ecular weight, and all that is in the first publication to
be found (16).

KOCEPPEL: That was the one with Signer and G oss (17). Actually

there are a great nunber of papers on high polyners. It's a
whol e series -- this was the eighty-third paper on

macr onol ecul es, as far as | can see. But that was back in 1933,
that's still fromyour Freiburg days.

SIGNER. It was in the nuneration of Staudinger.

KOCEPPEL: This relates to the Staudi nger papers. And you
published with Gross. You published in Zeitschrift fur
Physi kal i sche Chem e, eighty-third, and then we have the eighty-
sevent h paper, that was on sedinentation rate, that was in

Hel vetica (6), but that was a paper originating fromyour Uppsal a
work. So we're tal king about a whole series of papers. Then we
have a ninety-first paper that deals again with the ultra-
centrifuge (7). And then you started concentrating on

t hynonucl eic acids in 1938. And then from 1938 to 1948 you

wor ked mai nly on thynonucl eic acids.

SIGNER.  Wth these two col | aborators, Knapp and Schwander. And
this was the material for the colloquiumin London, where
brought the nmaterial which gave the double helix by x-ray.

KOEPPEL: And then your interest shifted sonmewhat to proteins and
mai nly casein. W're junping ahead a little bit, nowthat's in
1960, when you published on proteins and casein (18).
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SIGNER:  Yes that is a big field. The influence of electrolytes
i ke sodiumchloride on the water sorption of proteins. The
basic idea was that eighty-five or ninety percent of oneself is
water. So the relation of water to all my nol ecul es nmust be very
inmportant. |If Gandhi started a hunger strike, he drank each day
normal ly his tea, that means even if one will die froma hunger
strike, and no |longer eats, one drinks a very long tine, show ng
that of all effects in the body the solvent is very inportant.
And then | said let us investigate the influence of different
things, of the water sorption of proteins, and then | was | ucky
again. A young man from Hungary, Stefan Gal, who fled Hungary
for political reasons, emgrated from Hungary, to Berne, and was
enpl oyed by a firmin Ginmigen. The chief of this firmwas a
student coll eague of mne, CGottlieb Luscher, sone years ol der
than ne and he's also a great friend of Reichstein. Wen | was
in Berne, he cane to ne and said, "I have an idea that it is very
useful for an industrial factory to have good contact wth the
university, therefore | work together with Reichstein, and I
woul d like to work together with you, and the way we do it is,
that you can do what you like, and what it costs will be paid by

us. If there is sonmething that brings noney by a patent, then
this firmof which I amthe director will take over the patent,
and what is comng out.” And so | had no difficulty with noney.

KCEPPEL: So you al ways got the funding fromthem

SIGNER. | always could say I'd |like to investigate this, that,
and | could do what | Iike.

KOEPPEL: And did anything cone out of it, in a practical way, on
pol ynmer s?

SIGNER:  No. This Hungarian man is now one of the directors of
the firm and he worked in this field: influence of electrolytes
on proteins, on the water sorption, and the drying of different
materials, coffee and cabbage, whatever, that's one of the
problens of this firm So the whole thing | could do for the
firmwas to work with this young Hungarian man. He saw many

t hi ngs which were useful for the firm and he's now one of the
di rectors.

KOEPPEL: | see. But then you did work on casein, that was one
of your main fields. Wre you ever interested in fibers, for
commerci al purposes?

SIGNER. Yes, fromthis direction, fromthis conpany cane the
guestion, would you not try to nake a protein fiber? And then
said why not. And we devel oped a dry spinning procedure. The
normal preparation of viscose is that the solution of cellul ose
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derivatives is put through a fine hole into a non-solvent and in
Italy there was the Lanital which was al so a wet spinning nethod.
W tried to develop a dry spinning nethod, where a very
concentrated casein-water m xture was extruded in a |ong channe
and where warm air was stream ng against it, and then at the end
you could wind up a dry spun fiber. That came to production of
twenty to thirty kilo per year, several people had already this
dry-spun fiber clothing.

KOEPPEL: Well, | heard that you canme to your |ectures with a
suit or sone pants or sonething spun of that casein, and your
students really got a great kick out of that.

