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ABSTRACT

In this first of three interviews Herman Mark starts with
his study of relatively stable free radicals under the direction
of Wl helmSchlenk, first in Vienna and then in Berlin. After a
post-doctoral period at the University of Berlin, Mark was
invited by Haber to join the Kaiser Wlhelmlnstitute at Dahl em
There Mark col |l aborated with Pol anyi and ot her coll eagues in
using x-ray diffraction to establish the crystal structures of
smal | organic nol ecules and netals. This work was extended to
natural |l y-occurring organic materials such as cellul ose and silk;
as a consequence Mark was able to play an inportant role at the
critical 1926 neeting in Dissel dorf which brought together
St audi nger and the opponents of the macronol ecul ar hypot hesi s.

Mark's next nove was to |.G Farben where he established a
pol yner | aboratory and first collaborated with Kurt Meyer, with
whom he published the pioneering x-ray crystall ographic structure
of cellulose. WMark describes the |aboratories, research
directions and col | eagues during his stay at Ludw gshafen. The
worsening political climate in Germany pronpted Mark to accept a
chair at his alma mater; back in Vienna he set up the first
conpr ehensi ve pol ymer research and teaching institute. Mark
concludes this interview by describing the circunstances of an
approach fromthe Canadi an I nternational paper Conpany and his
deci sion to | eave Austri a.

The second interview details his experiences in the Canadi an
paper industry and his early ventures into publishing with the
first of the Polyner Monograph series. Mark expl ains how he was
able to resune an academi c career by starting the polymer program
at Brooklyn Polytechnic Institute, which soon becane worl d-
renowned. The war-time years brought new projects and young
faculty to Brooklyn. Mark briefly describes this period before
going on to the i medi ate post-war era and the | ater expansion of
t he Pol ymer Research Institute, which fornms the introductory
section of the final interview In this interview Mark tells of
his part in the formation of the literature of polyner science
and technol ogy; journals, nonographs, reference books and
encycl opedias. Mark's many international collaborations are
outlined, spanning a pre-war expedition to a Caucasian glacier to
a denonstration of the nylon rope trick to Enperor Hirohito.
Finally, Mark refers to his nore recent research interests and
descri bes the changes in research funding that have taken pl ace
during the past four decades.

| NTERVI EVERS
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Princeton University and a Ph.D. in the history and soci ol ogy of
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| NTERVI EV\EE: Her man Mar k

| NTERVI EVEERS: James J. Bohning and Jeffrey L. Sturchio
LOCATI ON: Pol yt echni ¢ University, Brooklyn, New York
DATE: 3 February 1986

BOHNI NG  Professor Mark, 1'd like to begin with your Ph.D. work
in Vienna. You have stated that your preferred subject was

physi cal chem stry, and yet you did a thesis in synthetic organic
chem stry. Can you tell nme how you sel ected Schl enk and the

t opi c?

MARK:  Wien | enlisted as a student in Vienna in 1917 during the
war | was on a so-called study furlough. There were several

prof essors: one was the professor of organic chemistry, WI helm
Schl enk; one was physical chem stry, Rudolf Wgschei der and the
third was anal yti cal chem stry, Adolf Franke. They were the
three masters there. The question, of course, for a young man,
is personality; who inpresses you. | went to maybe courses of
ten lectures, ten hours from Schl enk, from Wegschei der and from
Franke. There was no question that | would go to Schl enk,
organi ¢ chem stry, physical, whatever: it was his personality.

So when | returned for good fromltaly, where | was a
prisoner of war, | enrolled with Schlenk in 1919.

BOHNI NG What kind of a person was Schlenk to work for?

MARK: First of all he was a nost attractive teacher, a nost
attractive human being. And he did very exciting research. A

| ot of the node of teaching which | have practiced all ny life, |
| earned fromhim To be very sinple; make experinents, as nmany
as you can; address the people nore or less visually and
personal ly; and then always tell a fewlittle interesting stories
in between. Don't nake it too dry. H s research was attractive
because it was in a new field. He worked on what we today cal
free radi cals, although the nane hadn't been invented then:
species with carbon atons where one val ency was still free. And
that, of course, was extrenely interesting.

After choosing this somewhat extravagant field, Schlenk had
to develop the technology to work init. He was the first man in
chem stry to work with the conpl ete exclusion of oxygen and
noi sture. Organic chem stry, conplete exclusion of oxygen, as
conpl ete as possible; at that tine it was unheard of. It was
part physical chem stry, because you had to purify your nitrogen



and purify your oxygen to mx themin a certain proportion. In
part, inorganic or physical chem stry was necessary to get the
materials for your work, and that was the second extrenely
attractive point. And then he was a very nice man, you know. he
| oved the arts, he was a good singer hinself; he was a good
nmusi ci an. So, these things very soon convinced ne that | should
go and work with him

BOHNI NG When you finished that work, you foll owed Schlenk to
Berlin in 1921. Had you considered any other possibilities?

MARK:  Well, | got ny Ph.D. in July of 1921 with a thesis this
subj ect [pentaphenylethyl] (1). M famly was in Vienna, where |
was engaged to a girl whom | later married. She was Vi ennese,
her famly was in Vienna. The Institute of Physics had offered
nme a kind of a job as a tenporary teaching assistant, the sane

j ob which Schlenk offered nme in Berlin. Vienna in 1921 was a
decrepit relic fromthe breaking up of the Hapsburg nonarchy.
What had been the capital of a 65 mllion enpire was now t he
capital of seven, or six and a half mllion, people. And it
wasn't even certain whether Austria would renmain independent, or
what woul d happen politically with Austria. On the other hand,
CGermany, even though they had | ost the war, was very strong
because they hadn't lost their industry, and they hadn't |ost any
territory. Well, they had |ost Al sace, which was just a snmal
nmount ai nous area, only interesting because of the good w ne that
grows there. Nobody knows anything about Al sace except those
people who like to drink wine. [laughter]

But they hadn't lost anything; Berlin at that tinme was a
bloom ng city. 1In fact, you know, in the arts it was the center
of the world. They had two operas; at one was [WI hel m
Furtwangl er and at the other was Bruno Walter. There was Max
Rei nhardt, the producer. Then, of course science; there was
[Albert] Einstein and [ Max] Planck, and [Max von] Laue; and
[Walther] Nernst and [Fritz] Haber, so there was no question,
really. So in August or Septenber | noved to Berlin.

BOHNI NG You continued essentially the same work you had done
wi t h Schl enk.

MARK: Yes. And there we established ourselves; | say "we"
because three cane with ne, so there were four altogether.

BOHNI NG Do you remenber who those three others were?

MARK: On, sure. One was Dr. Hans Ender, and the other was Dr.
Max Wl f, and the third was a girl, a Dr. Bertha Benedikt. You
know, usually if a professor changes his position, he says,

2



"Well, | need a few people to continue nmy work." And then
everybody says, "Sure, of course.” And so we were four. That's
why | al ways say we.

BOHNI NG  You didn't do any |lecturing or teaching, but just
research?

MARK: No, | was one of these four assistants and we were
supposed to take care of what was called the private | aboratory
of the professor, which were four or five roons, very well

equi pped and where there were still a few people fromhis
predecessor. They worked and finished their theses there. W
had nothing to do with them because they knew better what to do.
But Schlenk wanted to build up his own research and that we had
to do; we had to install several good machines to purify
nitrogen, purify oxygen, and to mx themin certain proportions
in order to carry out the experinents on the trivalent carbon, as
it was called at that tine. GQccasionally we helped him or we
were supposed to help him in his lectures. He did the main

| ectures in chem stry, experinmental |ecture where the whole |ong
table was full of experinments or denonstrations. There were
quite a fewtinmes when we had to put these things on when the
time was comng and to take them away after they had been used,;
kind of |ecture assistants. But my nmain job was to continue the
research work; he and | published a second paper on the sane
subject (2).

BOHNI NG  When did you first neet Haber?

MARK: | think it was in Novenber, 1921. One day Schlenk called
me and said, "Could you cone to ny office this afternoon at
four?" He had his villa right next to the Institute; he had an
office at the Institute, but he also had one at hone. So | said,
"Should | cone to your hone or should | cone here?" He said,
"Cone to ny honme." Wen | went over there at four and opened the
door of his room| thought that a fire had broken out.

[laughter] The roomwas full of snoke and the snoke cane from
two gentlemen. One was Schl enk and the other one was Haber; a
portly, elderly gentleman; both snoked cigars. Schlenk told ne,
"This is Ceheinrat Haber" and introduced me as "Dr. Mark who has
just conme fromVienna with nme". He told ne that Professor Haber
wanted to talk to me. Haber said, "Qur German textile industry
has had difficulties since the end of the war. W have no first
choi ce on cotton, we have no first choice on wool; we can get
those fibers, but only after the British and the French and
whoever el se has taken the best. Cotton in Liverpool now, and
wool in Leeds. W have a little wool in Germany now but not hi ng
to speak of. W started, as you know, sonme twenty years ago, in
1903, to nmake the synthetic fiber fromcellul ose that we now cal
rayon. But it turns out that the qualities of this fiber are not
such that our textile industry can conpete with the British,
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French, Italian, and so on with rayon alone, only when it is
bl ended [wth other fibers]. Therefore the Kaiser WI hel m
Institute (which is now the Max Pl anck Gesel |l schaft) has deci ded

to establish a research institute on fiber chem stry". They
al ready had ten or twelve research institutes in other
di sciplines. "W have the noney and we have started to build a

new institute. Such an institute, of course, needs physicists
and physical chem sts; but all fibers are organic chem cal
substances so we need organic chem sts. Professor Schlenk said
that you m ght be ready to nove. W know that you are interested
in physical chemstry but you are a full-bl ooded organic chem st;
you know how to make sonet hing; you know how to anal yze

sonet hing. W need such a person”. Schlenk, as the gentl eman
that he al ways was, said, "Look here, |I nake the follow ng
proposal. Wy don't you go out there to Dahl em and stay there
for a while. If youlike it, you stay; if you don't like it, you
come back." Probably he had already tal ked to Haber about this
possibility. Well, of course, that was wonderful: a new horizon
and a big newinstitute with a | ot of noney, although Schlenk's
institute also had a | ot of npbney so there was never a shortage
of equipnment. So in January or February of 1922 | noved to

Dahl em which is a suburb of Berlin.

STURCHI O Had you thought, if you can put yourself back before
this conversation with Haber, what you had seen as the likely
course of your career? Did you think that you would go and
becone an organi c professor sonmewhere?

MARK: | thought | would start in this field and devel op a
certain anount of experience and maybe a reputation, and then, as
every man when he reaches twenty-eight or thirty, would have to
carve out nmy own area of research; after | had established the
fact that | could do it, under the supervision of ny teacher.
That's the sane everywhere, no? At sone point, the pupil breaks
| oose. That's what you have to do, and for nme that was the point
where | broke | oose. However, | broke loose in a different

di rection.

STURCHI O Had you had any exposure to x-ray techniques or to
polyners at that tine or was...

MARK: | knew what ever was known about polyners at that tine. O
course | knew what x-rays were and how they can be handled in
principle, but I had never worked with them | had to start from

scratch. But | had the great advantage that organic chemstry
nmeans really careful experinmentation with your own hands, often
with very small quantities. You have to pay attention to m nute
details and that, of course, helps in every discipline; and it

hel ped particularly in the x-ray field because we had to build
the x-ray tubes ourselves as they were not commercially avail able
then. It meant a very careful tightening, preserving a high
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vacuum and such things. It was just mniature experinentation,
which | had |l earned very well in Vienna.

BOHNING Did you have a prototype x-ray tube to foll ow or just
diagrans froma journal article?

MARK: At that tinme there were a three or four existing
experimental x-ray tubes. X-ray tubes which you had to build
yoursel f, of course with your mechanic; you had to tell himwhat he
shoul d do and then you got it done. One design was a tube

devel oped here in United States by the famous [WIliam D.] Coolidge
of General Electric, and another one was a tube that was devel oped
in Sweden by Professor [Assar] Hadding. There were other tubes,

but we had the best descriptions fromthe literature of the
Cool i dge tube and of the Hadding tube. So we decided that we woul d
|l ook at the literature and then make sonething which is as simlar
as possible to both types. By the way, Hadding once visited us; he
came from Sweden so that wasn't very far. Thus we had the hel p of
hi s personal counsel. But Coolidge; Coolidge never cane.

BOHNING Did you have any contact w th Coolidge?

MARK:  No. Not that | know of; maybe other people had. You see
there was a big Kaiser Wlhelmlnstitute for physics, as well as
a large Institute for physical chemstry. So maybe they had; but
we had not. W really only copied his tube, which took two or
three nonths before the tubes were actually running. CQur
director, Professor R O Herzog said, "Wll, if we want to nake
progress in the properties of rayon, we ought to knowits

nol ecul ar structure. You boys get hold of cotton and ot her
cellulosic natural materials, and several packs of rayon and try
to elucidate their nolecular structure with x-rays."” He had
already started to do that before I cane, on the basis of work
done by [M chael] Pol anyi, who was not an experinentalist and who
only got a few diagrans from another coll aborator of Herzog,
Wllie Jancke. It's all in the literature. He had nade a few

di agrans of cotton and of other cellulosic fibers and on the
basis of very scanty information, Polanyi already had nmade the
first step in the elucidation of the structure of cellulose. W
started to work with rayon to find out if it had the same
structure as cotton. It turned out that it doesn't have the sanme
structure. Wat happens if one draws the fiber?; the nol ecul es
orient: what is the consequence?; the tensile strength increases.
And so on and so on. Fromthen on we really used x-rays as a
testing nmethod to find out what happens with rayon when it
undergoes certain treatnments during spinning and after spinning,
drying, wetting out and so on. Polanyi was the group |eader.

The group included a mat hematici an; that was Karl Wi ssenberg,
anot her physical chem st, Rudolf Brill, and then nme. Pol anyi

hi nsel f was a physical chem st.



W realized that we needed sone first-hand i nformati on about
x-ray results fromsinple nolecules. You don't start clinbing
Mount Everest before you have clinbed a | arge nunber of other

peaks. So we said, "Well, the sinplest substances are netals."”
So we worked on tin, on zinc, and so on with x-rays. W
elucidated their structures. | don't know whether you ever saw

the list of the publications? You will see one of the first
papers was on the crystal structure of zinc and of tin (3).

[ END OF TAPE, SIDE 1A

MARK: W al so proceeded with sinple organic nolecules |ike urea
and ot her sinple organic nol ecules which crystallize very well.
Here the structure was known so we didn't have to invent it. W
had to find out whether we could confirmwhat others had done
with other nethods, in order to find out whether the x-ray

nmet hod is any good at all. Around 1922 to 1924 we continued by
wor ki ng a good deal on cellul ose, on silk and on rubber;
polynmeric materials, but at the sanme tinme al so using our

equi pnent to becone experienced by using it on netals and on
sinple organic nolecules. It was around 1924 when we got the
first interesting results on silk, cellulose and rubber and when
the | aboratory started to get a certain reputation. W'd
publ i sh, of course; gave lectures, so it was getting known that
there was a group at the Kaiser Wlhelminstitute for Fiber
Research in Berlin-Dahl emwho have good equi pnent and know what
to do wth it and do reasonable, reliable work. It takes a
nunber of years until you establish a high reputation, if ever.

STURCHIO.  You're telling us about the series of conpounds
working up to to the polyneric materials; that inplies an aw ul
ot of very detailed and difficult work in the |aboratory. And I
trust the nenbers of the group were teaching each other, but who
were you talking to from other places also using x-ray
diffraction techniques? One of the interesting things about a
new technique is that it is hard to learn it fromthe literature.

MARK:  Well, of course, right next to our Institute, in the sane
street, was Haber's Institute for Physical Chem stry. There was
Dr. J. Bohm and Dr. Hans Kautski; and another, [Hans] Zocher
They were all coll aborators of Professor Herbert Freundlich, a
departnent head in Haber's institute. Haber was the head and
then there were several departnents; Freundlich was the
department head for colloid chemstry. He was at that tine one
of the leading colloid chem sts, and he had published a big book
on Kapillarcheme, as it was called (4). O course, high

pol ynmers and coll oids kind of interm ngled; he also used x-rays
and his x-ray specialist was Dr. Bohm W al ways wor ked
together; we told himwhat he should do and he told us what we
shoul d do; two very friendly institutes next to each other.

They al so worked on the particle size of enulsions and things of
this type. So we had another x-ray man next door.
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Then of course, we had many visitors and we went to all the
conferences. Wenever there was a conference on x-rays, Pol anyi,
Wei ssenberg or | went; one of us was there in any event. Now in
those days by far the | eading | aboratories on the use of x-rays
for structure determ nation were in England. The Braggs:

WIlliam Bragg in London, Lawence Bragg in Canbridge; and
[WIlliam T.] Astbury in Leeds: those were the three |eading x-ray
| aboratories. W visited these | abs whenever the occasion arose.

I went to Dahlemin 1921 and | left in 1926, so | was there
five years and I was in England at |least ten tinmes during this
period, sonetines just l|ecturing, sonetinmes visiting conferences
such as the Faraday Society Discussions. So there were very
cl ose contacts. O course we sent them our papers, they sent us
their papers; nore than that we had personal contact. Bragg cane
over two or three tines and Astbury cane over quite a few tines.
Then in France there was the inportant x-ray |aboratory of
Maurice de Broglie. He was the elder brother of Louis; Louis was
t he wave nechani cs man and Maurice a physicist. |In fact, he was
Presi dent of the Acadeny [of Sciences]. And there were a nunber
of people who worked with hinm one of them was Jean-Jacques
Trillat, another was very fanmous, Pierre Auger; and several
others. They worked really not so much on crystal structure,
nore on the nature of x-rays. W used the x-rays to investigate
crystals; they used crystals to investigate x-rays.

STURCHI O Were there any Anmerican visitors to your |aboratory
during that five-year period?

MARK:  [Arthur H'] Conpton was there once. |'msure there were,
maybe not in our |aboratory but certainly somewhere el se. And
maybe there were sonme when | wasn't there.

STURCHIO | was just thinking that the Caltech school by the
m d-twenties was using x-ray diffraction and people |ike Pauling
had been over.

MARK: Yes. [Roscoe G ] Dickenson; Pauling came a little bit
|ater. Dickenson, of course, was working with x-rays at the sane
time. Now, Dahlemand California are a little far apart. W had
no planes at that tine, so when you wanted to get across the
ocean you had to take a steaner. For us it was practically

i npossible to go to the United States. It was not for the
scientists here, but nevertheless, it was a long, long way to go.
We had very many visitors fromthe Soviet Union because Leningrad
and Berlin were very close; by train an overnight trip. There
was work in the sanme field, and at that time Germany and the

Soviet Union were very close politically. | remenber [AbramF.]
Joffé visited us as well as [Z. A] Rogovin and [N. N.] Senenov.
Many; | could tell you a dozen nanes, later on, if you want to
have nore.
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STURCH G O course.

MARK: Rogovin and others. Well they didn't really work rnuch
with x-rays but they were very nuch interested in fibers. They
had an x-ray | ab but for one reason or another it didn't anount
to very nmuch in terns of its output. So that was what happened
in those years in Dahlem Now then there was a sideline. |
don't know whet her you would be interested in this. Professor
[Gerald J.] Horton at Harvard is very much interested because it
has to do with the Conpton effect and the interest of Einstein
in our laboratory. Now if you are interested in that | can send
you ny letter to him where | describe this whole thing (5).

BOHNI NG  Oh, yes.

MARK:  You see the story is the following. 1In 1923 Conpton
publ i shed his fanbus experinment which was the direct and
incontrovertible proof for Einstein's |light quantumtheory, for
whi ch he just had got the Nobel Prize. He was a little bit
jittery that someone would conme along and say that it was all
wong. Very soon after this publication a fanmus physicist in
Harvard, [WIIliam Duane, tried, unsuccessfully, to repeat the
Conpton experinent; tried and tried and got all kinds of
scattering, but not the Conpton scatter. Finally he published a
note in the proceedi ngs of the National Acadeny that he had tried
to repeat Conpton's experinment but he was unable to and he

t hought that the effect doesn't exist. Now, here is Harvard,
here is St. Louis; you know Conpton was in St. Louis. So, there
was great excitenent; maybe the Conpton Effect is not correct. A
man | i ke Duane says so; in any event sonething has to be done.

So Einstein canme, he knew that we were working with x-rays, and
asked, "Could you try to nmake the experinent work? Can you
confirmit or not?" So we set out to do it and finally confirmed
it (6). That was the first clear cut confirmation of the Conpton
Effect. Now, Conpton, of course, never doubted; he had repeated
it several tines, had al ways obtained the sane results, but it's
al ways nice if sonething found in one |aboratory is confirnmed in
a |l aboratory which is seven thousand mles away. Einstein was
very happy. That was really a kind of a sideline, but it was

Ei nstein. Nobody cared nuch then because Einstein was not yet a
very great man. He had just got the Nobel Prize and he had
publ i shed the theory of relativity which nobody understood.
Nobody understood either the |ight quantumtheory or the theory
of relativity; all physicists were highly doubtful whether it was
all a hoax. A Jew sh hoax as they said, but anyway, |ater on, of
course, things changed.

STURCHI O That anecdote gets us into other events that were
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going on in Berlin at the tinme, | mean, not only was Einstein
working on relativity theory, but a little bit later there was
[ Erwi n] Schrodinger's work on wave theory. This was not al

going on in Berlin, but I wondered what relation you had with
t he devel opnent of the new quantumtheory in the md-twenties.

MARK:  Well, there was this one experinment; the |ight quantum

t heory and the Schr6édi nger theory are the sane. It all neans
that particles can be particles, but they can also be waves; and
waves can be waves but they can also be particles. At the sane
time, conpletely independent of our work, there was this

t renendous devel opnment, this nove over from classical physics to
guant um physi cs whi ch took place under our eyes; we didn't
contribute anything to it, but we were all the tinme enornously
excited. W visited the many synposia and sem nars which were
held in Berlin or in Gbttingen because that was the rea

i nportant change in physics, which took place from 1900 to 1930.
And of course Louis de Broglie was a very inportant part of it,
Schr 6di nger was another very inportant part of it, and [Werner]
Hei senberg and [Niels] Bohr. | think, Bohr was the man who
really pulled the wires of the whole thing. Wen Heisenberg

[ announced his uncertainty principle] he just told him "M dear
Hei senberg, it's tinme that you nade an inportant contribution.”
[laughter] So he knew how to handl e these youngsters.

He was one; [Arnold] Sonmmerfeld in Miunich was the other
one; that all took place during this time. It greatly enhanced
the reputation of physics altogether, even to the public.

Al t hough, you see, the public didn't care very much. Well, the
public cared nothing about the theory of relativity and whet her
an el ectron can also act |like a wave or a wave can also act |ike
an el ectron, nobody could care less. The public in those days
were extrenely interested in a new electric [ anp which Sei nens
or Coolidge nmade. In the inprovenment of the tel ephone,

i nprovenent of the diesel nmotor, inprovenent of all those
things. But fundanental physics becane really generally
attractive only after atomc energy cane in. Then of course it
was obvious that all this goes really down to our bones; it's
sonmetimes nice, sonetinmes not so nice.

STURCH O W noticed in your list of publications that you
publ i shed a couple of articles on atom c structure and quantum
theory (7); does this come out of your general interest in this
t opi c?

MARK: No, that all canme fromthese experinments on the Conpton
Effect. Dr. [Hartrut] Kallmann and | did this work. Dr. Leo
Szilard al so worked in our area; he was always very interested
i n everything; anong other things he was always interested in
x-rays. | published two articles with him (8).
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STURCHI O How did that coll aboration cone about? Did he cone
to you, or..

MARK:  Well, Polanyi was from Hungary. And he brought with him
in his wake. .. Vel |, Hungary at that tinme was in a very
destitute situation; a man called Bela Kun who was a conmuni st
was in charge. For a while Hungary was a comruni st country so
everybody tried to get out; everybody who had the possibility or
the nmeans canme out. Szilard was one of them Eugene W gner was
anot her one of them Edward Tell er was another one. There were
many ot hers; John von Neumann, Theodore von Karman. So we had a
very good influx of those Hungarian boys, and they all visited
the Kaiser Wlhelminstitute, because it was very international
and Pol anyi played a big role there. One day he cane with a
young man and introduced Szilard who i medi ately got very
friendly; he was always a very active fellow. "Wat are you
doi ng here?"; and we explained it to him "Ch, well you
shouldn't do it that way, you should do it the other way."
[laughter] W never took himseriously, you see. But it was a
very nice cooperation. M wfe |liked himvery nmuch because he
was such a free, outgoing guy. W published two articles
together and one with Wgner also (9). Later they both got their
Ph.D.s. One, | think Szilard, got it with Planck at the
University, or with Laue. Wgner at Charlottenburg with
Professor [M] Volner. Von Karman was already in Aachen at that
time. John von Neumann was never at the Kaiser WI hel m
Institute. He was a mathematician and we didn't have nuch
contact with mathemati cs.

STURCHI O You al so published an article or two with Pol anyi in
t hose years.

MARK:  Yes, on x-rays (10); he had it all started in 1912. He
was the first man who had the idea that x-rays would be scattered
by crystals and worked the theory out quantitatively, which was a
t renendous j ob.

BOHNING Did you have any interaction with Nernst when you were
in Berlin?

MARK: Not directly. O course, he was high up, he was one of
the Geheinrats; it was very interesting. To young, innocent
people like ne, he was a very pleasant nman; he was a sugar daddy.
But to his colleagues, he was a devil. [laughter] W often
visited his Institute, because the sem nars were held there and
when we nmet himin the corridor or sonewhere, he would say,
"Well, are you doing nice work out there in Dahlen? Can you tel
nme a little bit about it?" He would be very fatherly as it were,
very nice. But apparently that was only to people who coul dn't
hurt him
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BOHNI NG And Haber of course was at the top. D d you feel his
i nprint anywhere as you were wor ki ng?

MARK: Haber was at the top, he was a very busy nman. He was on
so many comm ttees and subconmittees and of course he was one of
the vice presidents of the Kaiser WI hel m Gesel |l schaft, he was a
president of the German Chem cal Society, and what not. He cane
to the Institute but not very frequently. Now, he al ways was
nice, he was nice with everybody.

STURCHI O Cbviously it was a very lively and exciting tine
scientifically. D d you spend all of your tine in the
| aborat ory?

MARK:  Well, nost of it. But you nust not forget that | married
in 1922. Then there were all the theaters and all the novies and
all the concerts. Oh, at |east every other day we were in the
city, twenty mnutes on the subway. Either to a concert or a
show. That was fantastic. All the |ater operettas of Franz
Lehar. Lehar noved from Vienna to Berlin imediately after the
war for the sanme reason that | did. He saw the greener pastures
there and produced these various operettas, | don't know what the
nanes are; each one was a big sensation and beautifully produced
and performed with all the fanous singers and conductors there at
that tine. |In other words, the life, arts, sciences, but also
museuns and expositions, sports. Berlinin the twenties, let us
say from 1922 to 1930, was really tops.

STURCHIO | renenber in one of your articles you nentioned that
research at the institute wasn't very nuch affected by the

hyperinflati on of 1923 because there were grants from Japan and
the U S. that helped to pay for things in yen and dollars. How

did that affect your personal |ife?

