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ABSTRACT

In this interview, Mchael Szwarc begins with his
early interest in science whilst growing up in Poland, |eading
to his studies at the Warsaw Pol ytechnic Institute. Szwarc next
descri bes his experiences from 1935, when he emgrated to
Israel, until his nove to the University of Manchester in 1945.
At Manchester, he worked in M chael Pol anyi's physical chem stry
group and first enbarked on his studies of polynerization. A
visit to the USA in 1950 involving many |ecture trips is
descri bed as are the circunstances | eading to his acceptance of
a professorship at SUNY, Syracuse. Research on the nethyl
affinities of aromatic conpounds |l ed Szwarc to work with the
napht hal ene radi cal anion and, hence, to the devel opnent of the
living polymers. The interview ends with Szwarc review ng his
| ater studies and his reflections on co-workers and associ at es.

| NTERVI EVEER

James J. Bohning holds the B.S., MS., and Ph.D.
degrees in chem stry, and has been a nmenber of the chem stry
faculty at Wl kes Coll ege since 1959. He was chair of the
Chem stry Departnent for sixteen years, and was appointed chair
of the Departnment of Earth and Environnmental Sciences in 1988.
He has been associated with the devel opnent and managenent of
the oral history programat the Beckman Center since 1985, and
was el ected Chair of the Division of the History of Chem stry of
the Anerican Chem cal Society for 1987.
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| NTERVI EV\EE: M chael Szwarc

| NTERVI EWVER:  Janes J. Bohning

PLACE: Sol ana Beach, California

DATE: 11 Septenber 1986

BOHNI NG  Perhaps we can start from9 June 1909. You were born
in Bedzin, if | pronounce it correctly.

SZWARC: Bedzin, yes. It was a small town but when | was only
three years old nmy parents noved to \War saw.

BOHNI NG  Coul d you tell ne something about your father and
not her ?

SZWARC. M father was a busi nessman representing a factory in

the Silesian region. M nother was a housewfe. | |oved both of
them very much. He died at the age of 56 as a result of an
unnecessary operation. It was a m stake of the doctors. They

performed it in a wong way and left an infected wound. He |ived
ten years until he died, but he suffered all the tinme. M nother
was killed by the Nazis. | don't know exactly when, or how It
was apparently around 1942 because | got a letter fromher in
1942 through the Red Cross.

BOHNI NG  What year did your father die?

SZWARC: I n 1936.

BOHNI NG Do you have any brothers or sisters?

SZWARC: Two sisters.

BOHNING Are they living in this country?

SZWARC. No. One again was killed by the Nazis.

BOHNI NG You have said that you noved to Warsaw when you were



about three years old. D d you get your early schooling there?

SZWARC.: Yes.

BOHNING ['mnot famliar with the system Could you describe
t he schooling that you had?

SZWARC:  Well, primary schools were essentially |ike day school
here in the USA. You were given toys to play with and gradual ly
t hey began teaching you el enentary subjects. At the age of nine
| entered what is called the Gyé€masiumin Poland. It s
general ly equivalent to the USA high school. One graduates at

t he age of about eighteen by taking the final exam nation which
is known as the Maturum You supposedly mature according to this
term \Wen one passes this | ast exam nation, then one can go in
principle to a university or college of technol ogy, and continue
one's education. This is what | did.

BOHNI NG Were there any teachers or anyone who had a particul ar
influence in directing you toward science in those early days?

SZWARC: Well, it is difficult to say because | was interested in
science fromthe age of nine. At this age while | was in the
first class of the Gymmasium | was very nuch interested in al

ki nds of sciences: astronony, chem stry, and physics. Later,
when | was in the higher classes, at about the age of fourteen, I
got the formal courses in physics as well as in chemstry. | had
an excell ent teacher in physics, Leopold Infeld, who | ater becane
Professor in the University of Lvov. Eventually he went to
Canada. He was a co-worker of Einstein, a highly valued nman (1).

Shortly after the war, 1946, 1947, | don't renenber, he
becane a communi st, as did many intellectuals of those days, and
eventual ly returned to communi st Poland. Hi s departure created a
probl em whi ch reached the Canadi an Parlianent: how could he be
allowed to return, having worked with the Atom c Energy
Comm ssion? WAs he putting in jeopardy the secrets of the Atomc
Ener gy Conmm ssion? Anyway, the man was very gifted and an
excellent lecturer, and wote books which popul ari zed sci ence.
certainly enjoyed his courses very nmuch. They were a bit too
sophisticated for ne at that time. It was the beginning of
guant um nmechani cs when peopl e tal ked about Schr 6di nger and his
equations. It is difficult to say that Infeld induced ne to
science, because | was interested in science and mat hematics al
ny life, but he certainly encouraged these interests.

