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ABSTRACT

Richard Stein starts this interview by reflecting on the New
York City schools which provided a real stimulus, especially in
mat hemati cs and science, to himand his contenporaries. At
Br ookl yn technical H gh School he took a nore vocational set of
courses, thinking that the famly resources woul d not cover
coll ege study. In the event, however, Stein was able to go to
Br ookl yn Polytechnic Institute and, under the wartine
ci rcunmstances, was able to graduate within three years, including
a productive senior project on light scattering with Paul Doty.
Stein then accepted a Textile Foundation fellowship at Princeton
University. In the three years of his Ph.D. program he worked
under a succession of three advisors; Henry Eyring, Robert Rundle
and Arthur Tobol sky. During this section of the interview Stein
descri bes the organization of graduate study in chem stry at
Princeton and recollects Eyring, Taylor, Rundle and Tobol sky. A
NRC fell owship took Richard Stein fromPrinceton to Canbridge to
work on infrared dichroi smunder Gordon Sutherland and he recalls
the austerities of life in postwar England and the primtive
facilities in the Canbridge physical chem stry |aboratories.
Soon after his return to this country Stein was appointed to an
assi stant professorship in the chem stry departnent of the
University of Massachusetts at Amherst. Stein describes his
heavy teaching | oad, how he started his research program and the
growt h of polyner interests at Uvass. The latter led to the
i nauguration of the Polyner Research Institute at UMass and Stein
reflects on the academi c interactions between chem stry and
pol ymer science. The interview concludes with recollections of
the visit of a chemstry delegation to China and also with his
vi ews on research funding.

| NTERVI EVEER

Janmes J. Bohning holds the B.S., MS., and Ph.D. degrees in
chem stry, and has been a nenber of the chem stry faculty at
Wl kes College since 1959. He was chair of the Chem stry
Departnent for sixteen years, and was appointed chair of the
Departnent of Earth and Environnental Sciences in 1988. He has
been associated with the devel opnment and managenent of the oral
hi story program at the Beckman Center since 1985, and was el ected
Chair of the Division of the H story of Chem stry of the American
Chem cal Society for 1987
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| NTERVI EV\EE:; Richard S. Stein

| NTERVI EVEER: James J. Bohning
PLACE: Uni versity of Massachusetts, Amherst
DATE: 17 June 1987

BOHNI NG Professor Stein, you were born on the 21st of August,
1925 in New York City. Could you tell me sonething about your
parents, their names and occupati ons?

STEI N: father was Isidor Stein. He is deceased now but he
was al so born in New York City, in Brooklyn I think. He was in
the wonen's clothing business. M late nother was Fl orence
Lewengood, was al so born in New York City.

BOHNI NG Where did you grow up in New York?

STEIN. In the town of Far Rockaway which is in the southeast
corner of New York City, just bordering on Nassau County. It's a
kind of interesting town. It turns out to be the sane town that
R chard Feynman, the Nobel prize w nner in physics [1965L, Prew
uE in. | got ny inspiration in science in elenentary schoo
there and I had just visited two days ago on Long Island, ny
former science teacher who nust be distinPuished, bei ng one of
the few science teachers to have two Nobel prize w nners anongst
his students. The other Nobel prize winner that was fromthere
i s Baruch Bl unberg, who got the Nobel prize in nedicine [1976L.
Baruch and | used to be chunms in elenentary school. W once had
a project of trying to nmake ?old from seawat er and we spent nost
of the sumrer lugging jars of seawater fromthe ocean up to our
own | aboratory.

BOHNI NG  Where did you first go to elenentary school? Was it in
Far Rockaway?

STEIN. Yes. It was in P.S. 39 in Far Rockaway, Queens. Then I
went to Brooklyn Technical H gh School. This elenentary school
teacher, Arthur Charlton recomended that | go there and, at the
time, it was a quality high school in New York. That and the
Bronx Hi gh School of Science were the two places to go for people
who were interested in science and engineering. So It meant
traveling twenty-five mles back and forth each day to go there,
but it was well worth doing.

BOHNING ['d like to explore a little nore this early interest



:n sFience. When did that start? Was it in the elenentary
evel ?

STEI N Yes.

BOHNING Could you tell nme nore about that?

STEIN. It probably started when |I was in about sixth or seventh
grade. Arthur Charlton had a science club and | think this was a
very effective device. It was back in the days when the salaries

of teachers were conpetitive with the salaries of doctors and

| awyers; they were in a desirable econonic state and teachers
really devoted much nore tine to teaching than they do toda

They were quality people. The science club net after school.
Every week the idea would be that the various nmenbers of the club
woul d devi se experinents that they would do for the club and then
the club would vote on who woul d get the best experinent that
week. It was a conpetition and was very inspirational.

BOHNI NG  How many people were involved in that club?

STEIN. There were about ten and at |east half of the people have
gone on to be university professors.

BOHNI NG What kind of science did you cover? Chemstry,
bi ol ogy, physics?

STEIN. The things | did were nostly chem stry oriented but it
was the kind of chem stry that appeals to people at that age,
expl osi ons, snells and snokes.

BOHNI NG Had you had any exposure to chem stry prior to that?
Was that science club and teacher your first exposure to
chem stry?

STEIN. That was one of the first. Alittle after that, in 1939,
there was the New York World Fair. | was in high school at that
time and that was a big inspiration to ne. | had a student
ticket for going to Brooklyn so the ticket also enabled me to go
into Flushln? to the Wirld Fair on weekends. | could get an
annual pass fairly cheaply that enabled nme to travel an unlimted
nunber of tines essentially, so | spent nost of nmy weekends that
year there. It was ny first taste of seeing things |ike

tel evision and automatic di shwashers and artificial |ightning.

Du Pont's exhibit of better things for better living. That nade
a very great inpression on ne.



BOHNI NG  That was 1939, so you were fourteen then.
STEIN.  VYes.

BOHNI NG Do you renmenber any of the other people involved in
this science club?

STEIN. Yes, in fact |1've kept in contact with a few of them

One of themis a professor at Rutgers University; Lionel Goodnan
is in the chem stry departnment and has done sone very fine work

i n nol ecul ar spectroscopy. Another person is a physicist, GEOr?e
Sal zman who is actually teaching physics at the Boston canpus o
the University of Massachusetts. He's interested in relativity

t heory and things of that sort.

BOHNING It's interesting because you all went in somewhat
different ways. You didn't all become chem sts. How |ong were
you involved in that science club?

STEIN. It was for ny last two or three years of elenentary
school

BOHNI NG When was this project of making gold from seawater?
STEIN: That was probably toward the end of that period.
BOHNI NG  What were you doing in trying to carry out that?

STEIN:  The first Project was evaporating the water down to
concentrate the salts but then we tried to nake separations using
essentially, qualitative analysis type procedures; precipitating
out various things in order to concentrate the gold. | think we
got just a little bit of it but it was probably the nost
expensi ve gold that was ever nade.

BOHNI NG  Where did you get the water fronf

STEIN. The ocean. Far Rockaway is right by the ocean so we
woul d go _down on our bicycles and run back with gallon jugs of
water. This was before one had polyethylene jugs. They were
made out of glass and | think we dropped a few of them



BOHNI NG What was it |ike growing up at that time in Far
Rockaway? What was your famly situation?

STEIN. It was a really nice place to grow up because it was a
much hi gher class community than it is now, populated nostly by
upper mddl e class people, nost of whom worked in Manhattan and
comuted. One could spend sumers by the seashore, fishing and
boating. It was relatively rural for being in New York City.

BOHNING Did the Depression have any affect on your famly?

STEIN:. It certainly did. father had worked his way up in
busi ness from being essentially the office boy to being president
of the conpany. The conpany nade real silk undergarnents.
Qoviously these didn't sell very well during the depression so

t he conpany fol ded and he was unenpl oyed for a few years. Then
he essentially did door-to-door sales. For a Person of his age,
this was a great drudge but he did it very well. He worked his
way back to starting up a new conﬁanK and working his way up to
an executive position again. | think this was fa|r|K hard on his

health and | suspect it led to the disease fromwhich he finally
died. It nmeant that going to college was quite uncertain for ne.
When | went to Brooklyn Technical School one had the option of
taking a coll ege preparatory course, which | didn't do. | took a
so-call ed chen1strr course which was job-oriented. It was nostly
for people who would go to work right after school which I

t hought | would have to do. But the famly pulled together its
resources and then ny sister decided not to go to college. She
worked and | was able to go to Brooklyn Poly then. That was very
fortunate but | did think very carefully about whether | would go
to college and actually interviewed for sone jobs at that tine.

BOHNING 1'd like to back up and tal k about Brooklyn Tech for a
bit. How many ot her people in your group fromyour elenentary
school went on to Brooklyn Tech?

STEIN. Not too many, only two or three.

BCHP!EG% Coul d you tell me sonething about the school. What was
it like?

STEIN. It was very conpetitive. One had to take an entrance
examto get in. In fact, | was just talking to ny ex-science
teacher about this |ast week. | was rather snall and puny and
young for the a?e of ny graduating class. | had skipped a few
grades at school. | was falrl¥ protected, particular K by ny

not her, so | had never really fared well by nyself. This teacher



felt very strongly that | should go to the Brooklyn school but ny
not her felt verY conservative about it. So he actually assigned
a big burly Italian person to act as ny bodyguard when | went
along to take the entrance exam because | had to venture into
downt own Br ookl yn which |I had never done before by nyself.

At first traveling to a Brooklyn city school was a
relatively traumatic experience for nme. But |I think it was good
for me because | had to do a lot of growing up and | cut the
apron strings fromhone a little bit.

BOHNI NG  How ol d were you when you started there?

STEIN. Normally one graduates from ei ghth grade at about
fourteen. | was twelve.

BOHNI NG  What kind of choices did you have in chem stry courses
when you started ?

STEIN. There were a nunber of options. One of these was

chem stry, another electrical, another was mechanical. They were
all technically oriented courses of an engineering type. In
fact, the chemstry course was strongly engi neering oriented.
Maybe it was good that | did this rather than take the coll ege
course because it neant that | got very good technical training
and | earned sone engineering di sciplines |ike drafting, machine

shop work, and foundry work. | got a feeling for how industry
wor ked and this has been very good background. Todaﬁ, when | go
into a factory, | have a good understandi ng of what happens.

Several years ago | was a nmenber of the first del egati on of
chem sts and chem cal engineers to go to the People's Republic of
China. W visited all sorts of plants in all disciplines of
chem stry and | felt pretty nmuch at home. |In fact, China a few
Kears ago was back where the U S. was at the tinme that | went to
i gh school so I felt very famliar with many of the things that
| saw there. In fact, it was a revel ation because one doesn't
see many of those things in this country anynore.

BOHNING Did you get practical experience in local industry in
Br ookl yn?

STEIN. We went on plant tours and drug factories at that tine.
For exanple, Charles Pfizer was a backyard operation in Brooklyn.
It was a pretty small conpany. |In fact, it was one where | took
a job interview when | graduated from high school. W were
visited them when they were just starting to manufacture drugs.

BOHNI NG Do you renenber any of your teachers who had any
specific influence on you in high school ?



STEIN: One of themwas a very good chem stry teacher, naned
Dushman. He was related to a person, naybe a brother, naned Sau
Dushman who worked at General Electric Research Lab in
Schenactady and was a | eading worker in the field of high vacuum
science. Dushman was an excellent chem stry teacher. There was
anot her person with an English background nanmed Charm n who
taught pattern nakinﬂ, how to make nolds for casting netals; he
was a very good teacher. Another teacher taught a course where
we woul d study industrial processes. | renmenber another one who
taught a course called power IaboratorK which was really a | ot of
fun, it was a laboratory filled with things |ike diesel engines
and gasoline engines. W would actually operate these and do
scientific experinments on them W would neasure their

t her rodynam c efficiencies and weigh the fuel that went in and
measure the power output. One learned a |ot of good practical
sci ence doing that sort of thing.

BOHNI NG  Where did they get their support for all of this?

STEIN. The New York City school system One thing that we did
there, | think, has a direct inplication in what |I"m doing now.
I'n1Eroducinﬁ a video course for teaching industry. At the tine,
Br ookl yn Techni cal Hi gh School had a radio station there which
was the radio station for the New York CjtY school system It
woul d broadcast prograns produced at Brooklyn Tech and these
woul d be received at various schools. As an alternative to
taking an ordinary English class, we could take what was called
radio English. W worked in the radio station; we wote scripts
and operated the station, did acting and so on. | did this and
| earned a | ot about these kinds of techniques which | think has
paid off in ny teaching.

BOHNI NG  Were the prograns technical in nature?

STEIN.  Yes. 1In English, instead of witing a thene on sone
abstract subject, one would often learn howto wite a technica
report. | think it's a pity that the quality of education at
schools like those in New York City has declined. Those kinds of
things aren't happening today. | think they have a great
influence in one's life. | got a letter ¥esterday froma

prof essor in Japan who is the president of a technical junior
col l ege in Japan which sounds to me very nmuch like this sort of a
pl ace. Probably the success of Japan today in producing

out st andi ng enﬂlneers and technol ogists is based on a very fine
education at this level. | feel it's a pity that we're really
not getting this. For the nost part students don't |earn good
science and math in el enentary school



BOHNING Could you tell ne a little nore about the chem stry?
What kind chem stry did you do?

STEIN.  Very good actually. The chenistrY courses we got were at
a level conparable to elenentary coll ege [ evel courses. W had a
course in analytical chemstry, where I think the qualitative
anal ysis that we had to do was harder than the qualitative
analysis | had to do at Brooklyn Poly when | got there. As a
result, when | got to Brooklyn Poly, the first few years were
Pretty easy because it was nostly a repeat of materital that | had
earned in high school

BOHNI NG  What kind of lab facilities did they have?

STEIN: They were quite good. There was good equi pnent that
woul d rival what one would find in elenentary | aboratories at
most universities.

BOHNING Did you take chemi stry throughout the four years?

STEIN. Yes. W had elenmentary chem stry the first year, then
anal ytical chem stry, then industrial chem stry. W had chem ca
engi neering oriented courses.

BOHNING It sounds |ike an incredible amunt of chemstry for a
hi gh school atnosphere in addition to all of the other things
t hat you descri bed.

STEIN. | would say if | were working in a conpany today and
wanted to hire soneone, | think a Berson graduating from t hat
chem stry curriculumwould nake a better enpl oyee than a graduate

of many of the |less outstanding colleges today.

BOHNI NG What was the entrance exam |l i ke?