MARK:  Well, it was like this. There are really two questions.
Nunber one, how about politics? Have you been ever interested in
politics? After all, there were trenmendous political changes and

upheavals in Germany during this period. M answer was and is,
that, at least in our little, quiet scientific enclave, we had so
little confidence in whoever happened to be the Chancellor or the
Vi ce- Chancel lor, | don't know what the nanmes were, President,

that we coul dn't possibly care because, in fact, after a few
weeks he was either nurdered or he resigned. It was a state of
affairs of such irregularity that you couldn't nmake any choi ces;
because if you said, "OK, I'mvery nuch interested in the program
of this party,” a few weeks later the party didn't exi st anynore.
We del i berately kept fromgetting involved. One knew about it,
because you read it in the papers everyday. O course, there was
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no radio, there was no television, so the newspapers were still
the main or the only source of information

About inflation, it was a big problemat hone. Because of
t hese funds which came fromoutside, it wasn't so nuch of a
problem for our research. At hone; well at that tine, our salary
woul d be given to us every week. So then ny wife immedi ately ran
out with a pocket full of npbney and cane back with a packet, a
very small packet, full of food for the week. That was a
problem Yes.

STURCH O Where did the research funds fromthe U S. cone? Was
t hat Rockefell er noney, or Guggenhei n?

MARK: The U.S. noney, | think, at that time was essentially from
Rockefell er for physics and chem stry. | think Guggenhei m was
for the fine arts and maybe for mathematics, | don't know Of
course, there was the Hoover plan at that tine, which poured a

| ot of noney into Germany.

[ END OF TAPE, SIDE 2A]

BOHNI NG  There was a neeting in Disseldorf in 1926 (11). 1Is
that the first tinme you nmet Staudi nger? How did your
participation in that neeting cone about?

MARK:  Sonmetinme in 1926, probably in the spring; it was a tine
when we were working on x-ray applications and when we had
publ i shed a dozen articles on cellulose, rubber, silk and on
other materials, starch and such things. Haber called nme into
his office and asked, "Do you know t he work of Staudi nger?”

said, "OF course.” "And do you also know that there is

consi derabl e opposition to it?" "O course.” | could say that
because the sem nars at the Haber Institute covered many topics
ot her than physics. Actually [Hermann] Staudinger was there to
give a lecture in 1925, or thereabouts. Colloid chemsts |ike
Freundl i ch and Herzog did not agree with his theory of very |ong
macr onol ecul es, but thought that the phenonena coul d be expl ai ned
nore easily with colloidal chem stry concepts. There was a

di scussion as after every semnar. So | was aware; perhaps
wasn't very well aware, but I was aware of the fact.

Then he said, "This is evidently an inportant thing. But,
very wel |l -known chem sts |like [Paul] Karrer, [Hans] Pringsheim
and [ Max] Bergnmann oppose Staudinger's views. So the Gernan
Chem cal Society has decided to organi ze a synposium at their
neeting in Disseldorf in Septenber 1926. Staudinger will tell
his story and the others will tell their story. They are al
organic chem sts, and | amafraid that this controversy goes
beyond si npl e classical organic chem stry. Since you have worked
on the structure of these materials by x-rays, which is physics
or physical chem stry, | suggest that you participate. You'l
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get an invitation fromthe chairman, Professor [Ri chard]

Wl lstatter, and | suggest that you accept”. A few days |ater
got a letter fromWIIstatter, and of course, | accepted the
invitation. "It will be a great pleasure and honor for nme and so
on."

Then | prepared nyself for the lecture by reading a little
nore about Staudinger's articles and by reading a little nore
about the articles of the opposition. The situation was appalling.
There were three types of opposing views. One was a kind of a
subj ective view of bad feeling. The classical organic chem sts
like [Heinrichl] Weland or WIllstatter had worked all their lives
wi th nol ecul es havi ng nol ecul ar wei ghts between three hundred and
five hundred; and they had nmuch experience with these little
things. They just couldn't swallow it that sonebody should cone
and say, "I'mworking with nol ecul es which have a nol ecul ar
wei ghts of five hundred thousand.”" So that was a nore or |ess
personal view. The next group were the colloid chen sts,
Freundl i ch, Herzog and others who said, "Well, the phenonena are
there; there's no question about that; high viscosities and gel
formation. But we feel that they can be explained on the basis
of known phenonena in colloid science and one doesn't need the
extravagant hypothesis of a nolecule with a nol ecul ar wei ght of
five hundred thousand.” |In other words, they were nearer to
reality. They didn't say, "W don't like it,"; they said,"W
don't need it." There was a third group, the crystall ographers.
Their argument was this: it has been established, mainly in our
| aboratory by Dr. Rudolf Brill, Dr. [Johann R] Katz and nyself,
that the el ementary cel |l s of rubber, cellulose, and silk are small;
so small that only a nol ecule of a nolecular weight of about five
hundred coul d be acconmpdated inside it. Then this group said
t hat crystall ography shows that the nolecules can't be |arger
than the elenentary cell: therefore, the nol ecules nust be snall.
Thus it can't be. The first was, "W don't like it," the second
was, "It's not necessary” and the third was, "It's inpossible.”

Wel |, of course, Haber had sensed that the crystall ographers
maki ng this statenment had never worked with these materi al s.
They were purists; what was true for rock salt, for dianond or
for sulfur nust be true for all crystals. Now |l had worked with
both cl asses of these materials and had the firm conviction that
this tenet was not correct. That it was possible for a chain or
pl anar nolecule to be larger than the elenentary cell because the
periodicity which the crystal demands is within the nolecule. In
other words, if a certain periodicity is in the nolecule, it can
be larger than the elenentary cell because periodicity is exactly
what crystallography is about. So there was the neeting in
Dissel dorf, with WIllstatter as the chairmn and | think what

happened has been described in detail. But if you want nme to
tell it to you again, 1'll be gl ad.
BOHNING Well, | was interested in your interaction with

St audi nger. \Who spoke first, did he speak first?
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MARK:  No. WlIlIstatter opened the neeting and said that he was
very happy that everybody invited was here. "You all know that
M. Staudinger has a very interesting hypotheses of the existence
of macronol ecul es, and now we have here a nunber of people who
have worked with these things with their own hands for years and
years and who have their own experience and their own opinions.
So maybe we should start with Professor Bergmann, who has worked
on proteins, then we will ask Professor Pringshei mwho has worked
on pol ysaccharides and then Professor [Ernst] Wal dschm dt-Leitz,
who has al so worked on sone cl asses of these materials". | think
there were three or four speakers. "After we have heard, so to
say, the classical point of view, then we will ask Professor

St audi nger to speak." So that was what happened.

Then | was called in to explain what the recent work on x-
rays had to do with it. M essential contribution was that the
presently existing experinmental evidence in the x-ray field
cannot prove that nmacronol ecul es exist, but it also cannot prove

that they cannot exist. It was a kind of a soft position, but it
was true and it took away the edge of the third group which said,
"It can't be," by saying, "It can be." Qher features at that

time could not be elucidated because we didn't have such good x-
ray diagrans as we had a few years |later when the whol e position
was conpletely clarified. So that was ny position; that the
present state of x-ray analysis of organic nol ecul es including
cel l ul ose, rubber and silk, cannot draw the consequence that

t here nust be such |ong chains, but it can draw the consequence
that there could be such |ong chains.

At the end WIllstatter got up and said, "Thank you, thank
you." And then he said, "Well, as a classical organic chem st, |
don't like these big nolecules very much nyself. But if
Prof essor St audi nger brings additional experinmental proof, we
wi |l probably have to accommobdate ourselves to them™ |In other
words, he pointed out that in his opinion, at that tinme, the
experimental proof was not yet sufficient. But as an open-m nded
scientist, he expressed his opinion that if additional proof
woul d be established, the way woul d be open. Now, it was very
unfortunate that neither the discussion nor his final words were
printed in the Journal (12). The present fornulation of his
final words is only in ny nenory because Staudi nger never said
anyt hi ng about it because he was di sappoi nted, although they
didn't say, "You're a dammed rat." The opposing groups didn't
say anything because of the sane reason. So | was the only one;
| didn't care very much, you know, but I was the only one who

took it down. But | well renenber that he said, "I don't like it
personally. But if additional proof would be presented, as a
scientist, I'Il accept it." That was essentially what he said,

as everybody woul d expect a Nobel Prize wi nner to say.

STURCHI O \What were your own views at that tine. |In the papers
you canme down squarely in the mddle, saying that it was...
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MARK: | canme down to the view that we cannot prove it but that
x-rays don't disprove it either.

STURCHI O Can you renenber when it was that you began to think
t hat Staudi nger was right? That the proof was...

MARK: Two years later, as soon as we had worked out the x-ray
di agranms quantitatively in detail. Dr. [Kurt H] Meyer and I
(13).

STURCHI O And that was after you'd gone to |I.G Farben?

MARK: Yes.

STURCHI O Had you ever been enthusiastic about the mcellar
theory and the colloid view?

MARK: | nust say at that point it was for ne an interesting
controversy. | couldn't care less. | wasn't an organic chem st.
I f somebody woul d have asked ne, "Do you think that nolecul es
with a nol ecul ar weight of five hundred thousand are possi bl e?"

I would say, "Why not?" And if sonebody woul d have asked ne,
"These causative phenonena, these dilation phenonena; do you
think they could be explained by the assunption of snal

particles which are aggregated?” | would say, "Yes, why not."
So |l was really in the mddle. | didn't want to be but | didn't
have any legitimate experinmental evidence for either one or for
the other. So | had to sit on the fence; not because | wanted to
sit there, but there was no other place for nme to sit.

STURCHIO Well, this mght be a good tine, then, to tal k about
your nove fromthe Kaiser Wlhelmlinstitute to |I.G Farben

MARK: Yes. Well, so that was then Septenber, 1926. Earlier,

al ready in June or July, Haber had called ne to his office. You
know, there were three private discussions which shaped ny life.
One was Haber and Schl enk, one was Haber and Meyer, and one was
with Gaus. Those were the three turning points, you see. W are
at the second one now. Haber said, "This is nmy friend Professor
K. H Myer. He is on the board of directors of I.G Farben."
And Meyer said the follow ng, "Look here, you have worked now for
five or six years in an atnosphere of highly scientific
activities, with new nethods, and in a field which has great

i nportance for industry, nanely, fiber-form ng polynmers. W,
I. G Farben, are actually making these fibers; we make cell ul ose
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acetate and we make rayon. And we are just exactly in the
position which Geheinrat Haber described several years ago. W
can't conpete with the natural fibers because we are not good
enough. Qur wet strength is not good enough, our abrasion

resi stance is not good enough. W have ot her advantages, the
luster is beautiful, dyeing is very easy, but abrasion resistance
and wet strength are inferior. Now you have worked fundanental |y
on those things; therefore we have decided to establish a
fundanental research | aboratory on fibers. On these fibers. On
all fibers.™ At that tinme we did not yet use the word pol yners,
because nobody was sure if that was correct. "Until now you have
laid the ground work for an inportant industrial activity. W
want you to come; |'ll give you a |laboratory, you'll have no
trouble in getting people, we'll hire those you need, you'll get
all the necessary equi pnent, space and so on. Your salary wl|l
be satisfactory, so think it over."

So, | | ooked at Haber, and Haber said the sanme thing as
Schl enk had said five or six years ago, "Wy don't you go there,
and if you like it, stay, and if you don't like it, cone back."
So on January 1, 1927, | noved to Ludw gshafen. | took a nunber
of people fromBerlin with me since there was no x-ray work there
at that time; so we had to set it up. Machinery, space,
| aboratories, everything. That took half a year or so, unti
results were comng along. O course, we got a |ot of sanples
fromthe plant, which was producing at a rate of maybe fifty tons
a day. There was an induction period when we couldn't possibly
produce any results until all of us had worked ourselves into the
proper frame of mnd. At this time, Dr. Oto Schm dt, who had
wor ked on synthetic rubber, was at the plant. The sane situation
whi ch existed for fibers also existed for rubbers. Germany had
no source for rubber and would need it, war or no war;
particularly for electrical and autonobile applications. W
didn't think about the war at that tine.

Dr. Schmdt and | worked closely together; he told ne what
he knew, and | told himwhat | knew. He had worked on natural
rubber. W felt that the synthetic and natural rubber were very
close. O course, there were no synthetic fibers at that tine.
But synthetic rubbers existed, early types, but it was obvious
that, eventually, once one understood the structure of the
natural naterials, one could make them synthetically. Therefore,
I soon suggested to Professor Meyer that we use our fundanental
nmet hods not only on the materials which |I.G Farben produces now,
but also on materials which the conpany m ght produce in the
future. Materials which are also high nol ecul ar or coll oi dal
whi ch belong to the sane class. W don't yet know which; at that
time Meyer and | were already |eaning pretty nuch to the

St audi nger point of view | suggested to him "Let's not call it
t he Laboratory for Fundanmental Fiber Research, but the Laboratory
for Fundanmental Polyner Research.” It wasn't called that then,

but it was only a year or two later. But that didn't matter. We
started imediately to grab up whatever there was in the conpany
in terns of polystyrene, for instance, polyvinyl acetate, or
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pol yvinyl chloride. They already all existed but nobody knew
what to do with them So we took theminto in our investigation.

In 1928 the macronol ecul ar hypot hesis was then quite clear,
because we had worked out the chain structure of cellul ose, which
incidentally was independently established by a botanist in
California who published it a few weeks before us (14). H s nane
was [O enus L.] Sponsler, a botanist at the University in
Berkeley. He was interested in cellulose fromthe botanical side
and since they had x-ray equi pnent in Pasadena he asked Di ckenson
to nake x-ray diagranms. Dickenson nmade very nice x-ray diagrans
and Sponsler interpreted them and he and we arrived at the sane

result. In other words, we didn't only have the benefit of our
own concl usions, but also of conpletely independent work fromfar
away. | had never heard of Sponsler before; he had never heard

of Meyer and Mark. So the cellul ose structure can't be a
coi nci dence; it nust be true.

Fromthen on, Meyer and | with all our group firmy went to
t he Staudi nger view of macronol ecul es, of nolecul es which had
nol ecul ar wei ghts way up; naybe ten thousand, naybe a hundred
t housand. At that tinme, one couldn't yet nmeasure how | arge they
were. However, even though in principle Meyer and | agreed with
St audi nger as far as the existence of very large nol ecul es went,
we di sagreed on certain properties. There were essentially two
poi nts of disagreenent. One was that Staudi nger visualized these
macr onol ecul es as rigid rods. In fact, he gave many | ectures;
actually this is a sanple which Staudi nger gave ne. [Mark
di splays a cylindrical nodel.] "This is cellulose, those are
rigid rods.” Meyer and I, of course, took the attitude that |ong
chain nol ecules with interchain single bonds cannot be rigid, but
must be flexible. W said, "Well, we agree that these are very
| arge nol ecul es, but we don't agree that they are rigid." This
is our nodel fromthe sane tinme. [Mark displays a coil nodel.]
Staudinger threwit in a corner. [laughter]

H s other argunent was, "These materials have a very high
viscosity in solution. That can only be understandable if they
are really rigid rods. Very difficult to turn around, offering
very much opposition to the flow, which is the cause of
viscosity." He published that several tinmes, and actually he
al so devel oped an equation to derive the nol ecular weight from
the viscosity, assumng rigid rods. W said, "No. This is not
so. These are flexible nolecules, they formcoils, and these
coils swirl. And they also produce opposition to flow" Dr.
[Werner] Kuhn in Switzerland said the sanme thing; well | think it
was Kuhn who said the sane thing at the sanme tinme. GCh yes, also
Dr. [Eugene] Guth in Vienna. So there were three of us, we were

physi cal chem sts of course, but we said, "It is inpossible that
a |l ong pol yet hyl ene nol ecul e can have a rigid structure".
Therefore, Dr. [Roelof] Houwi nk and I, Houw nk was from Hol | and,

devel oped anot her equation to derive nol ecul ar wei ght from
vi scosity nmeasurenents. That was the substance of our
di sagreenent.
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| didn't see how anyone could get so excited about it but,
qui te unfortunately, Staudinger becane rather excited; becane
rather inpolite and wote nasty letters, so that finally we
didn't talk with himanynore. Unfortunately, because we
certainly joined his point of view about |arge nolecules. There
can be no doubt about that. W did not agree with himabout
their specific intrinsic properties. WIlIl, now everything is
resolved: the large nol ecul es exist; they are not rigid rods but
they are flexible. The man who finally brought that all out was
Paul Flory.

STURCHI O From ny perspective, at least, the statistica
nmechani cal view of rotation around single bonds, and the notion
that was at the heart of Kuhn's work, your early work, and
Flory's, makes a |l ot of sense. How could an organic chem st of
Staudi nger's stature have really believed that they could have
been rigid bonds?

[ END OF TAPE, SIDE 3A]
MARK: | talked repeatedly with himabout this. He was stubborn

STURCHIO It was just a case of sonebody seeing things through
certain spectacles and not being able to change.

MARK: Once | gave a lecture in Freiburg about these things and |
tal ked about the flexible nolecules and then he gave nme that rod

nodel. When he gave it to me he said, "Well if you will nake
enough additional experinents, you will see that I'mright." So
I made additional experinments. Well, you know, |ike many great

people, he was a little bit touchy. At that tinme, you know we
are tal king about 1928, 1929, he was irascible because of the
conti nued opposition, whereas, on the basis of our x-ray data,

we, Meyer and |, joined him H's true old friends the organic
chem sts did not. They couldn't care | ess about x-ray data, they
just didn't like those things. | think that nade him sensitive.

BOHNI NG When did WIIlstatter agree that your point of view was
t he correct one?

MARK:  Well, at the end of the neeting in Disseldorf, he had said
that if additional evidence shows Staudinger to be correct, |

will accept. Then he considered that the Meyer and Mark

cellul ose structure was the additional evidence; which it was.

STURCHIO | wonder if we could go back for a few m nutes to when
you went to |.G Farben and tal k about the people you brought

wi th you, and about the structure of the lab, and that sort of

t hi ng.
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MARK: W had three | abs, each of which probably of the size of
this whole floor. Some twenty individual roons. One was
essentially for the synthesis of whatever we needed, because we
did not only work on polyners, but also on detergents, on
surfactants, on dyestuffs; in other words, they were organic
chem cal | aboratories equi pped for the synthesis of new
materials. Another was for characterization; it was a little bit
smal l er, maybe half of this floor; x-rays, electron diffraction,
vi scosity nmeasurenents, osnotic neasurenents. W had an
ultracentrifuge and el ectrophoresis. In other words, it was a
wel | - equi pped colloid chem stry |aboratory, plus the x-ray and

el ectrons. The third was a Technion, as we called it; a sturdier
building wth larger halls where we could carry out experinents
on a sonewhat |arger scale. Let us say, when we first nade a
filament from polyvinyl chloride. You know, if you have a

spi nning machi ne, you need at |east ten kilos, twenty pounds, in
order to get it running at all. After that, during the first
hour, you nake chewi ng gum because you know not hing: you don't
know the tenperatures, you don't know the speed, nothing. Only
when it starts comng out as a fiber can you start collecting it.

You have to have fifty pounds of a material. So this was a
Techni on where we could nmake fifty pound |lots of Buna S and Buna
N -- those were the rubbers -- polystyrene, polyvinyl chloride,

pol yvi nyl acetate, and so on, in order to be able to investigate
t hem

STURCHI O Could you say a little bit about who ran each of those
| aboratori es.

MARK: Yes. The |aboratory for organic synthesis was run by Dr.
Heinri ch Hopff who | ater becane director at the Laboratory at
Ludwi gshafen and finally was a professor in Zurich. The

| aboratory for characterization was under Dr. Karl Wl f, also
|ater director. And the Technion was under the direction of Dr.
Manfred Dunkel. Those were the group | eaders, so to speak.

STURCHI O What was the next |evel of nmanagenent above that?

MARK: Well, there was another research | aboratory under Qto
Schm dt. He specialized on pol yhydrocarbons, on synthetic
rubbers. W all worked on polyners. He worked on a | arger scale
because he was already a step further ahead in devel opnment and
made, | don't know how much, but several hundred pounds a day.
Those were the two research | aboratories. Above us was Professor
Kurt H Meyer. He was a nenber of the board, he represented us
on the board. There was another board menber for inorganic

chem stry, another for high pressure chemstry, for sales, and so
on; six menbers of the board. At the top of was the chairman of
the board; that was Dr. Gaus. That was the organization
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STURCHI O You said that, in the article that you published in J.
Chem Ed. [Journal of Chem cal Education] (15), by the time you
left .G Farben in the thirties..

MARK:  1932.

STURCHI O ...you had about fifty people working for you. Could
you just tal k about the evolution of your organization?

MARK: W started probably with, on the average, ten in every of
these three sections. What grew mainly was the Technion, as we
had to produce larger and | arger quantities. There nust have
been about fifty, sonewhere in the neighborhood of fifty.

STURCHI O So your group was responsi ble not just for the basic
research as it were, the fundanental research in the material,
but al so for devel oping the actual fibers?

MARK:  Well, no. Qur spinning, casting, nolding equi pnent was
only for producing sanples; sanples to establish properties.

Then cones an entirely different step, nanely an engineering
step, to scale up to a quantity, per day, let us say a ton, which
will give you not only the technical characteristics, but the
commercial feasibility of the whole thing. WII you have enough
custoners; what can you charge; what will they pay; how nmuch does
your business cost; what will your profit be? This was a speci al
depart nment .

STURCH G The Technion would establish that a fi ber had
characteristics that | ooked prom sing.

MARK: The Technion was really only there to produce sanples for
characterization.

STURCHI O WAs there nuch interaction with the group that worked
on comrerci al devel opnment ?

MARK:  Yes, yes, permanently. The next step was supervised by
Dr. Bi edenkopf, whose son Kurt is now a fanmous politician in
Germany and you nmay have read about him Bi edenkopf was a full-
bl ooded engi neer; and he had a pilot unit building, which was
much | arger, of course. Hgh halls with punps and stills, and
pressure kettles and stirring kettles and so on. He would cone
to our Technion and | ook at a process and then change it into
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what he thought was necessary for comrercial production.

STURCHI O Was your |aboratory ever called in for trouble-
shooting, if there was a problemin the factory with spinning a
particul ar kind of fiber.

MARK: Wienever there was a difficulty. Yes. Usually together
w th sonebody who knew about spinning; we would take sanples and
the spinning unit was run under sonewhat different conditions,

di fferent speed, different tenperature, different pressure, and
we woul d take sanples fromthose different conditions. Back in
Ludwi gshafen we woul d investigate them by x-rays and also their
ot her properties, and then go back, or go to the phone and
descri be what we found and what we suggested to inprove the
situation. Intensive studies of rubber, polystyrene, rayon, and
cellul ose acetate. First only with rayon and cel |l ul ose acet at e,
and then these two other things.

STURCHI O Sounds that it m ght have taken up a fair anount of
time doing that kind of work.

MARK:  Well, | was there five years. Six, alnost six, five and a
hal f years. O course, | wasn't alone because | had a | ot of
very good people who did a ot of it.

STURCHI O Could you talk a little bit about the difference

bet ween an industrial |aboratory like |I.G Farben and the nore or
| ess academ c environment that you had cone out of in Berlin.

Did you find there were real differences in the way that the work
was organi zed and carried out?

MARK:  Well, of course, it was a kind of a different approach

but not nuch different. Actually, if you were to | ook at the

| aboratory, you couldn't say that this is a fundanenta

| aboratory whereas this is a | aboratory which is also interested
in applications. The instrunments were the sane and the equi pnent
was the sane; the substances were the sanme. In Ludw gshafen we
made many nore nmeasurenents, concerning for instance, yield. A
chem st who is interested in nmaking a new substance, never before
known on earth, is happy just to get it; if he gets ten percent
yield or twelve percent yield or so on. Wen we had a reaction
with ten percent yield, we said, "Ch, we nust change sonet hing.
We nust get at |east eighty percent yield." Qherwise we can
throw it away imrediately. So there were different aspects.

O, for exanple, resistance against noisture. 1In Berlin, if
we spun, or if we investigated a cellulosic fiber which was very
sensitive against noisture, we didn't care; we just wanted it for
the structure. |If we got a fiber at Ludw gshafen which was very
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noi sture sensitive we threw it away, because it wouldn't be of
any use. Maybe we woul d make an x-ray diagramof it, just in
order to see whether this sensitivity could be explained by the
structure. It was just a different approach.

STURCHI O You described earlier the way you were following in
the program of research for the x-ray work in the early twenties,
wor ki ng out the relation between x-ray pattern and structure.
How was the work planned at |.G Farben? Was there direction
from above or did you still pretty nuch follow the problens as
you saw t henf

MARK: Yes, there was sone, but in the nore classical donains,
because our organic | aboratory under Dr. Hopff al so took care of
dyestuffs, detergents and plasticizers, small nolecules. A
production unit existed for each of these substances. W had a
bi g pl ant which nade detergents, and a very big plant which nmade
dyestuffs; several. Also we had a very big plant which rmade

pl asticizers or lubricants. Al the research sections had very
cl ose contacts with the production units who were told, or it was
suggested to them that they should do this and that; and this
they did, of course, very well. But in the new field of polyners
there was no production unit yet. So, we were nore or |less left
al one.

STURCHI O Well, you were building new lines of business.

MARK: Yes, we were building up a new busi ness.

STURCHI O Presunably you naintained your contacts with your
academ c col |l eagues in Germany and in Austria.

MARK: Yes. The conpany |iked the idea that their fundanental
group woul d be considered to be really high | evel academ cally.
So [Raimund] Werl, and [Karl] Wl f, and Hopff, and Dunkel, and
[G] von Susich, and [Emerich] Val ko, and many ot hers mai nt ai ned
their contacts with x-rays, with electrons, with colloid

chem stry, and so on; went to conferences and |lectures. W
published quite a bit; you will see fromthe list that quite a
few publications cane out fromthe |aboratory during these years
(16).

BOHNI NG  What about patents?

MARK: Patents, yes. Many; | don't know how many. Maybe eighty
or one hundred. Yes, alot. | don't know whether they are
mentioned in this publication list. Mybe they are not.
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STURCHI O 1927, when you went to Ludw gshafen, was also the
year when Du Pont was setting up a fundanmental research group in
W m ngton and hired Carothers.

MARK: | think even a little bit earlier.

STURCH O Well, it was the end of 1926 that they began to
di scuss this.

MARK: Well, about the sane tine.

STURCHI O Where you aware of the work at Du Pont?

MARK: [Elnmer K] Bolton. He was the man; he had the sane
feeling as Meyer

STURCHI O Was there any contact between...

MARK: Later. At the beginning there was none; the first
publications of [Wallace H'] Carothers on polyesters appeared in
1929 or 1930, and we read themi mredi ately. We imedi ately saw
their inportance and | sent to himwhatever reprints we had, and
he sent us his reprints. W had a very good rapport with him

STURCHI O Were there any visits from WI mngton while you were
at 1.G Farben?

MARK: No. | think that at that tine Carothers had not been to
Europe. Later we net in England, and he visited ne in Vienna,
but that was 1936. This is a very nice historic book nade when
the first kilo of polystyrene was sold. [Mark displays a
comrenorative volunme.] Many of the people nentioned there
actually contributed to that devel opnent.

STURCHIO It would be nice if we could borrow that or get a
reference to it. Besides Carother's work at Du Pont, were there
ot her industrial conpani es whose work your group was follow ng?

MARK: Well; there were many ot her industrial conpani es engaged
in rubber technology and in cellulosic and fiber technol ogy, but
along classic lines. It was wonderful for us, because when |

came to Berlin, even when | cane to Ludw gshafen, that there were
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fi ber chem sts, cellul ose chemsts, a Society for Cell ul ose
Research, books on cellulose, journals on cellulose. The sane
thing for silk, the same thing for wool, for rubber and for
starch. So there were five different disciplines, strongly
represented by people, by literature, books, societies, and so
on. But for us it was all the same; all were |ong nol ecul es
carrying different groups. Therefore, one was a fiber, one was a
rubber, and one was a fiber with such properties, and one was a
plastic. You know, it was as with the astrononers. For
centuries, Jupiter, Saturn, and Uranus; each was a special world.
After Copernicus, it was all the sane. | mean, that such a
general principle sinplifies things trenmendously. Quant um
mechanics is essentially that, isn't it? Quantum nechanics is
essentially a trenmendous sinplification of the conplexity of

cl assical physics. But it takes a long tine to realize that and
to use it.

