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ABSTRACT

In this interview Professor Leo Mandel kern begins with his
early years in New York City and his undergraduate education at
Cornell University. This is followed by his service as a
neterol ogi st during Wrld War I1. In the central portion of the
i ntervi ew Mandel kern descri bes his graduate education at Cornell,
including his association with J. G Kirkwod, Franklin Long, and
Paul Flory. Particular enphasis is given to his postdoctoral
work with Flory, and coll aborative work with Harold Scheraga.

The details of Mandel kern's career at the National Bureau of

St andar ds i ncl ude Bureau operations and managenent in the 1950s.
The interview continues with nore recent work at Florida State,
i ncl udi ng students and postdocs, and concl udes with conments on
nmet hods of solving scientific controversies, especially as it
relates to his role in the problemof the fol ded chain.

| NTERVI EVIER

Janmes J. Bohning holds the B.S., MS., and Ph.D. degrees in
chem stry. He has been a nmenber of the chem stry faculty at
Wl kes Col | ege since 1959, and served as departnment chairman for
si xteen years. He has been associated wth the devel opnment and
managenent of the oral history program at the Beckman Center
since 1985, and in 1986 was the Chair of the D vision of the
H story of Chem stry of the American Chem cal Society.
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| NTERVI EV\EE: Leo Mandel ker n

| NTERVI EVER: James J. Bohning
LOCATI ON: Florida State University, Tallahasse, Florida
DATE: 28 April 1986

BOHNI NG Dr. Mandel kern, you were born on February 23, 1922 in
New York City. Can you tell ne something about your father and
not her, their nanes and occupati ons?

MANDELKERN: My father's name was |srael Mandel kern and ny

not her's name was Qussie Krostich. They were inmgrants. |I'ma
first generation American. They inmmgrated to this country in
the early 1900s, about 1910.

BOHNI NG What did your father do?

MANDELKERN: My father was in the jewelry business.

BOHNI NG  Where in New York City were you living?

MANDELKERN:  They tell nme | was born in the Bronx, but I

recollect living only in Brooklyn. [laughter] That's were | was
brought up. | went to public schools there, and to Abraham

Li ncol n H gh School in Brighton Beach. It was a fanous public
hi gh school in those days.

BOHNING Did you have any teachers there that had an influence
on you?

MANDELKERN: I n high school, yes. Unfortunately, | can't
remenber their names, but | can renmenber their faces. Wen |
went to high school in those days (1934-1938), it was the
Depression. There were a |ot of people teaching in high schools
with a Ph.D. in their discipline, but not in education. |
renmenber three people who had a strong academ c i nfluence on ne.
They were ny physics teacher, ny chem stry teacher, and ny
history teacher. [I'msorry | can't renmenber their nanes, but it
was a long tine ago. They all were Ph.D.s. They all were

basi cal |y professional historians, or chem sts, or physicists,
who wandered into high school teaching because it was pretty hard
to make a living doing sonething else professionally. At that
time high school teaching was actually a very lucrative,

rel atively high paying, profession.
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| actually went to Cornell as an undergraduate history
maj or, although | had been interested in science. Cornell was
very strong in Anmerican history and I won a New York State
Regents Schol arship to Cornell. | may be off by a factor of two,
but | think it paid $400 a year. That covered the tuition

BOHNING Did your interest in science first develop in high
school ?

MANDELKERN:  Yes. It devel oped through these high schoo
teachers and their labs and | ectures. They were very good. W
al so had advanced math, up until the beginnings of calculus. In
other words, in a large high school like that, there was a

di verse set of courses and curricula that one could pursue, al
the way fromvocational training to sonething |ike cal cul us.

BOHNI NG What was it like growing up in New York City?

MANDELKERN: It was delightful. Everything was safe. There was
never any concern for safety or the problens that | understand
the people in New York now have. As a youngster in high school

I had no qual ns about hopping the subway and going to Manhattan
to see a novie or a show Al you needed was a nickel. There
were all kinds of things to do, and | had friends all over the
city. Brooklyn was very pleasant. Commuting on the subway was a
very natural part of life. There were no problens.

BOHNI NG When did you nake the decision to go to college?

MANDELKERN: | don't renenber consciously making that decision.

I think that anybody who did well in high school could always go
tothe City colleges. Oiginally | had planned to go to Brooklyn
Col | ege, but when the schol arship cane through, | switched to
Cornell. So, | can't renenber meking a conscious decision to go
to college. It nust have been made when | enrolled in the
academ c programin high school. You always had a choi ce.

thi nk that anybody who was a hal fway decent student pretty nuch
ainmed to go to college because the city schools, which then were
Cty College, Hunter Coll ege, and Brooklyn College, were really
consi dered to be top-notch undergraduate schools. If | recal
correctly, Queens College was in its infancy or even on the

dr awi ng board.

BOHNI NG  WAs the Regents Schol arship specifically designated for
Cornel | ?



MANDELKERN: There were two schol arships. One covered as |ong as
you went to any college in New York State. That was about $100 a
year. Then there was a specific one for Cornell. In high
school, you took Regents exans in basic subjects at the end of
your senior year. Those who were interested in Cornell would

i ndi cate that, but anybody could qualify for the Regents

Schol arshi p that covered any college. That schol arship was based
solely on your scores in certain selected areas |ike English or
math. It was a very anonynous sort of thing that just used a

mat hemati cal formul a.

BOHNI NG  You said you had three great teachers in physics,
chem stry, and history. Wy did you select history as the ngjor
area that you were going to concentrate in?

MANDELKERN: | don't know. It's hard to say now. | was sixteen
years old and | just got very excited about all one could do with
history. | was particularly interested in Arerican history, and
what one could | earn fromwhat had happened. This teacher had ne
reading all sorts of books. | renenber reading Charles Beard
(1). 1 felt that what you learned in Anerican history could be
applied to what was going on in the world at that tine. It was a

very tunul tuous world at that tine.

BOHNI NG Had you given any thought to a career choice?

MANDELKERN:  Not really.

BOHNI NG When you got to Cornell in [ate 1938, how long did you
remain a history mgjor?

MANDELKERN: One senester. | went to Cornell for history because
| was primarily interested in American history. But, | had to

t ake ot her courses, including chem stry, physics, and begi nni ng
math. Chem stry, particularly freshman chem stry, wasn't very
exciting. In fact, | had in the back of ny mnd what | had

| earned in high school.

In history they took a group of unsuspecting freshnmen who
i ndi cated they wanted to be history majors and put us in a class
of Ancient History. |If you wanted to be a history najor you had
to start with Ancient H story. That class was nmade up of a dozen
freshnmen, half a dozen seniors and half a dozen graduate students
in history. I'msure it was the greatest course in the world in
ancient history, but hardly one for a sixteen and a half year old
totry. This wped ne out, so to speak, as far as being a
history major. It just turned ne off conpletely.
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In chemstry, | had a very nice |lab instructor whose nane |

don't renmenber. So, | had this interest and decided to see what
woul d happen. | switched over in the mddle of the second of

senester, before the first year was over, although | had nade up
ny mnd after the first senester. | passed that Ancient H story
course by the skin of ny teeth. | figured | wasn't going to get
very far in history if that was all | could do. So |I decided to

switch to chem stry and give it a try. Cornell was very good in
chem stry in those days, and it turned out to be a very good
experience.

BOHNI NG Do you recall who you had for that first chem stry
course?

MANDELKERN:  Jacob Papish. At the tine, they told ne, he was a
very fanous inorgani c chem st.

BOHNI NG Let's tal k about your four years at Cornell. Wat el se
did you take in ternms of chem stry? Wat faculty did you have?

MANDELKERN: As | said, Cornell was a very good place for an
under graduate. They had two tracks in those days, although
don't know what they have now. One track was for those who were
going to be chemstry majors and would go on to graduate schoo
and becone sone sort of professional chem st. The other track
was for those who were chem stry majors for other reasons--
prenmed, biology, etc. Unfortunately, | had started |late so |
didn't get on the track for the first year when they had a very
good introductory course.

Si nron Bauer was an instructor in the qualitative analysis
course. They don't teach that anynore, but it was a course where
you really | earned chemcal equilibria. That was a five hour
course with labs. That neant you went to three | ectures and
three three hour |abs a week or sonmething of that sort. It was
really a very difficult regine. That really made nme a chem stry
maj or, because | was very interested in the whole concept of
equi librium going to |ab, and doi ng the unknowns.

The next course was quantitative anal ysis, which wasn't very
exciting. And the next year, to catch up, | took both of what
they called the I ong organic course and the | ong physica
chem stry course. That neant three hours of |ecture and three
| abs a week in each course. | guess the reason | could do that
at Cornell was that they had | ab on Saturday nornings. In
organic, the lecturer was Jack Johnson, a very fanpbus organic
chemist. The |lab was run by a young instructor naned W T.
MIller, who then stayed on and becane a professor and a fairly
fanous fluorine chem st. The physical chem stry | ecture was
taught by Professor Lynn Hoard. He was very quiet in deneanor
and wasn't a very exciting lecturer in terns of his speech. But
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his |l ectures and the way he introduced ne to physical chemstry
made ne decide to be a physical chemst. W used MDougall's
Physical Chem stry (2). |In those days there weren't very many
textbooks. It was a very logically witten book and the

t her rodynam cs was very interesting.

Havi ng struggl ed through all of that in my junior year, and
havi ng taken the math and the physics that | needed, | was able
to take graduate | evel courses in ny senior year. That was
really nice. | took J. G Kirkwood's thernodynam cs, which was a
whol e year course. | was still feeling ny way around so | took
an advanced inorgani c course and an advanced organic course. |
took Frank Long's kinetics course, and that indirectly introduced
nme to polyners as an under graduate.