SIGNER.  Yes, and | had a very nice contact with a man fromthe
United States who was the nost inportant man in that field;
Dr.[Hal e] Charch of the Du Pont Conpany. And | gave a lecture on
t he body confort of fibers.

KOEPPEL: In Anerica?

SIGNER:  That was sonewhere in Europe, | think it was Strasbourg.
And | did a small publication about water transport in fiber
packi ngs (19), and there | could show that silk and wool and our
casein fiber, had a very low transport of humdity through the
packing of fibers. And all materials which you feel cold, had a
much qui cker transport of water. And then Dr. Charch said, "Wat
we do in the United States about body confort of fiber with very
very conplicated apparatus, you do in the test tube."

KCEPPEL: Wonderful, and the casein fiber, was it |ike wool ?

SIGNER: Yes, in handle, but if it was wet then the tensile
strength was very | ow

KOEPPEL: | see. So it never developed commercially. It was not
successful .

SIGNER: W hoped by dry spinning that the packing of the

nol ecul es woul d be denser than by wet spinning, and we conbi ned
it in the hope that the strength could be higher. The only
positive thing was that in keeping warm it was |ike wool or
silk, and much better than cotton, or artificial viscose. And
there are several patents in this field how to prepare the casein
to be able to make the dry spinning process (20).

KCEPPEL: You have a nunber of patents.
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SIGNER.  These separators for separating nol ecul es by diffusion,
that gave a patent too (21). But then | saw that the diffusion
coefficient goes with the third root of the nolecular weight. So
you need enornous differences in nolecular weights to have enough
difference in diffusion. And fromthat nonent | | ooked for other
nmet hods of separating materials -- and Staudi nger once nore said,
"Signer is always naking sonething new," -- an apparatus for
separating nol ecul es by counter-current distribution (22). And
there is another project I'd like to show you, because it is
continued by the professor of chem stry in Basel who is the
successor of Reichstein.

KOEPPEL: Wat's his nane?

SIGNER:  Max Brenner. And he works now with this principle which
| just would like to explain to you.

[ END OF TAPE SIDE 3]

KOEPPEL: Now we're tal king about the | ecture that you gave
before the French Chem cal Society in 1949 (10).

SIGNER:  "L'arrangenent des nacronol ecul es dans | es solides.”
The Arrangenent of Mcronol ecules in Solids.

KOEPPEL: It was published in the Bulletin de |a Société Chim que
de France.

SIGNER. W were very interested in using the electron

m croscope, and then at the same tine | was asked by a Swiss firm
working in textiles whether one could see sonething about the
structure of fibers by the electron mcroscope. And we
specialized in reproduction of the surface of solids, especially
fibers, and then what came out |ooks like this. That's cellul ose
with a string of macronol ecules, and that's wool with this very
interesting surface. [Signer refers to fig. 4 and 12 of note 10]

KOEPPEL: So there's a difference here between the cell ul ose and
t he wool .

SI GNER: Yes.

KOEPPEL: And what causes this difference? Is it in the
crosslinks?

S| GNER: If the cellulose is clear there is a notion of the
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material inside the cell in which the macronol ecul es are
di ssolved. And there is a spiral-Ilike arrangenent, which can be
seen.

KCEPPEL: You're tal king about these regions of crystallized
material which are called crystallites and that's why you can
actually use the material.

SIGNER. Yes. There was an ol d observation that acetyl ated
cellul ose, different products, gave a flow birefringence |ike
this [Signer sketches a curve]. That neans at |ow flow gradients
one had already a very big birefringence which increased only
very little with increasing flow vel ocity.

KOEPPEL: Yes, we are tal king about about fig. 2 here in this
publication (10).

SIGNER M idea was that to produce such a big birefringence by
smal |l flow rates, there nust be big particles, mcelles of the
cellul ose, which are not dissolved into nolecules. Oher acetyl -
cel lul oses gave this normal increase of the stream ng
birefringence with the gradient. Then by electron m croscopy one
saw that this material gave a picture like this, [fig. 4, note
10] and this one where the nolecul es are dissolved gave in the
same concentration in the sane manner of preparation, such a film
wi t hout these big particles [fig. 3, note 10]. So it was very
good proof that our idea frombirefringence, that there nust be
bi g nol ecul es which orientate easily, was right. That's what |
woul d li ke to say about electron m croscopy, which took years
until we had devel oped the nmethod which could be used.