STURCHI O Over the course of the tine that you were at |.G
Farben, over that five-year period, did you see evidence that the
managenent view of the polymer work was changi ng?

MARK: | nproving, yes. You know, these directors of classical
organi ¢ chem stry had nmade trenendous anounts of noney with
amonia, and with fertilizers, and with fibers, and with
dyestuffs and such things; they were very critical and very, very
cauti ous people. They said, "Fine, fine, fine. You cone up with
something new. |If you can show us that the whol e devel opnent is
good, we'll step in. But we're not going to do so before that."
They were very reasonabl e, critical, but they never hyper-critical.

STURCHI O Maybe it would nake sense to talk a little bit about
synt hetic rubbers, because that was sonething that |1.G Farben
was al so very much involved in. Alittle bit later, but there
was still work going on.

MARK: No, not later. It started at that tine. W had al so

wor ked i n Dahl em on rubber, of course, because of Dr. [J. R]
Katz, who came as a visitor to us. He was the discoverer of the
crystallizability of rubber; and he needed x-rays, so we worked
with him Germany industry took the attitude, as in the fiber
field, since we have no access to natural rubber we ought to do
sonet hing al ong synthetic lines. Leverkusen, Bayer took the
lead. Already, | think in 1915, they started work on the

pol ynerizati on of isoprene and butadiene. Dr. Fritz Hoffmn and
a whol e group of people. Do you know the book of Herbert
Morawetz (17)? There he describes the rubber devel opnent quite
nicely. But these rubbers were not very good. So there was
Leverkusen with classical organic chem stry. They pol ynerized
something; well, it was a material but it didn't have nuch
abrasion resistance. W were here at Ludw gshafen and we
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bel i eved the polyner theory, so we told them "Your material has
a low nol ecular weight. Gve it a higher nolecular weight and it

will be better."” Then they said, "Well, first you do it and then
show it to us." That was the reason why sone of the rubber work
was done in Ludwi gshafen. It becane a big field and there were

several types; one was a copolymer of butadi ene and styrene, the
ot her butadi ene and acrylonitrile, and others. This was done in
Leverkusen and i n Ludw gshafen.

STURCHHO Could we talk a little bit nore about the state of
the work in 1933, and especially the Mark-Wil ff process?

MARK: Well, that was just styrene.

STURCHI O Could you just talk a little bit nore about the
details of that?

MARK: We becane convinced sonetine in 1928 or 1929 that
pol ystyrene is a good material: well you know, if you go on an
airplane all the cups are polystyrene. Qur custoners |iked our

sanples. Then we said, "Well, we can't start a building on the
fifth floor. W have to go all the way down and nake the
nmononer. Right now the nononer is a |l aboratory curiosity.” It

was made by splitting off HO from chl oroethyl benzene in xylene.
"So let's try to make it by the direct reaction of benzene and
ethylene.” And we first did it in the |laboratory and it worked
all right with good yields. Wlff and [Eugene] Dorrer and Dunkel
were the three who worked on that (18). It was clear that the
reaction as such was possible but it wasn't an easy reaction. It
was a reaction between two very conbusti bl e gases at seven
hundred degrees centigrade. Benzene and et hyl ene under pressure
with a catalyst. Well, we had a | arge nunber of small autocl aves
where we could do that easily. | don't know what the pressure
was, maybe two hundred atnospheres or something like that. But

t he question was how to do it on a |arger scale?

[ END OF TAPE, SIDE 4A]

MARK:  Bi edenkopf helped us to build up the first pilot plant for
styrene nononer. Wil ff, Dorrer, Biedenkopf, Dunkel and
cooperated, |abored and sweated there for many, many weeks. You
know, when you do sonething like that on a |larger scale, it is
safety, safety, safety. Fire, oh, Cod.

STURCHI O How | arge a scale were you working on?

MARK: Eventual ly, our first pilot plant would make about a
hundred kil o a day, enough to go on and study whet her the product
is any good. Those who run such a pilot plant, maybe four or
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five chem sts or engineers, |learn a great deal, because everyday
sonet hi ng goes wong or nearly so. So after three nonths, things

are under control. Then nore is needed by the |aboratory. They
then woul d say, "Ckay. Now you can have nore, unlike three
nont hs ago. " During those three nonths the pilot plant

delivered a hundred and fifty kilos, or maybe two hundred kil os
of nmononer which we polynerized and coul d establish the
properties of the polyner fairly well. The next step was a

| arger scal e polynerization unit, which was easy because the
reaction takes place at a hundred degrees centi grade at nor nal

pressure, for which we had the details fairly well in hand from
our | aboratory experinents. Initially, that was really no
probl em

BOHNI NG You had nentioned previously about concerns of
| aboratory safety and about safety in the plant at that tine.

MARK: There was a lot. You see in 1923, there had been a
catastrophi c explosion of the plant in Qopau. That was a
fertilizer plant where they made cal cium and ammoniumnitrates in
| arge quantities which blew up. The silo bl ew up one night;
killed three hundred people. The whole hamet, you know, Oppau
was just gone. In ternms of nunbers for a single accident it was
one of the largest catastrophes in the German chem cal industry.
Therefore 1. G Farben were very conscious of safety.

STURCHIO. During this tinme you al so began to wite the first
edition of your book in collaboration with Meyer.

MARK: Yes. Well, in 1928 we published four or five articles and
we felt that we had enough material to wite a conprehensive book
whi ch woul d denonstrate to the chem cal conmunity that
macronol ecul es actually exist, w thout using Staudinger's
argunments but using our own. The book really was a cl assic.

When it canme out in 1930 it was the first book in the field (19).

STURCHI O Can you recall sonme of the reactions or sonme of the
revi ews?

MARK:  Well, the reviews were very, very good. Only Staudinger
didn't like it. [laughter] Vell, 1"l tell you. The rea
reason Staudinger didn't like it was that we anticipated his
book. He was working on a |arger, bigger book, but because it

was |larger he was a little bit slower. It came out only in 1932
(20). 1 think if our book had come out in 1934, he woul d have
said, "Beautiful book. Just a copy of mne." But we cane out
first. | can understand. It disappointed him sonebody pulled

the carpet out fromunder him
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BOHNING By this tinme you had witten a nunber of papers and
I"mcurious as to how nmuch tine you devoted to witing? Your
publication |ist already was growi ng very rapidly.

MARK:  Well, | would say that in a normal day | would be in the
| ab at half past eight or so. First of all quickly |ook through
the mail, wth the secretary next to nme and tell her the things

she could do without me. Then | would go through the I|ab,
talking wth the individual people, asking what they were doing
and just sitting around and chew the rag until about noon. Then
we woul d head to lunch; quick, short. After lunch | would read
the literature, whatever cane in, and then | would start witing
until maybe six or so. | would say, a third handling daily mai
and the literature as it canme in, a third going through the

| aboratory, talking, seeing to it that the work was progressing
and a third witing for publication. Sonetines in the evening
there was additional tinme for reading galley proofs and such

t hi ngs.

STURCH O Did you keep to that distribution through nost of your
career afterwards?

MARK: Pretty nmuch, yes. O course there conmes a tinme when there
are energencies. An energency in the lab or an energency in
reachi ng a manuscri pt deadl i ne.

STURCH O W noticed fromyou resune that you were an associ ate
prof essor at the Techni sche Hochschil e at Karl sruhe at that tine.
How did that come about?

MARK: It had a little to do with Haber's words that if you don't

like it, come back. | told Professor Meyer that | didn't want to
cut conpletely ny academ c contacts. He agreed with that. In
Berlin, of course, | had been an assistant professor at the

University. Down there [Ludw gshafen] there were really three
universities; Heidel berg, Darnstadt and Karl sruhe. Karlsruhe and
Dar mst adt were Techni sche Hochschul e, what we woul d call

technical universities. It turned out that there was a very good
friend of Haber's in Karlsruhe, Professor [Georg] Bredig, so that
was the obvious way to take. Haber wote hima letter and Bredig
invited ne to cone and | gave a lecture there. They first took
nme on as a predocent, as is usual. And after two years, they
pronoted nme to ausserordentlicher professor, essentially an
associ ate professor.

STURCHI O Meyer had no problemw th you going there? 1t hadn't
been usual, until very recently, for professors to also work in
industrial |abs and vice versa; for people at industrial labs to
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al so be professors at the sane tine.

MARK: Al our group |eaders had the title professor. [Walter]
Reppe, and Hopff and Oto Schmdt. It was a title.

STURCH O But would they give lectures fromtine to tine at the
uni versity?

MARK: Yes. They would fromtine to tine. They would either
give a lecture or give noney which was equivalent. [l aughter]
Someti mes probably the noney was nore wel come than the | ecture.

STURCHIO Well, that's interesting though because at that tine,

t hat suggests that the relation between |I.G Farben as a maj or
chem cal producer in Germany and acadene was nuch cl oser than the
relati ons between universities and industry in the United States
at that tine.

MARK: Probably it was. In Germany | don't know whet her al

i ndustry was that liberal. But here for instance, Ceneral

El ectric was always very close to the schools. Well, they
founded Renssel aer, and Renssel aer for years and years got al
its noney from General Electric.

And Kodak; "Wiy does MT exist? Because of M. Eastman.”
He canme and said, "Wat do you want?" And so on. But you are
right. Sone industries and private universities were very close
here, whereas industry and state universities here were not.
VWereas in Germany, it didn't matter whether it was a private...
actually, there were no private universities; all were sonehow
connected with the state. But industry didn't care.

STURCHI O Here the conpanies would be a little bit |eery about
letting their researchers teach at universities because they

m ght be worried about proprietary interests. But that wasn't a
problemin Gernmany?

MARK: No, it wasn't a problem The conpanies would only I et
people talk at meetings or sem nars who knew what subjects they
coul d di scuss.

STURCH O Did you have academ cs working as consultants at 1. G
Far ben?

MARK: St audi nger was a consultant. Many others were; [Karl]
Ziegler was a consultant, he was in Heidelberg at that tine. |
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presunme we had maybe a dozen consultants. They cane once in a
whil e, but not very often. | saw nost of them | saw Ziegler
there; Ziegler cane several tines.

STURCHIO Did you find themvery hel pful for your work?

MARK:  Ziegler would help with our work and we hel ped hima great
deal . You know, he worked on the addition of lithiumto

but adi ene, and of course, to prepare butadiene in a university

| aboratory is an ugly job. W sent himcylinders of butadiene;
it is atoxic gas at roomtenperature. Thus, we assisted him
with materials and eventually also with instrunents when he
needed them

STURCHI O. Were your |aboratories better equi pped with instrunents
than the Kaiser Wl helmlnstitute and ot her academ c, standard
university | aboratories?

MARK: At that tinme it was the Kaiser Wlhelmlinstitute and there
the answer is no; the Kaiser Wlhelmlinstitute was as wel |

equi pped as we were, except that they didn't go so far into
production. For instance, they didn't have high pressure

equi pment, except for small autocl aves.

STURCHI O How did Vienna conpare, when you got there, in terns
of instrunentation?

MARK: I n those days? Very poorly. Austria was just struggling
along at that tinme, and there were permanent near-revol utions, or
certainly internal upheavals: |ater even worse when Dol fuss was
murdered [in 1934]. As soon as Hitler had his eyes on Austria,
everything there was in great disorder.

STURCHIO It would be good to tal k about Vienna. Perhaps you
should tell us about the third turning point in your career
first.

MARK:  The third turning point was a conversation with Dr. [W K
Friedrich] Gaus. One day Dr. Gaus called ne and said, "Wy don't
you come over to ny office?", so | canme over. He was a super
gentl eman you know, a real gentleman; all the tine, not only on
this occasion. It was in May, 1932, that he said,"Dr. Mark, |I'm
afraid Htler will take over the government. And if he does,
there will be stringent conditions on enploynent. You' re an
alien, you're half-Jew sh, probably we won't have to fire you,"
because he didn't know what happened eventually, "but one thing
is sure. W could not pronote you. Therefore, |I think it would
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be the best for you if you tried to get a university position.
We have given you nmuch freedom W have left you alone. You
have a good reputation in academ c circles; you have published.
You have | earned a great deal here and you have had additi onal
university activities, so why don't you?"

| said, "Thank you, thank you,"” went out and i mediately
started to wite letters. And | got two calls nmaybe within two
nonths. One was to Breslau and one was to Hanburg, but neither
woul d have hel ped ne because they were both in Germany. O
course | couldn't reply that | had to get out of Germany. And on
top of that, maybe Dr. Gaus was wong; maybe H tler woul d not
come to power. But then cane a call to Vienna, and there, of
course, | said that | would be glad to conme and di scuss the
conditions. The situation in Vienna was this: when there was a
vacant professorship, three nanes would be put up. Prinb Loco,
Secundo Loco, Tertio Loco. |In this case Prinmp Loco was Professor
[Karl F.] Bonhoffer, who was a physical chemi st in Leipzig at
that tine. | was nunber two. And nunber three was a certain
Prof essor Thiele who was at that tine in Minster. So | had to
wait for Bonhoffer. It was pretty clear that he wouldn't accept,
because he had a trenendous institute with enornous influence on
all physical chemstry in Germany. |In fact after two nonths,
Bonhof fer declined the offer and so then they asked ne. | said,
"Well, I'"ll cone to Vienna and we can tal k about it."

So | cane to Vienna in Septenber, when the mnistries were
wor ki ng after the sunmer break, and we tal ked about it.
sal ary was kind of neager and the facilities which they could
give ne for the institute were not very good. But Dr. Gaus had
told ne, "W will help you." 1In fact he had intimated they woul d
continue paying ne ny full salary for five years. For 1.G
Farben that was peanuts. [laughter] For nme it was a |life saver,
because there was a great difference between the schilling and
the mark at that tine. So with this surplus | could easily
ensure a very good life for nyself and take care of three or four
assistants. Dr. Gaus had also said that they would supply
materials to me if | needed them So | agreed, went back to
Ludwi gshafen and resigned ny post. | got ny appointnent in
Vienna and | started ny activities there on the 20th of Cctober,
1932 with ny Anfangsl esung, ny opening |lecture. This was very
interesting for ne. First of all it was a very lucky situation;
but it was very interesting, because, as in every discipline,
there are these big areas: research, application, and teaching.
I had done research in Dahlem | had done application in

Ludwi gshafen, | would have to be teaching in Vienna. It was
necessary to establish the teaching nmethod for a new discipline.
This was evidently a very attractive problem | was able to do

it, since I had unusual neans to bring it about.

STURCHI O Had you given any thought to leaving |I.G Farben
before you had your conversation with Gaus?
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MARK:  No thought what soever.

BOHNI NG  This conversation with Gaus canme as a conplete surprise
to you?

MARK:  Three decisive conversations. Schlenk and Haber. Haber
and Meyer. And Gaus and Mark. There was nobody el se there.

STURCHI O Do you think you woul d have just continued to nove up
the industrial |adder?

MARK: Sure. | would have been successor to Professor Myer,
maybe after five or six years, when he retired or did sonething
else. No, | wouldn't have left.

STURCH O Did you bring people with you from Ludw gshafen when
you went to Vienna?

MARK: Not right away, but later, yes. [A Reis] Wickert and
[H.] Suess cane to Vienna. [Robert] Sinmha came to Vienna.
There were enough excell ent young nmen avail abl e anyhow. There
was no real reason to bring anyone froml.G Farben

BOHNING Did Gaus nake the sane offer to anybody el se, or were
you the only one that he helped in that way?

MARK: | think, | don't want to say he nmade the sanme offer, but
he tal ked with Professor Meyer. The reason that he didn't nake
that offer was that Meyer was on his own |level, they were
col | eagues on the board. But he certainly said something simlar
to Professor Meyer and Meyer did exactly the same thing that |
did and eventually got a professorship in Geneva. He also was an
alien, being Austrian, and he al so was hal f-Jew sh

BOHNI NG During the four years you were in Vienna then, did you
anticipate...

MARK: | was really there from 1932 through 1938, six years.

BOHNING |'msorry. Yes.

STURCHI O Before we get into that, how did your wife feel about
this nove? You had two small children by then.
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MARK: Maybe | should talk a little bit about ny famly. W
really didn't dare to start raising a famly in Berlin because we
felt that our conditions were not yet sufficiently stabilized.
We woul d have started if | had an appointnent as a [full]

prof essor at the university. But when we got to Ludw gshafen we
said imediately, "Now this is the tinme." Hans was born in 1929
and Peter was born in 1932. O course, we had a very good life.
W were rich in Mannheim we had a large car. But for Mm to
come back to Vienna was to cone hone, to be back together with
her famly again. So she was happy, she didn't object at all.
She |i ked Germany even though she was a Vi ennese. She |iked
Berlin also particularly as it was so international. She |iked
Mannhei m and Hei del berg, they were not so international, but the
country is so nice there.

BOHNI NG Did she acconpany you on any of your trips?

MARK:  On the business trips? No, but she always canme with ne to
neetings. For the Dissel dorf discussion, for instance; she cane
to Dissel dorf, but she didn't go to the neeting, she went to the
shopping center. [l aughter]

STURCHI O Sounds like nmy wife.

MARK: Usually with considerable success. [laughter] And never
al one, you know. There was a group of girls who did that.

STURCHI O How did you feel about going to Vienna. Wll, there
are two things, personally and professionally.

MARK: | had no choice. But, even if |I had not got a call to
Vienna but let us say to Graz or to another smaller university, |
woul d have taken it. Because sooner or later | would have been
di ffusing up in the upper echelons. But Vienna was a | ucky
strike. The lucky strike was that Bonhoffer... The lucky strike
really was that the Viennese were idiots, because they thought
they could get Bonhoffer. |It's as if our institute here said,
"Next year we will have three Nobel prize winners." You see?
Maybe they did it to protect ne, so that eventually | would get
it. But when they called Bonhtffer, they didn't even know yet
whet her | wanted to conme. Anyway, |luck was good to ne. And
then, as | said, there was a very attractive goal in Vienna.
Nanely, how to organize an institute for polyner research and
teaching? None existed in the world at that tinme.

BOHNI NG  You were instrunmental in starting courses?
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MARK: Sure, sure. | sat down with ny people and, again, | had a
| arge nunber of very able people. [Philip] Goss, [Franz]

Patat, [Anton] Wacek and [Oto] Kratky and others. And we sat
down and said, "Well, what do we need? First, we need a general,
introductory |l ecture; what are polyners? Maybe one senester.
Then we need a course on the synthesis of polyneric materials,
synt hesi s of nmononers, synthesis of polyners, in tw senesters.
Then we need a course on how to characterize then?; how do you
know what you have synthesized? So the first thing was organic
chem stry, then canme physical chemstry. And then, what are
their properties? So there was the physics.” It was really an
interdisciplinary activity, as it is now. Now you start with
organi ¢ chem stry, you go into physical chem stry, you end up

W th physics. These courses had to be organi zed, people had to
be instructed on what to do and how to give these courses. | had
very nice help fromthe physicists. But all that had to be done.
On top of that, all the courses already in the catalog had to be
gi ven anyway, because | was a professor of physical chem stry,
not of polymer chem stry. There was one on el ectrochem stry, one
on phot o-chem stry, one on reaction kinetics, which had to be

gi ven anyway. The others were given additionally. Howto
organi ze the tinme, the classroons, and so on?. Took three years
until that was really... 1932 was very short, 1933, 1934, 1935.
I think by the beginning of 1936 | could say we had a pol yner
research institute, with all the courses necessary to produce a
pol ynmer chem st in place.

BOHNI NG  How many students did you attract at the begi nning?
Was that any difficulty?

MARK: No, not at all. Not at all.

BOHNI NG What about research? Your research was certainly
going to be different now than it had been at |I.G Farben.

MARK:  Well, not too nuch. As far as research went, | turned
down synthesis a little bit, because |I knew that industry was
doi ng so nuch anyhow. But | accel erated the nmechani sm of

pol ynerization. |In Ludwi gshafen we didn't care too nmuch how t he
nol ecul es reacted with each other as long as they reacted. But
of course, you can't go on that way, so | started to enphasize
ki netics and the nmechani sm of pol ynerization reactions.

[END OF TAPE, SIDE 5A]

MARK: For characterization, of course, we had viscosity
nmeasurenments, osnotic neasurenments, centrifuge neasurenents,

di ffusi on neasurenents. Those all cane nore or less fromcolloid
chem stry, and there | needed people. There was [Frederick R ]
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Eirich and there was [ Max] Bunzl and there was [Herbert]
Margaretha. Eirich and Margaretha and Patat and Gross and Guth
and Si mha and Wacek and so on. A dozen. The third part, nanely
the properties, was nore or less a matter of physics. There |
had great help from our physics departnment from Professor [Hans]
Thirring. Sinmha was very good at that, and a nan called [H.]
Dostal also. | gave the introductory course nyself, and for each
of the other courses | had three candidates. First they were
assi stants and eventually they woul d beconme professors. Al this
time | was very fortunately supported, not only by I.G Farben
but by all the industries.

BOHNI NG  Were you,in a sense, consulting with these other
industries at the tinme?

MARK: Not so nuch consulting. Because | gave |ectures which were
published it becanme known after a year that we in Vienna were

i ntroduci ng a new di scipline in chem stry, polynmer chemstry, and
that we were devel oping a teaching and educational schedule in
this field. Industry likedthat because they wanted our graduates.
So they sent us many students, including many from Russi a.

BOHNI NG Were there other teaching institutions in Europe?

MARK:  Wel |, Staudi nger could have been but he was so bullish and
so egoistical that he never did that, he never really established
a teaching program He gave his own |l ecture; his attitude was
that if | give a | ecture nobody el se can go beyond that and
that's the end of it.

BOHNI NG Did nost of your, the people who went through your
programstay in... Were did they go when they finished?

MARK: Practically all of themeither went directly to the |I.G

or they went to other conpanies. In Switzerland to G ba or to a
rubber conpany, such as Kontinental in Germany or Mchelin in
France. They were sold out right fromthe begi nning. They were
a new breed, you see. Suddenly there was a val uabl e new | anguage
on the market, and so they were gone i medi ately.

STURCHIO. By the late thirties, [Carl S.] Marvel nust have been
turning out a few students at Illinois. So there was at |east
one other small center for polynmer chemistry.

MARK:  Yes. O course, if we conme over here now, you see, Speed
and his excellent |aboratory, turned out a | arge nunber of very
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hi gh |l evel synthetic polymer chem sts, but they knew not nuch
about characterization and they knew only little about
properties. He only did what he did so well, and did actually
better than anybody el se, but he had no desire to forma new
sci ence.

STURCH O Wasn't [Harry W] Melville training students in
Engl and?

MARK:  Well, Melville also; in Canbridge. He had a nunber of
excel l ent students, but they only worked on characterization.
They didn't make new polyners. See? They tore into pieces all
the existing polyners. They characterized themto the | ast
detail. But they only took a piece of it. M idea was to do the
whole job. |If you want to create a new di scipline you have to do
t he whol e j ob.

STURCHI O Who were sone of the students who went through your
institute in the thirties who later went on to set up institutes
of their own or head industrial |abs? Are there any nanes, a few
nanes who really stand out?

MARK:  Well, | mean in Germany, well who... Well, Eirich was one
and Herbert Margaretha was one, and A. Wacek was one, and [E. ]
Suess was one. Sinmha, Guth, [Hans] Mtz, but then when Hitler
came they all left.

BOHNI NG  Any Anericans canme over to study?

MARK: At that time only one, Donovan [J.] Salley. He was there
for two years, and when he cane back he becane director of
American Cyanam d here in Stanford within a few years. Until a
few years ago, when he retired, he was on the board of Anerican
Cyanam d. Donovan Sall ey.

BOHNI NG  What were you anticipating for the future as the
political climte began to change in the late thirties?

MARK:  Well, let's say a few nore words about Vienna. First of
all, of course, we kept very close relations with foreign
countries, particularly with England and France. And in Engl and,
the Faraday Society neetings of course were particularly
attractive and there was an inportant one at Canbridge in 1935,
because it was a replica of Disseldorf, but an advanced repli ca.
At this neeting the existence of macronol ecul es was accepted: the
probl em was, how to nake them how to characterize them how to
use then? You know, that's exactly what we did in Vienna, isn't
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it? Mst of the people who worked in the field, including
Carothers, were there. O course, we knew in Vienna that he was
working in the sane field and we knew t hat he was naki ng
fantastic progress in the synthetic rubber and synthetic fiber
fields. He was very much nore advanced than we were, in the
final phase of industrial application. That was the first time I
met him And as he then visited the Continent | invited himto
cone to the Institute. He cane to Vienna, we wal ked around and |
showed himthe Institute and we di scussed various things. Then,

unfortunately he commtted suicide in 1937. | only nmet himin
Europe. He didn't bring any of his people with him such as
[Julian] H Il or others who worked with him

But our contact with England becane very close. English
i ndustry. 1C decided that they should have such an institute.
Actually they started to do so in Welwn Garden City, near London
and Courtaulds built up a research center in Miidenhead. The
first was nore product-oriented, nore fundanental. The
Mai denhead Institute under [Clenent H ] Banford was nore teaching
or educationally oriented; they didn't teach any classes but they
pl aced enphasis on education [Ph.D. research projects; ed.]. The
I Cl and Courtaul ds plants were sonewhere el se, but these two
institutes were very close to what we had in Ludw gshafen, and
later in Vienna. |In France there were two conpanies which al so
did simlar things. | don't want to say the sane, but simlar.
One was Rhdne- Poul enc and the other was M chelin. They were
interested in polyners frommnufacture to the application
O her conpani es either made the nononer or nmade a certain resin,
then sold the resin but didn't care nuch what woul d happen wth
it. On top of what | told you already, quite a considerable
strengthening of international relations in Vienna. Wth
America, unfortunately only wth Carothers.

Publ i cati ons went on, of course. The question then came to
write another book, because ny book with Meyer was nore in
defense of the macronol ecul ar concept, whereas now "here they
are". After the Faraday Society Di scussion everybody accepted
their existence (21), so why don't we wite a book? Start with
t he exi stence of nmacronol ecul es and go on fromthere; for
i nstance, reaction nechani sns, how are nononers pol yneri zed, the
di fferent pol ynerizations systens, how are polyners characteri zed.
I published one alone (22), | published one together with Meyer
(23), and later | published one with [R] Raff (24). Those were
t hree books which followed up on the original book of Meyer and
Mark. Followups in the sense that we are not any nore arguing
about their existence but the study of them

O herwise, | think the boys grew up and we all had a very
happy tine in Vienna, because we were well off financially. W
had our famly, Mm's and ny famlies were nearby. In 1937, it
must have been in May, | got a letter froma certain Dr. C B.

Thorne. He was the managi ng director of the Canadian
International Paper Conpany in Mntreal, a very large pul p and
paper conpany. They had four mlls, big mlls; it was an
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enor nous conpany with their headquarters in Montreal. He wote,
"Peopl e who cone back from Europe say that you have worked a great
deal on cellulose, as | also learn fromthe literature. |In fact,
I understand that you have helped to clarify the structure of
cellul ose and that you have written books on cellul ose. Qur
lifeblood is cellulose. W have a research laboratory in
Hawkesbury, Ontario, but | have the feeling our research | aboratory
is obsolete. We are old-tine cellulose chem sts; we use the al pha
val ue and such purely enpirical neasurenents to characterize our
material. This is very dangerous for us because both our

cust omer s and our conpetitors aregettingnoreandnore sophi sti cat ed.
Someday we will no |onger be up to date in characterizing our
material, of which we make fifteen hundred tons a day, which we

deliver tothe United States and other places. | would like to
talk with you about an opportunity for you come over, reorganize
our | aboratory and becone our research director.” So | wote

him "Thank you, thank you, thank you. Wonderful, wonderful,
wonderful. Certainly I would be delighted to talk to you."