There were two things that happened in ny senior year. One
was Kirkwood's thernodynam cs course whi ch becane the basis for
the Kirkwood and Qppenhei ner book (3). That was really a
trenmendous course. The only thing that was bad about it was the
second term Pearl Harbor occurred in Decenber of that senior
year. | don't know the details, but Kirkwod was in and out, and
graduat e students taught the second term But the first term was
the inportant term Kirkwood was not great in terns of
dramatics, and he was not a very good l|lecturer. But he was
extraordinarily well organi zed.

Kinetics was a very organized course. W had to wite a
termpaper. | was fishing around for a topic. He had given sone
| ectures on free radicals and | talked to Frank Long who said,
"They nmake sonething called polyners by free radicals. There are
some books in the library. Wy don't you get hold of them and

wite a term paper.” There was a book by Mark and Raff

onpol yneri zation which | got and read vociferously (4). | wote
a term paper, but don't ask ne what | got on it. That was ny
first introduction to polynmers. It was a very backwards

i ntroducti on.

BOHNING Did you do any research as an undergraduate?

MANDELKERN: Yes. As an undergraduate they had senior research
which I did with J. G Kirkwood. He eventually turned out to be
ny under graduate advisor. As strange as it may seem he was
doi ng sone experinental work at that tine. He turned ne over to
one of his nore advanced graduate students. There were two of us
assigned to the sane |lab. The other person was a fellow by the
nane of Chris Sporck. | have no idea what happened to him He
was assigned to Gerry Oster, and | was assigned to Fitzhugh
Boggs. Boggs eventually married Elizabeth Monroe, who was one of
Ki r kwood' s graduate students. Both Boggs and Oster were very
nice to ne. | was kind of green between the ears.



| did experinmental work trying to verify the Kirkwood-
West hei mer theory--essentially the second ionization of a dibasic

acid. | renmenber it was terephthalic acid. W had this great
bi g Wheat stone bridge and they bought the chem cals that we
needed. | made the neasurenents. | don't think it ever got

publ i shed but | do think Boggs used what we found in further
devel oping his thesis. M senior year was a very exciting tine
except for the fact that the war broke out. It was a very
exciting intellectual tine as far as chem stry and science were
concer ned.

BOHNI NG You were hal fway through your senior year when the war
br oke out.

MANDELKERN:  Pear| Harbor was Decenber 7, 1941 which was right in
the m ddle of my senior year.

BOHNI NG \What effect did that have at Cornell ?

MANDELKERN: It didn't have a trenendous effect on ne that year
except for the fact that instead of graduating in June we

graduated in late April or early May. It didn't seemto have a
tremendous effect at the nonent on the student body, at |east not
inm close circle of friends. It clearly had a |ot of effects
on the faculty. In ny naivete | was not aware of that because

they were in and out and rarely in residence. Wen the second
senmester started, you' d never know who woul d be giving the next
class. For exanple, in the thernodynam cs class Elizabeth Mnroe
and Fitzhugh Boggs taught nost of the lectures, if | renenber
correctly. Once in a while Kirkwood would pop in. In
retrospect, they were obviously getting involved in a great deal
of war activity. But, for me that particular period through
graduation didn't seemto be trenendously effected by the war.

BOHNI NG  Were there any ot her student col |l eagues of yours that
you remenber from those days?

MANDELKERN:  There were really two. One was Chris Sporck. |
know he went on and got his Ph.D. with Kirkwod. He stayed on at
Cornell during the war, and then went on to Harvard Medi cal
School for a postdoc. | lost track of himthere. Another was a
chem stry major, R chard Wrk, who was a very good friend of
mne. H s father was a professor of Vegetable Crops in the
Agricultural School at Cornell. After a chemi stry mgjor, he
switched to physics for his Ph.D. and went to academ a. He
recently passed away. He was a professor in the physics
departnment of Arizona State and coincidentally, he was invol ved
i n sonme physical aspects of polyners.
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BOHNI NG  What were you contenplating as a career?

MANDELKERN: | was thinking about going to graduate school. M
experience with Kirkwood indicated that this is what | wanted to
do. There was sone confusion about the war and it wasn't so easy
to get into graduate school. Although | had respectabl e grades,

| wasn't a Phi Beta Kappa. Part of the problemwas this catching
up and this big jamup that | had in ny courses. | do not regret
that because |I think | learned a lot. That was ny goal, and in
between | got caught in the draft. | spent four years in the
armed forces working nmy way up to a first |ieutenant.

BOHNI NG  When were you drafted?

MANDELKERN:  Sept enber or COctober of 1942.

BOHNI NG What did you do in the interin? D d you know it was
com ng?

MANDELKERN: | was pretty sure it was comng so | didn't do very
much.

BOHNI NG  Wiere were you first stationed?

MANDELKERN:  As | recognized that this was happening | tried to
get into sonme program The neteorol ogy program | ooked appealing
to nme. | made applications for this but while these were
pending, | was drafted. We were living in New York City and I

got shipped to what was then called Canp Upton. It has a certain
amount of history because in World War | Irving Berlin wote sone
of his fanmpbus tunes about that canp. It |ater became Brookhaven
Nati onal Laboratory. (In fact, many years later | was at a
synposium there and since | was not an invited speaker, our
quarters were in the barracks.) [laughter]

| hung around there for three, four, or five days and did
nothing. Every norning they had a |ist and you'd Iine up. One

norning | lined up and ny nanme was on the list. They stuck us on
a train and we wound up in Mam Beach. That's where | did ny
basic training. 1In fact, | did ny basic training there at | east

three tinmes in succession because | had the neteorol ogy
appl i cation pending. Sonehow the paperwork got caught up and
they weren't allowed to nove ne until sonething happened with ny
application. Incidentally, it wasn't very hard duty to take.



One day they called ne and said that | was going to the
University of North Carolina to their meteorol ogy program
said, "They don't have a neteorol ogy programat Chapel HIIl."
They said, "Well, here's your orders. Go ahead.”" So | went.
When | got there, I was the only one. Yes, they were setting up
a program but this was going to be a preneteorol ogy program But
nobody fromthe Arny had arrived yet. So for about a week they
put nme up in the Carolina Inn. Then the program devel oped and |
stayed in the dormthere. This was a preneteorol ogy program
which was sort of dull. It was the usual Arny type of snafu.
Most of the people had all the cal cul us and physics and types of
courses that they wanted us to have.

Eventually we were transferred to the regul ar neteorol ogy
program | was assigned to the University of Chicago. | spent
six nonths there going through a rather rigorous academ c program
and the physical preparation to becone a neteorol ogist.

BOHNING Did you ever have a chance to visit the chemstry
departnment while you were at both of those institutions?

MANDELKERN: A little bit at North Carolina. W didn't have nuch
time to do anything at Chicago. Actually, it turned out that
sonebody | knew from way back was a graduate student in physics
at North Carolina. So | spent sone tinme in physics, but | also
spent a little tine in chemstry. At least | knew there were
peopl e around and what kinds of things they were doing. In
Chicago there really wasn't too nuch tine. They had us going
fromsix in the norning until about eight or nine at night, and
we were kept sort of isol ated.

BOHNI NG Were did you go after Chicago?

MANDELKERN: | was assigned as a neteorol ogist in Texas, and then
at Norfolk, Virginia. Then they sent ne out to learn howto
operate neteorol ogi cal equipnent. There was no separate Air
Force. The neteorol ogy equi pment part of the Arnmy was given to
the Signal Corp. So I was sent to the Signal Corp |abs in New
Jersey for a short five or six week course where we |earned a
littl e about how to handl e the equipnment. Then | was sent to the
South Pacific, just about the tine of the Phillipine invasion.

My job was to keep the neteorol ogical equipnent in that theatre
nore or |less functioning. That was not a trivial job because we
had many problens with the high humdity and we didn't have the
technol ogy to keeps things dry that we have now. | spent the
rest of the war doing that.

BOHNI NG Was that in the Phillipines?
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MANDELKERN: | reported to the Phillipines. It turned out the

headquarters were in Australia. | did a lot of travelling al

t hrough there and then we all noved up to the Phillipines. | was
overseas for roughly eighteen nonths. | spent about six nonths
in Australia and the rest in the Phillipines.

BOHNI NG When were you di scharged?

MANDELKERN:  Probably at the end of April, 1946.

BOHNI NG  Had you been giving thought to returning to graduate
school ?

MANDELKERN:  Onh yes. | had been witing to Kirkwod and ot her
peopl e and there was no question in ny mind that | would return.
| started back in the sumer session of 1946.

BOHNING Did you do your Ph.D. thesis with Kirkwod or Long?

MANDELKERN: | did it with Long. Kirkwod was sort of a nice,
absent-m nded guy. | had been corresponding with himon and off.
He was a very nice gentleman. | told himthat | wanted to cone
on nmy owmn. | had just gotten married and there was the G Bill
of Rights. | said that I didn't want to be a teaching assistant.
| had spent four years in the Arny and | didn't want to waste
anynore tine. | wanted to get going with ny programand | woul d
be able to finance nyself between the @ Bill and nmy wife
wor ki ng.