KCEPPEL: So, in other words, the cellulose is organized into
domai ns, you call them domains, and therefore you can see the
structure.

S| GNER: Yes. And now the work of the counter-current
di stribution.

KOEPPEL: [|s that the Dechenma publication, the | aboratory
appar at us whi ch you devel oped (23)?

SIGNER: This apparatus is now applied by Dr. Brenner. He was
earlier interested in the synthesis of peptides. He told nme just
two nont hs ago when he visited nme that he works nowin this
field, which | created, with high intensity. They cone together
each year, once in Europe and once in the States, all the people
interested in peptides and proteins. He works now on this
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apparatus, where two currents fl ow one agai nst the other, you see
that it comes in here and goes out there and that's the lighter
fluid which goes in this direction and you can introduce by this
tube [Signer refers to fig. 2 of note 23] the m xture at any

pl ace of the whol e apparatus. He says now his apparat us
according to this principle is able to separate the m xture of
many proteins because that part of the protein nore soluble in
one solvent goes in one direction and the other in the other
direction and you can choose the velocities of the two solvents
so that the wanted protein stays in the mddle. It spreads very
slowy over the apparatus and all other proteins are already out
of that m xture.

KOEPPEL: You can actually separate one out of a m xture of many.

SIGNER:  Not an enornous quantity, only the quantity which at the
end fills the whole apparatus. But he thinks that this is a very
i nportant nethod to separate one protein which only differs a
little bit fromthe others.

KOEPPEL: Do they call it the Signer Apparatus?

S| GNER: | asked himand he said no, but he will do it.

KOEPPEL: You will call it the Signer Apparatus! That
publication was in 1956, and maybe you now want to tal k about
esterification of cellulose, but that was really in 1950, in
"Monat shefte fiur Cheme." (24)

SIGNER.  Yes, that's what | showed you. 1In the electron

m croscope where one has in one preparation only the nol ecul es
and the other the nolecules with the smaller quantity of bigger
particles [fig. 6 of note 24].

KOEPPEL: | see. This is an application of the principle of
el ectron m croscopy and stream ng birefringence.

SIGNER  And then one of the newest is... Here is another.

St audi nger was right, | could always do new things, polystyrenes
can di ssolve in sone solvents, with a high viscosity, and with

ot her solvents with a |ow viscosity, the sane material, and the
idea is that in the solvents in which the viscosity is high, that
sol vent penetrates into these clouds of nolecul es very
intensively. And in the other solvents it's just able to

di ssol ve, but the nolecules are clustered and then | had an idea
that these two types of solvent should have quite different

t her rodynam cal interactions with the small fragnents of the
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nol ecul es. W took, as an exanple, ethylbenzene which is the
smal | est repeat unit of polystyrene, and a good sol vent which

di ssol ves the polystyrene with a high viscosity, is toluene which
is chemcally related with to ethyl benzene. And a bad sol vent

whi ch makes for |ow viscosity is nethyl ethyl ketone. And then I
gave ny colleague Armthe idea that he should do an exact

t her rodynam ¢ i nvestigation of m xtures of ethylbenzene with

tol uene as a good solvent, nethyl ethyl ketone as a bad sol vent.
And that is what he nmeasured, m xing heats and vapor pressures
over the whol e range of conposition, and the result is here.

KOEPPEL: Now we're tal king about a publication on "Thernodynam c
Measurenments on M xtures of Ethylbenzene and Tol uene and Met hyl

Et hyl Ketone," published in Helvetica Chimca Acta in 1957 (25).
It's dedicated to Professor Reichstein on his sixtieth birthday.

SIGNER:  That's possible.

KCEPPEL: That's what it says. Do you want to talk about this
| ast phase diagram|[fig. 1 of note 25]?