STEIN. Simlar to the college board exans today but at a | ower

level. There was a general exam and there was one specifically

oriented to math and science. One reaIIY had to exhibit skills
e

in mathematics at the el ementary school vel, Farticularly at
probl em sol vi ng and applications of mathenmatical concepts as well

?sfunderstand|ng the scientific principles as applied to everyday
ife.

BOHNI NG What kind of math background did you get at the high
school |evel ?



STEIN. Again, it was strongly engineering oriented math. For
exanple, we had to take a course that involved surveying and this
nmeant a real strong aPpllcatlon of trh%ononetry. It was before
calcul ators were available and | remenber that | was using five
pl ace logarithns to do nmy calculations. | had a duplex slide
ruler which I still have in ny desk drawer. | had won this in a
mat h contest in high school and | still have it. Now, when
students conme in and see the slide ruler they ask what it is.

BOHNING | recently bought each of ny sons one. Qur bookstore
had found an old box that they were selling for fifty cents each
and | bought them so that ny sons woul d know what theﬁ were |ike.
As you were finishing high school, you weren't sure that you were
going to be able to go onto college and that you did sonme job
Interviews, Charles Pfizer being one. D d you interview at any
ot her places as you were finishing up high school ?

STEIN. Yes. 1've forgotten what the other conpanies were but
they were nostly conpanies in the New York City netropolitan, or
New Jer sey area.

BOHNI NG.  What was the turning point in your bein% able to go to
coll ege? And why did you choose Brooklyn Pol ytechnic?

STEIN. One, the reasons | considered Brooklyn Poly is that they
had a very extensive eveni ng school Frogran1 | think their
eveni ng school was better known and | arger than their day school.
One advantage of going there is that it would have been possible
to suppl ement one's inconme by working during the day. | actually
didn't do that, ny famly support was such that | didn't need to,
but | still would take a ot of ny courses in the evening which
set days nore free to do research types of things. It was
actually during the war and as a result that the popul ati on of
the day school was fairly low. The professors were involved in
mlitary projects and there was a lot of flexibility in the
education which | think was a big advantage. One could work on
project oriented things and spend a [ot of tine during t he day
d0|n? that. For exanple, | worked on a project for the Arny that
i nvol ved devel opi ng pol yvinyl chloride coated fabrics that were
used for Arny raincoats and gun covers in the Pacific |andings.
One of the concerns was the degradati on of these by sunlight.
Actually, | renmenber taking some of these into the |aboratory of
the New York departnent store, R H Macy, because they had a
fadeoneter. That was a carbon arc device for testing exposure of
sanples to strong sunlight. | would go there during the day to
see how well they would stand up to irradiation. There were many
projects of that sort going on.

One of ny acquai ntances there was Sam [ Sanuel ] Krimm who is
now a professor at the University of Mchigan. He's been head of



t he bi ophysics departnent there and he's the professor who
recommended to us Shaw Ling Hsu, who is now a professor here in
spectroscopy, and who was Krinmm s graduate student. | got to
know Sam at Brooklrn and we were quite strong buddies. CQur
careers have paralleled each other quite a bit since then. Sam
was al so working on a mlitary project with Roland Ward, who was
a professor of iInorganic chemstry and the person that taught ne
freshman chem stry at Brooklyn Poly. Ward subsequently becane a
prof essor at the University of Connecticut. Samwas working on a
PrOjept at_deveIoE|ng phosphors for the Navy. These were used

or signaling back and forth between ships during the war so that
radio signals wouldn't be intercepted by submarines. The
phosphors that woul d gl ow when hit by infrared radiation so they
woul d be able to convert infrared into visible light. A project
simlar to the sniperscope which enabled soldiers to see in the
dark. Samwas involved with Roland Ward in the devel opnent of
t hese phosphors for this program

BOHNING |'mnot clear what year you started at Brooklyn.
STEIN: | graduated from Brookl yn Techni cal H gh School in 1942.
Then | graduated from Brooklyn Poly in 1945. So | managed to

finish four years of college in about two and three-quarter
years. The reason for that was that, in the day school, nost of
the students were in the Arny Specialized Training Program the
ASTP, and civilian students Just got tagged onto this program and
took the sane course curriculum O course, the soldiers didn't
get the summer vacations off, so we just went round the clock in
our training, and as a result we got done in a fairly short tine.

The program was sort of unconventional. | renenber taking
physics | and thsips Il sinmultaneously. | conplained to the
regi strar that physics | was a prerequisite for physics Il. He
| ooked at ny programand said, "Well, you' re taking physics | in
the norning and physics Il in the afternoon, so that's okay."

[Laughter] That was typical of the types of things that went on
t here.

At Brooklyn Poly, | proofread a manuscript of Turner's
[Al frey] book on nechanical properties in polymers which was a
very significant book in polynmer science.

BOHNI NG Before we get to Turner: when you went to Brooklyn
Poly, did you sign up as a chemstry magjor? |'mnot clear as to
what your choices were at that tine.

STEIN: Actually, | started out in electrical engineering. Then
| changed to chem cal engineerinP and then to chemstry. |
suspect if | had stayed in school |ong enough, I mght have
becone a physicist. [laughter] | think that was good too
because it nmeant that | got sone training in a variety of fields
and | think the name of the gane in science today is
interdisciplinary activities. | think I got introduced into



interdisciplinary thinking fairly early in ny career.
BOHNI NG  What reasons were there for your making these changes?

STEIN: | think maybe seeing the artificial lightning and all of
those things at the World Fair inspired nme quite a bit. | was

| ooking at my el ementary school yearbook recently and | noticed
at that tinme choice of a career was to be a tel evision
engineer. | think this m ght have been influenced by ny
fascination with television at the Wrld Fair. O course that
was before solid state el ectronics got started. | did very well
in electrical engineering. | probably had the best grades of
anyone but | got a little bit bored. | think it was nostly
conventional electric engineering at the tine and there wasn't
anyt hing too exciting going on. | found chem stry nore

i nnovative. There were nore thin?s to do but yet | had the

engi neeri ng background from Brooklyn Technical H gh School. So
ny entrance into chem stry was through chem cal engineering.

If the U S. had been on the netric system| mght still have
been a chem cal engineer, but | got disgusted with pressures in
pounds per square foot and BTUs. | thought that chem stry was

much nmore logical with the netric system Consequently, |
abandoned engi neeri ng.

BOHNING Can you tell me sonething about the facilities at
Br ookl yn Poly at the tine?

STEIN: It was back when they were on their LivinPstone Street
canmpus. The buildings were pretty ancient and falling apart. W
research was done in what was called the South building, a
converted norgue which still snelled of formal dehyde. One of the
di scussions at the tinme was whether the building held an

el ectrical conduit up or whether the electrical conduit held the
buil ding up. [laughter]

BOHNI NG  What kind of chem stry were you doing? Even as an

el ectrical engineer, | would assune that you were takinP gener a
chem stry, and that was a repeat of the qualitative analysis that
you had done in high school

STEIN:  Yes.
BOHNI NG  When did you start getting into some new chem stry?

STEIN. The general chem stry course was one that was given by
Rol and Ward who was a very good teacher. | think that |ivened up
nmy interest. | took a physical chem stry course taught by an
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ol der professor by the name of Benjamin Caldwell. It was a very
conventi onal physical chem stry course, but | had sone verg good
| ab instructors. |In fact, it turned out that one of ny la
instructors in organic chem stry at Brooklyn Poly was Sidney
Siggia. He has since becone an anal ytical chem stry professor
here. It was interesting in that I was on the conmttee which
hired himas a professor when he had been ny instructor.

As | mentioned the courses were very flexible. 1In physica
chem stry lab, we could essentially do research rather than doing
experiments fromthe |ab manuals. So instead of doing lots of
little experinents, we did about two things during the senester
that were sort of mini research projects.

BOHNI NG Do you recall what you were doi ng?

STEIN.  Yes, | do because it was a kind of a marriage between
with ny interests in chenistr% and electricity. | had done an

el ectrochem stry type research project in which we were trying to
deveIoP el ectrodes for analrsis. W were | ooking at things I1ke
the silver electrode for hal ogen analysis. | nmade up sol utions
and m xtures of various halide ions and tried to see how | could

anal yze these. It was kind of fun and as a result of that, |
al nost becanme an el ectrochem st.

BOHNI NG  That |eads to nmy next question. \Wen did you first
becone interested in polynmers?

STEIN: One of the good things that they had at Brooklyn Poly was
that you were required to wite a senior thesis. | elected to do
this under an anal ytical chem st possibly as a result of the
physi cal chem stry course by Glbert B. L. Smth. One of Smth's
Interests was the use of electrochemstry for analysis. | was
just working for himfor a short while en he becane ill and
consequently, he gave up teaching for that year and | had to find
a new thesis adviser. Raynond Kirk, who was head of the
department, suggested that | mght try working for Paul Doty who
had just cone out of graduate school at Colunbia, the one that
Bruno Zimmwas in. | suspect | was one of the first students
that worked with Doty. Paul had gotten his Ph.D. at Col unbia as
had Bruno where they worked with guys like Joe [Joseph E.] Mayer
and Victor LaMer.

It was in the early days of doing good ﬁhysical chem stry on
pol yners, neasuring nol ecul ar weights, and things of that sort.
Paul Flory had just published his work on thernodynam cs of

pol ymer solutions. One of the things they used to have at
Brooklyn at that time was the Saturday norning semnars. Just
about that tine Peter Debye gave a sem nar on his new |ight
scattering nethod for neasuring nolecul ar weights, which he had
devel oped as a result of the Rubber Reserve programduring the
war. | n naking synthetic rubber there was a need for new nethods
of measuring nol ecul ar wei ghts of polyners. Debye had recalled
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Einstein's work on the fluctuation theory of light scattering and
applied this to studying polyners in solution. W heard this
sem nar _and | had this encounter with Doty and Zimm shortly after
that. They suggested that perhaps | could use this nethod for nY
senior thesis, which | did. It was one of the first experinmenta
papers in studying materials using that technique.

BOHNI NG That was the cell ul ose acet at e?

STEIN. The paper published in the Journal of the Anmerican

Chem cal Society was the cellul ose acetate work (I). At about
the same tinme T had a paper on the classical theory of |ight
scattering that was coauthored with Zimnmand Doty (2). It was
publ i shed in volunme one of the Polyner Bulletin, which |asted for
one year and was the predecessor for the Journal of Polyner

Sci ence which got started the next year. ESsentially that got
writien because in preparing a background chapter for ny thesis,

| had to find out at the theory was all about and | worked
pretty closely with Bruno Zimmin trying to understand it. That
was a great experience for ne because | really knew nothi ng about
statistical nechanics when | started. It was a wonderful way to
| earn sonething about it. Witing that article was a very good
educati onal experience for me. | still |ook back at that
article. I'mstill pleased by it. | renenber Debye was very
intuitive in the way that he ﬁresented things. He often gave
results of his work without show ng how they were derived. In
fact, | remenber that, having witten to find out how he got sone
of his equations, | don't think he remenbered any nore but
referred me to one of his students to provide the details. At
the time Zinm Doty and | wote this article, we wanted to find
out the derivation of the Debye equation for the scattering from
a random pol ymer coil which is still used today. |I'musing it
this very day for neutron scattering of polyner coils. Debye
gave the result but at that tine, had never published the
derivation of it. | wanted to find out where it canme from and
Zimmand | re-derived it essentiallr starting fromscratch. That
was good training because | really |learned how to do things that
way.

BOHNI NG  Had you taken anﬁ mat h courses in your early days at
Poly so that your math background was adequat e.

STEIN. Yes. | feel that |earning math and science together is a
very valuable thing to do. It nakes math much nore realistic. |
essentially wanted to |learn math because | needed it. | had
roblens that I needed math for. Consequently, | was driven to
earn the math. | renenber that | bought a book by Farrington
Dani el s, Mathematical Preparation for Physical Chenmistry (3),
while | was 1n high school because I realized that T needed
calculus and | didn't know any cal culus. M first cal cul us was
what | |earned by nyself fromthat book.
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BOHNING | have a copy of that book too. Can you tell me nore
about Doty and Zimf You were an undergraduate and were
finishing up your senior thesis.

STEIN.  Yes. Well they were young, enthusiastic, and they were
both involved in these mlitary projects too. Brooklyn was
really a very exciting place because Tobol sky and Stockmayer and
people like that were comng in and out. There were really

I nportant people doing work in polynmers who were going through
there. It was very crowded and everyone was worKking evenings.
Lab space was very tight so you didn't get assigned a |ab bench
but you were assigned a |ab bench between such and such a tine.
It was good training for ne when | cane to Uvass because UMass
was at about that state when I first got here. Many peopl e when
they cane here at that tine were aghast and nore or |ess gave up
but | didn't feel so very discouraged because | was used to
working in that sort of environnent. | knew that | could do good
work even if the conditions weren't ideal.

BOHNI NG  When did you neet Hernan Mark?
STEIN. During the tinme that | was an undergraduate.

BOHNI NG Can you tell ne something about himat that tine?

STEIN. He was the father figure there. | had never really taken
a formal course with himbut | would hear himlecture and see him
in action. He was the reason why people would cone. | renmenber

one of the things that happened while | was there. W had sone
Russians visit. This was close to, if not durin? t he period of
McCarthyi smand there was a | ot of anti-Russian feeling. At that
time Russia very nuch restricted travel and Americans were
prohibited fromvisiting certain cities in Russia. As a
retaliation, the State Departnent prohibited the Russians from
visiting places in the U S. and one of them was Brooklyn, but
they could conme to Manhattan, so we had di scussions via the
subway. W had to travel to Manhattan to see our Russian
visitors. [laughter]

BOHNING Did Herman have any influence on you?

STEIN. Sure. He was |egendary. He was a fascinating guy. A
much nore morldlﬁ person that I had known, someone who did so
many different things about this tinme. There was an article
about his Iife in the New Yorker (4).
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BOHNING Did he cone through the | abs when you were there?

STEIN. Yes. He was extrenely energetic and active. He knew
everyone.

BOHNI NG The war was drawing to a close at the tine that you
finished your studies. What were you |ooking at in ternms of
career choices?