When | got to Cornell in early June he was very nice and

very apol ogetic. He told me that things had changed. He had not
realized that the Cornell faculty had passed a rule that they
weren't taking any postwar graduate students unless they were

sone type of assistant. It could be either a teaching assi stant
or a research assistant. A research assistant was a category
that was conpletely foreign to nme because when | left in 1942

there was no such thing. Then, you were either a teaching

assi stant or you were paying your own way, and there were a fair
nunber of people doing that. He explained the facts of life to
me and said that | could sign up with himand be a teaching
assistant. That was no problem and he could take care of that.
O, his friend Frank Long, whom | had known from ny under graduate

days, had a grant and was | ooking for people. | didn't know what
he was tal ki ng about because the concept was foreign to ne.
Kirkwood tal ked with me and said | could give it a try. If |

didn't like it after a year, he would guarantee ne a research
assistantship with himfor the follow ng June.
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Wll, | didn't have much choice. | decided to take a chance
wi th Long because | wasn't going to get much done the first year
anyway, and during that tine | could take all of ny courses. It
turned out that the final decision was not mne. It was
Ki r kwood' s because at the end of the year he went to Caltech.

For a lot of personal reasons | wasn't in the position to go out
with him so |l did ny Ph.D. with Long. There | did get a nore
detailed introduction to polyners.

BOHNI NG  What kind of graduate courses did you take?

MANDELKERN: Cornell had a tradition at that tine that you have a
major and two mnors. Physical chemstry majors traditionally,

al nost wi thout exception, took physics and math m nors. So ny
graduate courses in chemstry for the first year consisted of
statistical mechanics and quantum nechanics. The rest of ny
coursewor k was advanced physics and advanced math. | don't know
what they do now but that was pretty much a standard thing.
Physi cs through at | east the physics quantum nechani cs and math

t hrough what they call ed advanced cal culus. That was really a
course on mat hemati cal methods for physics and chemstry. It was
very highly advanced. And so, you worked yourself up to those
cour ses.

BOANING Wio were the instructors in these courses?

MANDELKERN: I n chem stry, Kirkwood taught the statistica
mechanics. That was the first term| came back. During the
second term he took a | eave. Wen he cane back he said, "Anybody

who wants to cone with ne..." He was very gentlemanly. | was
included. He cane to ne and said, "lI'mleaving, but if you want
to cone to Caltech, | have a place for you." | thought it over

but there were a lot of reasons | didn't go. He did the
statistical mechanics, and sonme young fell ow did the quantum
mechani cs during the second term | think his name was John
Bragg but he left and went to GE. In physics it was Richard
Feynman, who was at Cornell at the tine and taught the

el ectrodynam cs course. [Hans] Bethe taught the nechanics
cour se.

In math, the advanced cal cul us course was taught by Mark
Kac. These were great courses and great teachers. They
certainly gave nme a good base.

[ END OF TAPE, SIDE 1]

BOHNI NG  When did you first neet Paul Flory?
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MANDELKERN: | think | have to go back to ny thesis. M thesis
wi th Frank Long was on the sorption of vapors through pol yner
films (5). H s interest in this area came about through sonme war
work, and that's where the support was. Although the prine
enphasi s was on the kinetics of the process, | wound up with an
equi | i brium absorption isothermand consequently | could
calculate activity coefficents. The filns we were using were
cellul ose acetate filnms. There was a new theory then called the
Fl ory-Huggins theory. It was in the latter part of 1946 and 1947
that we started to get sone data, but it wasn't fitting the
theory at all.

Then | noticed that Flory was giving three papers at an ACS
nmeeting in New York around that tine. | |istened to the papers
and | tried to talk to him This was a problemthat always
bothered me. | guess | was a rather precocious young |ad and I
figured, "Well, this theory of his is all wong. He and | are
going to have a little talk about it." But he was al ways
surrounded by a | arge nunber of people and I couldn't get to him
| was precocious but also polite in a way. So | saw himfor the
first time in New York but never really got to neet him | net
himfor the first tinme when he cane to Cornell to give the Baker
| ectures. That was in the spring term of 1948.

BOHNING We'll cone back to Paul Flory, but now let ne ask if
there were there any other graduate student graduate that you
remenber.

MANDELKERN:  There were a few. |I'msure |I'mgoing to forget

some. There was a fellow naned Bill MDevitt who actually
started with Kirkwood and switched to Frank Long because he
couldn't go to California either. He finished nmaybe a nonth or
two after | did. He went to work for Du Pont. | think he spent
all of his days there and he recently retired. Seynour Celler
was a fellow working with Lynn Hoard who did x-ray
crystal |l ography. As | said, Hoard taught undergraduate physica
chem stry and was a very em nent crystallographer, particularly
of boron conpounds. Seynour went to Bell Labs and a few other

pl aces and wound up at the University of Colorado. | think he is
still there. Then there was an organic friend of mne, Lou

Ver st andi g, who worked wi th Johnson. He went to work for Chevron
and then canme east to work with a small conpany.

In Long's group there was Paul Drexel, who went to work for
Hercules. There was a fellow Ken Coffin, who was from New
Engl and and worked with Sinmon Bauer. He married one of Frank
Long's graduate students. Her |ast nanme was Dunkel, but | can't
remenber her first name. They went to work at the NASA lab in
Cl evel and. Those are the people | renenber out of that tine
frame.
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BOHNI NG You received your Ph.D. in 1949, but you stayed at
Cornell. Had you given thought to going el sewhere?

MANDELKERN: I n ny | ast year as a graduate student, | decided
that | had to go out and get an industrial job and make noney.
Frank Long was very nmuch opposed to that. W tal ked about this
around the second or third year that | was with him He said,
"You ought to go and do a postdoc sonmewhere.” He wanted to send
me to Yale to work with Raynond Fuoss. | kept saying, "No. |
don't want to."

Well, strange as it nmay seem two things happened in 1949.

First, | really got interested in what Flory was doing. Again,
this whole idea of postdocs was a new concept. In 1949, | had
two job offers, one of which I renenber. 1t was in Tonawanda,
New Yor k wor ki ng on inorgani c phosphorous. | can't remenber the
nane of the conpany. | had another offer of the sane kind and I
just couldn't see it. | wasn't interested. The last thing |I was

interested in was inorganic chemstry. A lot of people are and
there's nothing wong with it, but I wasn't interested init.

Then, Paul Flory had conme to Cornell during that academ c
year. Frank Long told ne that he was | ooking for postdocs and he
knew ne fromthe Baker |ectures. |[If | were interested Long
t hought that he could talk to Paul Flory. So ny wife and I
deci ded that maybe we better give this a shot. Froma
prof essi onal point of view that was probably the smartest
decision that | ever nade in ny life. There were choice jobs
that sonebody m ght be interested in, but there didn't seemto be
very nmuch opportunity at least for me. 1948 and 1949 were very
bad years in ternms of conpanies hiring people.

As you know, sixteen to eighteen nonths ago ny phone was
ringing off the hook with conpanies wanting to hire people. Now
ny phone is ringing off the hook with people that are now | ooki ng
for jobs. That's the way chem stry has al ways been

So this is what | decided to do. | started in md-June or
July of 1949, and | stayed with Paul through the end of 1951.

BOHNI NG WAs this your introduction to polymer crystallinity?

MANDELKERN: | shoul d go back and say that | finally got to talk
to Flory during the Baker |ectures. One of the |ectures was on
the Flory-Huggins theory. Then | could go down to his office,

and | said, "Look at all this data we have.” And he said, "The
only reason it doesn't work is that cellul ose acetate is
crystalline." O course | didn't know what he neant and sone
people say I'mstill trying to find out. [laughter]

12



Wien | went to work as a postdoc, he had two basic supports.
At that time | began to understand how t hi ngs worked i n academ a.
He had conme with the old Rubber Reserve project. That's Speed
Marvel , and you've read about this. Reconstruction Finance was
still going, and Peter Debye had a big chunk of it. He had a
grant fromthe Al legheny Ballistics Laboratory that made
propell ants for the governnment and was run by Hercules. They
were a very enlightened managenment. They were interested in
| earni ng some of the basic properties and we did a |ot of work
for themon cellul ose derivatives. W did one piece of work on
nitrocellulose. That's how | got introduced into crystallinity.
| did two things when | was at Cornell.

Fl ory published a very basic theoretical paper in
crystallinity in 1949 (6). The substance of that paper was
whet her nelting involved a first-order phase transition. Flory
came to Cornell from Goodyear, and he had al ready sone
i ndi cations fromwork he had done at Goodyear on pol yesters. It
was ny job not to say that it was, but to | ook nore at nelting
points and the effects of diluents, the effects of
copol yneri zation and things |like that on nelting points. W did
a fair anount of work with cellul ose derivatives, but we were

able to branch into other polyners. In those days, there was no
| i near pol yethyl ene. Branched pol yet hyl ene had just cone al ong.
They had it during World War |l but its properties were just

comng out in the literature during those days.

One assignnent | had was to see experinmentally whether it
was or was not a phase transition. As he told nme many tinmes, you
can set up a theory to go either way, depending on what you feed
intoit. He was pretty well convinced that this was the way it
was, and it did turn out to be that way. So one of the things we
acconplished fromjust a straight experinental point of view was
to show that we did i ndeed have a bona fide classical, first
order, phase transition (7).

There was sonet hing el se that was of some interest to ne as
we started exploring crystallization kinetics. |If Flory thought
you had anything at all that was hal fway sound, he woul d at | east
let you try it out for awhile. W were doing our nelting point
work dilatonetrically, which is a pretty good cl assical way of
doing it. In fact, we're going back to doing sone of it that way
even now. As we did the nelting, it seened interesting to ne to
see how these things crystallized. W would set up a nelt and
keep them at some tenperature. W had a whol e bunch of constant
t enperat ure bat hs.