He al ways cane to Europe in the summer because the Canadi an
summer is much hotter than here; he was a Norwegian. Fromthen
on he cabled, he didn't like to wite letters. So, sonetinme in
the sumer, he cabled me that he would be in Dresden in a few
days tinme and asked whether | could conme to Dresden. | agreed
and net himin Dresden with his wife. Very cultured people. He
visited Europe mainly because of the nuseuns and because of the
expositions, because he |iked statues. Visited Rone every year
to see the tenples and so on. His wife, of course, she |liked the
fashions. She wanted to know what was happening in Paris and so

on. He repeated his offer. | told him "Dr. Thorne, | have a
big institute on ny back and it's just now running reasonably
well; | have this load and I have obligations. | certainly just

coul dn't go away and not cone back. Mybe," and then |I renenbered
Schl enk and Haber, "we coul d make an arrangenent for ne to cone
over for a half a year or a year, whatever is needed in order to
get your | aboratory up to date and to teach your people howto

use these new nethods. Eventually, | can cone over again after
two or three years as a kind of a consultant.” Well, he didn't
i ke that idea very nuch. Evidently he had other people in m nd
whom he wanted on a permanent basis. Wll, as | said, he didn't
like it very much but he said, "Well, that's not a bad idea. Let
me see what else | can do." | know he had two ot her candi dates.
| learned later, | didn't know then. So that was it.

Wien Hitler canme to Austria in March of 1938, | imediately

sent hima cable inquiring whether, under the changed conditions,
it would be an appropriate tinme for nme to cone over and nmaybe
even be inclined to stay there for a |longer period. O course,
he sensed it all, and cabl ed back, "Yes, why don't you cone over
and take over this job." Being a very intelligent nman, he sent
an official letter of enploynent to their office in London; they
had a big office in London. Well, by hook and by crook I got out
of Austria after | had been inprisoned for a while. It was quite
difficult to get out of Austria in those days because they took
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away ny passport. | had to get another passport, and had to get
avisa. | had to get a Swss visa and the Swiss didn't give

vi sas to anybody whom they suspected would stay in Swtzerl and.
So | told them "Look here. | have an offer.” | told the Sw ss
consul in Vienna, "I have an offer to go to Canada so that |

woul dn't stay in Switzerland.” And he said, "Well, how can you
prove this?" | said, "Well, why don't you send a wire to the
Canadi an I nternational Paper Company in Hawkesbury?", which he
did. And of course they replied. Then | got a Swiss visa, and |
got a French visa, | got an English visa. 1In other words, the
enpl oynent |etter of a Canadi an conpany: Canada was heaven. Not
only because it was in Anerica, but because it had such a good
reputation as a free country and as a beautiful country. From
then on everything was easy.

BOHNI NG  What did you find when you got there to the | aboratory?

MARK: My predecessor was also German. Professor Em | Heuser,
who had cone there during the war. | think he left Germany
because of the first World War. He had equi pped the | aboratory
according to the state of the art of cellulose chem stry of the
early twenties. They had neasurenments of viscosity, measurenents
of al pha, nmeasurenents of tensile strengths, and El nendorf tear
strength, and all kinds of things. Al enpirical. Never any
word in the conpany about cellul ose nol ecules. [laughter] How
can cellul ose have a nol ecule? Water has a nol ecule. That was
all fair and good and there were a nunber of people who were
pretty good and very ready to accept any education. It took
about a year and a half or two years until three nore people were
added and until we had all the equi pnent which we needed, all the
x-ray equi pnent and all the infrared equipnment. Fromthen on
everything went according to what | had hoped. Du Pont had been
sonewhat di sappointed with the activities of the Canadi an
International Paper Conpany in conparison with the Rayoneer
conpany on the west coast. Rayoneer was under the gui dance of
Prof essor [Harol d] H bbert who was professor at Montreal, a
cellul ose chem st; we were good friends, because he had visited
ny |aboratory earlier in Ludwi gshafen. Du Pont evidently had
told Dr. Thorne to get his lab up to date and see to it that it
was on a level with nodern cellul ose chem stry.

When | canme there, since | had net Carothers and then
because the collaborators of Carothers knew nme from ny
publications, Du Pont were relieved. They |liked the idea that
there would be a new wind up there. Once when | visited Du Pont
on a conplaint, they said, "For God's sake, see to it that this
|ab gets in order.”™ And they gave ne all possible help, where to
get equi pnent, where to get people, and so on. O course, Dr.
Thorne was very confortable when he sensed that | had cl ose
relations to Du Pont, his best custonmer. He would see to it that
I wouldn't do any kicking. Du Pont was a good capitalist, you
see. In 1940, two years later, Dr. [WIlliam Zinmerli, who was
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on the board of Du Pont, was at the sane time on the board of
this institute [Brooklyn Polytechnic]. He felt that it would be
a good idea to get nme out of industry to repeat what | had done
in Vienna, nanely build up a polynmer research institute. Well,
Dr. Thorne was furious when | went and told him "Ch, you're a

rascal. You're a rascal. 1've helped you get out of Vienna.
' ve hel ped you get out of the hands of Hitler and now you run
away!" So | said nothing. But |I called Zimmerli and asked him

"Coul dn't you appease Dr. Thorne?" He appeased Dr. Thorne by
saying, "He has fixed up your |lab. Keep himas a consultant, but
et himgo to Brooklyn, because Du Pont is interested."” And that
settled it although I didn't know all this at the tine.

STURCHI O You said that Thorne had two ot her people in mnd when
he cane to talk to you in Vienna. Do you renenber who they were?

MARK: Thorne had in mnd a student, a disciple of Staudinger,
Dr. Hans Kressig. And he had also in mnd a cellul ose chem st of
t he conmpany Mannhei m Wal dhof by the nane of Deutsch. Now,
apparently both either said no or it didn't proceed further. But
when | left and the | aboratory needed another director, |
recommended Kressig. And Thorne took him so Kressig was ny
successor.

STURCHI O And you said you net Hi bbert in Ludw gshafen?

MARK: Hi bbert had visited us; and | don't altogether renenber
but | think it mght have been in Dahlem He was a world fanous
organi ¢ cellul ose chem st who was very much interested in the
whol e St audi nger controversy. But | think it was Ludw gshafen
where he visited us. W had corresponded.

STURCHIOG | think, if he's the sane H bbert |I'mthinking of, he
worked for Du Pont before World War |

MARK: Yes, Harold Hi bbert. He was an Englishman who cane over
early and worked in industry and then got a professorship at
MG .

STURCHI O What was he like? | presunme you saw a fair anmount of
hi m when you were at Hawkesbury.

MARK:  On, a delightful fellow Delightful, both he and his
wife. He was a real sportsman, you know. He was a fishernman.

t hi nk whenever he went consulting to the Rayoneer Conpany on the
West Coast, he did nothing but fish. Didn't give a damm about
cellul ose! [l aughter]
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[ END OF TAPE, SIDE 6A]
MARK: But he was al so a Canadi an, you know. He had conbi ned the
British past with a Canadian future. Very nice fellow.

STURCHI O Had he started to build up a polyner programat MGII
or was it strictly cellulose chem stry?

MARK: Only cellulose. Only cellulose.

STURCHI O But he brought you in to teach polynmer chem stry?

MARK:  Oh yes. He asked ne to give a few courses at McGII. But
he stuck to cellul ose chem stry.

STURCHI O We've been going for three hours now. | wonder if it
m ght be time to round this session up?

MARK: Sure. Well, | presune there will be little holes. | have
to look for this polystyrene book and for a few other things
maybe. | woul d be delighted to have another session anytinme you
want .

BOHNING Can | ask just one nore question about Canada before we
break up.

MARK: Sur e.

BOHNI NG  The conpany had plants scattered around Canada. Did
you have to do nuch traveling or did you stay in Hawkesbury?

MARK:  Not rnuch traveling. | visited all the plants, maybe once
a month. One was far up north on the Tem skanino River. Two
were on the tawa River, and one was north of Quebec. Each pair
of them operated on different wood; the wood influences the
properties of the final pulp and paper a great deal.

BOHNING So then it was nostly quality control |aboratories at
the different plants.

MARK: Yes. They had only quality control |aboratories. And for
a while, you know, the conpany delivered maybe thirty percent of
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t he paper for the New York Tines. Big job. There were very
critical factors, Suppose you have a thousand tons of pulp, ten
boxcars. Big |oads of paper, newsprint. And you have a l|ist of
specifications. Elongation, wet strength, wet elongation, and so
on. How many sanples do you have to take fromthese ten boxcars
so that this shiprment neets the specifications? Ten? Wl
obviously, if you tell the New York Tines that you use ten

sanpl es, they throw you out. [laughter] WelIl, a thousand? Ten
t housand? A hundred thousand? Well, you can't take a hundred

t housand because you can't handle so many. That was the

per manent question. Do we characterize our product properly,
even if we know the nmethod exactly? There were endl ess
conversations with the people fromthe printers. O course they
al so cane up and said, "W would like to increase the speed of
our printing machines by five percent. It would be noney in our
pocket. Gold in our pocket. Do you think we can do it?" And
there were our questions: "How fast do the machines run? What is
the noisture content and howis it controlled? Wat kind of ink
do you use?" They would conme up and | had to go down to New York

to talk that over. |In the end, we would nake a test. W would
say, "Ckay. We will send you one boxcar which has a little higher
el ongation so that you can run it faster.”™ But just one. And

t hen another one and after a year nore. You see, that is
commerci al progress. That is commercial progress. And since
that tine, the speed had been doubl ed.

STURCHI O Well, perhaps what we can do is bring things to a
cl ose today and thank you very much for taking tinme and tal king
with us.

MARK: | thank you very nmuch for comng and it's certainly a
great privilege and pleasure for me to have an opportunity to
tal k.

STURCH O Well, we've enjoyed it.

[END OF TAPE, SIDE 7A]

41



| NTERVI EV\EE: Her man Mar k

| NTERVI EVIERS: James J. Bohning and Jeffrey L. Sturchio
LOCATI ON: Pol yt echni ¢ Uni versity, Brooklyn, New York
DATE: 17 March 1986

BOHNI NG  Today's discussion is a continuation of a session that

began on 3 February. Professor Mark, last tinme we finished with
a brief discussion about your experiences at the Canadi an

I nternational Paper Conpany. You arrived in Ontario in Septenber
of 1938.

One question | have is about a neeting that you had in the
followi ng January with [Eric S.] Proskauer in Mntreal. Could
you tell us a little bit about that neeting, what your
relationship was with Proskauer, and how did that neeting cone
about ?

MARK: Yes. M relationship with Dr. Proskauer goes back to the
early thirties. Wen he was in Germany, he was one of the
editors in the publishing house of the Akadem sche Verl ags-
gesel I schaft, particularly charged with chem stry and chemn cal
engi neering. And already at that tinme, 1932, we were cooperating
inthe field of what was known at that tinme as Hochnol ekul are
Organi sche Naturstoffe because Professor Meyer and | published a
book in 1930 with them which used this expression inits title
(25), and which really was the first book which propagated

St audi nger's ideas, not only on the basis of his own evidence,

but al so on the basis of additional evidence which we had
supplied. So we were in rather close contact at that tinme. Sone
time in 1937 Proskauer em grated. He lived through all these
difficult and trying periods in Germany; three, four, five, six,
seven years, and went to the United States together with Dr.
Mauritz Dekker, and he did what Dekker did. He was nore or |ess
sent fromElsevier in Holland to establish an i ndependent conpany
in the United States because there was good reason to believe

t hat soneday Hol | and woul d be invaded by the Nazis. Elsevier

wi th Dekker and Proskauer as their agents created and organized
an Anmerican conpany, |Interscience Publishing Conpany. Later,
after the war, Interscience again started to cooperate very
closely with El sevier.

So we knew each other. He had published our ideas about
macronol ecul es earlier in 1930, and so it was obvious that when
he and I were on this side of the Atlantic, that sonmeday we woul d
get together and discuss, plan and find out what we could or
shoul d do together over here. First of all we tel ephoned several
tinmes and after clarification of the whole situation, we
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eventually net in Montreal

BOHNI NG  And what was the result of that nmeeting in Montreal ?

MARK:  Well, the result of that nmeeting was that | indicated to
himthat very probably I would not stay with International Paper
Conmpany i n Hawkesbury for very long. Oiginally the idea was
expressed by Dr. Thorne that he wanted nme to cone to get their

| aborat ory noderni zed and eventual |y becone director of the

| aboratory. | had told Dr. Thorne earlier, and | presune this is
probably in our earlier narration, that if conditions allowed, I
woul d be delighted to stay there, as | would have a top salary
and a really very pleasant position, but if other things
intervened, | mght prefer to go back to an academ c career. Dr.
Thorne wasn't particularly happy about it, but we'll tal k about
that a little later. Wen Dr. Proskauer and | nmet in Mntreal we
assunmed that | would go to the United States to a university,

al though I didn't know which one it would be. Then, of course,
the time woul d have cone to resune pol ynmer science publication.
W sat together and said, "Well, how would it be best to start
sonething like that?" |t appeared it would be best to | ean on
sonet hi ng al ready exi sting.

But not hing substantial in the polyner field existed in
academa. It was in Du Pont, in the work of \Wallace H
Carothers, on fibers and on rubber. So we thought it mght be a
good idea to start a series of nonographs with the collected
papers of Carothers. It would be a bowto tradition, it would be
a bowto the Du Pont Conpany and it would be justified because it
was the only coherent work which was done in this field at that
time. As a result Proskauer said, "Ckay. Wy don't you start
working on that?" Then after a little thought we both felt that,
since we were both immgrants, it mght be better to | ean on
sonebody who was al ready an established authority here. Since I
was a fiber chem st rather than a rubber chem st, | would be able
to take care of Carothers' fiber-oriented work, but we mght Iike
to try sonebody who coul d take care of the rubber-oriented part.
O course, that was George Wiitby. | had cooperated with him
closely in England. W contacted himin Akron where he was at
that tine, and asked whether he and | together would edit these
coll ected papers of Carothers (26). He agreed. Thus we started
to develop this first volunme of the endless series on high
polyneric materials and rel ated substances. That was really what
we did in 1939 when we net in Mntreal

By the way, Proskauer canme to Hawkesbury and stayed with us
for a week or so which really marked the beginning of this
series, and al so was the begi nning of another, nore genera
tendency. Nanely; you have to take care of the literature if you
want to start sonmething newin the scientific field. Not to be
satisfied with the existing literature, but to generate new
literature. So that was what happened at this neeting.
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O course everything was very interesting and satisfactory
and pl easant in Hawkesbury. M/ main problemthere was that the
rayon whi ch Du Pont prepared fromthe wood pul p delivered from
t he Canadi an International Paper Conpany was of two types. One
was a textile-type rayon; the big business, originally. Their
original material nade fromthis pulp, large quantities, 300 tons
a day, was rayon. Textile rayon has only a noderate strength;
the premer qualities are its snoothness, resilience and
elongability. It has to be a nice, soft and luxurious textile
fiber, and it is. Suddenly in 1939 Du Pont discovered that one
can make a rayon which is nmuch stronger, harder, nore durable and
therefore not so good for textile applications but good for tire
cord. They called it Cordura. |In fact it was nmuch better than
cotton so Cordura becane a very inportant devel opnent for Du
Pont. It turned out that, whereas our pulp, the so-called
Novacel, was a very good material for textile rayon, it wasn't
any good for Cordura. Wy? Wll, we made nol ecul ar wei ght
determ nations, we nmade viscosity determ nations, we noved them
back and forth, a little bit higher viscosity, alittle bit |ower
viscosity, and within a certain range the textile rayons were all
very, very good. But apparently Cordura was outside of this range.

We becane interested not in the average nol ecul ar wei ght,
but in the nol ecul ar wei ght distribution, because of the earlier
work with Simha in Vienna. Was it this way, was it that way; was
it narrow, was it broad? Every macronolecular material is a
m xture of many individual species and it's not only the average
whi ch counts, but the exact distribution function. So we
determ ned the distribution function of our rayon, and found that
there was a substantial anmount of |ow nol ecul ar weight materi al
in the textile rayon which was good as a plasticizer, for
extensibility and such properties, but which was bad for tire
cord tensile strength. W renoved it and nade a nunber of
sanples fromwhich we spun Cordura; it was fine. That set the
problemfor us. Howto nmake a pulp in the m|l which contains a
m ni nrum of these | ow nol ecul ar wei ght constituents?

We worked on that in 1939 and within the year concocted a
cooki ng, purifying, bleaching and oxidi zi ng, whatever steps are
needed in order to go fromthe raw pulp to the final pulp, sone
seven steps. You have to naneuver with these steps to get a
narrow nol ecul ar distribution, and within a year or so we had a
practical process. That was really nmy main contribution to the
manuf acturing of this new naterial at the Canadian I nternationa
Paper Conpany. |f you have a new process where a | ot of
i nprovenent and refinenent is possible, you have to increase the
yield and you have to save chemi cals. Engineering problens.

When you have fundanental progress w th engi neering problens,

t hey haunt you. And they did. After this was nore or |ess done,
and after we had produced, | don't know, maybe a few hundred tons
of a Cordura Novacel, then I... | don't want to say | got
restless, but I didn't really see any particularly attractive and
exciting problens in front of ne, because what was necessary now
was to scale it up and gear it up and to make this Cordura
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Novacel as cheaply and as pure as possible. It was just
engi neeri ng.

So one day | went to Dr. Thorne and told himthat |I would
really like to come back to our discussion that | didn't want to
stay here for ever, but rather return sonehow to an academ c
position. And he didn't like it at all. He was furious. He
said, "Look here, | helped you to get out of Europe; | hel ped you
to escape the concentration canps and now you tell me that you
don't want to stay.”" | was really in a bad situation because it
was, to a certain extent, a breach of confidence. He was such a
nice fellow and he really had hel ped ne substantially to get out
of that nmess in Europe. | talked it over with [Signund] Wang,

t he plant manager, and Wang said, "All you need to appease the
boss is the word "Du Pont'. If you can convince himthat Du Pont
woul d | ook favorably on your nove to the United States to a
university or to a school which is sonmehow in contact with Du
Pont, then he would say 'sure, sure, sure,' because the whole
damm m |l lives fromDu Pont." [laughter]

Wang did it. He went to Thorne one day when Thorne again
raged and said, "This Mark. He's a real German. He's a rea
Cerman. He prom ses sonething to ne and now he lets ne down."
Then Wang said, "Look here. Du Pont. They want himas a
consultant. He will be their consultant and he will see to it
that our pulp will be well liked." So he snoothed it all out. |
stayed i n Hawkesbury the whol e year of 1939, when we nade a | ot
of additions and inprovenents. But the essential thing was the
recognition that for special performance the average val ues of
nol ecul ar wei ght are not sufficient; you have to have a profound
know edge of the nol ecul ar wei ght distribution, which has to be
adjusted to the ultinmate use of the materi al

BOHNING | think last tinme we just asked briefly whether you did
much traveling throughout Canada? There were a nunber of mlls.

MARK: Yes.

BOHNING  You did then. D d you travel to the western part?

MARK: Yes. | profited very nuch fromthis. | |earned how | arge
scal e production works. Even in Ludwi gshafen | had never been in
| arge scal e production. W had made pol ystyrene, synthetic

rubbers in, I don't know what, maybe a ton a day. Now we were
maki ng Novacel at three hundred tons a day; thirty boxcars, you
know. So that was a different story. | talked with engineers

and | earned a great deal about doing that. W had anot her
interesting problemto discuss at that tine. Okay, so now there
are your thirty boxcars to be delivered. You had specifications
fromyour custoner. How many sanples do you have to take from
three hundred tons, in order to be sure that you are neeting the
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specifications? One, two, three thousand, three hundred

t housand? So that was an i nportant problem and we had to
contact statisticians at McG Il University, as well as engineers
who had a certain feeling for this field. Finally we settled
down to three hundred individual measurenents. Now if you nake
t hree hundred individual neasurenents a day, the measurenents
have to be absolutely automated. Really, it was the begi nning of
the automati on of analytical chem stry; it had al ready been done
in other instances. So there were a lot of interesting problens
to be solved; not absolutely fundanental problens, but additional
pr obl ens.

BOHNI NG  Who was the first person that you contacted at Du Pont
when you were working on the Novacel problem

MARK: It went as follows. Routinely, M. Wang, our plant
manager, went to WIlmngton or New York in order to neet with a
nunber of Du Pont technicians. Usually he went alone. He was
al so the sal es manager. \When this shaky probl em occurred about

[ whet her the new Novacel] will be good enough or not, he felt

t hat he needed technical assistance while he talks to these
peopl e who actually knew the details. So he took nme with him
The first time we went to the Du Pont hotel in WImngton and net
Dr. Ernest B. Benger, and Dr. Rollin F. Conaway. Benger was the
di rector and Conaway was the plant manager of the Cordura plant.
They were the first Du Pont people | net.

BOHNI NG When was that?

MARK: Sonmetinme in the fall of 1939. Conaway and | were

i medi ately cl ose because we had the sane ideas. O course
Benger and Wang argued about the price. Fromthen on, probably
once a nonth, a Du Pont teamof two or three people would cone up
to Hawkesbury and report additional conplaints, on things which
didn't go exactly as we had hoped, make recomendati ons, whil st
we told them what we had done in the neantine.

STURCH O Wuld it be Benger who would cone up to Hawkesbury,
or chem sts?

MARK: Neither Benger or Conaway. Quite a nunber of chenists.
nmean that each time mght be different. Fromthe end of 1939 to
April or May of 1940, we had very close contacts and I went down
several times. | think the contact between International Paper
and Du Pont was very sound fromthen on. You know, it used not
to be. Wien | was first there, nuch to ny disappointnent, it was

a seller-customer position. "You have to give us $167 per ton."
“Ch, we can't give you $167 per ton. That's nuch too expensive
for us; if we give you so nuch we won't nake any noney." You
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know what happened then; up and down, up and down. Like
Gor bachev and Reagan. [l aughter]

[ END OF TAPE, SIDE 1B]

MARK: | asked the Du Pont boys, "What should we do to increase
our yield, in your opinion?" It was a sound technical contact
and as a result, of course, the prices cane up nore or |ess
automatically. Then by, | think in April 1940, the news from
Eur ope becane very alarming. |If you renenber in April or My,
1940, May | think, France collapsed. The German offensive
started on May 10 and by the end of June France didn't exist
anynore. So all the gears had to be accelerated then; nore tires
[were needed] and industry becane nore active in this pre-Pearl
Har bor at nosphere. Then we packed our car and noved down to New
Yor k.

STURCHI O In the docunents that we've seen there are a couple of
di fferent versions of how you cane to Brooklyn. One says that
Benger helped to arrange it directly. Another one tal ks about
Wlliam Zi nmerli, who was on the Board of the Pol ytechnic
Institute of Brooklyn.

MARK: | think what really happened was this. Zimrerli, who was
on the Board, felt that the Institute should enbark on the
polynmer field and that I would be the right man to start the
devel opnent here. He contacted Benger who told him "Look here.

I know hi m because we had a lot to do with himin connection with

our Cordura production.” They agreed that this should be done.
I do not know whet her they ever contacted Dr. Thorne personally
or whether M. Wang was doing all that. | don't know  But,

anyway, it was done so that in the end there were no hard
feelings anynore.

STURCH O Had Zi merli contacted Kirk here, or how did this end
wor k out ?

MARK: Yes. Zimmerli had not only contacted [Raynond E. ] Kirk,
but also [Harry S.] Rogers, and nore or |ess suggested to them
or persuaded them to give nme an adjunct professorship position
to see whether this could all work out. Du Pont would pick up
the tab. It wasn't much, as | got two hundred and fifty dollars
a month, which at that tinme was quite a good salary. Well, |
didn't need too nuch because | had [earned] a | ot of nobney from
International Paper. Not a |ot, but enough.

STURCHIO: |'mcurious to know whet her you ever thought of going
anywhere el se when you left International Paper? D d you have
any other offers at that tine?
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MARK: Yes. In 1939 | visited several conferences here in the
United States, ACS neetings and such, and gave lectures. O
course, it eventually becane known that | would be interested in
| eavi ng Hawkesbury. One opportunity was fromDr. Em| Ot who
was the research director of Hercules Powder, also a cellul ose
conmpany. He was on the board of Rutgers University, and did
essentially the sane as Zinmerli did with Rogers. Ot talked
with the president of Rutgers and said, "Look here, there is a
fell ow who wants first to come the United States and second to
go back into the academic world. Wy don't you have a | ook at
hin?" | went to New Brunswi ck and gave a |lecture there; it was
a very nice place. | don't know today whether it would have
been better to go to Rutgers, but I didn't. There was anot her
opportunity at the University of Chicago on one of the various
visits. | also visited Chicago, giving three |lectures there.
There was a very well-known organic chem st who knew of mnmy work
from Professor Schlenk. He said, "Well, if you really want to
come to the United States, maybe we can do sonething here at the
Uni versity of Chicago." But these two things were just nore or

| ess tentative.

STURCHIO Was that [Morris S.] Kharasch in Chicago?

MARK:  Kharasch, yes; he was Russian. He had visited nme while |
was at the Kaiser Wlhelmlinstitute in Berlin. He had visited
us there and he knew about our work. Today | don't know what
woul d have been better but anyway it turned out that Brooklyn
was the best, or was the closest at least. Wen we were ready
to nove | got a phone call from[Ilrving] Langmuir from CGeneral

El ectric, who said, "I understand that you intend to nove to the
United States."” Apparently either Benger or Zinmerli or Rogers
had al ready tal ked about that. "Wy don't you cone to
Schenectady for a week and give us a set of |ectures on your Xx-
ray investigation of high nolecular weight substances.” So we
first drove to New York with all our bel ongings and stuffed them
all in a small apartnent somewhere on 96th Street. Then we

drove up to Schenectady and spent a week there, a very nice and
interesting week in Schenectady, giving lectures to their staff
and having day-1ong discussions. For nme, very educational,
because you know there were people |ike Langnuir and [ Charl es
P.] Steinmetz and [WIlliamD.] Coolidge. 1In other words, it was
a very high | evel atnosphere. They had a very active pol ynmer
chem st who mai nly worked on phenol -for mal dehyde resins.

Italian by birth, but by that time had been in the United States
for some years. Ch, what was his nane? [Gaetano F.] D Alelio.
He went to Notre Dane University when he left General Electric.
So it was a very interesting tinme.

STURCH O Was Rochow t here?
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MARK: Sure. Eugene Rochow. Rochow was there. D Alelio was
there. They were chem sts. Langnuir, Coolidge, and Steinnetz,
t hey were physicists.

BOHNI NG WAs there ever an attenpt to get you to go to GE?

MARK: No. Really not. They probably knew about the deal which
had been made. And they had Rochow and D Alelio. | never had a
witten contract with GE as a consultant, but occasionally they
rang nme up and said, "Wiy don't you cone up a day or two. W
would like to talk a few things over with you.”™ Wich, by the
way, was the kind of consultantship | preferred all ny life. |
had only one witten consulting contract, and that was a good
one. You can't have two: not if one is with Du Pont. | nean if
you have one with a small company, you can have a |ot of them
with other small conpanies. But if you have a binding consulting
contract with Du Pont, then all you can do is talk occasionally
about problens of m nor inportance with another conpany. But not
on a retainer basis. So really, really that was the transfer
[from Hawkesbury to Brooklyn].