BOHNI NG  Were you readi ng science at an early age?



SZWARC: Ch, yes.

BOHNI NG What were your sources? \Were were you getting the
mat eri al you were readi ng?

SZWARC. There were a nunber of popul ar books about science and
about chem stry. | also had a small lab at hone. | nearly

poi soned ny nother once. | tried to mx all kinds of things. |If
there was an explosion | was particularly happy because that was
the type of chemstry for ne at that tinme. | was about nine or
ten years old. Indeed, | could have done quite a | ot of damage,
but fortunately I didn't.

BOHNI NG  Had soneone given you a chem stry set or had you
acquired that on your own?

SZWARC. | don't renenber. Maybe ny father bought it.

BOHNING Did your parents encourage you in that kind of thing?

SZWARC. Ch, yes. In fact, | was always absent-m nded, and ny
father said, "No question. You are going to be a professor!”
And that turned out to be true.

BOHNI NG What was it like growng up in Warsaw at that tine?

SZWARC. In many ways | enjoyed it. As you know, I ama Jew and
there was quite a lot of anti-semtic activities in Poland, which
of course | did not enjoy. But on the whole, life was quite

pl easant. Wen | think about it and recollect, it was pl easant.
People in this country frequently have a distorted idea how life
was in those days. You see, | left Poland in 1935, when the
situation was tense. Very tense. After that it becane
inpossible. | was on friendly terns with ny coll eagues, who were
non-Jews. But the year after | left there was a big change.
There was no tal king one to each other. | was still talking to
nmy non-Jew sh col |l eagues. 1In earlier years there were of course
frictions, but nothing to conpare to when Hitler came to power.

BOHNI NG  What about the tinme of the first World War. \Were you
affected by that in any way?

SZWARC:. Well, during that tinme, 1914 to 1918, | was five to nine
years old. | renenber when Warsaw was bonbed by the Gernans,
because in those days Warsaw was under Russian occupation. A



bonb hit the house across the street from our own house. That
i ncident had such a dramatic effect on ne that | still renenber
it. The German arny was enthusiastically welconed in Poland in
those days. Froma historical point of view, it was an
i nteresting period, because as you know Pol and was divided in
1815 during the Vienna Congress between three powers, Russia,
Prussia (at that tinme there was no Gernmany proper), and Austri a,
with Russia getting the biggest part. From sone points of view,
the Russians were the nost anti-Polish. The Austrians were the
best in conparison. Austria was |iberal in those days, and
remained liberal to the very end. Bismarck united all the small
dukedons and princedons into proper Germany. The Habsburgs kept
Austria, Hungary, and Czechoslovakia as their enpire. Wen the
war started, there was confusion in Poland; on one side the so-
call ed central powers, Germany and Austria, as well as Turkey,
and on the other side England, France, and Russia. So it was
difficult for the Poles to decide whether to join the alliance,
whi ch nmeant, France, although, with hindsight, I would say France
was ready to sell Poland at any tinme. But nevertheless, there
was a feeling that the French and France were the base for
denocracy, liberty and so forth, because with the French
Revol uti on, and even with Napol eon, the general feeling was that
t hey fought for freedom in contrast to the other countries |ike
Russi a and Austria which were absolute nonarchies. So the choice
inthe First Wrld War was to side with France, and therefore
with Russia. The alternative was to join Gernmany agai nst Russi a.
In fact, Poles were divided and created two arm es, one which
fought with France on the Western front and another which was
?eveloped in Germany and fought agai nst Russia on the Eastern
ront.

The man who becane the first |eader (but not president) of
i ndependent Pol and after World War | was pro-German. He was
fighting against Russia. H's nanme was Pilsudski. | don't know
if you heard about himor not. He was the first |eader of
Pol and, a very liberal man, actually a Socialist who considered
Russia to be the biggest danger. He was very successful, because
in 1920, two years after the Versailles Treaty, he was fighting
Russi a and managed to conquer Kiev, the capital of the Ukraine.
Well, as it happens very often during wars, he extended hinself
too far, and the Red Arny was able to reach the Vistula river
whi ch separates Warsaw fromits suburbs. Fortunately, they al so
ext ended thenselves too far and in the decisive battle that
foll owed they were defeated. Then eventually, peace was nmade and
t he border was of course not in Kiev.