SIGNER. The m xtures of ethyl benzene and nethyl ethyl ketone
fromzero to one hundred percent give very extrene effects in
free energy [delta G, and in entropy [T delta S]. The sane

di agram for the other conbination, of ethylbenzene with toluene,
woul d give all three quantities very near the zero line. So you
see that ethyl benzene shows very different behavior with toluene
and with nethyl ethyl ketone, so that the difference in the
viscosity of polystyrene, in these two solvents goes, for the
part, back to the thernodynam c interactions of the snal
fragnments with the two different solvents.

KOEPPEL: | see. Well, that's very interesting.

SIGNER. One of ny coll eagues, Arm now goes on in this
di rection.

KCEPPEL: So actually we have now reached the point where we can
tal k about your retirement fromthe University, in 1972 and..

SIGNER: There is only one nore thing. | would like to talk
about this colleague comng from Hungary, who is now director of
the Haco Cesellschaft, his nanme is Stefan Gal

KOEPPEL: Did we talk about this earlier in the casein story?
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SIGNER:  Yes, and here you have the graph [fig. 2 of note 18].
That's the water vapor sorption of pure casein and of casein with
m xtures of sodiumchloride. And then you see [fig. 1 of note
18], up to a certain quantity of sodiumchloride, the water vapor
sorption increases very strongly, and then there is no further
increase. That's very sinple to explain. The casein, like a
liquid, is able to dissolve a certain quantity of sodi um
chloride, and when this quantity is reached and you have a

m xture with nore sodiumchloride, then the sodiumchloride is
crystalline in the material and has no water-sorption power.

KOEPPEL: | see. Could we talk a little bit about your
retirenment now, after we have tal ked extensively about your work.
We're going on to 1972, when you gave up your position in Berne,
at what age? You were older than 65.

SIGNER. At that tinme a professor could retire at his wll,

bet ween sixty-five and seventy. Now there is a new |law in Berne
that one has to retire at 65. And the faculty had to replace in
the |l ast weeks, all professors between 65 and 70.

KOEPPEL: Al at once. That was not a very good idea.

SIGNER:  That was an enornous amount of work. | was sixty-nine-
and- a-half when | gave the last lecture, and | did it over thirty
seven years, each year with the sanme ent husi asm

KCEPPEL: And your students nust have given you a great round of
appl ause, after your last lecture. Was it difficult to retire?

SIGNER: Not at all, because | had | ong before ny big garden, and
| never had the tinme to do the nost urgent work. Wen | retired
| thought | would do sone chem cal work, in one or the other
direction, but then | had so much to see, and to do and enjoy in
the garden, that | really left the institution at once.

KOEPPEL: That's good, you had your big hobby, gardening.

SIGNER: That's it, yes. And then | also thought that when |
came to Berne nobody gave ne direction on how | should instruct
the students. And so | think that all nmy younger coll eagues are
happy when they can do things the way they want w thout seeing
the old man, who has different ideas. They changed the
curriculumvery nuch and | think it was good to change the
curriculum but in ny tinme, | still think it was done not so
badl y.
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KOCEPPEL: For your tinme, and of course when you were there
pol ymer chem stry dom nated organic chemstry. | read that after
you left it was synthetic organic chem stry that was favored.

SIGNER.  Yes, | did not follow during ny tinme all this

devel opnent of reaction nechanisns, and | think nmy students got
not hi ng of these ideas, but they got sone ideas in the field of
macr onol ecul es.

KOEPPEL: Yes, of course.

SIGNER: It is very good that younger nen should now teach what
young and new organi ¢ chem sts shoul d know.

KOEPPEL: And | think that's a very w se insight on your part.
You have al so had some honors. You got the Lavoisier Mdal.
What year was that, do you renenber?

SIGNER: | could perhaps quickly find the nedal and you could
find the year, | think it was the year when | gave this lecture
to the French Chem cal Society. And then the Rockefeller

Fel | owshi p, sonething which | can be proud of. Then |I got the
second Rockefeller Fellowship in 1948, a special fellowship which
was to go to the United States to discuss ny research with those
people who did related work. | had a list of perhaps six

prof essors whom | visited.

KCEPPEL: Could you tell ne who you visited, do you renenber
sone, at |east.