STEIN: To conme back to Herman Mark, | think one of the things he
did was to start the Polynmer Research Institute at Brooklyn. |
remenber in this New Yorker article they said, "How did you get

t he Pol ymer Research Institute started?” He said, "Well, the
first thing | needed to do was to create a |letterhead and that
was about all that Brooklyn Poly could afford."” That was
sonething | remenbered when | cane here. | started a Pol yner
Institute here and I think I followed his exanple. | created a

| etterhead and we sort of pulled ourselves up by our bootstraps.
observing himin action and how he got things done was a good

| esson to ne. Doty and Zimm and Mark and so on all encouraged ne

to go onto graduate school. | had considered Col unbia and al so
Cornell. I think I had fellowship offers fromthose two.
Tobol sky was at Princeton at the tinme. | had traveled from Far

Rockaway into Brooklyn through the four ¥ears of high school and
three ¥ears of college and | was tired of the conpetitive, hectic
life of New York CltY. Going to look at Princeton inpressed ne;
as conpared to Brooklyn it seened to be a little bit of heaven.

| think that is what sold ne. | actually went to Princeton and
elected to work with anrY Eyring at the tine. Eyring had been
the director of the Textile Institute and offered ne a fell owship
at the Textile Research Institute, which | accepted.

BOHNI NG  How did you make that contact with Eyring?
STEIN:  Through Tobol sky.

BOHNI NG Could you tell me sonething about that arrangenent.
There was a Textil|e Foundation.

STEIN. | think the Textile Foundation got started as a result of
the U S. taking over sone of the patents from German conpani es
during the war. This went into a fund and part of that fund set
up the Textile Foundation. One of the Textile Foundation's
endeavors was to set up the Textile Research Institute
Laboratory, which was a |aboratory independent from Princeton

Uni versity. They had a building which was in a forner estate on
Lake Carnegie, about a mle away fromthe canpus. They would
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of fer fell owships to about five students a year who coul d pursue
Ph.D. studies at Princeton University, work with a Princeton
professor for their thesis work but on a problemrelated to the
Textile Institute's goal, which is what | did.

BOHNI NG  Eyring was associated with. ..

STEIN. Eyring was the director of the Textile Institute. In
fact, when | cane to Princeton, the Textile Institute was set up
in the Frick Laboratory before they had the separate buiIdinE.
During my first year, they noved out to their building on Lake
Carnegie. W were very intimately involved because Henry Eyring
was a very econom cal soul and the way we noved was that we
rented a truck and all of the graduate students noved the

| aboratory equi pnent out to the new building. | renenber the
road was an old dirt road that was filled with ruts and puddl|es.
Eyrln? was a Mornon and lived a very parsinonious life. He had a
coal furnace in his house and every norning when he cane into
work he would bring in a barrel of ashes fromhis furnace, stop
on his way in to work and dunp the ashes in one of the nudholes.
[l aught er

| renmenber when | first arrived at Princeton I fell under
the clutches of George Hal sey, who is now a professor at the
Uni versity of Washington. He was also working with Eyring.
George was a very peculiar person. He got kicked out of
Princeton for a while because George thought the only books in
chem stry that were worth reading were the collected works of J.
WIllard G bbs and Statistical Thernodynam cs by Fow er and
Guggenhei m (5). The organic chem sts at Princeton, particularly
Everett Wallis were not too synpathetic with that deal. GCeorge
didn't do very well on the organic qualifying exans and as a
result, he got thrown out of graduate school and only got back
after he repented a bit. George was very nuch of an individual
he was sort of a child prodigy. He took nme over to Nassau Tavern
for lunch every da%. | was pretty naive when | first came and
t hought this was the tYpicaI behavi or of a graduate student. |
soon |learned differently. Henry Eyring would bring his peanut
butter sandw ch and aﬁp e into the laboratory to have his |unch
and George would ask himto watch our apparatus while we went to
Nassau Tavern to eat lunch. After a few weeks of this, | |earned
that this was not normal behavior.

BOHNI NG  How nmuch of an interaction did you have with Eyring?

paper with Eyring and Halsey (6). W tried to apply absolute
Fegctlon rate theory to the mechanical properties of textile
i bers.

STEIN. Quite a bit. M first Eaper at Princeton was a joint

BOHNI NG  What kind of a person was he to work for?
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STEIN. Extrenely informal and enthusiastic. He was very
inspirational. Eyring canme froma western background, he was
born in Mexico and he actually started out in mning engineering.
According to his own story, he chan%ed to chem stry because he
was afrard the rocks would fall on his head in a mne. |
remenber that in his statistical thernodynam cs course he started
out by showi ng how you would cal cul ate the partition function of
a horse. But that was the approach he would take. He was very
ent husi asti ¢ about absolute reaction rate theory to the extent
that he would try to explain how evethhing in the world worked
its basis. Before he cane in to teach a course we would draw an
activation energy di agram on the bl ackboard and then Eyring woul d
just conme in and fill in the details of a different problem
remenber one of the things that had a great inPression on ne. He
said, "Gve a theorK for everything. You should always do an

e

experiment with a theory to guide you. It's nmuch better to do an
experiment guided by a wong theory than gui ded by none at al
because then the experinment does sonething for you. |If the

theory is wong, the experinment proves it's wong and then you go
on to correct the theory, whereas if you don't have any theory,

t he experinment may not do anything." | think there's alot o
truth to that and |'ve repeated that story to students on many
occasi ons.

| renmenber Presenting a paper at a scientific neeting, the
Ameri can Chem cal Society neeting in Chicaﬂo. I went there by
train fromPrinceton, traveling by overnight train with Henry
Eyring. W shared a room and nost of the night was spent with
Eyring trying to convert ne to Mornmonism [l aughter]

BOHNING | thought you were going to say that you were talking
about absolute reaction rate theory.

STEIN. | remenber going to another neeting with Bob [Robert E. ]
Rundl e who | worked with after Eyring left. He was a

crystal | ographer. 1 also shared a roomw th himand spent the

ni ght analyzing the space groups of the wallpaper. In those days
when you had to share roonms with your professor, you had a good

| earni ng experience which the students m ss today.

BOHNING | neant to follow up on Turner Alfrey before. You said
you proofread his book. D d you have any other interaction with
Turner at Brookl yn?

STEIN. Yes. | discussed research with him One of the
i nteractions nost people at Brooklyn had with Turner was drinking
wth him He was a great beer guzzler.

BOHNING Did he extend that to a wide circle of people?
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STEIN.  Yes. Turner was an extremely informal guy. | renmenber
that we invited himto Princeton to give a semnar. After the

sem nar he di sappeared and we wondered what had happened to him
Well, it turned out that he went to Trenton to drink beer with

t he stockroom keeper. [laughter] Turner wasn't too sel ective.

He woul d be chummy with anyone. He was a very informal guy.

A person who worked with Tobol sky when | was a graduate
student was Bob [Robert B.] Mesrobian. Afterwards he went onto
Br ookl yn Poly, so that sort of conpletes the cycle. Mesrobian
subsequently becane vice president of Continental Can. 1In the
nmenorial book for Turner Alfrey that Ray [ Raynond F.] Boyer
edited (7), there were many Turner Alfrey stories and one of
t hese was involved with the fact that he and Mesrobian had a bet.
They used to play pinball together when they were at Brooklyn
Poly. They woul d bet beer but Turner was nuch better than Mes
and | think at the end of their stay at Brooklyn together Mes
ended up owi ng Turner sonething |ike 2000 cans of beer. Wen Mes
becane vice president of Continental Can, his conmpany was
consi deri ng canning beer. They were testing the canni ng of beer
and ended up with a | arge nunber of cans of bad beer. Mes
t hought that this was a wonderful opportunity to pay back his
debt. He had a truck unload 2000 cans of beer on Turner's
doorstep. [laughter]

BOHNI NG  WAs Turner's conment to that ever published?
STEIN: The story is in this book that Ray Boyer got together.

STEIN. Oher stories about ny Princeton experience: one involved
interacting with SamKrimm Sam cane to Princeton and he al so
worked wi th Arthur Tobol sky. W overlapped for a xear_and
publ i shed a paper together (8). W built one of the first x-ray
diffractoneters together. Then | went on to Canbridge for
postdoctoral work with Sir Gordon Sutherland. Gordon canme to

M chi gan and Sam t hen worked for himtoo. As a result Sam becane
a professor at M chigan fromwhich Show Ling Hsu graduated and
came here to UMass. Another connection is George Hal sey, who
becane a professor at the University of WAshington and Frank

Kar asz, ois in this departnment, got his Ph.D. at the
UniversitK of Washi ngton where he was working with George Hal sey.
So there have been a | ot of interconnections.

BOHNING What was it like at Princeton at that time, in terns of
the courses that you had to take?

STEIN. Princeton was a very selective sort of place, with a very
fine group of students. One of the people who had graduated from
t hat departnent was Bill [VVIllan1C1f Baker, who subsequently

17



becane vice president in charge of Bell Labs and a presidenti al
sci ence adviser. Jack [John D.] Hoffman, who becane head of the
Materials Institute of the National Bureau of Standards, was a
classmate at that tine. Julian G bbs was there; he becane
president of Anmherst College. So there were nmany good

associ ations that canme fromthat period.

Somet hi ng one had to do there which had its effect on ny
teaching was the system of research proposals which, at the tine,
was fairly unique. 1In addition to passing qualifying
exam nations, a graduate student had to propose sone origina
research. At that time, you had to make ten of these research
proposals, and three-quarters of themhad to be in fields
different fromyour own SPeciaIty. These had to be ten origina
i deas and the final examfor your Ph.D. was really not an exam on
your thesis but on these research proposals; the whole faculty
woul d conme and these would include specialists in all areas so
the candidate really had a good going over. Actually, about half
of my research proposals turned out to be subjects on which
subsequently did research and wote Papers. So it was extrenely
good training. Princeton subsequently decided that this was too
tough a test for students and | think they cut it down to two or
three ﬁroposals. But as a result of ny experience, | recommended
that this be a requirement here, which it Is nowin both the
chem stry and pol yner science departnents.

BOHNI NG  How many do these students have to do?

STEIN. We originally had two in polynmer science, but now we have
cut it down to one.

BOHNING That's quite a change, ten conpared to one.

STEIN: Yes, it is. Getting those ten together really was quite
a hard test. One of the advantages was that you had to
continually be alert for ideas for original research. It changed
one's point of view. Wen you got to a sem nar, you would al ways
be hunPry for ideas for one of these proposals. Everytine a new
journal would conme out, a student would rush to ook at it to get
some ideas. It devel oped sone good habits.

BOHNING Do you think that only asking people to do one today
provides the effect that you want?

STEIN:  You always think that Kou had thi ngs tougher when you
were younger. We did. | think we're being nore lenient and I'm
not sure It's entirely good. 1In a sense students are |leading a
easier life than we had back then. | renenber Hugh Tayl or was
head of the departnment then and he was a tyrant. He had a rule
t hat graduate students couldn't get nmarried and if they got
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married, he decided that they didn't need a fellowship and he
took the fell owship ama%. After the students passed their exans
theY woul d make songs about the faculty nenbers. The one about
Tayl or was,

"Here's to Taylor, Hughie Stott,
Says his graduates nmarry not,
So they nust lead a life of sin,
Until they get their theses in."

Then when the @ Bill students canme along, there was a changed
| ast verse which was

"But now the Arny foots the bill

So Hughie lets thembring their Jill." [laughter]
That was sort of typical. | renmenber George Fblser_and
i ve on an

%oing to Henry Eyring and telling himthat we coul dn't
800 per year fellowship. W needed an increase to $1000 per
year. That was typical of the life that one had to |l ead. One
couldn't afford a car. |If you did get married, the only way you
could afford it was if your w fe worked.

BOHNI NG Just by conparison, what are your fellowships here at
UMass t hese days?

STEIN. We're going up from $9500 to $10,000 in Septenber. And
now t he average graduate student is married; and they have cars.
Many times they have better cars than their professors. The
l[ifestyle is different. | went back to Japan as a Ful bri ght
fell ow about fifteen or tmentY years ago and | found at that tinme
that life in Japan was a little bit like life was back when | was
a graduate student. It was sort of |ike steﬁping back in society
twenty years, when Beople were working real hard, were hungry for
educati on and when becom ng educated was your means of inproving
your status in life. 1In a sense, going to China a few years ago
was anot her repeat of this same experience, seeing people going

t hrough these same stages of devel opnent. Maybe the fact that

t he best graduate students in this country today are the
Oientals is possibly a consequence of that. Back when | was a
student, the Jews were essentially the people who were nmaking it
in school. People have comrented that today the Orientals are
the Jews of our society.

BOHNI NG  When did you switch to Tobol sky?

STEIN. After ny first year, Henry Eyring decided to | eave
Princeton and go to Utah as dean of the graduate school. He did
this because of his Mdrnon association. He was one of the

| eaders of the Mornon church and he took Mornonism ver
seriously. He invited ne to go along with him but | felt that
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Utah was nore of a step than | wanted to take. Princeton was
then a mecca of science; people |like Einstein and [J. Robert]
Oppenhei mer and [ Eugene P.] Wgner were all there, whereas U ah
was out in the Wld Wst. Even though it neant changi ng

thesis, | didn't want to nove although | had the probl em of what
to do next. | thought seriously about changing schools. |
actual Iy went uP to Cornell and interviewed with Debye. He
offered me a fellowship and | thought very seriously about
accepting it, but I would have had to start again and take nore
qual 1 fying exans. | decided that that wasn't worth doing.

At that time, Bob Rundle cane to the Textile Research
Institute fromlowa. He was an x-ra¥ diffraction specialist. |
didn't know anything about x-ray diffraction but thought it was a
good chance to learn sonmething new, so | elected to work with
him so | changed fromEyring to Rundle. W got in an x-ray
diffractoneter as there was no x-ray diffraction at Princeton up
to that time. W set it up and started doing sone el enentary
x-ra¥ diffraction work. | |earned sonme crystallography. One of
the first things that we did was a x-ray diffraction study on
starch, because com ng fromlowa, Bob Rundle was interested in
starch chem stry. He had cone froman agriculturally oriented
departnent. We published a paper together on the starch-iron
conmpl ex (9).

BOHNI NG  That was an interesting paper.

STEIN. After a year, Bob Rundl e decided that he really liked
lowa and went back there. So |I had to go through all this again.
| started on ny third thesis with Arthur Tobol sky. | nanaged to
get out of Princeton in three years despite having to work with
three different thesis advisers. It was a good experience but
one that could have been discouraging. | began to wonder whet her
it was nme that nmade all of these people |eave Princeton

[l aughter]

BOHNI NG You started Princeton in 1946?
STEIN.  Actually, in the fall of 1945.
BOHNI NG  Then you got your Ph.D. in 1949.

FTFIN: | actually left in 1948. M degree was awarded after |
eft.

BOHNI NG  So you only had three years there?
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STEIN:  Yes.
BOHNI NG  Tell me sonething about Tobol sky.

STEIN. He was one of this Colunbia group along with Doty and
Zi mm

BOHNI NG  So you al ready knew hi n?