BOHNI NG When you cane here you were associated with a shellac
bur eau.

MARK: Yes. We noved in May and then | went to Schenectady and
eventual ly we cane back to New York in June. Then of course, we
had to get an apartnent; then the stuff from Hawkesbury arrived,
furniture, the books and everything. All had to be install ed,
whi ch took about a nonth or so. Maybe two nonths, in order to
get installed in Brooklyn. 325 Ccean Avenue was the fanous

pl ace, in Fl atbush.

STURCHI O How did your famly |ike Brooklyn?

MARK:  Well, nmy wife liked it very, very nuch. Flatbush Avenue
at that time was a very nice shopping center with a |lot of very
nice stores. O course Manhattan was cl ose and she had a | ot of
friends here; inmmgrants, earlier immgrants. The boys were at
first very adamant, but | bought them bicycles when we were out
there in Flatbush. Then they found out that they could be at
Sheepshead Bay in twenty mnutes on their bikes. At the ocean -
Hawkesbury was forgotten. [laughter] Also there was the M ramar
Yacht Cl ub which fromthen on was their normal after-schoo
activity. There they painted boats and they |learned howto rig
up a sail and all; right fromthe bottom So they were very.. .,
wel | you know how kids are. In August we still had a whole nonth
before the school started, so we decided to leisurely and slowy
drive down to Florida, spending six weeks on the way there and
back, which we did. W drove all the way down to the Keys and
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Key West and so on. There was the water and the sea and sw nm ng
and everything, fishing and whatnot. W came back early in

Sept enber, then the boys started school, | don't know when, early
in Septenber. And our school started also at that tine.

STURCHI O Was that your first experience with the Anerican
south, that trip down to Florida?

MARK: Yes.

STURCHIO How did that strike you? | mean, you' d conme from
Vi enna and Hawkesbury.

MARK: Oh, wonderful. From Austria; the spy canme in fromthe
cold, you see. [laughter] W were longing for sun and for
warnmth. Then | went to the Institute and told Dean Kirk, "Here I

am So what do you want nme to do?" And he said, "I suggest the
following. W have here at Poly a small |aboratory which we cal
the Shellac Bureau. It is supported by the Anmerican shellac

i ndustry, the shellac inporting industry, by the Mntrose
Corporation in Brooklyn. They inport shellac, raw shellac from
India essentially and bleach it. O course, there are
specifications. Two ways; first, what they get delivered has to
be anal yzed before they pay. Then, when they have bl eached it
and delivered it to their custonmers, certain specifications have
to be fulfilled before they get paid. It is an analytical job."
The director of this Shellac Bureau was Professor WIIliam How ett
Gardner, a very distinguished gentleman. A first-class organic
chem st who had four or five collaborators there in a nice

anal ytical |aboratory, all set up in aroomtwo or three tines as
|arge as this one. The Montrose MII itself was out at Gowanis
Canal, you know, right here in Brooklyn. You know where Gowani s
Bridge is, and Gowanis Canal ? The ships fromlndia came in there
and were unl oaded right at the mll. They carried out the

bl eachi ng operation and the washing and purification and then
eventual ly delivered the purified shellac. Shellac conversion
was a very substantial business. The preservation of al
furniture and all furniture decoration was shellac. It was a
relatively expensive resin, tw dollars a pound, not I|ike

pol yet hyl ene.

It was a very good business and the conpany was doi ng very

well. They maintained a | aboratory, they paid Dr. Gardner's
salary, they paid ny salary, they paid the salary of all the
boys. They had a chemi st at the mlIl, Dr. Walter P. Hohenstein,

who was supervising this bleaching operation. He was an organic

chem st, also Austrian. He got his degree fromin Vienna in

1933. | had recommended himto Montrose and he was first-class

man. He still is. So then; | told Dr. Kirk, "Well, fine. 1'd

be delighted to do that. But this is not really why you wanted

nme to cone down. You want nme to introduce sonething new, nanely
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synthetic polyners, not bleaching shellac.” And he said, "Yes,
yes, sure. So let's talk about it." Then I said, "Wll, in
order to be of real use for your school here, | think the first
two things which we have to visualize is a conprehensive teaching
program for polyner science, or polynmer chemistry, together with
a few attractive research projects. So let's set that up.”

What woul d we need for the teaching? Well, polyner
chem stry was not really known. Wth the exception of the papers
of Carothers and a few other chem sts, there was no literature.
Fortunately, there was a ot of German literature which had it
all in hand. Kirk and | sat together and | said, "First we need
a basic course on general polyner chemstry. 1'Il give that.
Four hours a week, maybe six hours a week, one senester. Then we
need a course on the organic chem stry of high polyners. |
suggest that Dr. Hohenstein give this course because he speaks
German and can read all the German literature. He will be very
close to the fountain of this information as he is an organic
chem st, so let's assign himto this course. Then we will need a
course on physical chem stry of polyneric materials; the
mechani sm of pol ynmeri zation reactions, determnation of nol ecul ar
wei ghts, determ nation of nol ecul ar wei ght distribution; in other
wor ds physical chemstry. And there |I reconmend that we enpl oy
Dr. Robert Sinmha as an adjunct professor.” Sinmha was al so one of
nmy pupils who had al so obtained his degree in Vienna, and as he
al so spoke German, it wouldn't be any difficulty for himto pick
up what ever was needed.

STURCH G \Where was Sinmha at this tine?

MARK: Hohenstein and Sinmha were already here. Then a third
| ecture on properties and processing. There |I hadn't anybody
whom | coul d reconmend because such a man wasn't avail abl e

anongst ny earlier collaborators. Dr. Kirk said, "Well, nmaybe
can find sonebody who can do that." He was a very well-known
schol ar, knew very many professors, and the schools in the field.
In fact, a week or two afterwards, he came and said, "I think I

have the right man for you. H's nanme is Turner Alfrey. He
doesn't really speak German, but he can read it. He cones from
the University in St. Louis and they have a German course there
which is obligatory in the chem stry departnent.” So Turner cane
and we talked it over. | helped hima little bit to get into the
German lingo of the property end, mainly nechanical properties,
tensile strengths and so on. So there we were, with a genera
course, organic chem stry, physical chem stry, and applications.
And those were the four courses which were given innmediately,

begi nni ng Sept enber 1940.

STURCHI O That sounds pretty nuch |i ke the curriculumthat
you' d established at Vienna in the thirties.
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MARK: Exactly. Exactly. | just said, "Well, for God sakes,
just let me do it again."

STURCHI O How were those courses taught? Were you teaching
themright fromthe German literature as you suggested?

MARK:  Well, we had to because we didn't have very nuch
avail able. The first problemwas to get the teaching activated.
The next was to start a few attractive research projects, because

teaching al one [nmeans that] you are a high school. |In order to
have an attractive standard, you have to produce new things.
Novel information. |In other words, research.

[ END OF TAPE, SIDE 2B]

MARK: So that was then the next problem \What to do
experimentally in the lab, not in the classroom Again as |

said, we had a few perfectly adequate | aboratories for a

begi nning. Evidently what | had to do was to draw on
experimental skills, the special experinmental skills which we had
acquired in Vienna, or earlier in Ludw gshafen. W would have to
be doi ng sonet hi ng beyond what we knew, continuing what already
exi st ed.

Thus x-ray structure determ nation was in. That went back
all the way to Berlin, to the Kaiser WlhelmlInstitute, actually
went back to 1922. The first thing was to get an x-ray nachine
and to get an x-ray physicist. So we got one, Professor Isidor
Fankuchen, who had worked in England with Bragg in Canbridge for
three years or so. Fortunately for us, when France fell in the
sumer of 1940, there was a considerabl e degree of nervous
vexation in England, because they were afraid that Htler would
i nvade so they wanted to get rid of all foreigners. They didn't
want anybody there who would not actually fight. So all the
Americans returned to Anerica and so on. Fankuchen was Anerican
and he cane back to this country, nmaybe in August. He had no job
so Kirk grabbed himimrediately. The first real experinental
| aboratory which we established was an x-ray |aboratory. There
we anal yzed Novacel, nylon; in other words, all the new
interesting materials in the fiber field. And published (27).

Now t he ot her burni ng probl em was nol ecul ar wei ght
distribution. |In Canada | had just |earned how i nportant
nol ecul ar wei ght distribution was for the ultimte perfornmance
of a material Iike Cordura. So another task woul d be to study
nol ecul ar weight distribution. In order to do that you must be
abl e to neasure nol ecul ar weights and to fractionate the
polynmer. First fractionation and then nmeasure the nol ecul ar
wei ghts of the individual fractions. Sinmha and [G] Saito and
others in Vienna had published on fractionation (28), so we were
abl e to draw on existing experience.

Al so we had published osnotic nol ecul ar wei ght
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determ nations of fractions (29), again in Vienna, with Eirich,
Saito and with others. Now, what is an osnotic cell? An osnotic
cell isreally two cells separated by a nenbrane which lets the
sol vent go through but not the polymer nol ecul es; hence you get
the osnotic pressure fromwhich you determ ne the nol ecul ar
weight. So we had to continue our nenbrane study and build
osnmoneters. W built a few dozen osnoneters and had t hem
standi ng there and neasuring nol ecul ar wei ghts. This work woul d
have to go on and therefore it was necessary to train new people
for that because there was nobody... Well, Sinmha was there, but
he was nore a theoretician. So | nyself had to train a series of
young nmen to make nmenbranes and to use these nenbranes in osnotic
nmeasur enents of nol ecular weights. Well, it wasn't difficult for
me because | had done that sort of thing for ten years now.

There was no particular difficulty because | was very | ucky
to get excellent people to take up and devel op this new
technique. One was Turner Alfrey, another one was Paul Doty;
others were Bruno Zinmm Arthur Tobol sky and Bob [ Robert B.]
Mesrobi an. Those really were the five, and all were very young
then. You know, if you say 'Doty', you think of a man of sixty
years of age, which he is, but then he was twenty. They had j ust
conpleted their theses, in fact, sonme of themhadn't even made
their theses yet. They were young students, but we created the
first osnotic nol ecul ar wei ght |aboratory in the United States.
Ri ght here, next door. A laboratory that was spitting out
nol ecul ar wei ght and nol ecul ar wei ght distribution results. That
was really new. The novel thing was the realization that
aver ages are not enough, that you have to have the distribution.

Al right. X-ray analysis is really an anal ytical tool

Mol ecul ar wei ght distribution is another analytical tool. The
final analytical nethod which we had to devel op was nechani ca
properties. |If you deal with fibers or filnms or with sonething

simlar, in the end you want to know the tensile strength, the
glass transition tenperature, the elongation to break and such
things. It turned out that the head of our chem cal engineering
departnent was Professor [John C.] O sen, a very fanous,
classically-trained chem cal engineer. Besides chem cal

engi neering, he was also interested in the properties of building
materials. Actually there is a conpany, Tinius O sen which nmade,
and still makes, nmechanical testing instrunents. | asked himfor
hel p and said, "W now have a nethod to neasure the nol ecul ar

wei ght and the nol ecul ar wei ght distribution, and we have a

nmet hod to find out the crystalline structure. Now we need

nmet hods to find out the ultimte properties.”

He got in touch with one of his people. Well, of course, he
was a university professor; the conpany was a different thing.
Here was the Tinius O sen conpany; here was the professor at the
Pol ytechnic. But he knew the people, and they very kindly gave
us on loan half a dozen of our instruments. Tensile strength,
abrasi on resistance, burst strength and such instruments. O
course, we never gave them back and there was never the idea that
we woul d give them back. They al so recommended to ne a nan who
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woul d help us to get famliar with these techni ques. Wat was
his name? Well, it will cone back to me. He taught Dr. J. Press
and Turner Alfrey how to use these instrunments. So we had a

nmet hod to determ ne nol ecul ar weight distribution, a nethod to
determ ne degree of crystallinity, and nmethods for property
nmeasur enment s.

If you take this publication Iist: let's nake a test.
Around 1940 you will find articles on these areas. Those were
our first publications from Brooklyn. For instance, "Recent
Devel opnments in the Field of Synthetic Rubber.” (30) That was x-
ray. "X-ray lnvestigations of Carbohydrates.” (31) That was x-
ray. "Elasticity of Natural and Synthetic Rubber."” (32) That
was nechanical testing. "Conposite Elasticity of Rubber."” (33)
That was nechanical testing. |If you just go through the list you
will see that these three original attenpts to get an
experimental foothold here for polynmers resulted in twenty or
thirty publications. Oherwise, if we hadn't done so the whole
enterprise would have clearly collapsed. The nanmes which you
will read are exactly those which | have nentioned here.

STURCHI O You didn't have a synthetic chem st, though, on your
t eam

MARK: Wl |, Hohenstein was originally a synthetic chem st.

There was another, | just saw it here, there was another
additional, | would say supportive, contribution to the mechani sm
of polynerization reactions. |If you have a nononer, how do you
get the long chain? There was David Josefowitz, who nmade his
Ph.D. thesis with such nmeasurenents. It is also in the
publication list (34).

STURCHI O One reason | was asking about synthesis is that, from
the fall of 1940, you had the |eading Institute of Polyner
Science in the country. | can't imagine there was any ot her

pl ace doi ng anything quite the same, with the one exception of
Il1linois where Speed Marvel was. And that was mainly synthetic
work, wasn't it?

MARK: Yes. Let's talk about that a little bit. Wen | |ooked
from Canada on the United States, the question was whether there
was any work on polyners going on in academ a. The answer was;
scattered, not organi zed. Speed worked on the synthesis of new
nononers and new pol yners, but he never gave a | ecture course on
it. He gave ACS and other lectures but he didn't even give a

course on it. And if he had given a course, nobody woul d have
gone. There was North Carolina; work was done there on fiber
strength, fiber elasticity. It was very good work in the

textile school of the North Carolina State University, but it was
i solated. National Bureau of Standards was working with rubber,
but not with fibers; no synthesis, not the whole thing. Mybe
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there were two or three other places where isolated activities
exi sted, but w thout an organized program Qur idea was that we
were going to have an organi zed programhere. It all started in
Sept enber 1940, and took maybe six or eight nonths, before it was
nore or | ess under way. You can see fromthe list of
publications when the first publications started to conme out.

BOHNI NG  Were these courses at the graduate |evel ?

MARK: Al l except ny general course which was on the
under graduat e | evel

BOHNI NG  And how did you attract students to the progranf?
Particularly given it was war time, or shortly before.

MARK:  Well, we imediately had a full house because there were
so many, nmainly part-tinme, students who canme fromindustry.

This program was sent out to industry in New Jersey and New
York, two or three hundred conpani es around here, and the

i ntroductory polymer course had to be given in two sections. W
had ei ghty peopl e.

STURCHI O | know many people from Du Pont at Parlin, for
i nstance, canme. Who were sone of the conpani es who sent
students in that first round?

MARK:  Qur main custoners were Allied Chem cal, Union Carbide,
Du Pont, Cel anese, from New Jersey, they are all in New Jersey.
Then American Cyanam d, Hercules, General Electric, and a | arge
nunber of small conpani es.

STURCHH O Did any cone from Esso over in..

MARK: Esso, yes.

STURCHHO So it was a real advantage to be in Brooklyn rather

than North Carolina or Illinois.
MARK:  Onh, yes. | nean it would have been nmuch nore difficult
to organi ze courses at all, alnbst anywhere el se. Boston m ght

have been better. But not easy any other place. Chicago would
have been good.

STURCH O Now, in addition to the courses you set up, there
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were the Saturday Synposi a.

MARK: This cones a little later. The first thing was, as |
said, to get the teaching under way and to get the research
underway, because research takes tine. |If you start a research
project today, you won't be able to publish anything until at

| east a year afterwards, or probably nore than that. So, first
things first; to get both things under way. By then we had
assenbl ed about ten or twelve people |ike Fankuchen and [Kurt G ]
Stern. Stern; | didn't nention himyet. He was also a man who
wor ked on nol ecul ar wei ght distribution because he had an
ultracentrifuge. The ultracentrifuge is an instrunment which
permts the separation of the individual species of a broad

nmol ecul ar wei ght distribution. So we had Fankuchen, we had
Stern, Sinmha, Hohenstein, Doty, Zimm Alfrey, Mesrobian,

Tobol sky, about ten or twelve people. They were all young at
that tine, around twenty. And very active, all of them and a
particularly efficient one was Herbert Morawetz.

So when the original research and the teachi ng was begi nning
to get under way, the question was what to do to take advant age
of these activities? WlIl, publishing, publishing in existing
journals. But when we started to send our papers to the Journa
of the American Chemi cal Society the reviewer or the editor woul d
say that this is a very nice paper, but we don't publish polyner
papers. Evidently we should initiate our own literature. This
was done in 1941, or maybe 1942, in a kind of a pilot plant run.
A smal |l publication which we called Polynmer Bulletin. It
appeared only for two years and then it was converted into the
Journal of Polyner Science. That was our own calling card. O
course other people started to send in their papers, snelling
that there was a new way of getting pol yner papers published.

The next thing were sem nars and synposia. That had nore or
less a two-fold inpact. First it would draw people to the
Institute and would make the Institute visible as a center. W
woul d treat themnicely, have hors d oevres and cocktails and
such things which didn't cost a lot. Thus we started getting in

am cabl e contact with our customers. It was an opportunity to
present our own work, to present the work of others and to
criticize. 1 don't know exactly when the first sem nar or

Sat urday synposiumwas given, but it nmust have been late in 1940
or early in 1941. However, the spoken sem nars are transient and
the journals are only for small presentations so it was necessary
al so to consider the publication of reference books.

There shoul d be a book for every one of our classes, of our
pol yner courses. A book on general polyner science (35), on
organi ¢ chem stry of polyners, physical chem stry of polyners
(36), and on nmechani cal properties (37). These were prepared and
all came out within two or three years. The first, as |
nmenti oned al ready, was the Carothers volunme (26) and then there
were four or five others and fromthen on a long tail of high
pol yneric reference books or nonographs devel oped. Maybe fifty

56



by now Al that cane not at once, but within a reasonably tine.
This was essentially the housekeeping that we would have to do at
honme. Qur homework to inpress our colleagues sonewhere el se to
cooperate with us and to consider us to be a substantial part of
this new science. W also made personal contact with societies.
W went to every neeting of the Anerican Chem cal Society, to the
| ocal neetings, and to the annual neetings and | ectured there.
One, two, three, kinds of activity. Again, visibility. One has
to see to it that one of us becones the secretary of one of the

| ocal sections and eventually the chairman of the |ocal section.
Al'l that bel ongs to business and doesn't function all at once,
but does so within a few years. So we were relatively deeply
ennmeshed in the Anerican Chem cal Society, in the Chem sts' C ub
and ot her clubs or societies.

Then cane international connections. As | cane from Europe
| knew very well how inportant it is to have very sound and far-
reaching international contacts, particularly for the Journal
because our Journal depends on international contributions to at
least fifty percent. How do you establish internationa
contacts? First you go whenever there is a neeting sonewhere.
Then you invite col |l eagues from Europe or Japan or wherever, to
come and see the Institute, give a lecture at one of the
synposia, and so on. Very fortunately, Dr. Rogers was very
magnani nous and we al ways had enough noney. | would say that
every year we invited at |east six scholars from Europe or Canada
or even from Japan. Eventually we even paid for the trip which,
on the average at that tinme, was a matter of a thousand doll ars.
Now it's nore, six to eight thousand dollars. Again, this
doesn't get off right away, but it was soon initiated. So soon
that already by 1946, one year after the war, Alfrey and
Mesrobian went to Belgium | went to Belgium Two years |ater
[Charl es] Overberger went to Holland and then a little bit later
Murray Goodman and Paul Doty went to England. O course, ny
prior close relationships with foreign scientists greatly
facilitated these exchanges. Not only did they visit us
automatically when they cane over, but al so whenever | wote...

[ END OF TAPE, SIDE 3B]

MARK: The synposia took place during the school year, starting
Sept enber 15 and ending on June 1. Every other week, so that for
ei ght nonths, that would be 15 or 16 synposia. W had the idea
for the summer that we woul d organize an additional, nore in-
depth i nformational neeting. Wat today we would call a

wor kshop. Then we called it a clinic. 1 don't know why we
called it a clinic. Sonebody said, a clinic is where people stay
for a while and then have sone benefit. Anyway, we called it a
clinic. What was our best weapon? Ml ecul ar wei ght

determ nation. In the sumrer we usually had two clinics, x-ray
and nol ecul ar wei ghts. Then naybe others, | don't renmenber
exactly anynore. The attendees had to pay tuition and we used
this tuition to invite people [to the Institute]. Dr. Rogers,
President of the Institute, was very nmagnani nous and said, "Well
what ever noney you get you may use. W wll give you an account
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to satisfy the Internal Revenue Service, you tell us what you use
the inconme for."

So, by the fall of 1941, a year after ny arrival, although
we had not got very far into our program it was all nore or |ess
initiated. Then canme Pearl Harbor and the war started, and our
war started here. W got a trenmendous lift imedi ately because
we were working on products and probl enms which becane extrenely
i nportant for the conduct of the war. Rubber synthesis,
synthetic rubber, properties of synthetic rubber. Hohenstein and
I had published on enul sion polynerization which was just exactly
what was needed (38,39). Alfrey had published a thick book on
t he mechani cal properties of polynmers (37).

As | pointed out, we had worked on the perneability of
menbr anes because of our osnotic measurenents. The big problem
then was the protection of soldiers against toxic gases. There
was always the fear that a gas war would start. Actually it
didn'"t but it could have. The problem of the perneability of
pol yvinyl chloride and other filns agai nst gases was very
inmportant. Is the film pernmeabl e enough? Wen the filmwas used
as a nechani cal background a very thin coating of
pol yacrylonitrile was put on it to make it inperneable.
Permeability and inperneability of films; synthesis and
characterization of synthetic rubber; and Cordura. Wth these
three things we had very large prograns fromthe Arny and from
t he governnment; several mllion dollars.

W had to hire a | ot of additional people. As soon as | saw
that we would get into such a position, | was very anxious to
take care of our conplete |ack of synthetic polynmer chem stry, as
you commented earlier. Overberger was a Marvel product, very
good in synthetic chemstry, so we hired himimredi ately. W
hired Murray Goodman, we hired Jerry [Cerald] Oster, for
phot ochemi stry of polyners, and Harry G egor for nechanical
properties. Because we had the noney we added another five or
si x professors to our group

STURCHHO Did the wartine work help you to expand the post-war
period? Now you had a base of equi pnent with new staff.

MARK: Yes. The war hel ped us a great deal because we had a | ot
of noney and we could hire additional people. Some could be

el evated to supervision of the work rather than to do it
thenselves. | nean it was silly that Doty or Zinmshould work in
the | aboratory thensel ves; they were excellent supervisors. O

[ George] CGol dfinger work in the |aboratory. He wasn't a good
experimental i st but he was a very good theoretician. This was the
situation of the Institute in the mddle and towards the end of

t he war.

BOHNING Did you maintain contact with private industry al ong
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wi th the governnment contracts?

MARK: Very little during the war. | don't know whether it was
actually in our contracts as | never read themvery clearly.
Rogers and Kirk did it all. They did all those things, they

signed everything. The idea was that while you were working for
t he governnent and while you are getting all your noney fromthe
government, you would not enbark on private consulting unless it
was very close to governnment work. For instance, Cordura. In
fact, | brought Cordura to the governnent through ny prior
activity with the Canadi an International Paper Conpany and Du
Pont. | think this was nore or |ess what happened during the
war. But there were sudden certain interruptions or certain
unexpected activities. One day | got a call froma M. C P.
Putnam | have it all here. In fact, maybe you should take this
book (40). Beginning in Brooklyn. Interlude. Wasel, DUQC and
Habakkuk.

BOHNI NG I have that here.

MARK: It says there: "The Weasel. 1In the spring of 1942 |
received a call from..." and so on. You have it all. But you
wanted it oral.

STURCHHO Well, | was intrigued by the story of the Wasel and
Habakkuk. Fromthe experience that you had understanding the
nmechani cal properties of materials under stress, you could...

MARK:  You know, it was all a cinch for us because we were in the
m dst of it anyhow.

STURCHI O Looking back at it now, did those projects... Wl

t he Habakkuk project seens a little crazy, if you don't m nd ny
saying so. The idea of building floating airfields in the
Atlantic out of reinforced ice. Howdid it appear at the tine?

Perhaps, crazy is putting it too strongly. It's alittle bit
unusual .
MARK: It's far out. Well, | never thought it would be anything.

But you know the funny thing about the Wasel ? You know what the
Weasel was? Actually the Weasel was used in one action in the
war. One action, that was all. This action was inportant. The
Weasel was built for the foll ow ng purpose. Sonmewhere in the
nort hern nountai ns of Norway, near Narvik, the Nazis had a radio
station which was in touch with all the U boats in the North
Atlantic. The U boats would give the station their position and
the station would instruct the U-boats what to do, where the

ot her U-boats were and so on. It was a specific type of radio
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nmessage whi ch was highly scranbl ed so that nobody coul d deci pher
it, but if you could unscranble the nessage, you would

i medi ately see what it neans. These U-boats, as you renenber
did very heavy damage to the North Atlantic shipping lines and to
our Russian shipping lines, so that it was necessary that this
station should be denolished. It was in the mddle of the
nount ai ns where there was a lot of snow And that's the reason
why the Weasel was built. After fifty Wasel's were built and
tested, they were let | oose and they were | anded from big
aircraft by parachute and assenbled. Actually they attacked the
station when nost of them were destroyed. Wether all the people
were captured | don't know. But the station wasn't destroyed.
Unfortunately it wasn't damaged very much because in order to put
up anot her mast was only a question of a fewdays. So | think it
was all not very intelligent, but that was why the Wasel was
built.

After the war the Wasel turned out to be the best business
whi ch Studebaker ever made. Because all nmountain hotels and al
ski resorts bought Wasels. Canada was full of Wasels, stil
is, you know. Now when you go skiing, you fly to Denver Airport
or wherever it happens to be, Dorval Airport in Mntreal, and the
bus cones and takes you to the valley station where the Wasel
takes you up to the hotel. So the Wasel is still produced. O
course now it's nmuch nore |uxurious than it used to be. And it's
a good thing. O course all the experience and the practice with
tank tracks helped to build themlater. The DUQC is even a
better thing. Today, if cruise ship wants to get its passengers
dry on land, they have a DUQC or two. Habakkuk is used a great
deal in the permanent Artic and Antartic stations; because
whenever they built an igloo or anything like that, they don't
use ice, but they use Pykrete.

STURCHHGOG Well, it wasn't as far out as it seened then.

MARK: Yes. O course the DUQC was absolutely essential in the
Nor mandy | anding, so that it was a strong contribution to the war
effort, whereas Habakkuk was not, and the Wasel a weak one.

STURCHI O It sounds like you were very busy during the war. You
had the Institute business, you had polyner...

MARK: Yes. By then we had about thirty people, with all those
peopl e who were hired. Many were hired only for a short tine and
di sappeared again after three or four years. W were a big
group. A big group.

STURCHI O You established a Ph.D. programat the end of the war?
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MARK: | think we had it already because Alfrey got his Ph.D
during the war.

BOHNING Did he get it through the chem stry departnent?

MARK:  Everything went through the chem stry departnment. Dr.
Kirk and | felt that this young, new body should not be | oaded up
wth a lot of adm nistrative jobs such as a Ph.D. program M
coll eagues and | were all nenbers of the chem stry depart nent
anyway. W would say that the candi date has a good thesis, and
he has passed his exanms in the chem stry departnent. Even today
we have no Ph.D. in polymer science, the degree is in chemstry.

BOHNI NG  You were certainly very fortunate in having extrenely
supportive adm nistrators such as Kirk and Rogers who were
extrenely supportive.