SIGNER:  Yes, Debye was one. The great physicist. | had al ready
a very nice time with him His collaborator, Harold Scheraga,
greeted me and said, "Ah, you are the father of stream ng
birefringence.” And then Debye took ne -- let ne give you the

pl ace where he took ne for lunch. There was a part of the

uni versity where wonen | earned cooki ng and household. He took ne
there and we were served by these people and he said that it is
part of the school. About Debye I nust tell you sonething. Wen
he was in Germany, he had many col |l aborators and then Htler and
his nmen tried to fire several of them And Debye said, | think
to Htler hinmself, "In diesem Haus bin ich der Fuhrer"” [In this
house | amthe Fuhrer].

KOCEPPEL: Were they Jew sh, that he wanted to fire thenf
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SIGNER:  Yes, Staudinger had several assistants who had a
gr andnot her who was Jewi sh. That was enough

KOEPPEL: Ch, it was awful. 1In addition to Debye, who else did
you see in the United States?

SIGNER.  In Wsconsin, there was a col | eague of Svedberg, John W
Wl liams who hel ped to develop the first ultracentrifuge. | had

a very nice time wwth him And he told nme that not far away was a
Swi ss Col ony, New { arus.

KOEPPEL: Miust have been in Mdi son, University of Wsconsin.

SIGNER: He took nme to these arus people and | spoke with them
innm dialect. And then to Cornell to visit J. B. Summer, the
man who crystallized the first protein.

KOEPPEL: Well it doesn't matter. Did you neet Linus Pauling?

SIGNER:  No, Pauling | saw |later on.

KOEPPEL: In California or in Europe?

SIGNER: I n Europe.

KCEPPEL: And what about Flory or some other big polynmer chem st?

SIGNER:  Ch, with Flory I had a really nice time. And he showed
me the journal, the National Geographical Magazine, and said that
it was very good and when | canme honme | had a subscription! |
was several days with Flory.

KOEPPEL: [|s there anything especially that you renmenber about
Flory? Did you visit himat hone or at work?

SIGNER: At honme, and we had many di scussi ons about macro-
nol ecul es.

KOEPPEL: Do you renenber any ot her people, even though it was a
long tinme ago!
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SIGNER. | got very good advice fromthe Rockefeller Institute.
If you go now fromone place to the other, keep first two or
three qui et days in the new place before you ring up anybody.
The nonment you ring themup, they take you out.

KOEPPEL: You're swanped with invitations, and so it happened.

SIGNER:  And | cane back very happy, and in good health.

KOEPPEL: And it was a great experience!l

SIGNER: One nore interesting thing. | asked what could | do for
t he Rockefeller Foundation. They said |ook for sone young nen
you think are good.

KOEPPEL: At Berne.

SIGNER: And give us, when you are back, two or three nanes, and
that | did.

KOEPPEL: And you did send them sonme prom nent young nen?

SIGNER:  Yes. And they were very thankful. | had the first
contact with the Rockefeller Foundation in Uppsala. The
foundati on gave The Svedberg a | ot of noney to devel op the
ultracentrifuge. During the time | was there it was first a half
year, and then | went two or three tines later with new
substances which | wanted to be investigated in the
ultracentrifuge. So | saw there M. Teasdal e, he was one of the
of ficers of the Rockefeller Foundation who visited Europe from
time to time.

KOEPPEL: Did you |ecture in the USA?

SIGNER:  No, | gave one lecture to the man who worked with
viruses, [Max A/ ] Lauffer, and we invited himto cone to Berne,
to lecture for half a year. Once he invited ne for a lecture
about stream ng double refraction in his institute, a special
part of stream ng birefringence. Seeing the polydispersity, that
there are nol ecul es of different nol ecul ar weight and that you
saw here in ny different publications, was one of the things I
saw W th stream ng birefringence. And he was very inpressed to
see how this stream ng birefringence shows pol ydi spersity. And
he invited ne to cone to work for his place at the University of
Pi ttsburgh
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KOEPPEL: Well you certainly have had a very rich and varied
scientific life, you have over two hundred and fifty publications
in at |east three | anguages, in German, French, English -- even
in a Finnish journal -- which sounded very interesting.