Flory had a small group, and he believed that if his
postdocs were any good, he got them assistants. | had a couple
of assistants, but only one to start with. He didn't give them
to you all at once. W had these baths and one tine he assigned
me one of his graduate students to be paid on the grant for the
summer. That summer we wor ked out the nelting process pretty
well. 1t was getting to be routine. You had to deci de what
pol ymer, and nake your diluent m xtures. It took a lot of tine.
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Once we had a good sanple in the dilatoneter, particularly the
pure polynmers, we just |ooked at the inverse process.

This was in 1950-1951 and we found this fantastically strong

negative tenperature coefficient. In other words, if we were
close to the nelting point, nothing happened. If we went down a
few degrees, it would start to go, and at ten to fifteen degrees
it would go very fast. | nust say, it certainly puzzled ne. |

woul d say if he were here, he would agree, if he renenbered, that
it puzzled Paul Flory at the tinme. W were sitting on this. |
did the kinetics with pol yethyl ene oxide. He said, "Well, try it
on sonme polyester.” And | tried it on a polyamde that sonebody
had nade and it did the sanme kind of thing.

About six nmonths before | left Cornell, we becane aware of
[Davi d] Turnbull's work on the nucl eation of nmercury droplets,
and only then did we clearly understand what we had. W | earned
about Turnbull's work when he gave an ACS tour |ecture at
Cornell. In those days they used to be in the evening. Now you
have to renenber that in the usual physical chem stry curricul um
pol yners, or even the classical concepts of nucleation, were
never discussed. You have to look far in the back of a textbook,
if you even find it. W went to this evening neeting, and
there's this very nice lecture on droplets of nercury, the
tenperature coefficient, and what was happening. Flory canme to
me and said, "Let's get together with Turnbull tonorrow norning."
[l aught er]

It becane abundantly clear what we had. W did a few nore
experinments and | did the analysis. | took the materials with ne
and wote it up when | went to the National Bureau of Standards.
It was an interesting exanple. | suspect we would have found out
sooner or later what we were dealing with, but it may have been
| ater, because neither Flory in his experience nor | in ny
limted experience had ever run across nucl eati on phenonena which
has this very characteristic. So | think it would be fair to say
that we were the first to quantitatively establish the inportant
rol e that nucl eation processes played in polyner crystallization
way back in 1951. | think the two papers cane out in 1954 or
1955 (8). | wote the papers up very early when | went to the
Bur eau of Standards. That's howl got introduced to
crystallization.

We al so did sonme other things which I think were inportant
and which | haven't done much of recently. There were a |ot of
things going on in the lab, and I did sonme work on solutions. At
that tinme period, 1949-1950, Flory had been doing a | ot of work
with Tom Fox. Their major focus was on the relationship of
intrinsic viscosity to nolecular weight and the thernodynam c
nature of the solvent, the intranol ecul ar excluded vol une effect,
and the theta tenperature. Things of that sort were evol ving,
and he and Fox had started to publish. The |ab was already
functioning when | joined it. | think they had started sone of
this work at Goodyear. Fox cane with Flory from Goodyear. They
wer e publishing and of course we had reprints of the papers.
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Fl ory made sure everybody knew what was going on in the | ab.

There was a nice set of four or five Fox/Flory papers from
1949 to 1950 in the Journal of the Anerican Chem cal Society
(JACS) on the viscosity relations to nol ecul ar wei ght and the
i ntranol ecul ar excl uded vol une effect (9). Flory was teaching a
pol ymer course one term | asked himif | could sit in on the
course and he said, "Don't waste your tine." One day he cane
back fromhis lectures with a book under his armand said, "You
know Leo, | think that the sedinentation velocity m ght be
treated the same way as Tomand | treated the intrinsic
viscosity." (Fox was still there but he was involved in gl ass
tenperature work anong other things.) So ny first question was,
"What's sedi nentation velocity?" He said, "Well, why don't you
read this.” It was a chapter in a book by Svedburg (10).

| dug through the literature and it turned out that you
could treat the sedinentation velocity the sane way you did the
intrinsic viscosity. Then we found out that you could conbi ne
the sedinentation velocity with the intrinsic viscosity and have
essentially universal behavior. There were a set of constants
then that were universal to all chain nolecul es.

There was a young instructor at Cornell, Harold Scheraga,
who cane in 1947. At that tinme they were having pol ymer sem nars
at night. There were ten to twelve professors and students
interested in polynmers. So maybe every ot her week we woul d have
a semnar, and that is how!l got to neet Harold. W got to learn
about what was going on. He suggested to ne that maybe we could
apply these ideas to the hydrodynam c properties of proteins. So
we did. We set out to look at this and it didn't take very | ong
because it wasn't really that conplicated. W were able to do
that, and we worked out what is now known in the textbooks as the
Scher aga- Mandel kern equation for the sedinentation viscosity
rel ation.

During this work Harold called ne up one Sunday norning
about seven o'clock. He worked pretty hard. After we tal ked he
said, "I think | see howwe can do it now" He likes to work
pretty hard. W asked Flory to join us as a coauthor because we
had been talking to himon and off. The idea was between Harol d
and nyself. Flory would just say, "Well, that sounds good. Keep

going.", or sonething |like that and just pat us on the back. He
was the senior person and | guess ninety-nine people out of one
hundred woul d have said, "Sure. Stick ny name on it." But he
said, "No. You did it all yourself.” W had a |ot of battles

with the referees but we battled it all through. Harold and I
and our famlies have all been friends since that tine which is
al nost forty years ago.

BOHNING It's nunber twelve on your publication |ist,
"Consi deration of the Hydrodynam c Properties of Proteins",
published in 1953 (11).
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MANDELKERN:  The work was actually done while | was still at
Cornell. There was a battle for about a year with the referee.

| had to go back to Cornell with Harold. W Al bert Noyes was the
editor of the JACS. Flory said at one time, "Do you want nme to
interfere?" W were two young kids. W said, "No. W're going
to do this ourselves.” Somewhere | have the correspondence.
Anytinme | get discouraged | just |ook at that because that was
actually a good | esson. There were a lot of entrenched feelings
and a | ot of m sconception.

Al so, we were obviously very naive and very green in the
paper. Maybe it was not as clear in the first three versions,
until we got it right. But |I would suspect that maybe Noyes was
checking with Flory behind our backs. Noyes would say, "Cone
back and have another go with the referees.” W finally figured
out who the referees were and then we could respond, seeing where
they were comng from So it took at |east a year before we got
the referee situation settled. That's why it cane out in 1953.

W actually still did the work while | was at Cornell. That
paper caused quite a stir in sone circles but that was part of
the work that we had done. It was sort of an open | ab, so we

just took these trends that were in the |ab.

BOHNI NG Was this part of the resistance to the whol e concept of
pol ymers that had devel oped even earlier than that?

MANDELKERN: No, | don't think this was a devel opnent of

resi stance to the concept of polyners. This was in part the

ref erees not understanding. They actually had becone pretty
ardent. Also there was a whol e school that had a very strong
vested interest in a certain kind of idea of how you treat a
solution of a protein. | think it was a conbination of that and
mainly that they didn't understand the polyner work that we were
doing. That's understandabl e because it was very, very new. |
think that once they understood it, there was no problem Part
of it is that we were green and we didn't wite a very clear

paper. | just remenber Noyes being tolerant. He just let us
come back and said, "As |long as you want to keep making a stab at
it and revising it, I'lIl be with it."

BOHNI NG You actually spent three years as a postdoc. Wasn't
that a long tinme?

MANDELKERN:  No, it was two and a half years. | cane in June or
July of 1949 and left at the end of 1951. Maybe it was a |ong
time in those days. | know nost postdocs today are between two
and three years. The problemthere was that financially, Paul
Flory treated us reasonably well. W didn't nake any noney, but
we weren't starving. Wen | took ny first job at the Bureau |
went there for alittle |l ess noney than | was naking as a
postdoc. Those days at Cornell were very exciting tinmes. It was
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very hard to leave. | realized that | had to | eave and I'mvery
glad that | did | eave. Sone people stay on and on. |If | have a
good postdoc here, I'll tell themafter six or seven nonths that
unl ess sonet hi ng unusual turns up, two to three years is a good
tinme to stay because you really get cranked up and you can
devel op your own reputation. You mature a |lot and that keeos you
on. It was very hard to | eave.

["msure | could have talked Flory into letting ne stay
anot her year or two but | felt that the tinme had cone. W
weren't hurting in the sense that we were able to nake ends neet.
The pay was about four or five hundred dollars nore than | nade
at ny first job at the National Bureau of Standards. But he was
fairly liberal and he gave you a lot of help help in the lab. He
was very nice.

BOHNING Did he conme into the | ab every day?

MANDELKERN:  Maybe not every day, but he was very close. O he
woul d call you to come into the office. You felt as though you
had no problenms. [If you knew he was around, and if you just
stuck around | ong enough, he would talk to you. He always kept
his groups snall, at least in the days at Cornell when I was
there. There was Bill Krigbaum Tom Fox, and nyself as the
postdocs, Alan Schultz was a graduate student, and | think there
was one ot her graduate student that has drifted away from pol yner
science. |1've forgotten his name. So | think he never had nore
than four or five people, either students or postdocs, worKking
with himin those days.

BOHNING Did you socialize with Flory?

MANDELKERN:  Yes. He used to have parties at his house. Cornel
was a very congenial sort of place. W got to know his wife and
she was very helpful in ternms of helping us with our first child
at the tinme. She was very pleasant. He had a boat, and he woul d
invite me and other people fromthe lab to sail onit. W had
picnics in the summertine. At Cornell it is pretty hard to do
anything in the wintertine. | remenber one Christmas, although
we don't celebrate it, he knew that we were in Ithaca by

oursel ves and said, "Way don't you cone over Christmas afternoon
and we'll have sonmething to drink.”" He showed us sone novies and
that was very nice. In that way he was very nice.