MARK:  The whol e thing couldn't have happened ot herw se.
Certainly not without Kirk. It nmay have happened wi th sonebody
el se in place of Rogers, because he was a little bit distant. He
had a | ot of other responsibilities, but whenever he was asked to
do sonething he reacted i mediately. But Kirk was our guardi an
angel, day in, day out.

BOHNI NG  When did you first return to Europe after the war?

MARK:  When Al frey cane back. | went over and substituted for
him | went over in January 1947.

BOHNING Did you return to Vienna then?

MARK: | couldn't go to Vienna because that was still occupied
and Germany was still off-limts. You could go to Belgiumand to
Hol | and and to France and to Engl and, but Germany and Austri a,
that was still difficult. There was no war on but it was an
occupi ed zone. You had to have a permt to go there, and in
order to get it, you would have to explain very specially why you

want to go. | said that | would like to visit ny famly. The
of ficial grabbed the tel ephone and said, "Want to phone with your
brother?" "Yes". And he passed ne the tel ephone.

BOHNING You also went to the Wei zmann Institute. Was that
right after the war al so?

MARK: Yes. That was also an interesting situation. Dr.
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Wei zmann woul d be seventy years old in 1947. One day in 1942 or
1943, right during the mddle of the war, a nunber of people, M.
[ Meyer] Weisgal and two and three others and | got together.

Wei sgal said, "It would be very nice if we could present himwth
t he Chai m Wei zmann Institute for Science on his seventieth
birthday." A nucleus existed in Rehovot where there was the
Daniel Sieff Institute for O ganic Chem stry, a small institute.
Wei sgal said that he hoped to drum up enough noney to build a
much larger institute; the Daniel Sieff Institute was only for
organi c chem stry and his idea was that polynmer chem stry and

i norganic chemstry would be included. After a while, he said,
"Well, | have enough noney, perhaps not nuch in ny pocket but I
can see that by 1947 we would be able to set up a very
substantial institute for Dr. Weizmann. Wat shall we do?" |
said, "As far as preparation goes, we can do that now. W can
buy equi pnment and we can talk with prospective section heads of
this newinstitute.” Fankuchen for physics, Hohenstein for
organic chemstry, [K G] Stern for biochem stry and so on.
Loui s Fi eser advised on organic chem stry. W got together a
group of seven prospective, potential departnent heads of the new
Wei zmann Institute. Wisgal got sone twenty million dollars. W
had x-ray and infrared equi pnent; a whole roomfull of

instrunments by the end of the war. In 1947 this group and |
traveled to Rehovot and got in touch wth the architect there and
laid out the plans for the institute. 1 was the chairman of the

pl anning comm ttee. The equi pnent was gradual ly shi pped over and
the official opening was in 1949 or 1950, | think.

BOHNI NG One of the things that we haven't tal ked about;

patents. | noticed you had a patent with [Sidney] Siggia in 1943
(41), and you did have one in Germany on styrene production, wth
I.G Farben (18). Do you have a |list of patents?

MARK: | think the patents are also in this publication Iist.
[ pause] No, they're not here. But | have a list of patents.

BOHNING Wuld it be possible to get thenf?

MARK: Sur e.

STURCHI O Speaki ng of patents, this mght be an appropriate tine
to go back to your consulting work for industry. Ray Boyer in an
article characterized your activities as being an anbassador of
pol yner science by your industrial consulting (42).

MARK: Yes. Here is a very nice story in this book.

STURCHHO Well, we ook forward to reading that. In this
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particular article he was tal king about your com ng to Dow as
early as 1939.

MARK: | think that in 1939 the fall neeting of the Anmerican
Chem cal Society was in Detroit. W stopped in Mdland on the
way down from Hawkesbury.

STURCHI O So that was one exanple. Then he goes on to talk in
that article about your subsequent visits to Dow and the sort of
work you did there. W tal ked already about your work at Du Pont
and how you began consulting for their textile fibers departnent.
And | just wondered, for instance in 1940, when you began at

Br ookl yn, about how rmuch tine were you spending at Du Pont or
consul ting el sewhere versus in Brooklyn?

MARK:  Onh, | would say that | probably was spending a day a week
at Du Pont. At that time for no other conpany, only Du Pont.

STURCHI O What sort of things would you do for Du Pont then?

MARK: In the early days, certainly during the war, it was nostly
Cordura. During the war Cordura was a very inportant item

Nylon tire cord didn't exist yet; polyester tire cord didn't

exi st yet; Cordura was the only tire cord. Al the jeeps. Four
mllion jeeps were built and I don't know how many mllion other
cars. So they needed tires. Perneability of filnms was al so an

i mportant item

STURCHIO One thing that Boyer nentioned in this article was
that you gave |l ectures on the fundanental s of pol yner science to
people at Dow Did you do that at Du Pont as well?

MARK: Sure. Certainly |I didn't give them engi neering

i nformati on, because | didn't have it. W were discussing

nol ecul ar weight and its determ nation, the consequence of higher
nol ecul ar weights, howis tensile strength related to nol ecul ar
wei ght; why does this curve ook this way and what is its
equation. To every curve bel ongs an equation, you can have
either the curve or the equation. Mst of all, | think, the nost
i nportant fundanmental |ectures | gave at that time both to Dow
and to Du Pont were on enul sion pol ynerizati on.

STURCHI O Bringing themthe |atest research findings on
particul ar mechani sms.

MARK: That's correct.
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STURCHI O  And showi ng how they could apply it to the problens
that they faced.

MARK: Yes.

STURCHI O What ot her conpanies did you eventually do a | ot of
consulting for?

MARK:  Well, as | said, | only consulted for Du Pont. El sewhere
it was not really consulting in the sense that you go sonmewhere
to discuss a certain problem It was nore that | went to, for

i nstance, Esso, and told them what a macronolecule is, the

i nportance of nol ecular weight and its distribution, end groups,
and the determ nation of these paranmeters. Discuss the
consequences of this kind of information. But, during the war, |
visited very few conpani es.

[ END OF TAPE, SIDE 4B]

MARK: | was quite busy in supervising all the work at Brooklyn.
And t hen cane Habakkuk and DUQC and Wasel. Once in a while,
during the war, | went up to Hawkesbury because of Cordura

problens. But let's talk about after the war. What were nmy main
consulting firms? Who asked nme to conme and preach to themthe
gospel of macronol ecul ar science? |nportant ones were the Shel

| aboratory at Emeryville, the St. Paul |aboratory of M nnesota
Mning [now 3M ed.], the Springfield |Iaboratory of Monsanto.
Well, those were really the nost..

STURCH O In addition to Dow and Du Pont.

MARK:  And well, Dow yes. In addition to Du Pont. | would say |
went probably once a week to Du Pont and to these ot her

| aboratories naybe once every other nonth. Rarely nore,
sonetimes only once a year

STURCHI O Wasn't Du Pont asking you to report on your European
trips fromtine to tine?

MARK: Yes. W are now in 1947. The European trips cane a
little bit later. By 1947 the Institute was fairly well
establ i shed, the synposia were in full swing, research was in
relatively full swing. Publishing was thriving and the journa
was started. The Weizmann Institute was founded. By now
probably eight or nine volunmes of the polynmer series had been
issued, so that I now had tine to |l ook for other things. Wat
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were the other things? New projects, problens, fundanental

probl ens which had nothing to do with what | had done before.
Until now, if you analyze it correctly, all we did was a
continuation of what | had done in Vienna and even before that,
in Ludwi gshafen. Fromnow on | started to | ook around and to see
what cones next, in terns of new problens. O course you can't
take up ten new projects. W took up two, let's say. One was
copol ymeri zati on

Evidently the art of copolynerization would trenendously
wi den possible ultinmate properties just by using all kinds of
conbi nati on of two or three nononers. What are the |laws? What
are the fundanmental |aws which tell us why two nononers go
t oget her and why two ot her nononers don't go together, and so on.
First we published a book: Alfrey, [John J.] Bohrer and Mark 43).
A collection of all the current information, both theoretical and

practical. Then we published probably twenty articles on various
types of copol ynerization. Wen that had reached a certain |eve
t he next additional problem appeared. |n normal copol ynerization

the two nononers A and B are randomy distributed or naybe nore
regularly, but always in short segnents. What about
macr onol ecul es where we have a stretch of A and a stretch of B
and a stretch of A and a stretch of B? What about bl ock
copolynmers? O copolyners with a trunk of A and branches of B
graft copolyners. Block and graft copol ynerization energed quite
natural ly out of the sinple copolynerization studies (44).

Again, | don't know how many papers were published. W hadn't
done anything like that before, it was a new entry, as it were.

STURCHI O You began that work in the late forties?

MARK: Late forties and early fifties. Al you really have to do
is to |look through this list. You see, for instance, block and
graft copolyners and their synthesis in 1955.

STURCHI O You were al so addi ng new techni ques to the
i nstrunmental nethods that you and your coll eagues were using,
likelight scattering, theultracentrifuge and that sort of thing.

MARK:  Well, we just used the ultracentrifuge, we didn't do any
devel opnent. Light scattering was really introduced by Debye but
we used it a great deal and inproved it. But we didn't really
contribute anything original. Well, perhaps a little bit, but
Debye was the man. Peter Debye and [Arthur M] Bueche. W were
into light scattering when Debye and Bueche in Cornell started
their first experiments. They got certain values for the

nol ecul ar wei ght of polystyrene, for instance, in toluene, but
they didn't have an independent nethod for the nolecul ar wei ght
of the sane sanple. Therefore, we i medi ately asked Professor
Debye to send us his sanples and we woul d neasure osnotic
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nmol ecul ar weights. W had forty osnotic cells and everyday we
got five nolecular weights fromthem So we really hel ped them
to calibrate their nethod, that was our contribution. W didn't
do much on the technique itself until Zimmdid sonmething |ater.

Wl |l then, that was one new activity. Copolynerization was
anot her. Then there was anot her strange phenonenon. You take a
polyneric material, let us say a rod or ribbon of polystyrene, at
a certain tenperature. [Mark sketches a curve.] This is the
length and this is the tenperature. You neasure the coefficient
of thermal expansion or, if you cool it down, thernal
contraction. Then, you cone to a point where this coefficient
suddenly changes. In other words, here it contracts faster and
here it contracts slower. Ueberreiter nmade such tests and Al frey
and | repeated such experinments and this effect was found in many
other polymers and finally it was realized that this is a general
phenonenon. It's a transition point: above a certain tenperature
the chain segnents nove nore freely, therefore the coefficient of
expansion is larger. Below that tenperature, the segnments can't
nove so freely and therefore the coefficient of expansion is
smaller. So we determned the glass transition point (45), first
wi th polystyrene and then with pol ynethyl nethacrylate and so on
Wth any such phenonenon you first neasure it with many different
systens, and you neasure it as carefully as possible. And then
you make a theory. This we did, but even today a conplete
under st andi ng of the glass transition point has not yet been

reached. It has sonmething to do with the notion of the segnents,
but if you start to try to describe it quantitatively wth
rotation and twisting... [Pierre-Glles] de Gennes in Paris

probably has the best theory for the glass transition phenonenon.
So that was another one, which entailed quite a bit of
experimental work and publication and so on. Again, |ooking
around a little bit and readi ng other papers, another area was of
special interest. |If you nelt certain polymeric nol ecul es,
pol yesters, nylons, polyethyl ene, polypropylene and cool the nelt
down, if necessary with the addition of a few nuclei,
crystallization shoots up very rapidly, and the materi al
crystallizes within a relatively narrow tenperature range. From
then on, you have it crystallized, in other words, you can't
undercool these things. Well, you can if you have the materi al
SO very pure that there are no nuclei at all, then you can
undercool it. But then as soon as you add a nucl eus--bang. This
is nothing new, rock salt does the sane thing. All crystalline
materials, all crystalline polynmers do. But we found that there
are other | ong-chain nolecules, for instance, cellul ose acetate,
or certain synthetic polyesters which you could easily undercool
Al nost as nmuch as you wanted to. |If the undercool ed materi al
were in the formof a fiber and you stretched it, then it would
crystallize immediately. This created an inpression that there
are two types of chains, flexible chains and rigid chains. The
fl exible ones immedi ately adjust thenselves to the thernal
conditions of the system because the segnments are noving very
fast. The rigid ones don't. They are sluggish, and they
survive. They get into a range of nonequilibrium or
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supersaturation. But you can very quickly release this
mechanically. In other words, a close |ink between thermal and
nmechani cal properties. Thermal crystallization on cooling,
nmechani cal crystallization on stretching. Again, so many papers.
At that tinme people said, "So what." | nyself. But Alfrey
didn't say, "So what." He then sketched a theory of the liquid
crystal character of |ong-chain conpounds, of rigid chains.

Fl ory then devel oped this theory conpletely (46); Al frey just
sketched it. But it was a thermal -mechani cal phenonmenon
involving two types of chains, very rigid ones and very flexible
ones. Those were three new fields of experinentation as well as
t heoretical contributions none of which had anything to do with
our earlier researches.

STURCH O We know fromthe |ist of publications and sone of the
things that we've read that very interesting devel opnents | ed
fromthat. For instance, fromBoyer's article; that you were
then bringing the new work to industry as well, in your visits to
Dow and Du Pont and el sewhere.

MARK: Yes. | think so. To give you rough tinme limts, | would
presunme that our interests in copolynerization becane very
intense already in 1947 or 1948. Gaft and bl ock

copol ynmeri zation cane in the early fifties. Then it flattened
out again. The second order transition point, the glass
transition, was already of interest in 1944 and 1945 and then
remai ned so for about three years. This last one is later. It
may have started in the early fifties and went on until the late
fifties. Al of this belongs to what we are di scussing now,
nanely scientific activities, experinmental and theoretical, on
new t opi cs.

STURCHI O There were just a couple of other things that I wanted
to ask you about before we finish. W alluded briefly earlier to
Eur opean tri ps.

MARK:  Yes, oh yes. FEuropean trips; Russian trips, very
inmportant; a very inportant Israel trip, and a trip to Japan,
very inportant. Wll, let's see what we still have. Wy don't
you take it down what we have left? W still have Gordon
Conferences and activities in patent suits which sonetines were
very busy. Sonetinmes they were very unsuccessful. Then trips
abroad. Then IUPAC. Then the expansion into this new buil ding.

STURCHI O We haven't tal ked about the Encycl opedia of Pol yner
Sci ence and the other journals, The Journal of Applied Pol yner
Sci ence.

MARK:  Well, maybe we can add that. | nean, the Journal of
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Pol ymer Sci ence soon needed additional volunes. O course in
the end, there's the final crowning of literary activity. First
you start publishing your own work; then you publish the work of
ot her people in a journal; then you publish reference books and
nonographs. And the end is when you publish an encycl opedi a.

Al so we shoul d discuss the scattering of the original nenbers of
the Institute and the creation of new polyner centers. Amherst,
Cl evel and, M chigan, North Carolina, San Diego, all started that
way. |In every case we |lost a very inportant man, and the main
problemfor ne was to replace him That is a story we have to
talk about a little bit.

STURCH O Wuld you like to talk at all about your work on the
comm ssion dealing with fires in airplanes and construction
materi al s?

MARK: Yes, you're right. This should be additional to those we
were just discussing.

STURCH O Wuld you like to schedul e anot her session? It sounds
to nme like it's warranted.

MARK: Sure. Commttee activities. Wll, this probably
conpletes it nore or |ess.

[ END OF TAPE, SIDE 5B}
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| NTERVI EV\EE: Her man Mar k

| NTERVI EVEERS: James J. Bohning and Jeffrey L. Sturchio
LOCATI ON: Pol yt echni ¢ Uni versity, Brooklyn, New York
DATE: 20 June 1986

BOHNI NG Professor Mark, in our |ast session, we concluded with
the state of polyner science and education in the early postwar

period. 1'd like to begin today, picking up at that point, with
t he conti nued expansion of the Polynmer Institute. Could we
di scuss that expansion and growth in terns of, well, let's start

with students. Did you actively recruit students or was the
reputation of the Institute sufficient to attract thenf

MARK: The sol diers cane back after the war and there was a
trenmendous influx of fee-paying students. They got noney for
their studies as a reward for the fact that they had served in
the Army, Navy or in the Air Force and we were really swanped.

Not only us, | think all universities and all educational
institutions. Several things were needed in order to respond to
this demand. One was space, the other was people and a third was
equi prent. So, soon after the war ended, say, the late forties
and early fifties, those were our main obligations. Well, what
did we do? Since we had earned a | ot of noney during the war and
the Institute was in very good shape financially, we rented space
around the Institute, in downtown Brooklyn. Research

| aboratories: you can do research alnost in any apartnent

because, with the exception of fumes and odor, the quantities of
materials with which you operate are so snall that there is no
danger to the environnent. |In fact, we rented six or seven
apartnents in the neighborhood, on Livingston Street, Jay Street,
W | oughby Street, and started research and teaching. Teaching
is no problem all you need is a little larger room |If
necessary, you can nake it by breaking a wall and have a sem nar
room or have a |lecture room and that's what we did first.

In terns of people, we added a nunber of professors;
adj unct professors, assistant professors, and then we called on
visiting professors, professors to cone for half a year or a year
and help in taking care of this larger |oad of educati onal
activities. [Arthur V.] Tobolsky from Princeton was one and
[Charles C.] Price from Notre Dane was another. W got sonebody
on loan fromMT for a short while, [Walter H ] Stockmayer. W
got visiting professors from Colunbia, [Victor K. ] LaMer was one
of them They didn't have permanent positions at the Institute,
but they were here for half a year. Later on they just canme to
give a course every other week. | think | probably nentioned al
t hose teachers who were al ready here but we got others who becane

69



firmy attached to the Institute; Murray Goodnan was one, Harry
G egor was another. They becane assistant professors and | ater
t hey becane associ ate professors. They nade a career here until
eventual ly they were called away.

BOHNI NG How did you identify these people when recruiting thenf
How di d you sel ect thenf

MARK: Well, sone of them the first four or five which

mentioned as visiting professors, were already working in the
field. The others cane in alnost imediately after their Ph.D.
graduation, and those we took on reconmmendation fromDr. Kirk and
others. Since we already had a good group together, they hel ped
us to get nore of them And then equipnent, well equipnent of
course, we had to buy. Again, since we had enough noney, we
noder ni zed oursel ves with whatever was necessary. In those days
it was nmuch less costly than it is now. Then you could do a | ot
of good work wi thout super-sophisticated, push-button equipnent.
There were no conputers, nothing of that kind. W had an
ultracentrifuge, we had an instrunent for electrophoresis, we had
x-rays, we had infrared, we had osnonetry and we had very good

vi sconeters. \When Debye di scovered the |ight scattering nethod,
we i mredi ately coll aborated with his coll eague, [Arthur M]
Bueche, who al so cane and gave | ectures here. For a while, we
had the best |ight scattering equi pnment available. So we were in
reasonabl y good shape.

BOHNING Did you ever nmanage to get |ocal conpanies or other
conmpani es to contribute equi pment?

MARK: Yes, nmany tinmes, many tines. Usually, they said they
would loan it to us but it would never be returned [|aughter].
At that tinme that was the nmeaning of the word "loan", | think it
still is.

BOHNI NG Were there any conpanies in particular that you had a
good rel ationship with?

MARK:  Well, of course, Perkin-El ner; we had and still have a
good rel ationship. Waters Associ ates, and those three or four
maj or conpani es which make this type of scientific equipnment. |
don't remenber all the nanes, at nost it would be four or five.
Al so, you see, we had good relations with Colunbia University
because of LaMer. Wen we needed equi pnent up there we could go
and use it. W had very good relations all the tinme with Bel

Tel ephone through [Calvin S.] Fuller and [WIliam O] Baker
because they canme in and watched us nmake x-ray diagrans. In
fact, they published on the x-ray structure of nylon and of other
fibers, after they had di scussed things with Professor Fankuchen,
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who was our x-ray man. So that we had very good contact with
Bel | Tel ephone and we coul d al ways use their equipnent if we
needed to.

So, the elenents for expansion were there and the question
was what to do? First, teaching: we felt that we had to devel op
for us, and | ater for other schools, a standard teachi ng schedul e
for polynmers. So we had one general introduction. A lecture
course 'General Introduction to Polynmer Science' which went back
to the twenties and descri bed what had happened in the nmeanwhil e;
how t he products are made. That is a short review of synthesis,
a short review of characterization, a short review of structure
and properties and their interrelation, and a short review of
applications. So there were really four thenmes in a two senester
course. At the beginning, | usually gave it with these four
thenes. Qur idea was then for those who wanted to major in
pol ymer chem stry or polymer science, there should be speci al
| ectures for each of these thenes. There was a course on organic
chem stry of polyners, essentially synthesis; a course on the
physical chem stry of polyners, essentially characterization and
structure; a course on properties and applications. So there
were three special courses, sonmetinmes there were four when there
were separate courses on properties and on processing, but both
had to do with applications. Each of these courses was given by

one of the professors. In the main that was our idea for
structuring a logical curriculumfor polyner science or polyner
chem stry. It was then refined, here and there, but in general,

it is the structure at all those institutions, where now, not
then, but now, there is a polyner departnent or a polyner
division. Institutions where there is sonebody in charge of

pol ynmer teaching, instruction and information. That was really,
nore or |less, our theory. And then we started doing it.

Now, this is the |owest |evel of teaching and instruction.
The next level, of course, are sem nars and synposia. W started
a series of synposia every other Saturday. It turned out that
people liked to cone to New York. They |eave Friday from
wherever they are and then they spend the weekend in New York
they go to a theatre. A by-product of all that was to visit us
and attend our synposium | think | already told you these
t hi ngs which go back to 1947 and continue to this day. W
profited a great deal, our students profited a great deal, and
the Institute profited a great deal as it becane known. W knew
the Pol ytechnic Institute of Brooklyn in 1946 or 1947? Nobody.
[laughter] W usually succeeded in getting very good speakers
with attractive topics, so that was an inportant item of
publicity. That was the next |evel.

STURCHI O Do people routinely come up fromDu Pont at WI m ngton
and so on?

MARK: Yes. Routinely we had people cone up from W I m ngton; Du
Pont, Hercules, Atlas. They cane over from New Jersey; Allied
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Chem cal, Bell Tel ephone, Union Carbide, Innmont. They cane down
from Connecticut, American Cyanam d, and the rubber conpanies up
t here. U S. Rubber canme from New Jersey. Even from Boston, we
had quite a few visitors com ng down from Boston. And from
Washi ngton. This was nore or less the circuit.

BOHNI NG What was the average attendance of one of these
synposi a?

MARK:  Onh, | would say between 50 and 200. W had a nice hal

and the attendance depended on the attraction of the subject but
nore on the attraction of the speaker. The weather; at Christnmas
time and January the weather was usually so bad that we had
smal | er audi ences, but, in spring and fall, sonetinmes we had a
good 200. The next step was literature. | don't know whether we
tal ked about that already.

BOHNING W did alittle bit, but before we go to the
literature, 1'd like to ask you a couple nore questions. \Wen was
it that you noved into this building and was your Institute
responsi ble for the expansion into this building?

MARK:  We noved in 1956. | think the final situation was that
the Institute for Mcroelectronics and the Polynmer Institute had
rented so many spaces outside of the Livingston Street community
that the President felt, rightly so, that this was getting a
little bit too difficult to handle and to control. He had
seventeen | eases to pay and to sign. So, soon after the war,
1950 to 1952, they started |ooking for a much larger facility to
nove in the whole Institute and al so get all these outsiders back
into the main building. This building, which was a razor-bl ade
factory, was rented already in 1953 or 1954 but it took several
years to renodel it. Not only this building, but there is

anot her one next door here. This is now Rogers Hall and the
other one is Nichols Hall so that we have now two buil di ngs, or
we had at that tinme, two buildings close together, |arge enough
to take care of all these rented spaces. Now, neanwhile, of
course you know, that we have anot her canpus out in Farm ngdal e
and we have a third canpus out in Westchester. That was a |later
period of gromh. This is what was happeni ng soon after the war.
The New Yor ker brought out the profile on ne which you have (47).
Morton was doi ng what you are doing with nme now. Mrton Hunt was
his nane. He did this profile in 1957, so he started working on
it in 1956. That's the reason | know for sure that we were

al ready here.

BOHNING Tell us how large the Polymer Institute was, relative
to the rest of the work that was going on at the Polytechnic
Institute of Brooklyn at that tinme?
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MARK:  In chemstry? Well, we were a little nore than half of
the chem stry departnment. In the early and late fifties, we had
12 professors and 90 graduate students; a relatively large
organi zati on and we needed space for all that.

BOHNI NG  How many graduate students were there throughout the
Institute in all subjects at that tinme?

MARK: Onh, you nean el ectrical engineering and chem cal
engi neering and so on. | think, altogether, nmaybe 1500 graduates
of which we had 100.

BOHANING Wen did the Institute reach its nmaxi num si ze of staff
and students?

MARK:  Now. Now we have 5500-6000 students, sonething |ike
t hat .

BOHNI NG  But | nean the Pol yner Research Institute.

MARK: Ch, the Polynmer Research Institute. Oh, we had our peak in
the late fifties and early sixties. Then many of our best

prof essors went to other places and then we shrank. Now, for the
| ast three or four years we're on the upswi ng again.

BOHNI NG When t hose other people started to |eave, did you
encourage their separation from Brooklyn?

MARK:  Well, it depended. You know, one day Overberger said, "I
have an offer to go to the University of Mam," but | said
"Don't go. You go when the offer is such that there is every
reason that you can there devel op what you want to devel op; maybe
a pol yner group, maybe sone ot her group."” For Overberger, that
time was when he got the offer to becone head of the chem stry
department at M chigan. The same thing with Murray Goodman; he
al so had several offers to smaller places and | always said, "No,
don't go," and then, when he got an offer fromthe University of
California at San Diego, | said "Now, you go." And the sane
thing with [ Robert] Ulmn, and with Alfrey. Wen | felt that
their future woul d be endangered if they stayed with us, | said
"No, get out of here." And it was to our own advant age, because
what did we have then? Very good friends. At Case Wstern, at

M chigan, at the University of California, another at Dow, at Du
Pont, and so we profited. And | nust say they all did very, very
well, in terns of their own careers.
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BOHNING Did you participate in |ooking for positions for then?

MARK: Not really, no. | was asked, of course. | was asked in
each case, but | didn't start it. They were lured away. Maybe
we can continue the mainstream of the story by comi ng back to
this higher |evel of teaching through the sem nars. Then, of
course, when a new science is being devel oped, you need the
[iterature. Until then, articles on polyner chem stry and
physics were published in the Journal of the American Chem ca
Society, the Anerican Journal of Physics, in other words,
scattered all over the place. Now, of course, this could not be
tolerated for a very long tinme. |In fact, Germany, already
starting ahead of us, had founded a macronol ecul ar journal. So
we felt that what the Germans did, we should do over here. W
got a publishing conmpany which was ready to take the risk because
one didn't knowif it would work. At that tine it was

I nterscience Publishing Conpany, a small conpany, but with a very
vi gorous | eadership. So, in early 1948, or whenever it was, we
started the Journal of Polymer Science.

At that tinme we asked Professor Marvel, who was al ready a
very di stingui shed pol yner chem st to come in as editor and he
kindly agreed. He, Doty and | started the journal as a little
mcro-journal, and it took three or four years until it really
got momentum A journal is one thing, nonographs are another.

A journal represents the general spread-out activities in the
field, but for every specific inportant segnent of the field, for
synthesis, for characterization, for behavior, for processing,
you need nonographs. So, we started a series of nonographs with
t he same conpany earlier, in 1940. By now there are fifty or
sonething like that. They were good business for the conpany
because the field was attractive. Fortunately, we got good
people to wite these nonographs.