STEIN: Yes. Tobol sky also had worked with Henry Eyring and he
had gotten his Ph.D. with him Tobol sky was an undergraduate at
Col unbi a, so he was an undergraduate at the tinme that Doty and
Zimm were graduate students. Then he cane to Princeton and
worked with Henry Eyring. He was schooled in the Eyring
tradition so changing to himwas a natural. He was building up
his group in polyner science and it was at the tine before he got
very busy so it neant that | could easily interact with him |

t hi nk one of the reasons | decided not to go to Cornell and work
w th Debye was that Debye was obviously a very fanmpus person; |
got the sense that the students of Debye didn't work very closely

wth him | enjoy a close association with a faculty nmenber and
| had that with all of the people that I worked with at
Princeton. In the latter part of Tobol sky's career, when he

becane busy and fanous, he probably wasn't as good a person to
work with as when | worked with him

BOHNING | noticed in one of the papers that there was a
Pl astics Laboratory. Did the Textile Institute continue at
Princeton and what is their relationship with the Plastics Lab?

STEIN. That was a different endeavor but the Textile Research
Institute is still there. It's changed in its nature. Eyring
was the first director of the Textile Institute and after he
left, Jack [John M] Dillon becane its director. He was a very
different sort of person. Eyring was nostly a scientist but a
horribl e busi nessman so that the finances and organi zation of the
Institute were prettg chaotic during Eyring's reign. But | think
the science was the best that ever went on there. | know that |
spent nost of ny time trying to convince the textile Feople t hat
before we | ooked at textile fibers, one ought to real Y
under st and what | thought was the sinplest polyner, polyethylene.
I managed to get the Textile Institute to support nost of ny work
on polyethyl ene during the course of ny career

Dillon was a very industrially oriented person and ran a
prett% tight ship froman organi zati onal point of view, but
probably wth |less inspiration in science, although he was one of
the people who got the Division of Polyner Physics of the
Amer 1 can Physical Society going. He was a pretty reputable
pol yner scientist and there is nowthe Dillon award which is an
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award to a young pol ynmer physicist. Now Luddie [Ludw g]
Rebenfeld is the director of the Institute and | think the
oriFntgtion of their research is nmuch nore industrial and
appl i ed.

The Plastics Laboratory was sonmething that got its start
with Louie [Louis F.] Rahmin the nmechani cal engineerinﬂ
department. One of the people who worked with Louie Rahm then as
a student was Bryce Maxwel |, who | ater devel oped a pol yner
engi neering programat Princeton in the chem cal engineering
departnent. Again this is an interesting evol ution because one
of ny students, Garth WI kes, who's now a professor at Virgina
Pol ytechnic, went to Princeton as a faculty menber and worked in
t he polymer program Then he left Princeton to take up a good
position at VPl and has built up a strong polymer programthere.
Then he was foll owed by another one of ny students, Jeff [Jeffrey
T.] Koberstein who had cone to nme from Wsconsin where he had
worked with Stu [Stuart L.] Cooper. Fromhere, Jeff went to
Princeton and spent a few years there, but |ast year he |eft
Princeton and went to the University of Connecticut which,
think, has a departnent that's on its way up in polyner science.

I and several others who have been alummi of Princeton are
concerned about the fact that the polynmer effort at Princeton may
be dyi ng because of the various people who have left. Tobol sky
never got replaced in the chem stry departnment. Maxwell retired
and W/l kes and Koberstein both |eft because | think both of them
felt that they weren't receiving adequate support and
encouragenent in the chem cal engineering departnent at
Princeton. So a group of us, Bill [WIliamJ.] MacKni ght from
our department here, who is a Princeton al umus and who al so
wor ked wi th Tobol sky, and Shiro Matsuoka, who was a Maxwel |
student and is now at Bell Labs, and Jack Hof f man, who was
Charlie [Charles P.] Snyth's student in Princeton and was at NBS
and is now at MM and building up what |ooks |ike a grow ng
pol ymer programthere. W all went and visited with the new dean
of engi neering, Hi sashi Kobayashi, at Princeton to express our
concern. W also talked wwth Bill [WIlliamR ] Showalter who had
been head of the chem cal engineering departnment at Princeton.

We hope it had sone inpact but we don't know.

BOHNING It would be a shane to see that happen.

STEIN. It's so easy for a departnent to decline and so difficult
to build one up. It's a pity to have sonething had been so good
di sappear.

BOHNI NG  Does the Plastics Laboratory still exist?

STEIN:  Yes.

BOHNI NG That's in nmechani cal engi neering?
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STEIN. Yes, it's been absorbed in that departnent. It becane a
pl astics programin nechani cal englneerlnﬁ and the plastics
program ki nd of got integrated into the chem cal engineering
Erogran1so it has |ost sone of its |dent|tY: | think seeing what
as happened there and al so seeing the decline of Brooklyn POIY
as a leading place after Herman Mark retired and Charlie [Charles
G ] Overberger left, has taught ne sonethi ng about what ought to

be done here to prevent a simlar thing from happening. | hope
I"'mdoing things in a way to preserve the polyner group here so
that it will not decline with ny and other people's |eaving, that

will be a self-perpetuating organi zati on.
BOHNI NG  What kind of steps did you take to try to assure that?

STEIN. | have less of a cult of personality, so it is |less
centered about a single person. | think that's very inportant.
Br ookl yn was so centered about Herman Mark and Princeton was
centered about Eyring and then Tobol sky, that when they went, a
%ap!ng hole was left. Al so, building up at the young [ evel,
aving a strong base so that there were people prepared to fill
in when others left. | think I'"mvery encouraged here where we
have an excel |l ent group of very fine young people. | have no
concern about their maintaining the integrity of the place as
long as Uvass is snmart enough to keep then1hany by provi di ng
themw th the wherewithal so that they don't |eave us.

W' ve had three ﬁresidential young investigators in the
grouE and | suspect there are very few groups in any university
In the country that have had three presidential young
i nvestigators anong their young scientists.

BOHNI NG  How do you find the attitude of chem stry departnents
bot h here and el sewhere?

STEIN. | think the attitudes both here and el sewhere have been
very conservative. |I'mstill a menber of the chemistry
departnent here even though | got the ﬁolyner sci ence depart nent
started. | felt that polyner science has a place in chenistr¥
departnents and consequently, | elected to stay in chemstry for
this reason. Yet chem stry departnents have not been very
encouragi ng toward the growt h of polyner science or, for that
matter, any other highly applied area of chemstry. Wwen | first
came to Uwvass, cheni cal eaﬁlneering was part of chemistry. There
was no biochenmistry, but en it developed later, it did so
within chemstry. Ernie Lindsey, who became head of the cheni cal
engi neeri ng departnment was a nenber of the chem stry departnent.
Then the head of biochem stry cane in and he was a nenber of the
chem stry departnent. | got polymer science started within

chem stry. But all of these were parts of chemistry and | think
all of themfelt frustrated in their attenpts to develop wthin
chem stry. They all split off eventually to become separate
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departments, each of which is as large and as illustrious, if not
nore so, than the chem stry departnent. So | feel that chem stry
has really nmade a mi stake in not encouraging its children to
develop wthin its own walls. Maybe it's been a m stake for

chem stry, but healthy for some of these subfields that chem stry
departments have served to nurture many of these fields which
have since gone out and grown uE and beconme very good in

t hensel ves. That has happened here as wel|l as at nanY ot her
places. It's still a runnin% battle. How much is polymer
science going to develop within chem stry departnments? |t hasn't
in very many departnents.

BOHNING It seens as if polyner science has found honmes in
departnents other than chem stry on nost canpuses. Recently nore
i n engi neering than anywhere el se.

STEIN. That's right. 1In a sense, this has been a difficult
probl em here because when the pol ymer group got going here,
the only po&%ner person in chemstry. | suspect that if they
under st ood at polyners were, they never would have hired ne
here in chemstry. [laughter] |In the beginning part of ny
career | built up a polymnmer group here and we hired Bil

MacKni ght to be the second pol yner person in chemstry. It
becane evident that polyners could not develop just wthin
chem stry. | saw the need for input fromother disciplines, |ike
chem cal engineering, and the need for interdisciplinary
activities. | proPosed that we have a polyner institute,
Iearnln? a |l esson fromHerman Mark. This got apﬁroved by t he
board of trustees of the university through the help of John
Lederl e, who was president of Uvass at the tine. It was a device
that got readily approved because it didn't take any significant
budgetary support. W got an agreenent fromthe board of
trustees that we could get a portion of the overhead kicked back.
At that tinme no one worried about it because the overhead rate
was only five percent; todag, they're worried about it and
they're changi ng the rul es because the overhead rate is now fifty
percent. You have a factor of ten comng in. [laughter]

was

But we were able to have this interdisciplinary program
Then Bob [ Robert W] Lenz got hired in chem cal engineering, he
was really a chem st but the chenistrY department wouldn't hire
an organi ¢ polymer chem st so chem ca engineerinﬂ did. Then
Roger Porter cane in. He was the first head of the Bolyner
sci ence Progran1and was hired not in any departnment but as a
menber of the program It was a tine during university expansion
when Uvass grew fromthe 3000 or so students that were here when
| started to the 25,000 students that are here today. Again,
that's alnost a factor of ten. Consequently, we were addi ng 1000
students per year during that period of tinme so there was a great
need for new taculty. Adding people |ike Roger and Frank Karasz
was not too difficult and they got hired as nenbers of the
pol ynmer program The pol yner Brogran1mas very successful, i
grew very well and eventually becane a department. Now, it'

[

t
S
probably one of the |argest departnments in the country of its
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ki nd. Roger Porter, who was hired at that tine, becane the head
of polyner science program and when it became a departnment he was
the first department head. Bill McKnight, who |I hel ped bring
into chem stry, subsequently transferred into the polynmer science
departnment and | ater becane head of pol yner science. Jimy
[James C. W] Chen, who was hired in chem stry just |ast year,
changed departnments and noved over to the polynmer science
department. The pol ynmer science departnment has been trying to
get me to nove and only last year | decided that I wouldn't. |
woul d stay in chemstry and try to preserve a foot in each canp
just as a matter of philosophical principles. | feel that I

don't want to see polyners die in chem stry.

BOHNI NG | have sone nore questions |I'd |ike to ask you about
that but let me return for a nmonment to Princeton. You said you
di d your postdoc with Sutherland. Wat were you | ooking at
beyond Princeton as you were finishing up your work there? Wre
you | ooking at industrial positions?

STEIN. | don't think so at that tine. W had a sem nar at
Princeton by Gordon Sutherland who was a professor at Canbridge
University in England. It was about the tine that infrared
spectroscopy was j ust gettln% started and he tal ked about
infrared dichroism which | had never heard of before but I
realized what sone of its potentialities were in polyner science.
I thought it was something that | would like to | earn sonething
about. So | did sone thinking about how | could get to
Canbridge. | heard that there were National Research Counci
schol arships and | talked to Arthur Tobol sky about this. He
said, "Wy not try for one." | went to H S. Taylor and asked
hi m whet her he woul d recommend ne for one and he was very

di scouraging. | renenbering himsaying, "Ch, a polymer scientist
woul d never get one of these. There's no point In trYing.” I
did anyway. | remenber one norning a telegramwas delivered to
me saylng that | had won this scholarship. It was a conplete
shock and surprise. | renenber telling ny nother who was very
conservative that | was going to Engl and and she was pretty
shocked at this. Again, it was a good thing for ne to do.
remenber telling HS. Taylor with great glee that | had gotten
one. He didn't believe It at first. [laughter]

BOHNI NG Had you had any other plans? You didn't seemtoo
optim stic about getting the NRC

STEIN. | think | had pretty nmuch determned that | wanted to do
postdoctoral work. | don't think I had applied for anything else
up until that stage.

BOHNING Do you recall what tinme of the year it was when you got
this notification?
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STEIN. | think it was in the spring of the year in which | had
finished. | finished up ny thesis by the end of the sumrer and |
went to Canbridge at the end of that year.

BOHANI NG That woul d have been in 1949.

STEIN. Yes. | got ny masters degree in June. A masters degree
was sort of autonatlpallﬁ awarded at Princeton. Then | didn't
get ny doctorate until the follow ng year.

BOHNING. Let's talk about England. You were there only a few
years after the war was over. \What was Canbridge |ike?

STEIN. Life was very austere. | went to England by ship on the
Queen Mary. Rod [Rodney D.] Andrews, who was al so a student of
Tobol sky al so went to Europe. He worked for Werner Kuhn at _
Basel , so we went over on the Queen Nhrr together. W arrived in
Engl and and then Rod went on to Switzerland. | went to Canbridge
just to | eave off ny bags and find out where | was living. |
remenber stopping in at the college and telling the porter who |
was. | was i1nformal and told the porter | was Dick Stein and for
the rest of ny termat Canbridge | was M. Dickstein. [l aughter]

At the time, housing was short at Canbridge so | wasn't able
tolive in college but | had ny neals there. | lived in a
private house in town where | rented a room The |andl ady, Ms.
Hayes, was a working class person, who would rent out her |iving
room and dining room the best roons in the house, to a Canbridge
student. | think | paid nine dollars a week including breakfast
and getting ny laundry done. It was a good eerrience neet i ng
sonme English people. | renenber at the time that there wasn't
any electricity in the bedroom only in the dowstairs part of
the house. | think Ms. Hayes was a little concerned about ny
bur ni ng the house down because | had to |light gas |anps. There
wasn't any hot water in the house. There was running water in
the kitchen but there wasn't any running water in the bathroom of
the house. The lavatory was outdoors. The bathtub was in the
ki tchen under the kitchen table. One had to heat the water on
the stove for this. Consequently, it was a ot of trouble to
take a bath. You had to take it after everyone went to sleep at
ni ght and you had to heat up the water. | could understand why
people in England only took weekly baths. The weather was cold
enough so that you didn't snell too badly. There wasn't any heat
in the bedroomand ny living roomgot heated by a coal fireplace.
The coal ration was one hundred weight, which 1s alittle over
100 pounds, of coal for a nmonth which isn't very nuch. You
couldn't stay up very |ate because it got pretty cold. _
Consequently, | would spend a lot of time at the | aboratory which
did have central heating and was warner, so that nmade nme work a
little bit harder. Food was rationed and life was pretty austere
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at that tine.

Wien | initially arrived at Canbridge, | just stayed for a
day to find out where | was living and | eave off ny |uggage.