But he really wanted excellence in everything. You |earned
how to do an experinent because if you had sonething, even if it
substantiated his theory, he would say, "Let's try it this way to
see if it'sright." He really wanted to be certain of
everything. He was a real perfectionist. He sat on theories and
experinments until we did it this way and that way and then got
anot her fraction and extended the nol ecul ar wei ght range. That's
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the way you have to do things and | think there are still a few
people who do it that way. He was very demanding in that sense.
Not demandi ng that he snapped a whip at you. | got m sunderstood
in an article in Chem cal and Engi neering News. He was demandi ng
in the sense of doing everything right. He told ne as | found

out, "You work all you want. | can tell if you' re working or
not." J[laughter] | tell that to nmy students here. You don't
have to stand there and hold a whip over them

So in a sense, he really wanted you to be excellent. In all
t he people who were closely associated with him he really
devel oped in us a passion for excellence. 1 don't know if we've

achieved it, but we certainly got that instilled in us. Taking
away what he did scientifically, I think that is his hall mark--
hi s passion for excell ence.

BOHNI NG How did the position at NBS cone about? Did he give
you t he advice you give your students or did you | eave on your
own?

MANDELKERN: I n terns of leaving, it was a nutual decision. Jobs
were not too bad at that period. Wrking with Flory got ne a | ot
of interviews and | visited a lot of places. | went to Du Pont

and they had two jobs. On was in the newy devel oped

pol yet hyl ene terephthal ate fiber group that they had there. The
second was in this place that they were going to run for the

At om ¢ Energy Conm ssion at Savannah River. | forgot which one
they offered nme but | was seriously considering it when Flory
told nme that L. A. Wod at the Bureau of Standards was | ooking
for sonebody. Wod was one of the early pioneers who did
anything quantitative in polynmer crystallization and pol yner
transitions. Flory said | ought to think about going there. |
t hought about it. The pay there was a lot |less than that at Du
Pont but then again he explained a ot of things to nme and
strongly urged ne to go to the Bureau of Standards.

BOHNI NG So he urged acceptance of that position.
MANDELKERN:  Yes. He obviously recormmended it very strongly.

BOHNI NG  You had a nunber of papers that you were witing after
you left Cornell. Did you continue any work with himat the sane
tine?

MANDELKERN:  No. W essentially did not formally coll aborate
after that tinme. | may be wong and |I'd have to check the |ist.
When he canme back fromhis | eave in England, he had published
this very beautiful paper in JACS on contractility and di mensi ons
that really got nme excited (12).
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| didn't understand it all and I talked to himabout it. |
think he may be a coauthor on that first paper with Roberts and
nysel f on the dinensional changes in rubber as a consequence of
cross-linking (13). That m ght be the only other tinme we
actually formally coll aborated. The idea was that if you
stretched a polyner and cross-linked it when it was stretched,
when you relaxed it it would still have sone additional |ength in
t he anorphous state. It was a very intrincate type of |ogic and
was very difficult for ne to followthen. | renmenber going up to
Cornell and we just figured out how to do the experinment. | went
back and did the experinent at the Bureau and it did turn out to
be correct. W talked a lot and interacted a | ot over the years
on many things. That's ny recollection. There are sone things
early on at the Bureau of Standards but they were left over from
Cornell. W worked very hard during those days, and we did a | ot
of wor k.

BOHNI NG Yes. There's quite a nunber of papers that came out
during this period.

MANDELKERN: He al so believed in having his postdocs work with
each other. So | would work together with Bill Krigbaumor with
Jack Kinsinger. W would both be authors but we each had nade
substantial contributions because the ideas naturally crossed
each ot her.

[ END OF TAPE, SIDE 2]

BOHNI NG What was your first position at NBS when you went there
in 19527

MANDELKERN: I n those days the NBS was organized into divisions.
There was a heat and power division, an electricity and magneti sm
di vision, and there was an organic and fibrous material division.
Each divi sion was subdivided into sections. In 1952 all the
sections were naned essentially along commopdity |lines. There was
a textile section and a | eather section and a plastic section and
a testing section and a rubber section. L. A Wod was chief of

t he rubber section. Anong these commobdity sections the rubber
section was sonmewhat uni que because about half of its activity
was basic research connected with polyners and rubber.

There was a long tradition there. The other senior person
was Nor man Bekkedahl, who's still living in Ponpano Beach. L. A
Wod was a physicist and Norm Bekkedahl was a chemist. Both had
Ph.D.s. Around 1932, there are sonme papers by Bekkedahl on
calorinetry and specific heats of natural rubber. Then Wod cane
al ong and he got interested in transitions and nelting. They
were just pioneers. They didn't understand what a polynmer was in
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those days. But their work still stands up and is
extraordinarily good dat a.

They actually did the first crystallization kinetics using
natural rubber. They did sone work on nelting tenperatures and
t he dependence of nelting tenperatures on crystallization
tenperatures. They were quite cognizant of the inportance of
this kind of work to what their main objectives were--being able
to set standards for rubber tires and gaskets. That's what was
happeni ng at the other end of the funnel, so to speak. So the
section was split roughly in half. This commodity influence
prevaded everywhere. It was very frustrating in many ways
because it was difficult to get across to sone of the | eaders
(except for Wod and Bekkedahl) who were the ol der peopl e that
there's sonmething called polyners. 1It's ten years old now and
this is what your dealing wth.

On the other hand, for a young fellow, ny first few years at
the Bureau were great years because | was on ny own. They put
very little restraint on ne. There were sone adm nistrative
restraints because a ot of the rules of the governnent were a
little hard to live with. But scientifically and intellectually,
they put very little restraint on nme for the first few years.
That was ny first assignnent.

Then, to junp ahead in the organization, they finally
recogni zed that there was sonething called polyners. So they set
up a new section called the Polynmer Structure Section which
eventual | y Norman Bekkedahl got to head. He was the second head.
Thi s was probably around 1956 or 1958. He asked nme to join him
and it took alittle bit of behind-the-scene maneuvering so |
could nove without getting too many feathers ruffled. There was
a different building for me to nove into the Polyner Structure
Section, and that essentially took nme away from any of the
commodity things. But | didn't feel trenmendously stifled in the
Rubber Section to start with. Although, if | had wandered too
far away fromtransitions--crystallinity and gl ass tenperatures--
| think there woul d have been some nutterings.

So for the first five or six years, they let ne do what |
wanted. They pronoted nme in proper order and gave ne sone help
in the lab. There were no restraints on publications. They
encouraged it.

BOHNI NG You al so have a patent (14).

MANDELKERN:  That was sort of a hobby. W were always getting
visitors. One of the things | didn't |ike about the Bureau of
St andards was the fact that even with or w thout appointnents,
sonmebody woul d call up and say John Jones fromso and so is here
and he's interested in crystalline polyners. Wll, you worked
for the governnment, he was a citizen, and you had to do that.
Also, a lot of people Iiked to cone to Washi ngton so even with
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appoi ntments you had to be nice. People would cone fromall over
the world which is all right in noderation, but when you had to
do three or four visitors a week in the springtine, it got to be
alittle too nuch.

That patent was an interesting scientific thing but it was
that sonebody fromindustry came al ong and said, "You ought to

patent that.” | called up the Bureau's patent people and they
did what they had to do. W can get to what's involved there
which is part of why | left. It was one of the reasons but not

the maj or reason.

The Bureau to start with was very good because nobody
bothered ne. | didn't have to worry about anything
adm ni strative as long as they gave reasonabl e | eeway. They gave
nme two technicians.

BOHNI NG What kind of areas did you pursue?

MANDELKERN:  Primarily in the crystallization area and sone work
on gl ass tenperatures. Wen | noved into the Polynmer Structure
Section on solution work there was sone col | aborative work.
Several of the people were doing solution work and, w thout
bragging, | felt that they needed a |little guidance and so we got
along pretty well. There was a paper on sedi nentation

equi | i brium and sedi nentation velocity (15). | was like a
consultant. | contributed in terns of saying, "Well, you're
making this effort. Wy don't you do it this way and | earn
scientifically fromit?"

But basically the heart of what | did was work on gl ass
tenperatures, but nostly on the thernodynam cs and ki netics of
crystallization. Those were the two main thing we did. W did a
whol e series of papers on thernodynam cs of natural rubber,
gutta-percha, and pol yethylene (16). W just established sone
nore of the priniciples and did a | ot of work on kinetics, and
wor ked on gl asses.

BOHNI NG  Who were sone of your coworkers?

MANDELKERN: I n the Polynmer Structure Section, there was

Bekkedahl and Whod, who were very nice. They were actually
peopl e you coul d at | east have a reasonable scientific discussion
with. There was Bob Marvin. He nmay have just retired. He was a
rheol ogi st and a student of John Ferry. He noved over to sone

ot her part of the Bureau to set up a general rheol ogy section
somewhere along the Iine. Then there was Herb Li eberman who

passed away at a rather early age while | was still at the
Bureau. He was a rheol ogist doing things |like creep. Again,
this was all very pioneering work for that tine. Peopl e weren't

doi ng these things on a systematic basis. Anybody who nade a
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rubber knew there was such a thing as creep. But nobody was
really trying to study it froma fundanmental point of view

Also in the Polymer Structure Section there was Sam
Wei ssberg, who was doi ng solution work. Don Maclntyre joined us.
He's now at the University of Akron. W had John D. Hoffman with
us for alittle while. He noved over to another part of the
Bureau to set up his own group, and that is another story in
itself. Leo Wall was another very inportant person who did
organi ¢ synthesis and studi ed the nechani sm of degradation. He
died in a sailing accident a few years after | left the Bureau.
He was one of the senior nen. He wasn't old. He was about ny
age at that tine, but he was one of the nore productive
scientists in the place. He was also in the Polyner Structure
Section. W were in tw parts. There was the physical cheni ca
part and the organic synthesis degradation part. Leo nade sone
maj or contributions to the degradation nechani sns of polyners and
then got interested in fluoropolyners.