Then, this is now |later on, the next -- | don't want to say
the last -- but the next inportant step was to get an
encycl opedia. The volune of |iterature becones |arger.
Journals: in the fifties and sixties there were four to six
polynmer journals; there were the two German journals and there
were our two journals, and there was one in Japan and there were
two in Britain, and there was one in France, and one in Italy.
Per haps a dozen international journals on polymers. And, of
course, all the nonographs. So it was felt that a necessary
concentration would be as an encycl opedi a.

[ END OF TAPE, SIDE 1(

MARK: It was a little later that we started to organi ze an
encycl opedi a of polyner science and engi neering. Essentially
those were the steps; educational, all of them informational
all of them and that's where we are now, nore or |ess.

Wil e we organi zed these synposia here at Poly, | was al so
chai rman of the Managenent Committee of the Gordon Research
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Conference. At first they were |ocated on G bson Island on the
Chesapeake Bay, but | think in 1949 or 1950, this |ocation becane
too small. They noved up to New Hanpshire, and have grown to be
an internationally recognized |arge collection of synposia, 90 or
100 every year, but the origin of themwas in polyners. The
first Gordon Conference was in those years, 1946 or 1947 when
there was one on fibers, one on rubbers, on adhesives, on
coatings, and there was a general polyner conference. Also there
was anot her on petroleumas well as one on biochem stry. But
four out of seven were on polyners. Therefore | suggested to
build that up and in fact now [Mark refers to a listing of Gordon
conferences] | have underlined those which have to do with
polynmers. There are a dozen or so of these conferences which are
now essentially devoted to polyneric materials. Meanwhile the
entire enterprise has grown very much into the bionedical and
into the biological field, the trend which is now so evident.

But, in those days, we really started to push Dr. [Neil] Gordon
and Dr. [Wlber G] Parks; Parks was really a noving elenent in
those years. So this was an outside contact where we coul d make
good propaganda for polyneric nmaterials. At that tinme we had a
pol ymer conference, a fiber conference, a rubber conference, and
one on coatings and adhesives, so four Gordon Conferences were
definitely devoted to polynmers. They were also part of [polyner]
education, national and international education.

STURCHI O What inpact did the those Gordon Conferences have on
the polynmer field at that tine?

MARK:  Enornous, | would say.

STURCHI O I n what ways?

MARK: Well, you see, many conpanies didn't recognize the

exi stence of polynmers. None of the oil conpanies, none of the
rubber conpani es; the rubber conpanies didn't know that they were
working with polyners; the textile conpanies didn't know that
they were working with polyners. Derring-MIIliken, Janes River
MIls, J.P. Stevens and all the large textile conpanies didn't
know that what they really did was to process pol yners.
Particularly, the fiber conpanies had a trenendous i npact when
they hired pol yner scientists. You see, since Carothers, fiber
technol ogy is polymer technology. Well, it was |argely nechanics
as long as cotton, wool, and silk were the mainstays. The only
chem stry in the textile industry was dyeing, and that was an
art. Everything was nechanical. And then suddenly, everything
becane polymer chemistry. Wth nylon, with Dacron, with Ol on
and with all these fibers. There I think the Gordon Conferences
had a trenmendous inpact.

BOHNI NG The conpanies would send their scientists?
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MARK: Yes, and not only their scientists. Their presidents
came, or vice presidents and research directors. | nean, in the
Cordon textile conference, which was managed by MIton Harris for
several years, the research directors of Burlington Industries,
and of J.P. Stevens, and of Janes River MIIls, and of Derring-
MIliken; they all were there or one of their |eading chem sts.

STURCH O | know that Gordon Conferences are well known for
their informality and the fact that people were restrained from
publ i shi ng.

MARK: Yes, see that's really what they learned fromus. | think
this policy took over fromour sem nars here, fromthese pol ymer
synposia. | and others told themto | ook here. Gordon and Parks

knew about them If sonmebody gave a | ecture here in one of the
Poly synposia, he didn't publish it. Wy should it be published?
He woul d descri be the experinmental results, and woul d explain

i deas about the neaning of the results. It was prelimnary
information. O course, he told the truth, but did not inply
that it was ultimate truth. |If sonebody said sonething in our

synposi a whi ch he shouldn't have said, because his conpany patent
| awer may scold him this was not [considered as] official
information. It would not preclude a patent, because a few
sentences or words were said in a synposiumin Brooklyn.

woul dn't mean that the material was unpatentable. This
informality is exactly what the Gordon Conferences took over, and
still rmaintain.

STURCHIO So there is real interchange between the acadenic side
and the industrial?

MARK: Yes. And an interchange which is not, let us say, nade
difficult or inpossible by |egal considerations.

STURCHI O Do you recall sone particularly inportant episodes
fromthe Gordon Conferences in those years where startlingly new
results came out which people were really excited about?

MARK: Al nost any inportant new result was first orally presented
at the Gordon Conference. For instance, the theory of poly-

el ectrol ytes, the influence of ions on the conformation of
macronol ecul es. [Raynmond M] Fuoss at Yale worked on that as did
Turner Alfrey here and there was a nost interesting discussion
bet ween them from which | ater devel oped the whol e theory of poly-
el ectrol ytes. Copolynerization. Imediately after the war we
said, "Ckay, now here we have twenty polynmers. How about

bl endi ng them how about addi ng the nononmers together." That was
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when copol ynerization evolved. First as an art, and then the
ti me cane when there were enough experinental data avail abl e that
a theory on the principles of copolynerization could be

fornmul ated. Goldfinger and Al frey worked it out here and Mayo
and Lewis worked it out in New Jersey at the United States Rubber
Company, alnost at the sanme tine, and al nost identical in
content. And that was first discussed at the Gordon Conference
with a trenmendous anount of interest to everybody and with a very
lively discussion.

Anot her first was living polynerization. 1In the fifties, or
whenever it was, Professor Mchael Szwarc, who was at Syracuse at
that tine, denonstrated that if you have a polyneric chain
growing with an anionic end you could have a cation which woul d
protect this end fromtermnation. So that you could, for
i nstance, polynerize styrene up to a certain nol ecul ar wei ght,
and then you can add anot her nonomer and it would keep on addi ng

to this chain. |In other words, the chain was living, it wasn't
growi ng anynore, but it was still alive. That led to the
expression "living polynmers.” The first time that this was

openly disclosed was at a Gordon Conference. And so, there were
many exanpl es.

When | canme back from Germany in 1954, | gave a | ecture on
the Ziegler polynerization so that the first information about
Zi egl er polynerization was given at the Gordon Conference. And a
year later, | did the same thing for the Natta work on
pol ypropyl ene. Now, that was not ny work, but | had heard of it.
At a Gordon Conference, you know, you could tal k about anything,
it wasn't necessary to tal k about your work. You could say,
"Well, reading this and reading that, | think that there is
something interesting going on in this and this field," then you
could present it, and then if they didn't like it they would tear
you to pieces; like tigers.

STURCHI O Do you recall what the reaction was |ike when you
br ought back news of Ziegler's work?

MARK:  Trenendous. Nobody believed it. The first thing was that
nobody believed it. Can't be! |In fact, the feeling was so strong
that | went up to the Dow Laboratory, Alfrey was there already,
and showed it to them They gave ne titaniumtetrachl ori de and
triethylalum numand so on. Then they saw it. They saw.

BOHNING Did they believe it then?

MARK: Then they believed it. Yes. WlIlI, everybody who saw it
believed it. Two conpani es took advantage of their direct
contact. One was Mntecatini and the other was Hercul es.

Mont ecatini had two people there who actually saw it and Hercul es
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had Dr. [CGeorge E.] Hulse there and he immediately said, "My God,
get it, get it, get it." That was the reason that Hercul es had
such a | eadi ng position.

STURCHI O When you tal ked about it at the Gordon Conference,
did people try to construct theories why it couldn't work, why
they didn't believe it?

MARK:  Well, | think there were several argunents. One was that
triethylalum numis a dangerous material which catches fire on
exposure to air. Even though the reaction works in a small gl ass
contai ner, you could not develop a big industry involving such a
super-dangerous material. That was the real reason. They didn't
deny that polyethylene was made. In fact, you knowit's very
interesting that Speed Marvel, although by then it wasn't
realized, had nade pol yethylene in 1930 with the aid of butyl
[ithium It is in a paper by Marvel and Friedrich (48).
Strangely enough, Du Pont at that tine wasn't interested in

pol yet hyl ene; they had pol ystyrene, nylon, polyester and such
things so they didn't follow up. The fact that polyethyl ene can
be obtained under mld conditions as well as at very high
pressures was known. It wasn't known to nost people but it had
been established. The reason why there was a great deal of

rel uctance concerning the inportance of this discovery was that
people said it was such a dangerous process for |arge-scale
operation. However | said, "Look at the Gignard reaction.” The
Gignard reaction al so uses a reagent, nethyl magnesi um brom de,
which starts to burn if it exposed to air. It's not as vigorous
or as violent as triethylal um numbut the Gignard reaction is
bei ng used industrially. Their argument agai nst nme was that the
Gignard reaction was used in the preparation of pharnmaceutica
products on a relatively small scale. It's a reaction where you
put a nethyl group in sone conmpound to inprove or nodify an known
conplicated nolecule. But here, you want to make a hundred

t housand pounds of polyethylene and that's a different story.

So, we battled it out, you see.

STURCHIO It would be interesting to have a list of who was at
that neeting to find out who was taking part in these discussions
because of its interest. Are there records?

MARK: | think there are attendance records.

BOHNING W might try to get a hold of them

MARK:  You should | ook at the Pol ynmer Gordon Conferences for 1954
to 1956.

78



BOHNING We could wite to [Al exander M] Cruickshank.

MARK: Yes, Cruickshank, he's the man. He's a wonderful fellow.
He handl es this tremendous job wi thout any fuss. You know, if
somet hing of this order of magnitude had to be handled in the
governnent, there would be two hundred enpl oyees. [l aughter]
You know? There would be a director, there would be two
assistant directors, and there would be 150 secretaries. And he
does it all hinself, with three or four secretari es. Fant asti c.

STURCHI O That says sonething for free enterprise, and also for
entrepreneurial ventures.

MARK: A man who runs it all, who spends all his tinme on it, is
know edgeabl e, and doesn't irritate people. If you talk with
him he will always |isten. Whet her he'll do anything is

anot her questi on.

BOHNI NG At | east you get the inpression he will. One thing,
when you were setting up the original Polyner Gordon conferences,
was anyone el se involved in defining the nature of these

conf erences?

MARK:  Well, | think at the first conference, Carothers spoke, |
think the first was in 1936, he died in 1937. But, then, of
course, there was the war and there wasn't nmuch going on then
during the war. And, then, MIlton Harris was in the fiber field.
Paul Flory was in the polyner field. Gus Egloff was in the oi
field. Whitby was in the rubber field. Every field had sonebody
who was putting in suggestions and proposals. [Carl S.] Fuller
at that time, also in fibers fromBell Tel ephone.

BOHNI NG Let nme go back for a nonent to the encycl opedia. How
did you determ ne the organization of that encycl opedi a?

MARK: Well, the original classical encyclopedia is a Gernman

work; Ul mann. A certain professor [Fritz] Ulmann in the years
before the first Wrld War felt that chem stry was now i nportant
enough to have an encyclopedia. And it was D e Enzykl opadi e der

Techni schen Chemie by Ul mann, very fanpbus. Still exists as a
famous traditional work. | knew of it fromny activities in
Germany and we all used it. It was in the library and whenever |

want ed to know sonet hi ng about an unfamliar field |l went to

U | mann. Vacuum how do you nake a vacuun? How do you nake very
hi gh tenperatures? And so on. This was our nodel. Quite early
after | came over, nmaybe 1941 or 1942, Dr. Proskauer, who was
with Interscience and who al so knew U | mann, and | together
realized that there was a vacuumin the United States with
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respect of such a work. He had a |ot of good connections in the
publishing field, [but inquiry showed that] there was nothing.

When we approached Dr. Kirk and told himhe thought it a
wonderful idea. That we should try to make an Anerican U | mann.
So there were discussions for and agai nst, and at one of them he
said, "Well this is all right, I ama chemst. | could take care
of the chem stry, but who could take care of the engi neering?"
And then a mnute later he said, "Maybe | should ask Donal d
O hner, who has his office next to mne. Mybe he's interested.”
From then on, there was a group of Kirk, O hmer, Proskauer,

Dekker, and I. In the planning stage of the Kirk-Qhner, we net
every ot her Wednesday, | renenber, in our Faculty O ub and
started developing ideas. | don't know when the first edition of
Kirk-Qthnmer started, but |I think it started soon after that. So
then there was the Ulmann. Well, once we hit that as an

exanple, it wasn't difficult to set up the sanme thing for the
polynmer field. That was really the origin of the idea we ought
to do the sane thing for the polyner field as had al ready been
done for chem stry in general. And there is now, you know, these
red books on the left side; [Mark points] this is now the second
edition of the Encycl opedia of Polymer Science and Technol ogy.
Kirk-Ohmer nowis inits third edition.

STURCH G The first and second editions of Kirk-Ghner are still
useful in sone ways; they aren't entirely superseded, | think.

MARK: No, no. Particularly, there is always a certain change in
the authors. First of all, sonme of themdie, sonme of them don't

want to do it anynore, sone recommend soneone else. So that the

styl e changes.

[ END OF TAPE, SIDE 2C]

STURCHIO A venture like this; the Kirk-OQ hner Encycl opedi a or

t he Encycl opedi a of Pol ynmer Science and Technol ogy has to be very
expensive to the publisher. I wonder if you could talk a little
bit nore about Proskauer's vision as the publisher involved in
pol yner science, because the two of you, with Dekker as well,
really were a teamin building up this literature. It nust have
been a very risky venture, as you said earlier, for the
publisher. How did they find the resources to do this?

MARK: Yes, there was great hesitation, particularly on the part
of Dekker, who eventually would have to take over the financi al
responsibility. | mean Proskauer was an editor, and | was a
scientist, Kirk was a scientist, and O hner was an engi neer. W
didn't care too nuch about whether it woul d make noney, but
Dekker did. They were very careful and of course they knew all
about U I mann. They knew that Ul nmann was one of the best

busi nesses in the publishing field. So they cal cul ated how nany
people would take it, what would be the probability of success
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and so on. Right now, both encycl opedias are the best businesses
in Wley, in terns of return on investnent.

STURCHO So, it was the right choice

MARK: Yes. You see, the authors get a handshake. Most authors
are satisfied with that because they like to have an article in
an encyclopedia. |It's propaganda for them personally, it's
propaganda for the conpany. |f you appear as a witness in a
court case you can say that | have published this article in an
encycl opedia. That would make a big inpression on the judge,
because, "encyclopedia" for a judge; that's wisdomand there is
not hi ng beyond that and everything contradictory is either wong
or at least doubtful. So, in other words, the authors get
nothing or very little. The editors, the same thing. Wat are
we; three editors or sonething like that. The publishing itself;
each encyclopedia in terns of the entire publishing volunme of

Wley is not even one percent. They publish 162 journals, or
something like that; they publish so and so many books every
year. So this is a droplet. |In other words, it conmes with the
standard costs. They have no specific investnent for the

encycl opedia. Well, they have a little staff, that's all. They
have M. Gayson, they have Jackie Kroschwitz. Five maybe, so
the costs are very small. And you know, every volunme costs siXx

or seven hundred dollars, and they have al nost two thousand
subscri bers.

BOHNI NG  So every library that does any chem cal or engineering..

MARK: Yes. And it spreads out. Let us say a volunme costs $700
and two volunes a year are issued. In the end, when the
l'ibrarian has to defend expenses of a research character, that
woul d be $1,400 for the encyclopedia. Forget it, no? That's the
reason why it cones out slowy.

STURCHI O.  Speaki ng about how the encyclopedia did so well for
Wley and for Interscience; what were sone of the other books in
t he Pol ymer Monograph Series that sold very well?

MARK: Well, the Carothers volune sold very, very well. The

Al frey volune sold very, very well. The Ot cellul ose volune
sold very, very well. Later, the volunes on pol yethyl ene and
pol yol efins sold very well, polyurethanes sold very well,

pol ycar bonates. Three volumes on the anal ytical chem stry of
pol yners. Those were best sellers.

BOHNI NG  Many of those canme when the series was very well
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established. Can you just talk a little bit about the relation
bet ween t he Journal of Polymer Science and the nonograph series.
Dekker must have been convinced that this was going to be a
commercial venture. He had to worry about cash. Was it

difficult in the beginning? Wre you worried about its long term
viability?

MARK: Onh, yes. The circulation of the first three years of the
Journal were snall

BOHNI NG  How many subscribers did you have in the first year?

MARK:  Well, | think 500 to 600; sonmething of this order of

magni tude, and then it gradually built up to 2000 for each of the
journals. W were lucky in the series because the Carothers
volume was a big hit. And the Alfrey volunme was a big hit
because it was the first and only publication on nechanica
properties of high polynmers. The Ot volune was a big hit
because it was cellulose. |In those years, rayon and cel |l ophane
were very inportant itens. | think these three hel ped the whol e
thing to get going.

STURCH O Carothers was the first of the series and Ot was an
early vol une.

MARK: Ot was volunme five and Alfrey was volune six. In
bet ween, there were other volunmes. Meyer and Mark was not bad;
that was an overall presentation of the polyner field. | think

that was al so a good one.

STURCHI O Were you using those books in the teaching progranf

MARK: Sure, sure. Not only us, but eventually, everywhere.

BOHNI NG And one ot her question | had was about the decision to
formthe Journal of Applied Polyner Science.

MARK: Well, the Journal of Polyner Science was swelling the
spectrumof information. Certain articles really dealt with
t heoretical and very fundanmental aspects, |ike nost of the papers

of Flory. A normal polyner chem st couldn't care |less, he

woul dn't know what to do with it. On the other hand, there were
processi ng papers. For exanple, how to cast a double layer film
or a five layer film A professor of polyner chem stry couldn't
care less. W felt at sonme tine that a split should be nmade.

The birds should be here and the snakes should be there.
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[laughter] | don't know when it was, sonetine in the sixties.
Each of them kept on swelling. W even added another split into
Pol yner Chem stry and Pol ymer Physics [sections of the Journal of
Pol yner Science]. There were proposals that we al so should split
the applied journal into characterization and application. O
into properties and processing. W haven't done it yet. Maybe
sonmeday, we'll do it.

BOHNI NG  Does that nean that polynmer work is becom ng very
segnment ed? Production and such?

MARK: The custonmers becone segnented. You see, polynmer science
to a certain extent, a nuch | esser extent, has followed the
devel opnent of nedicine. Two hundred years ago the doctor knew
everyt hi ng about nedicine. He knew everything about the body and
he knew everything about all the diseases. And what is it now?
Fifty different disciplines. This is a different doctor, and
this is a different disease; this tooth and this ear. Now there
are so many nore diseases. Well, chem stry was the sanme thing?
There was organic chem stry, and there was physical chem stry,
and there was anal ytical chem stry, and there was bi ochem stry.
Every science, as it grows, splits up. And, of course, it's a
good thing if you can anticipate that.

STURCHI O Who wer e your cl osest col | aborators in editingthe journal
in the early years? You' ve nentioned a couple of themto ne.

MARK: Well, of course, Marvel, Witby, Doty, then Overberger;
very promnent, also Alfrey. Ot helped us a great deal. MIlton
Harris hel ped us a great deal. And then cane in many, many
others. And now the series is nore or |ess automatic, works nore
or less automatically. And then the journals; both of the
journal s have a synposiumedition and these synposi um vol unes
nore or |ess correspond to a frozen-in Gordon Conference. Do you
have a list of those? So there was a feeling, and | think it's
a correct feeling, that if there is a good synposium not a
Gordon Conference but a nore formal synposium where people want
to have their stuff published, with all the consequences of
patentability and so on, we should give themthe opportunity. |
thi nk there have been 50 or 60 but since these synposia vol unes
are being issued as part of the journal, the necessity for the
nonogr aphs becane | ess inportant. So the nonographs have now

sl owed down sonmewhat except when a particularly exciting new
field opens up. What is nowmainly thriving are the journals and
t he synposi um vol unes.

STURCH O Well, through your efforts and the efforts of your
col | aborators over the years, you've really created a library of
pol ynmer science and engineering. |It's a remarkable collection.
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MARK:  Yeah, unfortunately, unfortunately. [laughter]

STURCHIO But it's very different than it was 45 years ago

MARK:  There really wasn't anything, no.

BOHNING Are there simlar publishing ventures in other
countries?

MARK: Yes, sure. |In Germany.

BOHNING But to the extent and the variety that you have here?

MARK: Yes. They have three polyner journals in Germany. They
had the first before us, and then the others started after we
did. They have a | arge nunmber of nonographs. Springer, and VCH,
you know t hese very active German publishing conpanies. | don't
think they have yet a real polynmer encyclopedia. | talk with
them of course, occasionally, when | go over or when they are
here, they always conme in. And they say, well, you know,

encycl opedi as are sonmething so international that there isn't
anot her like yours. It's hard to imagine that one in the Gernman
| anguage woul d sell very much. Qur own encycl opedia sells 60%
abroad. Unless a German encycl opedi a al so gets 60% abroad. Well
they will never get that with a German encycl opedi a.

STURCHI O Although isn't Ul mann now publishing an English
edition?

MARK: Yes. They started to publish quite a while ago.

STURCHI O. Does that have nuch of an inpact on Kirk-Q hmer?

MARK: It's difficult to say. M personal opinion is no,
because | presunme those libraries which need it will take both.
They are sufficiently different in approach if not in content.

STURCHI O Speaki ng of Gernman pol yner publications, | wonder if
you m ght say a few things about the changes in the pol ynmer
literature over the past fifty years. Fifty years ago, if one
wanted to find out about polyners in the U S., with the exception
of Carothers and Marvel's work, one really was out of |uck; one
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had to read the German literature, the work of Staudinger or the
wor k that you and your coll eagues were publishing in Europe.

Now, presumably, things have changed. | think it's fair to say
t hat nost European pol yner scientists have to pay nuch cl oser
attention to Arerican work than one had to do fifty years ago.

MARK: Yes. The volune is very much larger here. It's all in
one country, it's all in one language. |If you take Western
Europe all together: | think there are 350 mllion people in

West ern Europe, the Germans and the French and the English and

t he Spani sh and the Italians, and the Swedes and so on. There is
a special literature in each of these countries, in French, in
Spanish, in Italian, in Swedish, all scattered in the w nd.
Wereas here it is all uniform it's all English, it's all nade
in certain places. The center of gravity has noved over to this
country. There is no question. But, of course, there is now a
second center of gravity in Japan.

STURCHI O When would you say it was clear to the international
pol ymer community that the center of gravity had come to the U. S ?

MARK:  Onh, | would think it gradually devel oped, but you see,
after the war, Europe was conpletely obliterated and for five
years practically nothing was done. W had five years, from 1945
to 1950, to get in gear and afterwards there was never a question
anynore that it would be maintai ned, not only maintained, but it
m ght even be accel erat ed.

STURCHI O And, of course, those were the five years that you
were building the Institute.

MARK: Yeah, that was the five years, exactly. [laughter] | was
[ ucky, you know? | had this opportunity.

STURCHI O You nentioned Japan. Wen would you say it becane
clear that there was another center?

MARK:  Well, it becane clear, not in polynmers, in fact, not in
chem stry. It becane clear in photography, in mcroel ectronics,
and even in building autonobiles. | think the first thing which

made it clear that the Japanese can do things which were not easy
to do anywhere el se were the big ships. You know, when they were
the only ones who could | aunch a ship of three hundred thousand
tons, or sonething of that sort of magnitude. And then cane
physics, essentially. Mcroelectronics, optics and these things.
The center of gravity is still in this area. There, apparently,
they are clearly ahead of us. |In chemstry, including polyner
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chem stry, one cannot say that. Yet.

STURCHI O But are they strong conpetitors now?

MARK: They are certainly strong conpetitors and wel cone
conpetitors because they are very good people. Even though,
Japan has not yet produced a Ziegler catalyst, a living pol yner,
or a conpletely new theory of polyner configuration |ike Flory's.
In other words, in the polyner field, the firsts have yet to cone
from Japan.

STURCHI O Have you trai ned many Japanese pol yner scientists here?

MARK: Yes, yes. OCh, in the course of the years, we have naybe
200 students, and at least forty or fifty have inportant
positions in academia or in industry. One of them [Yasunori]

Ni shijima, is the President of Kyoto University, another, [Naoya]
Qgata, is the president of Sophia University. [Kazuyuki] Horie
is the President of Tokyo University. [laughter] So, we have a
good record. And then, quite a few have inportant positions in

i ndustry.

BOHNING Well, we've started to tal k about internationa
rel ati ons and powers, maybe this is a good tine to tal k about
| UPAC and the long terminternational collaborations.

MARK: Yes. Reviewing ny specific activities on the
international scale: it started in 1934 when | was a professor at
the University of Vienna and it had nothing to do with polyners.
It had to do with heavy water, with the existence of deuterium
It had been established that the nelting point of D20 is 40C and
of course, the nelting point of HOis zero. That was one way in
whi ch these materials had been separated in the | aboratory. The
density, of course, was different, that's why it s called heavy
water. The discoverer of heavy water hinself had established
that and had separated them by repeated crystallization and
nelting. Urey discovered heavy water in 1932 and got the Nobel

Prize alnost i mrediately, in 1934. He had used a nunber of
nmet hods. Well, fromthis difference in nelting points and from
his results, | concluded that with a |arge nass of ice exposed to

tenperature fluctuations, the heavy water would nelt off later,
so its concentration would increase. There would be a separation
in situ, not experinmental. First we went to the Al ps and
investigated the ice fromunder a glacier, and conpared it with
the water on top of the glacier, but we didn't find any
difference in density. Qur conclusion was that the glaciers in
the Al ps m ght not be old enough or |arge enough. Maybe an
effect could be established if we go to a nuch | arger glacier.
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Now, the closest glacier which is much | onger and nuch older, is
in the Caucasus, the Bezingi glacier. So | published an article
in the Austrian Academnmy of Sciences on this possibility (49), and
they got in touch with Soviet Acadeny of Sciences, and the two
academ es sponsored a joint scientific expedition to the
Caucasus. A group of four went there, the Russians had anot her
four, and the group of eight and went into the Caucasus, clinbed
nount ai ns. The highest nountain there is al nost six thousand
neters, which would be 18,000 feet or sonething like that; M.

El brus. W nmade neasurenents at the Bezingi glacier. Professor
Vavi | ov was the | eader of our Russian conpanions and the results
wer e published by ny collaborators E. Baroni and A Fink (50).
There was a noticeabl e and neasurable difference in the water and
ice at the top of the glacier fromthat at the bottom It showed
that the | aboratory observations actually took place in nature.

That was the first time that | was in the Soviet Union, | was
there three nonths. The next trip abroad was to Israel, to the
Wei zmann Institute, in 1946. | think we spoke about that already.

[ END OF TAPE, SIDE 3C]

MARK: In 1947, | was invited to the University of Liege in

Bel giumas a visiting professor to introduce courses on pol yner
chem stry. At this tine, there was a general |UPAC conference --
| UPAC is the International Union of Pure and Applied Chem stry.
There | proposed that there should be a special division of

pol ymer chem stry. There were already divisions of organic

chem stry, inorganic chem stry, analytical chemstry, and

bi ochem stry. The proposal for a special division of polyner
chem stry was accepted in principle and a conmttee was forned,
of which | was the chairman, in order to organize future polyner
synposia within the framework of 1UPAC. This commttee stil
exists. | think that the next chairman was Harry Melville. |
think the chair goes around internationally every three years.
The Russian was B. N. Kabanov, Nishijinma from Japan was chairman,
Aaron Katchal sky fromlsrael and so on. So it is now a big thing
which grew | i ke the Gordon Conferences, because it was effective
and because of the inportance of the subject.