You see, Kiev was part of Poland in the el eventh century.
In the tenth century, Poland becane a ki ngdom by the comand of
t he Pope and so the prince of Poland becane a King. His son
managed to extend the borders of Poland up to the El be River,
which is now t he border between East and West Gerrmany, and south
to the Black Sea. Never in its history was Pol and bigger. From
the Elbe to the Black Sea. All the Ukraine was Polish. Well
after that, things changed again. To return to what you inplied
in your question when we were tal king about the first Wrld Wr,



you see the people who were associated with Pil sudski were pro-
German. And so the German arny was ent husi astically accepted.
do renenber the Germans arriving in Warsaw. The army was

mar ching and the people in the streets were throwing flowers at
themw th great enthusiasm Fortunately, both Russia in sone
way, as well as CGernmany and Austria, were defeated. At the
Treaty of Versailles, Poland becane independent of these powers
after 123 years of occupation. So you see, being educated in
Pol and, | know the history of the country. Most of the Polish
literature of those days was basically anti-Russian, |ess anti-
German. Miuch less. The Germans tried to Germani ze this part of
Pol and whi ch they occupied, with reasonabl e success. Anyway,
this is a brief history of Pol and.

BOHNING | am curious about your reading. Was that all in
Polish, or were you reading things fromother countries?

SZWARC: In Polish.

BOHNI NG So you didn't have nuch exposure to sonething from
Engl and or Ger many?

SZWARC: W were readi ng many English authors in Polish
translation. Jack London, for exanple.

BOHNI NG  Real | y.

SZWARC:. Well, all the novels of Jack London were transl ated and
I know themall from Polish translations. The translation of the
nanes was slightly different than they are in English but Call of
the Wld, and Martin Eden, for exanple were available in Polish
translation. O course, there were nany others, |ike
Shakespeare' s wor ks.

BOHNI NG Did your physics professor in the Gymmasi um al so teach
chem stry?

SZWARC. No. He was a theoretical physicist. He was trying to
explain to us, for exanple, the theory of relativity. He did it
qui te successfully.

BOHNI NG What did you do in chemstry? Did you have | aboratory
cl asses?

SZWARC. Yes, we did. W had a | aboratory, and sonebody had to



clean the | aboratory after the class and | nmanaged to get the
pl easure of doing it, which neans that after hours |I could sit
t here and experinment.

BOHNI NG What about nat hematics? Wat was your nmathematics
background at that tine?

SZWARC: Well, | always |oved mathematics. It was one of ny
bel oved subjects. |In fact when | was going to enter the

Uni versity, mathematics was one of the possibilities |
considered. But in those days, during the mddle 1920s, a
student of mathematics could only becone a teacher. There was
not nmuch future in mathematics. By the way, there was not nuch
future in physics either. Chemstry |ooked |ike the nost
attractive choice fromthe practical point of view So
eventual |y, being opportunistic, | decided to go for chem stry.

BOHNI NG You said that you had a choice between the Warsaw
Pol ytechnic Coll ege and the University. Wre you allowed to make
t hat choi ce?

SZWARC. Yes. The choice was mne to make. The Pol ytechni c was
a better choice because all the chem stry courses which were
given at the University were also given at the Polytechnic, plus
t he engi neering courses such as el ectrical engineering,
construction of steamboilers, etc. Wen we had those courses in
el ectrical engineering (not electronics, because in those days,

el ectronics didn't exist) we were taught about transforners,
generators, electric notors, etc. The professor told us that he
did not expect us to be electrical engineers, but he wanted us to
| earn enough to be able to tell electrical engineers what we
needed, and al so to understand their |anguage. That | thought
was a very good i dea because you should have a broad education
which will allow you to communi cate with other people. | think
that's very inportant. You should not expect to be a specialist
in other subjects but you should have enough know edge to be able
to understand, appreciate, and comunicate with others. This was
the type of courses which we got.