Then | inmediately took the channel ship across fromHarwch to
t he Net herl ands en | got very seasick. | went to the Rheol ogy
Conference at the Hague where | net up with Rod Andrews. |t was

the first international scientific nmeeting that | had ever gone
to. W stayed with some Dutch students at the University at

Del ft which was interesting. | visited Rod a couple of tines
during the year, nostly to eat because the food in England was
pretty bad, whereas Swtzerland had good food. | renenber that

the ration of mlk in England was about a gl ass per week which
nost people used for their tea and | didn't care for tea. There
wasn't any hot water in England at the tine. To wash | had to
get a basin of water that was supplied by ny |landlady. She woul d
ring me a cup of tea in the norning when | got up but | didn't
want to drink it so | got to shaving with this tea. [l|aughter]
| don't think ny |andlady ever realized what | did with her tea.
I found it a benefit as the tea sort of tanned ny face and nade
it tough. It was so cold that | would be shivering and woul d cut
nysel f but mnmy face eventually got tanned fromthe tea and | cut
nmysel f | ess.

The food was pretty bad so getting over to Switzerland for
some good food was a pleasant experience. A few tines during the
year | would go over and visit Rod. The first time | visited I
got invited to give a sem nar by Werner Kuhn. This was a good
OEportunlty to nmeet that famous man but di scovered to ny horror
that they expected ne to give it in German, which | was very bad
at. After about half a mnute of trying to talk German w thout
any grammar at all, he decided that i1t would be better for nme to
continue in English. [laughter]

BOHNI NG Had Rod warned you about that before?
STEIN. No, it was quite a shock
BOHNI NG  What did you tal k about?

STEIN. It was pretty nuch about the work |I had done with Arthur
Tobol sky in studying birefringence. It was a good thing to do
because Kuhn, working with Grun, had devel oped the first theory
of the birefringence of polyners. W did sone of the early
experimental applications of this theory.

BOHNING Can you tell nme sonething about Sutherland. Did you
interact with himnuch while you were there?

STEIN. Not really closely. Sutherland was kind of a nystery
person. He was very far up in British science and did a |ot of
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traveling as well as a lot of industrial consulting. He was on a
| ot of governnent comm ttees; eventuaIIY he was kni ghted and
becane director of the National Physical Laboratory. He sort of
had a secret office where he would hide out. You did not see him
very often and consequentl|ly, nobst of one's Iearninﬁ was from
one's fellow students rather than fromhim But the grouB at
Canbri dge was excellent. It was a very good year for ne because
it was a postdoctoral year where you could take courses that you
yant to wthout having to pass them just enjoying themwas great
un.

BOHNI NG  What did you take?

STEIN: | took a course in physical chem stry with Lennard-Jones
and anot her one with Mel wn-Hughes. | took a course in
diffraction with Law ence Bran and | took one with Max Perutz.

I took a course in statistical nechanics with Fred Hoyle, one in
guantum nmechanics with Dirac, and a course in philosophy wth
Bertrand Russell. It was a wonderful year.

BOHNING That's quite a |ine-up of names. \Wat about the
| aboratory facilities?

STEIN. They were pretty primtive. The story of ny life has
been going to places too early, when techniques were just getting
going and | aboratories were just getting developed. Infrared
spectroscopy and Canbridge University was the place to do science
inits very early stages. W were doing infrared spectroscopy
and our spectroneter was nmade by essentially fastening prisns to
the top of a stone tabl etop using beeswax. W had to polish our
own rocksalt. | renenber one |aboratory was in the basenment of
the colloid science building; that was In a departnent that has
now di sappeared; it had been set up by [Sir Eric K] Rideal.
I nfrared spectroscoPy was not done in the chem stry departnment
but done in the colloid science departnment which was ki nd of
interesting. This was in the basenent of the old Cavendi sh
| aboratory on A d School Lane. It was a basenent |ab that got
fl ooded. | renenber one very anxi ous day when the | aboratory was
?ettlng fl ooded and we were rescuing all of the rocksalt optics
romour spectrometers. W also built one of the first double
beam x-ray spectroneters and this was before DC anplifiers were
devel oped, so we had to use gal vanoneter anplifiers which were
extrenely sensitive. | renenber trYing to take a spectrumon the
first of May and getting sonme anomal ous absorption bands that
were periodic, at the frequency of the Nhrpole dance whi ch
students at a |local school were doing. [laughter]

I think that having to essentially build instrunents and be
in at the early stages of science was ?ood trai ni ng because it
made one not fear getting into new fields. | think that when one
gets into a new field the instrunents are crude but you have a
whol e new area of science to work in. Consequently, you can do
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some pretty inportant things with instrunents that m ght not be
too good but very often the order of nmagnitude experinents are
much nore neani ngful than the very accurate experinents |ater on.

BOHNI NG  Who were sone of your coworkers?

STEI'N:  Norrman Sheppard who has becone a very inportant person in
British science. Fred [Frederick S.] Dainton is another fanous
British scientist who was there at the tine. Alister Vallance
Jones was there. He is nowin Saskattoon at the National
Research Council of Canada, doing some very good atnospheric
spectroscopy. Another one of ny friends was Maurice D Hont who
becane director of the chem stry division of the Bel gium Atom c
EnergY Commi ssion, and then, to ny delight, becanme president of a
chocol ate conpany in Belgium |'ma chocoholic so visiting him
was one of the happiest experiences of ny life. [Iaughte&i

Al so, he becane a mllionaire, owing an estate in Spain ich he
lent us for a week. Qur famly had a delightful vacation at his
estate. Sutherland becane master of Emmanuel Col | ege at
Canbridge. [A E.] Al exander who was a colloid scientist and who
went back to Australia and did sone outstanding colloid

chem stry. They were a very good group of people.

BOHNI NG  Had you thought about what you were going to do after
you returned?

STEIN. No. In fact, | really hadn't done any |ooking into jobs.
VWhen | finished uE the year and cane back I didn't have anything
and Arthur Tobol sky offered nme a postdoc at Princeton with the
idea that it would be sonethinP that | could just stay in as |ong
as | would want to. We had a ot of stuff to wite up that was a
carrYover fromny time there. | spent a few nonths at Princeton,
nostly witing and keeping ny eye open for job opportunities.

went on several interviews both industrial and academc. |
remenber one day there was a notice on the bulletin board saying
that this job was available at the University of Massachusetts,
which I had never heard of before. | took a train up to

Nor t hanpt on and | ooked around Uvass. | was inpressed by all of

t he nountains and the nice country town which was really quiet
and just the antithesis of New York. There was nothing nuch
going on there but it |ooked like an awfully nice place to work.

I think one of the reasons | mght have gotten the job was that

at the tinme Uvass was quite poor and they couldn't afford to put
nme uE at a hotel so | stayed at Walter Ritchie's house. He was
the head of the departnment. | had supper at his house and |

hel ped his wfe, Maggie Bell dry the dishes. | think this nade a
good inpression. They couldn't afford to take nme out to dinner
so | took themout to dinner in Northanpton

So | got a job offer and I had to start about two weeks

after | accepted the Lob_because Dick [Richard W] Fessenden, who
had taught physical chem stry here at UMass, becane ill and they
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badl y needed soneone to teach physical chem stry and freshnen
chemstry. | took the job in md-year in January and the course
started within two weeks. | started out teaching a freshnen
chem stry course of eighty people and | had never taught a course
before in ny life. It was sort of like diving into a pool of
cold water. [laughter] | really had to pull ny act together
fast. But | survived it.

I renenber one of the things that shook nme up was that this
course was given in the Goessnmann Auditoriumwhich is still here.
| had been giving this freshmen | ecture and halfway into ny
| ecture a dog wandered into the lecture hall and proceeded to get
sick in front of the class, which the class loved, but it really
shook me uE. [l aughter At that tinme, there was no nodern
physical chem stry taught here, no quantum nechanics or
statistical nechanics. It turned out that | every senester | was
teaching a new course. | gave the first quantum chem stry
course, the first statistical mechanics course, the first
ki netics course and the first polyner course. Each of these
courses | had to get going so | had to learn an awful lot. |
think at that time teaching | oads were about twenty to twenty-
five hours per week. | was not yet married. | had gone to all-
boys schools for all of ny career; high school, college, postdoc.
and | began to sense that something was mssing inny life. |
remenber taking the scientific point of view and asking Dr.
Walter Ritchie about the relative popul ation of nen and wonen at
the various colleges in the area. | think one of the things that
encouraged ne to take the job was the proximty of Smth and M.
Hol yoke. Finding a wife was one of ny mssions in life at the
time and | did marry Judy who had been a graduate student at
Sm th Coll ege.

BOHNI NG What ot her positions had you interviewed for?

STEIN: | renenber the Naval Research Lab but |1've forgotten the
rest. | interviewed at two or three other places. M parents
were very nuch for ny taking an industrial job; | should say, ny
not her was, ny father had died by then. 1n fact, one of the
reasons why it was precarious whether | could go to college at
Brooklyn Poly or not was that ny father had died at about that
time. Consequently, this was a burden on the famly finances.
My nother was very nmuch for ny taking an industrial job because
at that time university salaries were very | ow conpared with

industrial salaries. | remenber that nmy National Research
Counci|l fellowship in England was ver% ?enerous. I think I had
$4000 per year taxfree ich was a fabulous salary at that tine.

Living in England was very cheap. The food ration was by noney
rat her than anount of food. You couldn't spend nore than a
dollar a neal so you could either eat a |ot of bad food or very
little good food or go fromrestaurant to restaurant eatin? a
dollar at each. As a result | couldn't spend nore than half of
what | was earning which gave ne a little bit of a nestegg. Then
when | cane back and took the job at Uvass | think ny salary was
al so $4000 but | had to pay taxes on that so | was really earning
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|l ess than | got as a postdoc.

BOHNI NG  What was the departnent |ike when you arrived? Was
there a graduate progranf

STEIN. Yes, there was a graduate program The graduate school
at UMass was rather good but very agriculturally oriented. |
think there was a study at the tinme that indicated that UMass was
nunber four in the country for the nunber of its undergraduates
who went on to get Ph.D.s. Sonme of the departnents at that tine,
i ke food technol ogy, were very good. They were world fanous,
things |ike cranberry juice and so on were devel oped by that
departnent. Food preserving and food freezi ng processes were
al so devel oped by them The president of the University was
Ral ph van Meter who was a ponol ogist. The fane of the University
was its Agriculture School. Hokkaido University in Japan got
devel oped in the last century by WIlliam C arke who was the
president of Uvass. WIlliamCarke is buried in Arherst but nost
eopl e here don't know about himanynore except that there's a

uil ding named after him He was a very fanopus person in Japan
and every Japanese school boy | earns about hi m because he went up
t o Hokkal do and introduced Anerican agricultural nethods into
Japan. There's a statue of himin Sapporo with the words which
he uttered when he left, "Boys, be anmbitious.” This is a story
t hat Japanese school boys learn |like we | earn about George
Washi ngt on' s and Abraham Li ncol n's chil dhood experi ences.
Wienever any Japanese cone to visit Amherst they want to visit
hi s grave but nost Anherst people don't even know where it is.
That was the kind of person that we had back then. W still have
beautiful Japanese cherry blossons right around our house because
XLhCIarke and the people who followed himbringing these back to

erst.

BOHNI NG  How many people were in the chem stry departnent?
STEIN. There was a faculty of about seven or eight.

BOHNI NG Were there a |ot of students? A |lot of chemstry
maj or s?

STEIN. There were about six or seven graduate students in

chem stry but the undergraduate education was pretty strong.
There were maybe about thirty chem stry majors as undergraduates.
In fact, the size of the undergraduate body has not changed too
greatly for chem stry majors as the University has grown.

There's probablx | ess of an enphasis on technical subjects and
the great growth has been in peripheral areas. Part of the
reason why chem stry hasn't grown has been that many of the
peopl e who woul d have gone into chem stry are going into areas
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i ke polymer science and bi ochem stry and so on.
BOHNI NG What about the facilities?

STEIN. Very primtive. The outstanding piece of equipnent that

| renmenber was a Becknman DU spectrthotoneter. first

| aboratory was a basenment roomin old Goessnann that had been a

m |l roomwhich was a place where the agricultural people used to
Prlnd up grain to make flour. The |aboratory had no electric

ights and it was saturated with particles of grain. | was
tr¥|ng to do work on light scattering [laughter] with very great
difficulty. The first thing | had to do was to get sone electric
lights installed. There was the Beckman DU sPectrophotoneter and
| had to figure out what could | do for a snmall research project.
I knew sonet hi ng about |ight scattering and realized that

ol yners |i ke pol yethylene were turbid because they scatter

ight. | figured that I could put sone of ny ideas together this
way and | could neasure |light scattering by neasuring the
transm ssion with the Becknan spectrophotoneter. To do this, |
had to have better collimtion. So |I nade a chanber for the
Beckman spectrophotoneter so that you coul d neasure scattering by
the light transm ssion. This device got fabricated in a | ocal
autonotive garage in the center of towm. | think it cost about

ei ghty dollars which | suspect exhausted the department's
research budget that year. Then | got a research grant for a
coupl e of thousand of dollars fromthe Research Corporation and |
t hought what could I do with this that would be for the best. So
I bought a Sears Roebuck [athe so | could build other equipnent.

I built nmy first light scattering apparatus to the extent of
actual |y engraving the angul ar scale for neasuring the scattering
angle. There was a fanmous correction that ny students had to
make for the next ten years because for every angle over forty-
five degrees, a degree had to be added because | left a degree
out [laughter] between forty and forty-five degrees. Wen |
scribed the scale | got tired of putting the degree marks on.

I chose light scattering because it was sonething that you
coul d do prettY cheaply and it turned out to be sonething that
few ot her peoE edid. It wasn't a conPetitive field. Again, ny
training and having to make do paid off because it forced ne to
get into a new area of research that was innovative and | think
an exciting area that turned out to be pretty good.

BOHNI NG  WAs there nuch other research activity going on in the
depart nent ?

STEIN. Not really a great deal. There were three or four _
graduat e students wor |a% w th some of the faculty. Harold Smith
I'n physical chem stry, 0 is nowretired, was doling sone work on
coordi nati on conpl exes |l argely using the Beckman spectro-
photoneter. John Roberts, who's also retired, was doi ng sone
work in analytical chem stry. George Cannon, who was an organic
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chem st, was doing sone work on organic synthesis, nostly
cl assical organic chem stry. That was about it. During the

course of ny postdoc career, | had a fellowship. Durinﬂ_ny
graduate career, | was supported by the Textile Fell ows IE and
during that six nonths that | was back with Arthur Tobol sky.