[END OF TAPE, SIDE 4]

SIGNER. That is to enulate the sedinentation velocity to find
out the thickness of the chain nol ecul es.

KOEPPEL: Now, |et nme maybe nention that you al so have a great
nunber of patents on nmanufactures, procedures, and apparatus,
especially on the distribution of mxtures of substances of non-
m scible liquids. W have tal ked about this. So, before we
conclude the interviewl'd like to ask you anot her question. You
have tal ked about your versatility, that you do a great nunber of
t hi ngs as Staudi nger said, and | was wonderi ng how you see
yoursel f, do you see yourself as a disciple of Staudinger or a

pi oneer in physical organic chem stry or what is your idea about
your sel f.

SIGNER: A man who |ikes science, and sees different things it

woul d be interesting to see closely. | think it's very difficult
to say in which field of chem stry ny "Schwerpunkt”, my center of
gravity, lies. | think that it cones perhaps fromny youth,
where | was interested in philosophy. |[If sonething interested
me, | took it and...

KOEPPEL: You went after it, like a true scientist or alnost |ike

a renai ssance man who is interested in many fields. But it seens
that you did everything very well, and in depth.

SIGNER:  Your visit brought ne back to the study of all these
publications, and the reading of each brought ne pleasure,
because | saw that even now | could not do it better than I did
it back then. But | was a lucky man and | had a wonderful chief,
St audi nger. We worked optinmally together, he with his great
ideas, and | as "Pedant", did different things in all details.
had the luck to be able to avail nyself of a great nunber of

di fferent substances which were produced in his great nunber of
di ssertati ons.

KCEPPEL: You think you were able to go into details. Pedant:

t hat neans you were very thorough wth what he | acked the tine to
do. You nore or less did a lot of things for himthat he could
not pursue, because he did not have the tine.

SIGNER:  He got his "Professur" at Zurich for the work he did
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with ketenes. These are O double bound to C and two val ences
onto another C [C=C=C]. And he worked on ketenes very
intensively, as a chem st, but when he came to Zirich he was only
a teacher, he had so nuch to do with teaching and organi zi ng that
he did not have the tinme to work in the |laboratory. People |ike
nme enjoyed very nuch to work at the | aboratory bench so that gave
a very good. ..

KOEPPEL: You conpl enented each other very well. So you would
say that he was the biggest influence in your scientific life,
St audi nger .

SIGNER:  Yes. And | was fascinated by the fight against him
which | could judge from a phil osophical point of view Here was
sonet hi ng new and so nmany peopl e, opponents, were conpeting for
it.

KOEPPEL: WAs that in your opinion only scientific or was it
agai nst his personality?

SIGNER: No, it was purely scientific. D d 1l tell you that when
he gave the last lecture in Zirich before he went to Freiburg,
the famous m neral ogi st Paul Niggli said in the discussion, "Herr
St audi nger, wenn Sie | hr Polystyrol genigend reinigen wirden,
wirde es crystallisieren wie Naphtalin oder Benzoesaure."

KCEPPEL: Meani ng, "Professor Staudinger, if you would purify
your polystyrene enough it would crystallize |ike naphthal ene or
benzoic acid.”

SIGNER:  And when he gave his first general lecture in Freiburg
hi s fanous col | eague with the Nobel Prize, Weland, afterwards

cl apped himon the shoul der and said, "Lieber Staudinger,

organi sche Mol ekile mt nehr als finfzig C Atonen gibt es nicht!”

KCEPPEL: Wel and said, "Dear Staudinger, organic nolecules with
nore than fifty carbon atons do not exist."

S| GNER: You see that.

KOEPPEL: Well that was his problem it really was scientific.
Vll | think this brings us to the conclusion of our interview.
Prof essor Signer | would |ike to thank you very nuch on behal f of
the Center for Hi story of Chemstry, for your tinme and your
patience. It was nost stinmulating and interesting to review the
story of your scientific life and | appreciate that you have
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agreed to this interview.
SIGNER: | thank you very nuch, your visit gave nme the notivation
to re-read ny papers. Thank you very nuch.

[ END OF | NTERVI EW
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