BOHNI NG You said that Bekkedahl was the second head of the
Pol yner Structure Section. W was the first?

MANDELKERN:  The first head was a fellow by the name of Irl C
Schoonover. At one tine he was head of the Dental Materia
Section. Schoonover noved on to be an associate director
somewhere in the director's office. He was rather influential in
running the Bureau. During the last four or five years that |
was there he was probably the nost influential person in running
the Bureau from an operational point of view The other people
above himwere pretty nuch dealing wth Congress and the

presi dent.

Wien he noved upstairs, so to speak, Bekkedahl replaced him

Bekkedahl and he were very good friends. It was a horrible
Bureau in ternms of the people who were maybe ten or fifteen years
older than | was. It was a very close-knit corporation. There
were a bunch of people that had grown up together. They knew
each other quite well. They lived together and drank together
and played together. It was a pretty closed corporation.

BOHNI NG  Were there many new people |ike yourself comng in at
that time?

MANDELKERN:  There were sonme. They didn't have a big push that |
understand they have had lately. The newconers really weren't
interested in what these people were interested in. W were
interested in trying to do science and we got very frustrated
sonmetimes in their directions. These people were nore into the
politics of science. Not Norm Bekkedahl, but all the other
people in that age group. So the people that were com ng were

li ke nyself. They were hiring a |ot of physicists and they were
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nore interested in science.

BOHNI NG You nentioned that the patent was one of the reasons
you ultimately decided to | eave.

MANDELKERN:  Well it wasn't the patent itself. It was the
subject matter of the patent. Actually there were a |ot of
reasons. One of themwas that | was beginning to develop a
strong interest in teaching. | began to realize around 1959 t hat
| had been away fromthe university for alnost ten years. You
don't teach or read or go to many semnars. You go to neetings.
But you didn't have a weekly seminar. So you're beginning to

| ose touch. You're beginning to nake a right-hand thread better
and better, and that's the way | used to express it. One tine

wote a paper and nmade a | ot of stupid m stakes. | thought
sonmet hi ng was novel and it wasn't, really. It was al nost
el ementary thernodynam cs, and the referee pointed this out. It

dawned on ne that nmaybe |'d better start studying and refreshing
t her rodynam cs and statistical nmechanics. Wll there's no way
you can do that unless you go back and teach. That was one of

t he reasons.

The other, in ternms of that patent, involved contractile
fibers. W followed up the rubber work with highly oriented
pol yet hyl ene. We found out that if you cross-link highly
ori ented pol yethylene then you could make a fiber that changed
di mensions reversibly just by nelting it. The Bureau was nice to
have all of these facilites for radiation and Leo Wall was
hel ping ne with that. This led to builing the machine that was
the patent. The point is, that led us into biological fibers and
t he whol e subject of contractility. W did alot of work in the
Bureau on keratin and collagen. W could justify it alittle bit
because they still had the conmmodity sections. The Bureau did
not have its reorganization in terns of what it is today until
several years after | left.

So | was getting nore interested in this. They hadn't
really said anything. Bekkedahl was fine but |I was getting
concerned about the people above him It was very difficult to
be a GS 15. That's what Leo Wall and | were. W were the only
two in the Bureau at that rank who didn't have adm nistrative
responsibility. Ugo Fano was nmade a consultant to the director,
and his office was in the admnistrative building. M office and
Leo's were right in the lab, Iike this one. There may have been
others. | don't know. But he and | were the only two to have
par ki ng pl aces and had lunch in the director's |lunch because of
our rank, with absolutely no adm nistrative responsibilities.

But it was getting nore difficult. They would say, "Wy are
you doing this and not directing a section?" Also the kind of
work | was doing was al so getting away fromthem They were
muttering, "Well you ought to be at NNH doing this." That wasn't
the only thing we were doing but it was | ooked on then, and it
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still is, as a very inportant kind of approach. W were

basi cally using polynmer principles to tackle problens in

bi ol ogi cal polynmers, particularly macroscopic systens. Not the
sol ution characterization.

There were essentially three reasons, and they all sort of
came together. In the crystallization work, this whole problem
of the folded chain started to rear its head. That essentially
br ought John Hoffman and nyself into direct conflict. He was
originally in the Polyner Structure Section and we got al ong
pretty well. Then he noved over to head, with najor help from
t he higher adm nistration, what was then the Dielectric Section
but really it was a device so that he could set up his own
research program This was in another division. Wthout going
into a great deal of technical difficulty, this becane a
scientific issue which in itself could have been resolved. But
It becanme basically a local political situation of rather serious
inmport. | was feeling quite harassed in ny isol ated position.

In that area there was a conpl ete m sconception, either
del i berate or accidental, on the m suse of nucleation theory
which | felt very strongly about and had been using all of the
time. Perhaps unfortunately, | let nmy opinions be known | oud and
clear. Sone people weren't going to let their potential fane
rest or be halted by sonething |ike that. So there was a great
deal of harassnent, internal problens and politics. The
scientific problembecane intermngled with sonme peopl es
political ambitions at the Bureau. The situation became
i ntol erabl e.

| started | ooking around and this Institute in this
University was just developing. Professor [Mchael] Kasha
invited ne dowmn and made ne an offer which was financially about
the same as | was maeking at the Bureau. But the rest of it
| ooked very attractive. 1In 1962 things were |ooking very good,
and | have no regrets. It was the second best nove | made.
Al t hough, the Bureau was fine. |If this harassnent of the fol ded
chains didn't cone along, | probably could have handl ed the ot her
things. | was beginning to make contacts with people at NIH, and
we coul d have col | aborated. Driving down Wsconsin Avenue wasn't
that big a deal at the tine.

In fact, in that period | did do a paper with Koll ner Lak

on nuscle (17). If | wanted, | could have gotten sone teaching
in the Washi ngton area. But everything canme together. |If this
science-political problemhadn't come |I probably would still be
at the Bureau. It becanme very serious but the scientific problem
has finally been resolved. | had never been down south before,
and | have no regrets. | enjoyed every mnute of it--
professionally and personally. |1've always told ny students they

shoul d never | eave a job for one reason. There has to be a set
of reasons or circunstances that make you want to change.
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Do you have any questions about this? That's the Bureau,
period. | still have mxed feelings. | still see Wod. | still
converse and have interactions with Norm Bekkedahl. He's
probably in his eighties now, and retired in Ponpano Beach. Wod
was t hrough Florida and was here about three years ago. Except
for one trip back shortly after | left, |I've never been to the
Bureau and | haven't been invited there. |'ve been invited al
over the world. | had one trip back after three or four nonths
to clean up things. | was supposed to be back on a regul ar basis
to clean up, and a lot of things never got cleaned up. That's
the way life is.

BOHNING Did you discuss the situation at the Bureau with Flory?

MANDELKERN:  On yes. W discussed it on and off. W both noved
at about the sane tine. He noved one year ahead of ne and he was
havi ng maj or problens too. |In fact, we could comm serate with
each other in a certain sense. After all, | was on ny own. |
woul dn't see hi meveryday, but he knew there were problens there.
He encouraged ne and thought it was tine for nme to | eave the
Bureau if | felt as strongly as | did that | wanted to do
academ c work. He noved to Stanford about a year to a year and a
hal f before |I noved. | think he went in 1961. He knew | was
com ng down here before they even went to Stanford because |
renmenber going out to see himin Pittsburgh before he left. He
was tal king to one of his daughters and he said | was going to be
a professor at Florida State.

There was a half year interimbefore | came down. | just
had too nuch going. It's not like you're at a university where
you bring your graduate students with you and take your
equi prment. | just had too many things going so the deal we
struck here was that | came down in January rather than in
Septenmber. | think | accepted the position in April or May. It

took nme two trips down to convince nme that | could nove ny famly
down to Tall ahassee. At that tine | had a ot of interactions.

| had three or four technical people at the Bureau. They had a
postdoctoral programin which every year sonebody would conme and
work for me as a postdoc. | cleaned up just about everything.
There were a few things that could have been finished up but
eventual |y they got strai ghtened out, and | started over again.

BOHNING Was Florida State the only place you | ooked at?

MANDELKERN: | | ooked at several other places but this was the
only one that nade nme an offer that | considered reasonabl e.

This was a very exciting place then. It was young and had a
little under ten thousand students. The faculty in chem stry was
very good and | presune it's still pretty good. It had a pretty
good reputation.
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BOHNING | wanted to ask you about the origin of the Institute
of Mol ecul ar Bi ophysics here, and you said it was form ng when
you cane.

MANDELKERN: It had been fornmed. The person who basically forned
it and evolved it was Professor M chael Kasha, whose office is
upstairs. He's a fairly emm nent physical chem st and
spectroscopi st. H's perspective is very simlar to mne. He
wandered into sonme area of singlet-triplet oxygen and found out
how i nportant this was. He found out that there were biology and
bi ochem cal people puttering around with things that he could
help themwith. | don't know all the details, but there were
some good acts of coincidence that he was able to get an
institutional grant fromwhat was then the AEC [ Atom c Energy
Commi ssi on] .