This was slightly after the Vannevar Bush report got witten.
The first governnent or?anization to support research to any
extent was the O fice of Naval Research. Before then, university
research was pretty |ow key, there wasn't much gover nnment noney.
| got supported by an ONR contract at Princeton. Wwen | cane to
Uvass, and | got off the ground after ny first year, | applied
for ONR support. | got an ONR grant and | suspect this was one
of the first governnent research grants at Uvass. | got steady
support on this for about twenty years at UVass and then that
petered out with other support com ng. The |last couple of years
|'ve gotten sonme ONR support again.

I found that it was an interesting experience in bureaucracy
to get started in sponsored research at UMass because |
di scovered to ny horror that the | aws of Massachusetts were such
t hat any incone comng to the Universitx went directl¥ into the
State Treasury in Boston. This neant that the funds fromthe ONR
contract just went to the State Treasury and there wasn't any
mechani sm by which the noney could come to ne. This was a pretty
bad situation for awhile because | had to do the research but got
no noney to do it. Then the dean of science at that tine,
Charl es Al exander, who was a carryover fromthe agricultura
school, he was a fanous entonol ogi st, cane to ny rescue. He
pul | ed sone strings and got sone special act passed by the State
Legi sl ature to make an appropriation to nme that enabled ne to
carry out nmy research. At that tine we figured out how you coul d
do busi ness and get around this by use of trust funds. W had
this noney go into a trust fund account rather than to the State
Treasury. This proved to be a nmechanismthat is still in
exi stence and that enabl ed nanr things to be done at the
Uni versity that was not possible at that tine.

BOHNI NG  Was that Al exander's doing or were you invol ved?
STEIN. | helped wwthit. It was a nutual effort.
BOHNI NG He was certainly synpathetic to your problem

STEIN.  Yes. Uwass at that tine was very nuch of an
undergraduate oriented institution. Any research that was done
was gotten by pirating funds from undergraduate teaching. Wen
we got visited by anyone from Boston, we kept secret the fact
that we were maki ng ang research progress because if they | earned
about this, they probably would prohibit us fromdoing it. They
woul d think we were squandering the taxpayer's noney. W had to
keep it quiet that we were doing sonme research in our spare tine.

I think the real breakthrough came with one of the
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presidents of the University, Jean Paul Mather, who got through
the State Legislature sonmething called the FreedomBill. It used
to be that all expenditures at Uvass had to be processed through
Boston. Boston was a place that had very little interaction wth
UMass. | think Bostonians viewed Anherst as sonething out in the
country and barely knew we existed. The University was sort of
run by Boston but there was no appreciation for what happened
here. Al of our ordering and processing of appointnments and so
on had to go through Boston. It was just inpossible to carry on
a first-rate research operation by this kind of a process. |If
you wanted fifty dollars worth of sonmething you had to get this
order through Boston. Purchasing in Boston was very graft-ridden
at the tine. That's probabIK mh¥ they wanted to keep it there.
Oten it would take two nonths often to get an order filled and
you just really couldn't do first-rate research. Jean Pau

Mat her was able to change that. He was able to get Purchasing,
hiring, and so on done In Anrherst. | think few people today In
Amherst really know who he is anynore but | think he was the
president at the University who really devoted his career to
gettinﬁ this through the Legislature. Wthout that, UMass never
coul d have becone a research university.

BOHNI NG  What was happening at the sane tinme in other
departments? You were trying to build up your research efforts
in chem stry. There wasn't nuch el se hapPening. What about

ot her departnents on canpus? Wre young faculty com ng in,
trying to get research done too?

STEIN. There were sone good people here and there at the

Uni versity. Physics had a few shining lights. | remenber |
woul d go over to physics when | built ny [ight scattering
aﬁparatus,_lt was an apparatus with a vacuumtube anplifrer. |
think I still have a letter fromBruno Zimmin ny files where |

asked himhow to put this anplifier together and he was giving ne
very explicit directions about how to go around to a local radio
shop and get a nunber 30 tube or sonething like that. [l aughter]
| remenber in building this | needed an oscilloscope. There
wasn't one in chem stry but physics had an oscilloscoPe. | went
over there to use it and | renenber seeing some interference in
the oscilloscope. | traced this down to the fact that the
department head in physics used to shave in his office with an
electric razor and the interference was due to that.

There was not a great deal of research but sone very good
teachlngmﬁrofessors in physics and al so in engineering. GCeorge
Mar st on ois still living, was a Dean in engineering at the
time. He really nade a good effort to get a quality engineering
school going. There was a |ot of conradeship at the tine:

t hink that one of the virtues of being poor or in having to nake
do is that people feel very close to each other. There was a
very good spirit, everybody knew everyone else and it was a very
enjoyable time of l[ife. Certainly, very austere and |Iife was
hard but it was an experience | treasured.
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BOHNING Did you continue to teach freshmen chem stry or did you
start to devel op the graduate physical chem stry curricul unf

STEIN. | taught chem stry for maybe ten or fifteen years unti
freshnmen chem stry got so big and organized that there wasn't too
much room for individualismanynore. | didn't enjoy it as nuch
as | used to.

One of the jokes in the famly is that | married wi fe for
her noney because she had $500 and | didn't. [laughter e

bought our |and, which was a half a bl ock away fromthe
unlverS|tK, and it cost |less than $1000 at the tinme. That's gone

up by much nore than a factor of ten today. At the tine, we had
to do the | andscaping ourselves. | noticed that they were
repairing one of the streets and you could buY fill cheaply. So
we arranged for these trucks to dunp their fill in front of our
house. | spent weekends shoveling the fill to | andscape our
property. It's the property that we're still living in. Unknown

to me, the president, Jean Paul Mather, had observed us in _
operation. He was a %reat political stunper and | discovered in
hi s speeches around the state trying to get autonony for the

Uni versity he was tal king about this University professor who
came to us fromPrinceton and had had to spend his tine shoveling
gravel . [laughter]

BOHNI NG  When did the gromh start within the departnent?

STEIN. For ny first eight years here there was no sal ary

i ncrease, no pronotion, no growh. Then public education began
to take off. There was a big influx of students due to the bul ge
in the birthrate. UMass was developing at this very great rate
when we were growi ng ten percent a year and the departnent began
to grow along with that.

BOHNI NG  Had you ever got discouraged during those eight years
and t hought about | ooking el sewher e~

STEIN.  Yes. | actually went on sonme interviews. | took an
interview at the University of Mssissippi. This was a tinme when
M ssi ssi ppi was very conservative; there was segregation.

remenber people actually spitting at nme because | went into the
bl ack nen's room That turned ne off so I thought New Engl and
was still pretty good for nme.

BOHNI NG You published a nunber of papers on |ight scattering in
the early years. Was this work done nostly w th undergraduate
students or with graduate students?
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STEIN. Wth both. 1In fact, there was an interesting story. |
mentioned Walter Ritchie was the first departnment head and the
person who hired ne. One of ny early light scattering projects
was trying to |l ook at the starch-iodine conplex by |ight
scattering. This cane fromny association with Bob Rundl e at

Princeton. | thought here's a technique | have and here's
sonething | know about. | tried to put the two of these together
and it turned out to be not a very good thing to do. It was a

very difficult problemfor the primtive state of the art at that
time. People have since gone back and done nmuch better wth
nodern techni ques. W wanted sone anyl ose and at the tinme you

couldn't go and order anylose. | went down to a |ocal shoE,
Loui e's, which had just expanded and becane a bi g supernarket and
bought a bushel of potatoes. | had this undergraduate, Carolyn

Kendrew, who was working for ne. Carolyn was trying to nake
starch fromthese potatoes. She was in ny |aboratory Peeling_
pot at oes when Walter Ritchie wal ked in. He was kind of skeptica
about peogle doi ng research and he shook his head and said, "It's
bad enough you buy your potatoes on your research grant, but

you' ve got your students peeling themfor you." [laughter]

But naking do with research was sonething that | | earned
about. \Wen | was in Canbridge we had to do sone work in
spectroscopy on deuterated pol yethyl ene, which was hard to cone
b I nentioned that Sutherland was sonmeone who had good
government connections. He had known about the fact that British
commandos had made a raid during the war on the Norwegi an heavy
wat er plant where Germany was trying to build an atom c bonb.
They had a reactor there and deuteriumwas the noderator of the
reactor and deuterated pol yet hyl ene was one of the materials. He
knew there were sone sanples of deuterated polyethylene in a safe
somewhere in the British Secret Service. He got sone of this and
we did our first spectroscopy on deuterated polyethylene with it.

BOHNI NG  Does that show up in the literature as your source?
STEIN. | don't nention it in the literature. [l aughter]

BCHPING: You al so started sone industrial connections very
early.

STEIN:  Yes. | becane a consultant of Monsanto at the tine.
Monsanto had a plant in Springfield which was a princi pal

pl asti cs manufacturing operation. Wen | gave ny course in

pol ynmer science, there were a dearth of good students so |
decided that | would give this class |ate afternoons or evenings
because there were sone people in Monsanto who wanted to attend.
Actually, | had nore Monsanto students taking nmy course than
UMass students. In that way | devel oped an association with
Monsanto and | have been consulting wth them for about thirty-
five years. On ny last visit to Princeton | commented that |'ve
been with Monsanto | onger than with anyone |'ve ever consulted
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with. Last year | had dinner at the chancellor's house that was

attended by Richard Mahoney, who is now president or chief

executive officer of Monsanto. He's a Uwvass graduate. | had

conpletely forgotten about this but he commented at dinner that

Fﬁ waﬁ in]ny freshmen chem stry class in 1952 and | gave hima D.
aught er

BOHNI NG  You had a paper in the Journal of Chemnmical Education on
inflating balloons (10). It was a very intriguing paper but |

gas cgrlous as to howthat fit into everything el se that you were
0i ng”~

STEIN: There are sone interesting stories on that one. There
was a field day custom The chines in the old chapel woul d be
rung to cancel classes. Al the students would go off and drink
beer. | decided that since | had nothing to do this day, | would
have sone fun playing around in the [aboratory. | got curious.
R? kids were young at the tinme and | renenber trrlng to bl ow up

ckey Mouse bal |l oons and wondering why it was always difficult
to get the ears inflated. You had to squeeze the ball oon to get
the air to go into the ears. | tried to figure out why this was
and thought that this nust nmean that it's hard to get the
inflation of the balloon started. So | rigged up an experi nent
where | hooked up a balloon to a sinple water nanoneter, a U-tube
that was filled with water, or it mght have been ethyl ene glyco
to give a little bit nore densitg. I just blew up the ball oon
and wat ched the ﬁressure in the balloon and discovered to ny
great surprise that the pressure would ?o t hrough a maxi mum |
woul d first go up but then when the balloon began to inflate, i
woul d drop back down again. So it was inmediately obvious why
was difficult to get the ears inflated because the body of the
bal | oon got over the maxi mum before the ears did. Then the body
of the balloon woul d be of a | ower pressure than that necessary
to get the ears inflated and they never would inflate.

t
t
It

In this paper in the Journal of Chem cal Education, extended
r ubber elast|C|tK theory showed that this is predictable and |
had a curve in there conparing prediction with experinent. That
wor ked out pretty well. This suggested sone sinple experinents
t hat have been fun to do, |ike hooking two ball oons together with
a valve; a big balloon and a little balloon. You'd open the
val ve and to everyone's surprise, the small balloon would get
smal l er and the big balloon would get bigger. | remenber taking
this apparatus into the I ocal bar one night and paying for drinks
for the night by having people bet on what was going to happen
when | opened uE the valve. [laughter] Ninety percent of the
peopl e woul d make the wong guess. That was kind of fun to do.

There were sone POOd after-results of that paper. |
remenber getting one letter froma person at a nedical school who
wanted reprints. It turns out that the devel opnent of an
aneurysmin the brain is the result of an elastic instability
that I1s very simlar to this one. Wen you blow up a bubble in
an artery, i1t continues to grow because the pressure begins to
drop as It gets bigger. The inflation of the cells in a foam
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ﬁlastic obey the sane principles. It's a good illustration of
ow an everyday phenonenon can have applications.

| also got a paper to referee fromthe Journal of Chem ca
Educati on from sonmeone who wanted to wite a sequel to ny paper.
[ got a big chuckle out of a remark in the paper and | had great
aﬁpreC|at|on for what this guy said. It was froma university
that was even nore in dire straits than the University of
Massachusetts. He had a footnote in the paper saying that he was
forced to give up this research because his departnent could no
| onger afford ball oons. [IauEhter] | don't know whether it was
tongue in cheek but that was kind of funny.

BOHNI NG Were you able to continue attracting students fromthe
| ocal industry to help build the progranf

STEIN:  Things have changed. Now, ver fem1p60ﬁ|e come from
Monsant o because the growm h of that |aboratory has dropped. In
fact, Monsanto just sold its polystyrene effort to Polysar. Mst
of the people of Monsanto have elther gotten a ﬁolynEr educati on
somewhere or else they've taken our courses. They' re not doing
very much hiring, so the nunber of such people fromindustry has
declined. |'mnow engaging in an experinent to do it
differently. 1've just obtained a grant from an organization
called Bay State Skills for devel oping a video-cassette course.
I"mpreparing this now on the el ectro-optical properties of
polyners. UMass has what's called the Video Instruction Program
where people can get University credits by videocassette courses
which the University mails out. W're going to try giving this
course on el ectro-optical properties of polymers and this is
support ed jointlﬁ by Bay State Skills and a few ot her conpani es.
We're hoping to be able to have a nationwide clientele to take
this course. The University now has a TV satellite transmttin
antenna so we could transmt worldw de and could give it in rea
time. | think this is probablﬁ t he maK in which teaching is
going to go. | find some of the thoughts about it very exciting;
next week I'mgoing to visit Xerox in Rochester with one of ny
students and a few technicians. W' re going to do sone filmng
of the laboratory and industrial scenes at Xerox. W have sone
guest lecturers and we're thinking of putting these kinds of
sequences into such a course. It neans you can do things with
teaching that weren't technically possible before. Al so, when
you think of the possibility that you could have, in real tine,
Japanese and Chi nese students in your course, the clientele would
be extrenely | arge.

BOHNI NG How do you find the attitudes of your coll eagues
towards the new teaching techniques? Are they receptive to that?

STEIN. Not as much as | would like to see. Sone are but nost
are conservative. In fact, you can al nost see the attitudes of
peopl e by those who adopt personal conputers. The ol der nenbers
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of the faculty don't use personal conputers, they still dictate
letters to secretaries. Young people don't bother wth
secretaries anynore; they have PCs in their office and they type
their own letters and manuscripts. | do this nyself and it's a
way of keeping young. | think it's kind of fun to | earn
sonething new. It's just a difference in attitude between the
young peopl e and ol d.