Then, a few years later, in 1949, | was approached by a Dr.
Egon G esinger, who was the chief chemst --- | don't know what
his title was actually-- in the FAOQ the Food and Agriculture

Organi zation of the United Nations. You know the United Nations
has a nunber of subsidiary organizations: UNESCO the Wrld

Heal th Organi zation, and UNIDO FAO had a branch on forestry,
and Dr. G esinger was the head. Forestry then and all during
its devel opnment was an agricultural activity. It had to do with
growing trees and cutting trees, and utilizing trees, making
nmoney with trees and so on. They didn't have the slightest idea
that chem stry was involved. Since | was a cellul ose chem st at
that tine and had witten a book on cellulose chemstry, | was
appointed to organi ze a chemcal commttee in this forestry

di vi sion of FAO and sonehow to i ntroduce sonme chem stry into the

87



forestry branch. Well, that was when | urged EmI| Ot to wite
hi s book on cellulose chemstry. He did, and his book was
inmportant in instilling nore chemstry into FAO activities.

BOHNI NG  What sorts of applications did they find for chem stry?

MARK: Well, of course, the wood has to be cooked in order to
separate the lignin fromthe cellulose. The entire activity is
chem stry. 1In the old days, they called it cooking because they

didn't know it was chem stry. They wanted to dissolve lignin to
| eave cel lul ose. A tremendous anmount of chemistry is involved,
and the growt h of paper chem stry, rayon chem stry, and
cel |l ophane chem stry fromafter the war until now was essentially
caused by the realization that the separation of lignin and
cellulose is a purely chem cal problem different ingredients,
different tenperatures, different pressures. |In other words, it
was a chem cal engineering problem It is considered that now
but it wasn't in the forties. Then it was considered an art
where the |unberjacks get in touch with sonmebody who cooks, who
runs a digester, and in the end you nake paper. But not rayon,
and not cell ophane, or nothing that was any good.

I was the chairman of this wood chem stry commttee in FAO
for fifteen years. W had yearly synposia on an internationa
basis, of course, like all United Nations activities, and a | ot
of publications cane out. You'll find themin nmy publication
list (51,52). Finally, of course, | nmade way for soneone el se
but the conmttee still exists, gives awards and everything. In
fact, it is nore inportant than it used to be because of the
environnental situation. The old paper industry was very
destructive environnentally. Pulp and paper mlls produce a | ot
of SOy and ot her noxious gases which pollute the atnosphere and

the water is contam nated. In ny days, that was not yet so
inmportant; all these environnmental worries started sonetine in
the sixties, but not inthe forties. W weren't worried about
nature in the forties, but this conmttee now has a great deal to
do with environnmental inprovenents.

Then, a short but also interesting international contact in
1956 took place in Japan. | was invited to give a |lecture, in
fact, to chair a synposiumon polyner science in Tokyo, and | ater
one in Osaka, so | was to be in Japan for two or three weeks.
Before | left, |I got a telegramfrom Professor M zushi ma who
suggested | shoul d denonstrate nyl on polynerization to Enperor
H rohito. There is a little experinent to make nylon in a test
tube by the reaction of a diacid chloride with a diam ne: |
denmonstrated it in Europe and in several other places. It was
originally invented and shown for the first time by a Du Pont
chem st [Paul W Morgan: ed.], but then the Du Pont |awers said,
"Don't show it any nore." They didn't want the public to know
how easy it is to make nylon [laughter]. Anyway, | was known to
have shown it to a nunber of people, and this Professor
M zushi ma, who was an advisor of the Crown Prince, his tutor in
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fact, felt that it would be nice to showit to the Enperor. |
was invited to the palace with ny wife and there we denonstrated
the rope trick; a rope of nylon is pulled out of a m xture of
liquids. That was a short but very glanorous contact. Since
then | get a lot of letters fromthe Enperor; you know, he's a
worl d renowned nmarine biologist. He still works in a |aboratory
in his palace. So that was a little bit |ike the coat hangers
made of platinumwre.

BOHNI NG  What was his reaction when you did that?

MARK:  On, it was very interesting. He didn't speak English with
me al t hough he speaks English very well. He understood every
word; | explained to himthe chem stry of the reaction but he
never answered in English. O course | didn't understand
Japanese, but an interpreter anongst the several people around
expl ained to me what the Enperor nmeant. Wen the Enperor had
left, | asked the interpreter, " Wiy didn't he answer in English?
He speaks English fluently" And he said, "You see, the Enperor
is not supposed to make any m stakes. Not even the smallest. He
speaks English fluently, but he nakes sone m stakes, and we
didn't want himto be exposed to this danger. Therefore, he
spoke Japanese and | interpreted. |If | nake a m stake, it
doesn't matter, but if the Enperor nmakes a m stake ..."

[laughter] Wile |I denonstrated the experinent to Hi s Mjesty,
ny wife and the Enpress sat in another room and tal ked whil st
they had sonething to drink. Wen | asked Mm what they talked
about she replied, "Only about fashion.”™ [laughter] Not a word
about anything el se; only fashion.

About ten years later, there was another contact with the
United Nations. You know, the United Nations have their
mnistries, so to speak, not in New York. FAO is in Rone, UNESCO
in Paris, Wrld Health Oganization in Geneva, and UNI DO, the
United Nations Industrial Devel opnent Organi zation, is in Vienna.
Dr. Rot hblum who had studied in Brooklyn was there in a high
position. He wasn't a polymer chem st, but a chem cal engineer.
He knew the Institute and we were acquai nted. So, at one of the
visits | nmade at that time, | suggested to him when we contacted
each other, to use the Austrian polyner |aboratory to organize a
course in Vienna for visitors fromthe third world countries and
to do the sane in the fiber field. The Vienna |aboratory may not
be a I eading | aboratory for fiber technology, but it's a good
technol ogi cal l|aboratory. |It's a good informational |aboratory
and a good teaching |aboratory. The sanme thing in plastics.
There is good teaching in plastics, there is good teaching in
fibers so why not invite people to attend sem nars? And that was
done. There were two directors, Dr. [Hubert] Tscham er, the
director of the plastics institute and Prof. Hertzog, at the
fiber institute. These two-week synposia ran with twenty people
fromvarious countries, usually fromAfrica, India or South
America. UN DO picked up 50% of the check and 50% by the
countries sending the attendees. It has beconme a very successful
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teaching activity. |In fact these activities have increased since
UNI DO noved into a very nmuch larger and very beautiful |ocation.
They are all quite satisfied; perhaps it is really not technol ogy
transfer, because you cannot transfer technology in a |ecture
room but it is transferring information and know edge, which you
can do and have to do in a lecture room | think that know edge
and information transfer to the third world in the field of
fibers and plastics is being taken care of rather well by this
UNI DO or gani zati on. UNESCO al so has prograns and each has its
own programin transferring information, and of course, in
transferring technol ogy, which is not so easy.

After some time of successful information transfer to the
third world it was decided to try technology transfer at a single
pl ace in one instance. M. Shroff, the director of Sasmra, an
Indian silk textile mll, contacted UNI DO because he wanted to
know how pol yester and nylon is spun, not in the |aboratory, but
in a pilot plant; certain nylon and pol yesters, blends, m xed
fabrics and so on. A rather |arge project was devel oped for
India by UNIDO and Sasmira. Over the next few years, a pilot
pl ant unit was constructed and established for Sasm ra in Bonbay,
and started to spin nylon and polyester. Then they continued by
weaving the synthetics with silk, and with cotton, and with other
fibers. This was an early case, in 1965 or 1966, of a successful
technol ogy transfer on the pilot plant scale. W started it all,
our Institute being the polyner part, and UNI DO giving the noney.
We did the chemistry, they got a German engi neer, Dr. Herlinger,
to do the technol ogy, and the project started to work in a few
years. It was the cradle of a nunber of |arger scale nylon and
pol yester plants which grew up, partly in India and el sewhere.
Technol ogy transfer is one of the inportant activities of UN DO
| spent several nonths in India, not in one stretch, but over
three or four years and was there many tinmes. W still have
rat her good contacts with India.

Then the last exciting international connection was in 1972,
i medi ately after the N xon visit, when | was one of the first
American scientists to visit China, together with Shel don Atl as.
We toured a nunber of |aboratories and, of course, started
tal ki ng about polymers. Since then a great deal has been done.
Many of our people, Eirich and Eli Pearce anbngst others, have
been to China. China is now gradually building up a pol yner
i ndustry, in the rubbers, in plastics and in the fibers.

STURCHI O What was the state of understandi ng of polynmers?

MARK: Zero. | nean, if you used the word polyner, they didn't
understand it. You had to use the word plastic. They knew what
a plastic is, a fiber is and what a rubber is, but they didn't
know that they were all the sane thing; a polyner.

STURCHI O That was |ike the state of things in the early 1920s?
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MARK:  Yes, that was about it; the state of things, exactly.

BOHNING Did you visit academi c institutions?

MARK: W visited four or five academ c institutions,
universities. Then, oil refineries -- there were no other
industries. Well, we visited a silk plant. Beautiful, but they
didn't realize that silk was a polyner. There were no synthetic
polynmers there at that tinme although they exist now W visited
several refineries.

The last thing I have here on ny list is that in the md
seventies, chem stry and particularly, plastic materials, becane
criticized because of fire hazards, because of contam nation of
wat er and the atnosphere. There were X conmittees of the
American Chem cal Society considering what to do. O course FAO
was al so concerned. At one of these conmttee neetings, it was
agreed to take sonmething of particular urgency, sonething
particularly in the public mnd and analyze it in depth. This
was, of course, the fire hazard. A commttee was originated of
about fifteen menbers, half fromindustry and the rest from
government agencies and universities, to study the fire hazard of
plastic materials. | was the chairman of this conmttee and we
had many neetings and finally we published ten volunes (53), one
on the textile industry and one on the packaging industry and so
on. Al aspects: the reasons for the fire hazards of plastic
materials, how can they be dimnished, and so on. This nore or
| ess created an official platform because it was under the
auspi ces of the National Acadeny of Sciences, for the additional
i nprovenents which are now being nmade. |In fact, today, one
doesn't talk so nuch about the fire hazards of plastic nmaterials.
It's accepted that hazards remain but we know why and what can be
done about it. Well, those were on the list and | felt | should
tell you about these special international or nationa
connecti ons.

STURCH O Well, those were all interesting and inportant, |'m
glad that you did tell us about them About the |last one on fire
hazards of plastics. You had been doing work on the heat
stability of polynmers for sone years?

MARK:  Yes, yes.

STURCHIO. As | recall, there was a connection with space
capsul es al so. Maybe you could tell us a little bit about that
backgr ound.
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MARK:  Well, | think the origin of our interest in high
performance plastics was in the late sixties or early seventies
when we realized that the big commodity plastics and the big
fibers, vinyls, polystyrene, polyesters, polypropylene, and the
rubbers are the domain of industry. Wat should the universities
do? Qur answer was that we could foll ow two big nainstreans.

One is nedicine, it's the |last goal; and the other is to

synt hesi ze and process materials which will ultimtely conpete
with metals and with ceramics. The end goal s were nedica
science and replacing ceramcs and netals. O course, we did
bot h, but our nedical branch has kind of dried up since Professor
[L. GQuy] Donaruma has left. He is a biopolynmer man and was
taking care of that here at Poly.

[ END OF TAPE, SIDE 4C]

MARK: We followed the other Iine. The question was what to do
with a nolecule to nake it harder and get |ess heat-sensitive?
For this you have to use stiffer chains. Wen heat increases
nol ecul ar notion in very flexible chains Iike rubber or

pol yet hyl ene, or nylon, there will be a break of the chain with
subsequent deterioration. The chain can't bend in arigid
nol ecul e. Heat energy goes in waves, like it does in a crystal

so it takes a long tinme until the wave fluctuations becone so

| arge that the chain breaks. R gid chains are a safeguard

agai nst heat degradation. Flory had shown that theoretically,
and many people have shown it practically. W started to work on
rigid chain polyners, including fibers. The first rigid chain
fibers were the carbon fibers. W worked on carbon fibers twenty
years ago before anyone else felt that it was worthwhile. Rigid
chain plastics are materials which have a | arge proportion of
aromati c conponents. Since then, we have worked on polyin des
and on pol ybenzi m dazol es and on a whol e variety of polyneric
materials essentially consisting of aromatic ingredients. They
can be used al one as heat resistant polyners or they can be used
together with fibers in conposites. Professor Pearce is working
inthis field together with Professor [Chan D.] Han, Professor
[Jovan S.] Mjovic and Prof essor Atlas and maybe one nore. W
now have five professors who are particularly pushing ahead in
the field of high performance plastics and hi gh performance
conposites. O course, you know the great demand for these
products is in the aircraft industry, in the aerospace industry
and in every industry where one wants to replace netals with
somet hi ng cheaper. Not cheaper, but lighter. Lighter. Well,
you know, in the packaging industry, glass bottles are gradually
di sappearing, and cans will slowy disappear. Wy should they be
nmetal ? They could be just as well plastic. That is the reason
why we enbarked on this area, and there are | ot of publications
avai | abl e whi ch have been made in this field. W had a nunber of
synposi a here and when you look at this |list of synposium
volunmes, you will see that, beginning in the 1970s, al nost every
ot her synposium had to do with high performance materials, either
pl astics or fibers or rubbers.
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STURCHI O When did that research begin here in Brooklyn?

MARK: Well, it started maybe in the early seventies. Gadually,
gradually. | was the first to publish a few articles and to nake
a few experinents. And then Eli Pearce cane in and he took it up
on a larger scale. He had a nunber of associates and a nunber of
graduat e students. Then Han came, followed by Mjovic so it
gradual |y grew up, and now | would say that we have five or six
professors wth sone forty or fifty graduate students, al

working in the domain of high performance, either polyneric
materials thensel ves, or conposites.

STURCHI O Hadn't you done some work for NASA earlier that your
son had gotten you involved in?

MARK: No, it was the other way around. Wen we started to work
in this area, we went to NASA, to Anes. Hans was the director of
Ames at that tinme and we asked himfor noney. W submtted not
only to Anes, we submitted to NASA at Lewis and at Langley, to
all three NASA | aboratories. Project proposals as to what we
could do on a small scale to make a new nol ecul es or nodify

exi sting nol ecules. W had, oh, a dozen joint projects, $16, 000
a year, $20,000 a year, sonething of this order of magnitude.

STURCHI O That raises another issue. Here you've nentioned the
connection with aerospace and with NASA as a patron of research
in the high performance area. Maybe you could talk a little bit
about how support for research has changed here in Brooklyn over
the past forty years. \Wien you began the Pol yner Research
Institute, as | recall fromthe New Yorker profile and sone of
the things you told us, things began on a relatively snmall scale.
You used the incone fromthe sumer courses to buy equi pnent and
to do certain things, and then as it grew, it began to snowbal |
But, presumably, you also had to find other sources of outside
support for research projects.

MARK: In earlier days, after the war and maybe in the fifties,
our best support was when a conpany woul d sponsor a graduate
student; fellowships, as they were called. W had Du Pont

fell owshi ps, we had Monsanto fell owshi ps, Dow fellowships. On
the average, | would guess, maybe ten a year. First of all it
paid tuition, and there was always a little over for equipnent.
For several years, five, six, seven years, the fell owships were
our mai n support fromindustry. Then projects gradually

devel oped into sonmething larger. The fellowship really was
sonething for a person. The fellowship was an educati onal
expense for the conpany. The conpany wants good people in the
future, and to get themthey sponsor fellowships. But then there
was a change. It was not the man anynore who was the target, it
was the material. Qut there in a helicopter is a problem
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sonmet hi ng breaks too soon. "Here it is, analyze it. Find out
why it breaks, and then think about making it better. |If you
have a good idea, cone to us, and let's talk it over."” So, we
went to Anmes, to Langley, to Lewis, to Wight-Patterson and so
on. W explained what we intended to do, and they would give us
a project when they felt that it was reasonable. Now, projects
were, of course, on a larger scale. A project was $50,000 a year
and was given to a professor, or to the departnent. Eventually
he woul d hire a nunber of people and buy whatever equi pnent was
necessary, and give an annual report. The sponsors would cone in
and | ook at what he had done. 1In the sixties this was a very
popul ar way of mlking the industry.

And there was the governnent, the National Institutes of
Heal th was very good, but not for us because we didn't do nedical
wor k, but the Arny was very good; Arny Research Laboratory, Navy
Research Laboratory, Air Force, NASA. Wll, those were the
government agencies, as well as the National Bureau of Standards;

five or six governnment agencies which could be approached. |If
you presented a reasonabl e proposal to them they would go al ong
with you. | would guess that sonetinme in the md-sixties, our

incone for the polymer research fromsuch projects was between
two and three million dollars a year. Overberger was a very
successful man, and Al frey, of course, Murray Goodman and Harry
Gregor. Herbert Mrawetz; Mrawetz was particularly effective.

STURCHI O That's quite substantial change fromthe early days to
the scale of the research

MARK:  Well, then as | said before, we had sone twel ve professors
and a hundred graduate students.

STURCHI O How has that changed in the last twenty years, with
the decline in federal funds for basic research? What decline
fromthe | evel of the sixties?

MARK: Well, of course, then the people left and we didn't have
so nmuch appeal to the agencies. | don't know, but | presune
sonetinme in the nmd-seventies, we may have had $500, 000 i nstead
of having two mllion.

STURCHI O Do you and the other polynmer scientists here | ook for
noney fromthe sanme sort of constellation of federal agencies or
are there now nore interesting ties with industry?

MARK: Well, there are interesting ties with industry, but still,
you know, the cooperation with a university is always difficult
because of secrecy. W are a public institution and every thesis
which is done here has to be published. Wen a nan gets a
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degree, the work, the basis on which he gets the degree, nust be
publ i shed. For industry that may, in certain cases, be
unacceptable. Then a |awer may suggest that the student work in
two areas; one he will publish and the other he will not publish.
But then, you get in a gray area where the man i s not supposed to
know what he did in the norning, so that was not very acceptabl e.
What several universities, including us, did was to set aside a
certain research foundation where noney for the Institute could
come in and everything could be published, but no degrees woul d
be awarded; for postdocs.

What is the situation now? Wll, we have now maybe ei ght or
nine professors in the polynmer field. Sone are in the chem stry
departnment, sonme are in the chem cal engineering departnent, with
sone eighty or ninety graduate students. Were do we get the
noney? Well, again, maybe fromthe Arny, maybe NASA, sone SDI --
SDI is now a very good one, no? This new agency the Strategic
Defense Initiative. And, | would again say a smaller quantity
fromindustry as fell owships.

I ndi vi dual professors consult for industry, but that really
has nothing to do with the Institute. This is a persona
rel ationship of the professor with, let us say, the Du Pont
conpany, where they invite himto visit and they ask him
guestions, and he gives themthe best answers he can. But no
work is done at the Institute in the context of these consulting
activities. I'mstill a consultant for Anpbco, but there is no
experimental work done here for Anoco. |If they want to do
something, they do it there, they call me in and they discuss the
way they did it and what the results are and whet her they coul d
have been better and such things. This consultancy work is
essentially a pepping up of the salaries of the professors. But
the Institute doesn't profit. The Institute as an institution
doesn't profit.

STURCHI O  Speaki ng of consulting, if we can go back to the late
forties and fifties when you were building the group here, we
spoke before about your own consulting activities in those years,
and you' ve always been very active. Wre Overberger and Al frey
and the others also active?

MARK: Al of them Al of them | was a consultant for Du
Pont, Overberger was a consultant for Du Pont, Mrawetz was a
consultant for Dow, Eirich for Pittsburgh Plate 3 ass, and Alfrey
for Monsanto. Everyone was a consultant for sone conpany.

BOHNI NG Al t hough | understand what you were sayi ng about the
formal distinction between consulting activity and activity of
the Institute, but the fact that everybody, in fact, was a
consul tant nust have had sone kind of effect on the atnosphere
here in ternms of ideas that it nmay have suggested and the work
t hat nmay have been pursued here.
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MARK: Yes, there were several instances. First of all, as soon
as one of our boys graduated, he inmmedi ately had a j ob.
[laughter] So that was a really desirable influence. And then,
of course, as long as sonething is in the domain of fluctuating
i deas, say | went to Du Pont or wherever and tal ked about
somet hi ng and we had sonme good ideas and | grabbed up one of
these ideas and started to inprove it. Well, what if |I had? As
long as sonething is in this area, there is little danger of

overl apping. | nean, overlapping starts at the stage of
reduction to practice. That's the essence of a patent. You
can't get a patent on an idea. | nean, you can wite one down,

but it doesn't mean anything [l aughter].

STURCHI O So, those were the two main influences through the
very desirable market for graduates provided [by industrial
cont act s] .

MARK:  Yes, yes, and the nen, of course, saw a |lot of things, you
learned a lot of things. It was an exchange of information on a
hi gh | evel

STURCHI O And, of course, that had benefits for both parties.

MARK:  Yes, sure. You know, there was a rush, when we were the
first here to have a really good |light scattering instrunent.
Debye had devel oped the whol e theory, and Bueche, of course,
worked on the instrunment. But they didn't have any polyneric
materials available to run in the instrument. W had in every
room anot her polynmer. As soon as we had the instrunent

devel oped, we could then neasure exactly the nolecul ar wei ght of
al nrost everything and that was very exciting for us.

STURCHIO. So, they were interested in |earning the nmethods?

MARK:  New met hods, new experinental and fundamental nethods. In
the early days, you know, with Fankuchen in the forties, they al
came to use our x-ray equipnent. No industry at that tinme had an
X-ray equi pnent, not even Du Pont, because they didn't know what
to do with it.

STURCHHO Wth new instrunents, with new fundanental techniques,
it is inmportant to watch sonmebody do it. You can't just read
about it.

MARK: Well, you can read about it. The nore you read about it,
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the nore you want to go and see howit is being done. Then, how
are the results analyzed and interpreted? Particularly if there
is some kind of little barrier which has to be overcone in order
to nake the results valid. Li ke in x-rays, nonochromatic
radiation or, as in light scattering, conplete purification of
the solution for as long as there is a little bit dust or

anyt hing of that kind your values are conpletely erratic.

STURCHI O Those are the sorts of things where it's inportant to
have personal contact.

MARK: That's quite correct because he shows you howto do it.

STURCHI O That seens to ne a very inportant el enment over the
long termof relations between university researchers and

i ndustry. You mentioned before howin the forties it was easy to
get a research program going without a vast investnent in

equi pnment and things have really changed now.

MARK: Yes.

STURCHI O People tend to overl ook the nmundane but fundanental..

MARK: How to run it. Well, of course, those things have al so
changed now. The instrunent conpani es go out and show i ndustry
exactly what to do and thensel ves publish inportant novelties and
so on. In this sense, since the instrunment conpani es now have
very powerful advertising, the universities are no |onger so
necessary for the instrunent-using industry. You know, some
conmpani es, like the Du Pont conpany build instrunents thensel ves.
They feel the necessity to be in front. R ght now, they have the
best light scattering instrunment. So much so that, at a Du Pont
board neeting, one of the board nenbers stood up and said, "Damm
it, what do we have to do with |ight scattering? Where do we
scatter |ight?"

STURCHHOG Well, it looks |Iike we've covered al nbpst our entire
agenda. Jim do you have anythi ng?

MARK:  Well, why don't we do the follow ng. You can now reread
it and think it over, and if you feel that you want another two
hours, |1'm always very, very pleased to have you here and talk
with you. There may be gaps to be filled in here or there and it
is not good to do it on the phone, but you are al ways wel cone.
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BOHNING | do have one area I'd |like to ask you questions in.
You actually began your trips to the Soviet Union back in the
thirties.

MARK: Yes.

BOHNING And in 1958, you wote about the state of Sovi et

pol yner science based on your trip there. A couple questions.
What change did you see fromthe thirties to the fifties in the
Sovi et Uni on?

MARK:  Well, imrediately after World War |, there was nothing in
the Soviet Union. Then they sent out a | arge nunber of people,
several to Vienna with ne, and it took ten years or so; they
stayed abroad two or three years and it took naybe five or six
years in order to build up five or six centers of polyner
research and maybe even engi neering, but nmainly research. Then
it took another five years until these centers started to produce
significant and interesting novel results. There was [A V.]
Topchiev and there was [Valentin A'] Kargin, Kabanov, [Kh. U]
Usmanov, [Vasily V.] Korshak, [A. F.] Plate and so on. Fifteen
or sixteen - maybe nore. Sonme of them canme to Gernmany, sone of
themwent to France, to Austria, all over the place. They
created these centers: an inportant one is in Leningrad, three

i nportant ones are in Moscow, a very inportant one in Kiev, a
very inmportant one in Novosibirsk. An excellent one is in
Tashkent; then a big one, mainly responding to the oi

industries, is in Baku. There is a big one in Yerevan. Maybe a
dozen. O course everything there is governnent sponsored, but
t hey are doi ng excell ent work and of course they are publishing.
They are publishing nore on polyners in the Soviet Union than we
do in this country; they have four or five journals.

BOHNI NG  What kind of a relationship did you devel op with your
col | eagues in the Soviet Union?

MARK: Well, they canme over and we had several of them here for
several nonths; they visited the Gordon Conferences very
frequently. We went over, not for several nonths, but for

several weeks. Many of the people here, Eirich and [Oto] Vogl
and Morawetz have all been to the Soviet Union. Overberger, of
course, and Murray Goodman. Those were extrenely pleasant and

ni ce human rel ationships. And then, in the |late seventies, it

all cooled off, and now, there's al nost nothing. They don't cone
to anybody. They don't go anywhere. They are invited; they even
send in abstracts of lectures, but they don't arrive.

BOHNING |Is the governnent preventing themfromcomng to the
West? That brings us to the Tashkent neeting, the boycott that
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you participated in. Could you describe your participation?

MARK:  Well, it was just what | said. No? Wuat is the sense of
scientific reciprocity when we cone fromall countries, people
go to Tashkent and talk there. | have been in Tashkent several

times before and there woul d be an exchange at a high | evel

wi thout any restrictions. Wen w invite, on the sane |level and
with the sane words, our Russian coll eagues to cone to a neeting
in Brooklyn or in Stanford or anywhere, or for that matter in
Paris, for it's the same thing in other countries, then they say
they will conme, they send an abstract, but they don't cone. So,
I won't go to Tashkent.

And, of course, on top of that, you know, there was al ways
Sakharov, and there are always human rights violations and so
on. | think Flory, Stockmayer, and | signed it and | don't know
who el se, but several signed. The main purpose and our main
reason was that we did not Iike the idea that they invite and we
come. They have all the advantage of a |arge nunber of
international scientists comng there, talking with them giving
them all kinds of ideas, and information, but when we invite

them they don't cone! |If at the outset, they would say, "I am
awfully sorry, | can't cone. | have sonething else to do."
Fine. But when they say, "Yes, we'll conme," and send an

abstract or even the whol e paper, and then they don't cone;
that's not polite.

[ END OF TAPE, SIDE 5C]

MARK: | have the inpression now that things are | oosening up
agai n, because of ny correspondence with several of them For
years they didn't answer letters but now, they have started to
reply. So, maybe, dependi ng upon the political devel opnent --

maybe in a few years we will be together again. One has to be
patient.

BOHANING Well, that about covers it.

STURCHHO We'd like to thank you again for being so generous
with your tinme and for sitting down and telling us this
fascinating story.

MARK: It's all yours. |It's a great pleasure for me to have the
opportunity to talk on these things with you.

BOHNI NG Thank you.

STURCHI O Thank you
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