The thene originally was to be radiation chem stry and
bi ol ogy but that changed before | got here. He got noney from
the state to put this building up. This is a unique kind of
situation. It was then and | still think it is now This
Institute is only a physical facility. It is not an academ c
enterprise in the sense that there is no professor of nolecular
bi ophysics. You're either a professor of chemstry or a
prof essor of biology and you happen to be working in the
Institute for Mol ecul ar Biophysics. There's not enough space
here, and we have nenbers who are worki ng el sewhere.

The cornerstone was a rather substantial institutional grant
fromthe AEC. |If | recall correctly it was the order of about
one mllion dollars in 1962. | was associate director for
several years and ran the nuts and bolts of the place. W were
working with a budget fromthe AEC then of $700,000. The state
put up the building with some matching funds. This was actually
the first scientific academ c building on this part of the
canpus. The only other thing were these dormitories that you saw
over here. There's bi ol ogy next door and chem stry cane sone
years later. They were all on the other end of the canpus.

We al so give a degree in nol ecul ar biophysics at this
University which started in about 1969. It is a joint degree
awar ded by the biology and chem stry departnents and of course
the Institute per se because of the fact that we are associ ated
with the focus of that program But again there are people with
students in that program who are next door here. W profit by
having interactions in theory and having central facilities.
Some years ago we |ost the central grant and everything is now
running on its own.

BOHNI NG  So each of the faculty involved in the Institute would
traditionally supply their own support.
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MANDELKERN: W all were doing sone then. But as a consequence
of how we originated, we have a set of central facilities here.
We have the shops, offices, people who take care of the
bookeepi ng and paperwork, so it takes a burden off of the
departnent. It works both ways. |[If they took the five chem stry
prof essors who are in this building and dunped themin to

chem stry, that would cause a great deal of problens for

chem stry and vice versa. There are about eight or nine people
here. Four or five are fromchemstry and four or five are from
bi ology. It fluctuates slightly as people | eave and sonebody

el se noves in. Wen | first came here this building was just
going up and | had tenporary quarters in the old chem stry
bui |l ding. Kasha, [WIliam Rhodes and ne are actually the

original people who are still in this building. Rhodes was a
young assi stant professor and a theoretical quantum nmechani ci an.
There are still sonme people in chem stry who were here but they

noved into chem stry when the new chem stry buil di ng was
conpl et ed.

BOHNI NG You were director of the Institute?

MANDELKERN: | was associ ate director for about four years, from
1970 to 1974. | took care of things. It was a tinme consum ng

j ob because you had to nake deci sions on howto distribute a
fairly good sized chunk of noney. You have a |ot of interactions
with the people of Washington and Gaithersburg. It took a |ot
out of nme physically.

BOHNING Did you appreciate the adm ni strative aspects?

MANDELKERN:  Not particularly. Here it was not that difficult.
There was a pretty congenial crew here and we got al ong
reasonably well. W got pretty straight answers fromthe people
in the AEC. W enbarked on a programof trying to reach a steady
state with the AEC in financing, and then working up the rest.

It wasn't too bad except that in any large state university when
you get into sonething |ike that, maybe anypl ace, you just get
into everything. The actual obligation wasn't so bad. | could
make a couple of trips a year to the AEC and work with the crew
here on how we woul d distribute the noney. W had adm nistrative
peopl e and they were pretty good.

But it's the everyday thing of having to go to two or three
nmeetings every week or every day. | used to have two
secretaries. One was doing just ny work. | would go hone and
stay up all night doing ny work. You have to go to the science
area commttee. Then you would have to go to the dean for this

and president for that. | don't nmean social functions. Mst of
them were a waste of tine. You would have to go to the building
commttee. |If you didn't go, then soneone would take half of
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your building away. That part was what killed it and al nost
killed me. | got sick and was out for a year.

But the basics, what you really had to do, | really enjoyed
because | had good people. W had sufficient flexibility.
Peopl e were going to get hurt but nobody was going to get hurt in
a nmeani ngful way. | had a col |l eague who was on | eave in Sweden.
In those days, nmaking a |l ong distance call was quite an effort.

It looked |ike we were going to get a big budget cut and | just
call ed up Bob Fisher and said he had better be prepared when he
came back, because he may not have all of the noney he thought he
was going to have. People could work with that and that part |
was able to do all right. W had sone people who had technicians
and | told them "You had better tell your technicians that in
the next year or two they should find another job because it

| ooks like we're not going to be able to keep the crew that we
have." Nobody ever got really hurt. W had a congenial group of
people to work with and we had conpetent people help us
downstairs.

But this other stuff killed me. | just couldn't take it. |
felt the responsibility very strongly and knew that if | didn't
go to a neeting of the building commttee sonmebody was going to
take a | ab away from us.

BOHNI NG You' ve been called M. Crystalline Polyner. |n 1964,
you wote a book on the crystallization of polynmers (18). What
led to the witing of that book?

MANDELKERN: | haven't thought about that in sone tinme. There
were several intellectual and scientific reasons. There was al so
the physical situation. The timng was right. At that tine,
with the work that Flory had done and the work that | had done
with himand a | ot of other people, one could begin to see the
basics of the subject. And at the sane tinme, there was a | ot of
new wor k on norphol ogy. That had a | ot of elenents of nerit in
it, but it also was clouding the issue. | thought the
perspective of the problemwas being lost. There was very basic
science that could be discussed and | felt that |I was obviously
close to the subject.

| had been working on it since 1949. | thought that the new
wor k on norphol ogy and structure on the lanellar crystallites,
which were inportant, were incorrect. It turned out that nost of
themwere. At that tinme a |ot of ideas were being propounded
wi thout really any substantive thing. | thought the whole
subj ect was getting out of perspective. Since | knew | was going
to be noving sooner or later, | started the book in 1961 and camne

here with a first draft. The |abs weren't ready when | canme here
sol had a little cubby hole in the library and finished it up.

[ END OF TAPE, SIDE 3]
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BOANI NG How was the book recei ved?

MANDELKERN:  Originally it wasn't received too well because of
the climate. But | would say now everytinme | go to a neeting
peopl e say, "Wen are you going to put out a new addition?"
[laughter] So | feel vindicated in many ways. The only person
who really gave it a good review was Maurice Huggins (19). He
realized what | was trying to do, although he didn't agree with
everything | said. To be perfectly honest, it was really

| anbasted by several people. It sold out eventually. (They don't
make massive printings.) But it was not originally received

well. Certainly it disappointed ne. But | feel quite gratified
because it was in essence correct. It's hopelessly out of date
and | hope I last Iong enough to get around to work it over. It

has to be worked over fromstemto stern, so to speak. But |
feel quite good about it right now because when peopl e introduce
nme at a neeting, they introduce ne as the author of this book.

If you go back and | ook at sone of the reviews that appeared in
some of the journals--

BOHNI NG Wi ch ones were they?

MANDELKERN:  Well, | don't want to say. Historians can look it
up. Al | want to say is that Huggins didn't agree with ne
compl etely, but at |east he saw what | was trying to say and
wote a very objective review. There were reviews that were
saying, "This guy doesn't know what he's tal king about. He's
back in the dark ages. He should recogni ze what everybody knows
that chains are regularly folded. (Cbviously you can see themin
the electron mcroscope.” WIlIl that was a | ot of incorrect
stuff. It's all clear now where the problens are.

Unfortunately, | think we were subject for about a fifteen or
twenty year period to what m ght be called propaganda if we were
in Russia or advertising if we were in New York. 1It's one of
those things which is very sad in science.

For a long time | was sort of sitting alnost alone with
perhaps only two or three other people in the world who were
saying that this stuff just can't be right from experinental
results. Flory had one theory, and and a nore recent one sort of
wi ped out the regularly fol ded chain concept and Hof fman's
nucl eation theory. But the experinments just didn't add up to
folded chains. It was very difficult to be heard for a | ong
time. The propoganda was fantastic.

BOHNI NG What about when you were to give papers at neetings?
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MANDELKERN:  You weren't invited to give too many papers, but you
could go and give a contributed paper. They would listen to you,
| guess. But there were nmany neetings in the 1960s from which we

were just excluded. | think that history will straighten out the
past. It's all since been straightened now It was the subject
of a real advertising propaganda. It was all that one can

i magi ne to be bad about science.

There was a neeting in Germany in the 1960s published in the
Kolloid Zeitschrift. Sonmebody wote ne a letter and asked if |

woul d |i ke to come and be a chairman of a session. | said, "No.
| can't cone to Germany and be a chairman of a session on a

subj ect which | have been studying for twenty years. | have
things to say and if you think I'mnot worthy of making a
presentation, | won't cone." | went to that Bristol neeting in

1960 that Frank and Keller held. M tine got chopped away until
| had about five mnutes left to talk. That was a very difficult
period for me. But | feel quite good about things now.

BOHNI NG Were did the support conme from eventual | y?

MANDELKERN: Do you nean from science or from peopl e?

BOHNI NG Bot h

MANDELKERN:  This was the approach that | was taking. First, the
properties did not allow regular chain folding to happen, but
this was a deductive thing. This was probably one of the reasons
for the difficulties.

Secondly, chain statistics wouldn't allow regular folding.
Then Fl ory had one paper in 1962 which | think was pretty nuch
i gnored by nost of these people (20). It explained why you woul d
formthe | anellae without having to fold the chains and why you
didn't have to invokve the nucleation theory of Hoffman's to do
t hat .