BOHNI NG | suppose that that difference has probably al ways been
there. The phenonenon is not necessarily new but it is nore
pronounced because the technology is so different. In reading
our blo?ra hi cal statenent, | have a quote here that | would
ike to follow up on. You said it becane evident that to serve
t he needs of the devel opi ng pol yner community, a |arger
university effort was needed. |'mnot sure when you realized
that and what steps you took that then led to the 1961 formation
of the Polynmer Research Institute.

STEIN. | think it was evident that there was sone sort of a peak
in industrial research efforts. You |Iook back to the great

i ndustrial |aboratories, places |like Bell Labs and Du Pont; when
Fl ory and Carothers were at Du Pont and Langmuir was at General

El ectric. Two or three of our faculty are veterans of those days
at General Electric. Those kind of industrial |aboratories don't
exi st anynore, so the Eroblen1mas where to get good fundanent al
research done. | think the universities have to do it but it's
difficult to do it in the context of the usual university
structure; we need new nmechani snms to encourage this. |1'mstil

not sure what the answer is but part of ny effort intrying to
get a Polynmer Center going here was to proceed in that direction.
I just got a letter fromone of ny Japanese col |l eagues, in a
technical university in Japan. He feels that we're probably the
out st andi ng pl ace for polyner education now Comng fromthe
Japanese, | take that as a very good conplinent.

BOHNING VWhat was it like in those early days of 1961? You said
your first job was a | etterhead fol!omnn? Her man Mark' s advi ce.
VWat was it like to get the real thing off the ground?

STEIN. It was very slow and took a | ot of patience. Mre things
went wrong than went right but you just had to hang in. One of
thehthlngs one needs in life is patience and persistence to stay
wth i1t.

BOHNING Did you have adm ni strative support?

STEIN:  Never enough.
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BOHNI NG What about the departnent? Wat was the attitude of
the chem stry departnent?

STEIN. Liberal. | think the chem stry department has al ways
been tight on noney. They still are, but | think that they have
been relatively generous with nme. | have essentially been given

the freedomto do whatever | want with regard to teaching. |
suspect | am a stron%er personal task-master than any university
adm ni strator m ght have been, so |I think the University hasn't

done badly in this way. | think that the chem stry departnment
had no conplaints about it, indeed they have been very tol erant
of what | have done. | think there have been sone jeal ousies, of
course; as people have seen what has been acconplished. That was

inevitable and | have a relatively thick skin about that. But
they gave ne the Goessmann Professorship which is the nost

di sti ngui shed professorship in chem stry, naned after Charles
Goessmann, who was the first Professor of chem stry at UMass.
think that was nice and one of the reasons mh¥ | decided not to
nove into polyner science fromchemstry. | tfeel warmtoward
chem stry. Lou [Louis D.] Qin, who is the new chem stry
departnment head I1s a breath of fresh air. He's trying very hard
to build up the departnent and | didn't want to abandon hi m when
he's just 1n and is trying to do sonething good. | want to be
supportive.

BOHNING Fromthe tinme that you had established your research
institute, did that help you to bring in nore research funds and
external funds?

STEIN.  Yes. It develoEed sone coherence and an i nmage that woul d
nPt have been possible had it been just a departnmental effort
al one.

BOHNING How long was it before you devel oped your program and
you actually started giving out degrees?

STEIN. The way it worked is that when we established the pol yner
sci ence and engi neering program even though there was no
departnent, we could give an interdisciplinary degree in pol yner
science and engineering where the thesis commttee would I nvol ve
people in the participating departnments. |t was successful and
It gradually got nore and nore popular and grew to the stage
where the admnnistration finally said that this is really a
department and it shouldn't be a program

When we firstvﬁot started we reported to the dean of the
gr aduat e school . en we becane a departnment it was felt that as
t he dean of the graduate school doesn't adm nister any ot her
departnents other than the graduate prograns we should report to
a normal academ c dean. The probl em was should we be rePorting
to the dean of faculty of arts and science or the dean o
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engineering. W were courted by both deans but we essentially

had to choose which dean we wanted to belong to. W went the
arts and science route probably largely on the basis of the
personality of the deans at the tinme. | think it could have gone
ei ther way.

BOHNI NG You commented that there was a critical nass of faculty
that al nost hel ped attain self-perpetuation. Can you put a
nunber on that critical mass?

STEIN.  Around four or so. |It's probably mhx the Princeton
effort isn't going because they don't have the critical nass.
One of the bits of advice that we gave to Dean Kobayashi is that
in order to keep someone, you have got to get a critical nass.
We recommended that what they really needed to do is to nake a
maj or appoi ntment and have a few m nor appointnents. You bring
one polymer scientist into a departnment wth no others and he
just doesn't survive. He has to interact. That's why | think
that Garth Wl kes and Jeff Koberstein didn't stay at Princeton.
Garth went to VPl and teaned up with Jim[James E.] McGath. The
two of themare sort of replicating the kind of thing that we've
done here, maybe |earning sonething fromne the way I |earned
from Her man MarK.

BOHNING Do you think that's probably a function of the fact
that it's so Interdisciplinary?

STEIN. Yes. Wwen | first got started in polyner science and |
needed a polymer, | took sone industrial sanple but you can't do
good research that way. The field has gotten sufficiently
soPhlstlcated that you have to be working on a sanple that is

wel | characterized and you need the help of others to provide
this. One faculty nmenber can't be an expert in sKnthesizing
materials and characterizing them and dol ng new physics on them
The joke used to be that physical chem sts did good neasurenents
on bad things and organic chem sts did bad neasurenents on good
things. Today, to really be successful, you have to do good
measurenments on good things and that takes a joint effort.

BOHNI NG You were active in devel oping a conputing facility.
When did that take place? How did that devel op?

STEIN. |I'mnot sure exactly when. It was in the early to md
1960s. It was done just out of need. One of the early papers
which | published in Journal of Chem cal Physics was a

cal cul ati on of essentially the polarizability of normal paraffin

vapors (11). A@tuallr Kuhn did a theory to calculate the
birefringence of a nol ecul e by addlng t oget her the bond
pol arizability tensors. This could be used for calculating the
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solid polyner that was oriented. A |ot of

pol arizability o 0 _ _ _
di doctor's thesis on birefringence was based

f a
the work I di n ny
on this.

This theory was subsequently inproved by Flory. As it
turned out, this theory predicted that there should be zero
bi refringence for polylsobutylene. | published in ny Ph.D.
thesis the fact that this was not so and that polyisobutyl ene had
a pretty Iarﬁe birefringence. Flory didn't believe this because
it violated his calculation. He essentially repeated ny thesis
w th a postdoc and confirnmed our results and that interaction
resulted in a very good friendship with Paul.

One of the things that we tried to do was to step backwards.

We realized that if we wanted to understand the birefringence of
pol yners, we ought to be able to understand the anisotropy of
Bolarlzablllty_of things |ike ethane and propane and butane. |
egan to look into the literature and found nost of the work on
that was by people in India, essentially students of Raman, using
fairly primtive techniques. Sunlight was their principal |ight
source and nost of the data was published in a book by
Bhagavantam on the scattering of |ight and the Raman effect (12).
If they had gone on to test sone of these theories
gquantitatively, they would have found that the data just wasn't
good enough.

It turned out that we had to neasure sonme of these thin?s
ourselves. The way to |earn about the polarizability of sma
nol ecules is to neasure the depolarization of scattered Iight of
their vapors. So | started sone experinments doing this an
col |l aborated with Bob [ Robert L.] Rowell, who was in the
chenistrﬁ departnent. Bob was interested in light scatterin
because he did his doctor's thesis at Indiana wth [Frank T.
GQucker on the scattering of light fromcolloidal particles. W
had an NSF grant where we built an apParatus to | ook at the
scattering and we also did sone cal culations. W |ooked at how
the polarizability of the normal paraffins went up the entire
honol ogous series, from nmethane to ethane and so on. W conpared
this wth good experinental neasurenents. W did this before the
| aser (13), and then we did it over again when | asers got
devel oped (14). It turned out that the correlation of theory and
experiment were pretty bad. It didn't work with the sinple cases
and consequently we weren't very surprised that there were
BroblenB with polyners. Then Bob and | tried to extend this. It
ecane very apparent that what | published in the theory in the
Journal of Chem cal Physics was well worked out. The
cal culations were worked out using a Marchant nechani cal
calculator. | got up to G and | wanted to go to C, so | hired a
student to do this. It took hima whole sunmer on a nechanica
cal culator to do the calculations, which | didn't altogether
trust and realized that this was the limt. W had to do

sonething different. | went down and used the vacuum tube
conputer at IBMworld headquarters and realized then that
conputi ng was sonet hing wonderful. Wen | was at Princeton |

heard von Neuman give a sem nar. That kind of planted a seed in
nmy mind. Bob Rowell and | decided that the University needed a
computer, and we tried to figure out how we could go about it.

There wasn't any source of noney but we found that we could rent
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a conputer for sonething |ike $30,000 per nonth. If we got
gggugoopeople together to work with us, maybe we coul d rai se

W finally got approval to do this and we managed to pay,
nervously, the bill each nonth. W got an | BM 1620 puncht ape
computer which we installed as the first University Conputing
Center in the library of the chem stry departnment. | was
chai rman of the University Conputing Commttee and Bob was
director of the Conputing Center; we essentially operated this
ourselves. As it grew the conPuting sci ence departnent got
started and a permanent head of the Conputing Center was brought
in. W got better and better conputers. At that tinme, Ed
[ Edward] Moore becane dean of the graduate school and was very
supportive [in this venture]. W were goin% to get a rea
professional quality conputer and the big choice was whet her we
shoul d get an IBMor Control Data. W finally got a Control Data
3600 but the two conpanies were courting us. W were having a
good tine. They were treating us to Broadway shows and things
i ke that. Bob Rowell, Dean More and | were visiting these
vari ous conpanies to try to make a decision. As | sald, we went
the Control Data route. W also had to deci de whether we were
goi ng to have academ c and busi ness office conﬁuting separate or
together. W decided to do it separately which proved to be a
wi se decision. The conputer science departnent got started. At
that tine, people who knew what they were doing took over and
becane a consuner rather than a producer. History took over from
there. Now we have a very good conputer group here.

BOHNING In terns of Your international activities, | wanted to
ask you about your early connections wth the Japanese and how
that originated and al so about your first trip to China.

STEIN: The interaction with the Japanese got started with a
person that | had nmet when | was at Princeton; Herbert

Leadermann. He worked for the National Bureau of Standards where
he did some of the very early work on nmechanical rel axation of

pol yners, superposition of relaxation spectra and so on.
Tobol sky knew him and he cane to visit. Leaderman was one of the
first Anericans to ever go to Japan and interact with Japanese
pol yner scientists. The Japanese pol yner science was done by
peopl e |i ke Sakurada and Horio and nostly in textile schools.
The Japanese were in the silk business and that was where the
good work was bei ng done. For exanple, Sakurada established
PpIyV|nyI al cohol as a commercial fiber which was one of the

irst synthetic fibers to be used in Japan.

BOHNI NG How |l ong after the war was this?

STEIN. This was very soon after the war. Horio got to know
H rom chi Kawai, who was co-w nner of the Anerican Physica
Society Prize in polynmer physics |last year. Kawai was a
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professor in what was then the departnent of textile chem stry
and then becane the departnment of polyner chemstry in Kyoto
University. He was one of the first polyner scientists to cone
over to the U S. to study. Leadermann suggested that he ought to
work with me, which he did. That was in the early 1960s, and
when he went back Professor [ Shigeharu] Onogi cane and worked
with ne. He was the second Japanese in the group and Onogi was
the guy that | got a letter fromyesterday. Both of these people
have retired now. Then their students started com ng. One of
the early students was [Takeji] Hashinboto who was a co-w nner of
the Pol ynmer Physics prize. He's now a professor at Kyoto

Uni versity and now Hashanoto's students are working wth us.

Whien | was over in Japan in January | had dinner in Tokyo with a
group of about 25 people who had worked with me but there nust be
50 to 100. 1've lost track.

BOHNI NG There were at |least three scientific generations.

STEIN. Wth China, it was before we recognized China. It was
just after the era of ping-ponghdiplonacy and N xon and all of
that. There were mssions to ina in various fields. China was
just being opened to the west. W didn't have nuch idea what the
state of science was in China. The first mssion in chemstry
was a group of twelve chem sts and chemi cal engineers,
representing various disciplines in chemstry, and G enn Seaborg
was the chairman. Paul Flory was suEposed to be the pol yner
scientist to go but for sone reason he had to drop out. | had
read in Chenical Engineering News that this del egati on was goi ng.
They were soliciting menbers but really this was just a fornal
solicitation. The official nmenbers had al ready been sel ected but
| thought this was an interesting thing to do, so | had witten
in saying that | would Iike to be considered if there was an
o] enln?. Not hi ng happened because Flory was al ready chosen but
en Flory dropped out, they had to get sonmeone quickly. There
was ny letter sitting there; | guessed they checked with Paul who
knew me and said that | would be a good person. So | got a call
one norning asking ne if | wanted to go to China, which was a big
shock because going there was ﬁrett unheard of at the tine. |
called hone to ny wife to ask her it | should go to China, but
she was uncertain. They wanted an answer that afternoon so | had
a couple of martinis with ny lunch and was feeling good so |
?allgg_back and said, "Sure, I'lIl go.", and | left the next week
or i na.

BOHNI NG What year was that?

STEIN. | don't remenber but | think it was about two years
bef ore China was recogni zed.

BOHNI NG Can you tell nme sonething about the trip?



STEIN. We visited all kinds of places in China, steel mlls and
coal mnes, fiber factories. Things were very primtive. The
factories were built b¥ ei t her the Japanese or the Russians
during their periods of occupation. China was sort of making do,
just trying to keep themgoing. Mo was still in power then but
the Gang of Four was just about to discredit him People would
refer to the Gang of Four and hold up five fingers, the fifth
finger being Mao. | renenber visiting a nursery school in a
commune and the children were playing ganmes stanping out the Gang
of Four. They had pictures of these four on the floor and the
children were going around, stanping on these pictures.

China was just recovering fromthe cultural revolution. 1In
fact, it wasn't conpletely over and people were unsure about
whet her they should talk or not. You would hear all kinds of sad
tales. One of ny students wanted me to try to find his uncle.
He somehow got word to himand this guy called at ny hotel; he
wanted to visit nme. The student hadn't seen any of his famly in
China for thirty years. This guK told ne the sad tale of his
w fe being under such pressure that she commtted suicide. It
was kind of surprising that people talked as frankly as they did
al though the state of electronics in China was such that they
couldn't really do any eavesdroppi ng so people didn't worry too
much. | heard many tales of that sort. There were a few
Chi nese- Anericans In the group. One of themwas the head of
chem cal engineering at MT. Another one was the Chinese-
American from Cal fornia [Yuan T. Lee] who just got the Nobel
Prize in chem stry a year ago.

At any rate, this was kind of a heart-rendi ng experience
because t hese people were seeing famly, brothers and sisters
t hat theY hadn't seen for twenty years. It was really such a
wonderful time to be there because it was conpl etely unspoil ed
then. Today, it's just another tourist place.

BOHNI NG What kind of chemstry did you find?

STEIN.  Very ﬁood and very bad. There were verx sophi sti cat ed
projects in pharmaceutical chemstry. One of the people in our
grouE was Ron [ Ronal d] Breslow from Col unbi a, who was interested
I'n pharmaceutical chem stry. He was curious as to whether these
Chi nese fol k nedi ci nes had any basis. He |ooked pretty deepl
into the kinds of things that people were doing in stud¥ing t hese
her bal nedi cines and he thought it was pretty good stuff. In
anot her area, | think there was sone good work being done in rare
earth chem stry. China has very abundant supPlies of rare
earths, and they were tryin? to find sonme applications for these
bK I nvestigating their catalytic proPerties. One of the things
that |'ve been thinking about recent K is to do with sone of
these rare earths and mnerals being high tenperature
superconductors. This mght affect science in China.

_ A enn Seaborg was interested in what the Chi nese were doing
in nucl ear energy. No one knew at that tinme whether China had an
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atom bonb or not. | think one of Aenn's secret mssions was to
try and | earn what he could about this so, as a result, we

vi sited places where they were doin% a lot of nuclear work. The
Chi nese were very guarded in what they would tell us. denn was
just trying to put two and two together, seeing the vacuum
techni ques and power sources, separation techniques they would
need. | think G enn thought that it could be possible. The

Chi nese situation struck a note of famliarity; they were making
do with very primtive apparatus doing sone very good things in
sel ected areas by being very ingenious and working very hard.
think they were able to put an atom bonb together on this basis.

BOHNING Was this work being done in an academ c environnment ?

STEIN.  What was academi c and what wasn't was very confused at
this tinme because universities as such did not operate during the
cultural revolution, and they hadn't gotten started again when we
were there. Al of the universities were very practically
oriented and each university was essentially bein? operated as
kind of alittle factory. The students were manufacturing
things. They really had to build their own apparatus. For

i nst ance, Peogle were trying to do gel perneation chronmatography.
The head of the Institute of Chem stry 1 n Beijing was Renyan Q an
and one of the things that he was doin% was trying to make GPCs
for seﬁarating polyners. Essentially he had to start from
scratch and nmake his own colums and his own crosslinked

pol ystyrenes. 1've since had sone Chinese students work with nme
on light scattering. One of the things that they showed nme on ny
second visit to China, which was before they canme over, was a
light scattering apparatus which they had built follow ng ny
papers. | subsequently |earned that they had worked day and
night for two nonths to get this apparatus ready to show to ne
when L visited. They did sone very fine work wth ne when they
cane here.

BOHNING Did they have access to the scientific literature?

STEIN.  Not nuch. They got what they could by hook or crook. At
that tinme, they didn't resPect CQPYrIght so they got photocopies
of American journals legally or illegally, by at ever devi ous
routes they could, but It was very spotty.

BOHNING Is the relationship with the Chinese and this Institute
pretty strong now?

STEIN. We went through a period when we were getting inundated

by Chinese. | think we had twenty mainland Chinese in the
departnent at once, which is a significant fraction of our
graduat e popul ation, sonething like one-fifth. W were really
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concerned about this. These were nDstIK peopl e who were sent
over who had their education prior to the cultural revolution so
it was well founded. China had a verK |l arge effort to get these
peopl e retrai ned because they woul d then be the teachers. Most
of these people have now been educated in the west and they're
busy trying to educate those native Chinese who couldn't really
get any education at all during the cultural revolution. So,
after that first wave of people, there was no one to cone over
because of this m ssing gaB I n education. Now, they're beginning
to trickle over in reasonable nunbers. Perhaps five people a
year in the departnent from Mainland China. | have one girl in
ny research group and I'n1rea||¥ not sure what her connecti ons
are because she | ust apBIied i ke an ordi nary graduate student
and I'n1supﬁorting her by a fellowship. She's being treated no
di fferent than any other student; she is a very good student. |
think the relationship is nore normal now.

BOHNING How is the preparation the new ones who are conmng in?

STEIN. This girl is excellent. They are awmfully well selected.
O course, there are a | ot of Chinese and very few get here so
those that do are usually very good.

BOHNI NG  Coul d you tell ne sonmething about the Pol yner Center of
Excel | ence?

STEIN: This is a state organi zation. The Dukakis adm nistration
has been very high on trying to stinulate technology in the
state. Massachusetts is in a good econom c situation because of
its enphasis on high-tech. | think that Dukakis and particularly
the person who was his secretary of economc affairs and is now

| i eut enant governor and probably wi Il sonmeday be governor, Evelyn
Murphy [are responsible]. The Center of Excellence was her _
inspiration. She told nme that she saw the effort we had here in
pol yner science and this was one of her inspirations to get this
organi zation going in the state, which essentially has five
groups in various disciplines. Polymer science is one. There's
one 1 n biotechnol ogy and one in marine science anong the others.
These are not physical centers but actually an organi zati on,

whi ch Provides supportive funding, and is a conbination of a
nonprofit group, usuaIIK a university, and an industry, each of
which is suEposed to make a contribution to the research project.
The state then provides matching noney. |'ma nmenber of the
technol ogy board of the Polynmer Center of Excellence. The
chairman of this board is Joe [JosePh G] Wrth, who is vice
presi dent and manager of the General Electric group at

Pittsfield. 1'mvice chairman of the board. W just net |ast
week and we approved about a half mllion dollars worth of
funding that wll probably be supplenented by half a mllion
dollars in matching noney. So we have about a mllion dollars
worth of funds distributed anong ei ght projects, selected from
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maybe about four times that nunber. Each of the other centers is
doing sonmething simlar. 1t's sponsoring sonething like $5
mllron worth per year. W got a doubling of funding froml ast
year's effort and | think it's a very innovative, good thing.

The quality of the research being done is quite high, in a
variety of fields.

BOHNI NG  The Commonweal th of Pennsyl vani a operates the Ben
Franklin trust which sounds verﬁ simlar to what you're tal king
about. Could you tell ne sonething about the new polyner center
that's com ng here?

STEIN. The Polynmer Center is essentially a polyner building. It
was given the name to help in gathering noney. The psychol ogi ca
aspects of all these things was sonething we dwel |l ed on before.
Right now we're space limted; we're ver% crowded. The
chancel l or, Joe [Joseph D.] Duffey, has been very suEportive and
this year nmanaged to persuade a mealthy al umus of the

Uni versity, who is not a chem st actually, to give an endowed
chair to the University of over a mllion dollars, which is being
given to polynmer science. W will be able to hire a

di stingui shed professor but we've decided not to do so until we
get our new building just because we don't have the space. Frank
Karasz j ust ?ot one of these university research initiatives, a
Departnent of Defense grant. W' ve essentially had to put a
trailer outside to have any space for this, so we're very tight
on space. The new building is really what we need. The
department has gotten a reputation such that research noney has
been coming in reasonably well, but getting noney to build the
buil ding is hard.

So, the Polyner Center is a building. Through Dukakis and
our interaction with him there was initially a state
appropriation of $6 nmillion towards this. W estinmated at the
time, the building we want woul d cost sonething of the order of
$20-25 million. | nmade an effort to try to publicize our need
for this with fund raising and so on. | think this is sonething
t hat took our chancellor's fancy and we nade the rounds in

Washi ngton to see what we could do. Paul Flory and | jointly
went to visit George Keyworth a few years ago, when he was
Reagan's science advisor, to ook at funding. It was kind of
dlscouraglng. I think all of these people realized that it was a
good cause but there just wasn't any good source of putting noney
together for bricks and nortar. The scientific structure of the
Reagan adm ni stration is such that there is no good way to fund
bui I dings. Then we proceeded by the infanpus route of the pork
barrel. Actually, one of nmy friends who had been dealing wth

t hi s Washi ngt on organi zati onal | obbyist that has gotten 1| nfanous
fromthis activitK, put themon our tail and they came to visit
me. | met with themand was not very enthusiastic about it. At
the time they | ooked to nme |like a bunch of operators. They
wanted us to join forces with another university that | won't
nanme but | didn't think was ver% di sti ngui shed. However, it had
good political connections so that they thought we m ght be able
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to make nore of a clout by having two Congressman with power

wor ki ng together. Qur chancellor was very ﬁolitically oriented
man, he was an Undersecretary of State in the Carter

adm nistration and his wife Is a Washi ngton | obbyist, and he was
very enthusi astic about this aBproaCh. At the tinme, | wanted to
wash nmy hands of it. | had a big fight with nost of the
department because they devel oped enthusiasmand | didn't. |
essentially said that if they want to do it, go ahead, but |
wasn't going to cooperate. The chancellor realized that if |
didn't go along, it probably wouldn't happen. He said that he
woul d talk to the | obbyists aﬂain and the | obbyists agreed to do
it the honest way, in a way that would have peer review, and I
agreed with that.

Al though they tried, the problemwas that there still wasn't
anythinP that they could do. | was having sone surgery in the
hospital a couple of years ago and | got a call in the hospital

fromthe chancellor. He was calling froma radio tel ephone from
a car in Washi ngton saying that he was with our Congressman who
could get us $10 million but by the pork barrel route. If we
proceeded by the legitimate route, there was no way within the
next few years and maybe never. He wanted to know what he shoul d
do because he wasn't going to use by the pork barrel route unless

| agreed. | was just conpletely frustrated and | said, "Well,
okaY:” So, it worked, we got our $10 nmillion and then we got $5
mllion nore and it looks like nore is coming. | was interacting

W th Paul Flory during all of this tine. Paul was very nuch
agai nst pork barreling and | kept him abreast of what we were

doing. | think we both thought simlarly about this. Pau
didn't have any solution either and I think he was pretty
frustrated. But |ast year, | got invited by a Congressman to

give a talk on polynmers to the Appropriations Commttee of the
House of Representatives. That got us $5 mllion nore. Now, we
not only have assurance for $25 million but now we're tal king
about putting up a building of $30 to $40 mlli on.

So, it's happening. | never felt happy about the way that
it happened but, again, | think the problemis with the system
One just has to get around the system | tried ny darndest but
there just wasn't any other way. In a way, | decided the end was
worth the nmeans. It's the kind of argunent we hear a lot in
politics these days. Maybe it is, maybe it isn't; but that's
what we did.

our position in terns

BOHNI NG  This should certainl continre y
cility.

of polyner science by having this faci

STEIN. Wth the building comng along and with the endowed
chair. There was just a testinonial dinner recently for our
Congressman, Silvio Conte, where people paid $1000 a pl ate.
Several conpanies cane to this. | gave them noney with the
condition that the noney go to us and as a result we're getting
anot her $100,000 fromthat. That's going to finance a visiting
prof essorship here, which is actually going to be given to

Hashi not o, o | nmentioned before. Then we have this University
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research initiative. W've got the onIY materi al research

| aboratory in the country that's entirely devoted to pol yners.
The funding on this has iIncreased by about twenty percent this
year. W got one of these IBMgrants; we're one of twelve
universities in the country who are being supported by |IBM for
pol ymer research related to conputer science. It seens to ne
that everything's going very well. The faculty we have our first
rate and |I'm enthusiastic.

BOHNING Is there anything el se that you want to add that |
haven't nentioned?

STEIN. My comment is that | felt that at this tinme of life |
woul d be_slomﬁng down and enjoying ny reputation. | suspect that
' mworking harder than | ever have in ny life but | amreally
enjo¥|ng it. N% principal regret is that 1'monly one person and
not five, and that there are only twenty-four hours in a day.
I"'monly going to live a finite nunber of years. | just wsh I
had nore time and energy and everything to do all the things that
I would like to be doing.

BOHNING | think it's obvious that your tine and energy have
paid off in ternms of the devel opnent of the polymer work here at
umass.

STEIN. One thing I mght say is that tonight, arriving from
Turkey, is Burak Erman, who Is one of the l[ast inportant

col | aborators of Paul Flory. He devel oped the new t heory of
rubber elasticity with Paul. He's going to conme and spend three

nonths working wth ne. |If you want to get some rem niscences
about Paul, he would be a good erson to talk to. | think
anot her good person to talk to for that is a student of mne, Do

[ Yeung] Yoon, who is now a manager of research |labs at IBM He
got his Ph.D. with nme and then took a post doctorate with Pau

and mai ntai ned a close association with him He's the person who
assenbl ed Paul 's papers for publication after Paul died. He was
just over in JaPan to help to organize the I1BM conference with

t he Japanese a few weeks ago.

Sonme ot her people to talk to about Paul are Leo Mandel kern
at Florida State, Guy Berry at Carnegie Mellon, and Jim]|[Janes

E.J Mark at Cincinnati. | think Paul's |oss is sonething that
BO ymer science feels not only because of his |oss as a scientist
ut because of his |oss as a statesman for science. | don't

t hi nk people realize how nmuch he did.

BOHNING | first met himin 1974 when he won the Priestley
Medal . But | hadn't, until just recently, realized beyond the
scientific aspects of what you're saying.
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STEIN. | was at the ACS neeting in Chicago when Paul was
supposed to have delivered a talk. | had gotten a letter from
hima couple of days before that saying let's have | unch together
to talk over sone of the new things in rubber elasticity theory.
More inportant that we do that than listen to papers. | wal ked
in that norning and everyone had a gluml ook on their face and I
got the news. Jim Mark and Bruce Eichinger had just gotten the
news that Paul had died.

BOHNING Al of his scientific papers are now at the Center in
Phi | adel phia. They are being catal oged. He worked very closely
mntp tgedCEnter, and as | understand, was instrunental 1n gettin
it funded.

g
STEIN. | guess his wife Emly has been very supportive.

BOHNI NG Yes.

STEIN. We had both Paul and Emly staying in our cabin out at a
| ake here. It's very primtive and sonme of our guests conplain
about the bunpy beds but | point out to themthat Paul Flory has
slept in that bed. [Ilaughter]

BOHNING | guess I'll close with that. Thank you very nuch for
taking tinme out of your schedul e.
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