Then | think the real thing that broke it open was neutron
scattering. There were several papers starting with George
Wgnall and people fromIC who showed that the radius of
generation did not change fromthat nmelt (21). They | ooked at
nol ecul ar weight relations. 1In other words, if you had a regul ar
folded chain, it's high school alegbra to cal culate what the
radi us of generation would be. They're not even close, by order
of some magnitudes. You couldn't explain that. | didn't doit,
but I think that's what turned a | ot of people who didn't want to
believe. And a |lot of people who are not involved in polyners or
crystalline polyners just |ook at things superficially. So
peopl e were not too convinced by the kinds of experinments that we
had done. But | think the neutron scattering were nore dranmatic
and nore direct. That was probably started in the 1970s.
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BOHNING In 1972 you wote a book called Introduction to
Macr onol ecul es (22).

MANDELKERN:  That was a different kind of thing. That was a

| abor of love for a different reason. Several of us had been
concerned for sone tine about the lack of an introduction to

pol ynmers (I'm not tal king about proteins and nucleic acids) in

hi gh school chem stry, and certainly on an undergraduate |evel.
The Education Commttee of the ACS Polynmer Division has a program
to do this. It used to bother ne and it still bothers me now.
One of the questions was, "How can you get students at a very
young age, seniors in high school and freshnen in coll ege, who
are interested in learning, to pick up a book like this? How can
you get themto learn that there are such things as pol yners and
macronol ecul es, that they are as interesting as argon or ethane,
and that they could be treated in the same kind of way." So this
pronoted it. | really enjoyed doing it.

BOHNI NG How was that received?

MANDELKERN: That was received very well. That was very
interesting. Several publishers | approached woul dn't touch it.
Konrad Springer has a friend on the canpus who he was visiting
one day and sonehow word got around. He popped in to see ne.
They were very nuch interested and it was a pleasure working with
Springer-Verlag in New York. This book has been well received.

| don't want to brag but all of the reviews were very favorable.

In fact, ny head swelled in some ways. It's been selling at a
steady pace. It's not adopted as a textbook but it does sell.
It ran out of the first printing and | just nade sone rel atively
m nor changes. | added a section on liquid crystal type polyners

and the work on fibers that cone fromthat, and a coupl e of pages
on genetic engineering and DNA. Rather than have them do j ust
some nore printing, | figured | would put in alittle nore effort
to make a second edition. That was quite different, since it was
very well received by both students and the faculty who teach
general chem stry courses.

BOHNI NG You al so have a paper in the Journal of Chem ca
Educati on showi ng how to introduce polyners in the physica
chem stry course (23).

MANDELKERN:  Yes. The ACS is putting out a book that is being
edited by Tom Li ppincott at the Institute of Chem cal Education
in Madison. | have a chapter in that. It's just an
anplification of that paper in the Journal of Chemi cal Educati on.
In fact, a lot of it is lifted straight fromit. But thereis a
| ot of work now going on in this kind of thing both in physical
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chem stry and organic chem stry. W have a semnar in
Gainesville in tw weeks at the |local ACS neeting on this
subject. | amvery happy with the paperback.

BOHNI NG What about your work at Florida State?

MANDELKERN:  We've covered a good part of it. Here our work has
been primarily involved in different aspects of crystallization.
A good part of it has been on what we just tal ked about - -
properties and nmechani sns, addressing this fol ded-chai n business.
During the first fifteen years, although not so much in the | ast
few years, we worked on contractile fibers. One of the reasons
that notivated ne to | eave the Bureau was that we did an
extensi ve anount of work on keratins, collagen, and nuscle fibers
sone of which has been appreciated, and sone of which tinme wll
tell.

The only thing that we did out of the general
crystallization area was some work on the conformational analysis
of polypeptides. | use the word crystallization in a very
general sense. W talk about contractility or structure or
properties of a fiber. That's a crystalline entity. W did
follow through until the last few years, when ny interests have
changed back to the synthetic polyners, the contractile fibers,
and the fiber proteins. That's one of the things that | studied

at the National Bureau of Standards. | got interested in sone of
the conformational work on pol ypeptides over the |ast few years,
but I don't know what the future holds for us. 1've been pretty

much wor ki ng on synthetic pol yners.

BOHNI NG Are there any specific graduate students of yours that
stand out ?

MANDELKERN: | don't really distinguish between graduate students
and postdocs. |'ve had sone really outstanding students. Wayne
Mattice is now noving to an endowed chair at the University of
Akron. He had been at LSU for fifteen to eighteen years. He's
quite outstanding. He cane here to work on a pol ypeptide
problem Jose Fatou is in Madrid at the Institute of Rubber and
Plastics. He and R Kitamaru, who's a professor at Kyoto, were
ny first postdocs. They came within a few nonths of each other.
Fatou is a major nover in Spanish polynmer chemstry. He's been
followi ng pretty nuch along the Iines of the work we did here.
Kitamaru has really developed in the last five or six years and
has gone into solid state NVR. He's nade some very interesting
and inmportant contributions. He didn't do that here but I'd like
to believe he learned fromhis work here. Those stand out in
terns of people who are in academa. | haven't had a | ot.
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| had Scott Zi mmerman, who's now a professor at Brigham
Young and who was a very bright student. | believe he's in
bi ochem stry there. | had Roberto Benson, who's in nateria
research at the University of Tennessee. He just noved fromthe
University of Utah in material science. A |arge nunber of ny
students are in industry here and abroad. | had a student who is
now with ATO in France, Mchel dotin, who was a recent postdoc.
He's going to be very inportant to French industry before too

long. | had a postdoc naned Arnmand Dekmazi an who | eft here about
four or five years ago. He heads up a major group at Exxon's
Li nden Labs in New Jersey. | had a postdoc in NVR, Rich

Konor oski, who went to industry working on NVR and polyners for a
while. He had a responsible position at Goodrich and has left or
is in the process of leaving to do NVR i maging. He's going to be
a professor at the University of Arkansas Medical School. | had
a student, Ricky Allen, who's with 3M | have a |ot of people in
i ndustry but | can't keep track of where they all are. They
changed around a | ot.

| had a very good student named Gary Stack who is at the
Naval Research Laboratory Branch at Ol ando. They have a | ab
there concerned with underwater problens. They have just gotten
into polymers and he's doing very well there. He's one of the
better Ph.D.s that we put out of this institution. 1 had a
student, Harry Lader, who used to be with Du Pont and actually
did his postdoc with Bill Krigbaum He is now with the Nordson
Corporation in Chio. They nmake a | ot of machinery for polyner
processing. W've gotten heavily into gels and the fell ow who
started that was a Ph.D. here naned Charles Edwards. He's in
Akron in what used to be called General Tire. | believe it is
called GenCorp. | had a very good student from Turkey naned
Ertugal Ergoz. He did sone classical work here on
crystallization kinetics. He's manager of sone rubber
manuf acturing plant in Turkey.

BOHNING Is there anthing else that is on your list that we
haven't covered?

MANDELKERN: | just made sonme notes fromyour list. | hope
made clear that | think what is inportant historically is this
scientific problemof the folded chain. | want to enphasize that

| think the issues are pretty well decided now It was
personally a very difficult, harassing situation for a long tine.
The fact that it persisted for twenty sone odd years is not the
question. The question is that it was a rather difficult

personal time for ne to keep working. | do appreciate severa
conpani es that kept ne on as a consultant and thought that I
could help them despite the fact that in the early 1960s our work
on crystalline polymers was held in disrepute. | particularly
want to nmention Exxon Chem cal Conpany in Baytown, Texas. |
think that would be a fair statenent to say.
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My book canme out at that tinme, and | feel quite good about
it now Not that |'m bragging, but | get introduced as the
aut hor of the book and everybody tells nme how nuch they read it
and how nuch they want a new edition. But |I do think for
hi storians | ooking at this fromall points of view and not just
mne, it was a very difficult period and a very bad period for

pol yner science. It was a good |esson of how controversies in
sci ence shoul d not be solved. They should not be settled by
political innuendos, by keeping people off of prograns. | don't

want to go through all of the harassnent at the Bureau of
Standards. That's not the way. The solutions just get del ayed.

| think this is a point | would really like to make. As you | ook
at these things over the different aspects, there are very
standard ways that scientific controversies have been settled
fromtinme immenorial. It doesn't have to get involved and
deprive people of things to do.

There is a very classic exanple of how two scientific
gentlemen in the same institution and the same departnent can
have a maj or di sagreenent and still go out to lunch, enjoy each
ot her's conpany, and have the problem settled in the proper way.
What |'mtal king about occurred during the 1949-1951 period. On
the subject of the intramol ecul ar excluded volunme effect, Flory
had one position and Peter Debye had the totally opposite
position. You could have sem nars where they woul d argue and
their students woul d argue and di scuss these things. It got hot
and heavy at tinmes, but it was never personal and vitriolic.
|"ve seen many tines when Debye and Flory would argue in the
norni ng and then they would go off for |unch together. They had
tremendous adm ration for each other intellectually and
personal |l y.

The way in which the problemwas solved is not inportant,
but that's the way things should be done. This is sonething I
| earned back in 1950 and | think that's the way gentl enmen and
scientists settle their affairs. They had very deep-seated
di sagreenents on whether the excluded vol une effect went
asynptotically with nolecular weight or it continued indefinitely
wi th nol ecul ar weight. That had very practical effects on how
you interpreted alnost all the solution properties of polyners.
It took a few years to get it straightened out, but it did get
strai ghtened out. To nme, that is a classical exanple.

As we | ook back at it it was a very hard experience but |
think the science is straight and that's what's inportant. And I
was al so doing other things so | kept nyself from going
conpletely crazy. | think that this is basically what | wanted
to say.

BOHNI NG Then we shall close with that. Thank you very nuch for
your tine.

MANDELKERN: Wl |, thank you for com ng down.
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