By the way, when | was in the |last year of the Gymasium I
was very interested in two things. One was the freshman | ectures
in physics which were given at the university. The levels were
very different from Anerican |levels and | was going to these
| ectures with a coll eague, pretending that we were sick and
couldn't go to school. They were marvelous lectures in
experimental physics. The second thing, since you asked about
mat hermati cs, was a book by [Wacl aw] Sierpinski, published in

Polish. It was not a translation, but a Polish work. This book
dealt with sonme basic problens in mathematics (2). Sierpinsk
was one of the founders of what is called the theory of sets. |If

you open today any book dealing with problens |ike percol ation



and things like that, you will find ternms |ike Sierpinski gasket,
Si er pi nski carpet, etc. These kinds of problens were conceived
by Sierpinski in those days. It was very interesting to study

t he basic foundations of mathematics. That's what he tried to
do. That's what sone other people started to do in Europe and
the United States, and called it nodern mathematics. You know,
it was the idea of dealing with operations, of which

mul tiplication, addition, etc., are exanples. The idea of having
not geonetry but topol ogy, and topol ogi cal problens instead of
geonetrical problens, was devel oped in those days. It becane a
specialty of mathematics. Mich later his ideas were adopted by
ot her people in physics and in chem stry and began to be

appreci ated. Have you heard about Bool ean al gebra?

BOHNI NG Yes.

SZWARC. Well, at the tine when Boole cane out with his al gebra,
nobody considered it as sonething of value. But, you cannot have
conputers w thout Bool ean al gebra. The ideas which were

devel oped at that tine were abstract but found many applications
later. No tel ephone exchange or conputer can be built w thout
Bool ean al gebra. So this book of Sierpinski was a kind of

revel ation for ne.

| studied Sierpinski with the sanme friend. W planned a
trip to the noon, and we realized that we have to learn quite a
lot to be able to get to the noon.

BOHNI NG How much chemistry did you study there? Did you have
the typical courses, such as organic chem stry?

SZWARC.  Well, we were overloaded with anal ytical chem stry.
Quantitative and qualitative analysis, which is practically of no
use today, nmade up a |arge portion of the courses and the |ab.

O course there was organic chem stry with organic synthesis and
things like that. W had courses in physical chemstry and the
prof essor of physical chemstry in the college of technology in

Warsaw was one of the fanous founders of thernochemi stry. | can
tell you the nane, but you will be unable to repeat it: [W]
Swi et osl awski. He devel oped very precise calorinetric

nmeasurenments. After that [F. D.] Rossini, found a nuch better
way to handl e many of these types of neasurenents, but

Sw et osl awski did devel op what is called the adiabatic

cal orimeter which could neasure very snmall anounts of heat.
During the war he was at the Mellon Institute in Pittsburgh. He
was interested in these high precision neasurenents. For ne that
was the nost boring thing. You know, so what if you get
pLecision of 0.1 calorie or better. | didn't think much about it
t hen.

Wl |, one of the things which becanme inportant during the



| ast war was the problem of calculating the heat of formation of

i someric hydrocarbons. The inportance fromthe practical point
of view was that the knocking in the car engi ne depends very nuch
on the octane nunber of the fuel one is using. Hi gh octane
nunber hydrocarbons are nore branched than | ower octane number
hydr ocarbons. Consequently the problemwas, could we isonerize

t he | ow octane nunber hydrocarbons into high octane nunber
hydrocarbons. |If one tries to do it, one has to ask yourself,
"Can that be done fromthe thernodynam c point of view?" In

ot her words, are we going down in free energy or are we going up?
Are we produci ng sonething nore stable or sonething | ess stabl e?
So the heat of formation of these octanes and ot her hydrocarbons
becane very inportant. Rossini devoted hinself to accurate
determ nation of the heat of conmbustion and therefore, heat of
formati on of the various hydrocarbons. Wat one nmeasures i s not
the heat of formation but the heat of conbustion by putting the
hydrocarbon in a calorimeter, igniting it, and then nmeasuring the
amount of heat which is formed. Now, a typical heat of
conbustion is of the order of two to three thousand kil ocal ories
per nole. A typical heat of formation is of the order of twenty
kilocalories per nole. So if one makes a one percent error in
determ ni ng the heat of conbustion, one makes an error equal to
the heat of formation. So one needs extrenely accurate
measurenments. Wen | was a student, nobody was pointing that out
to ne. So, | thought that it matters very little if you have a
di fference of half a kilocalorie or even a tenth of a kilocalorie
per nol e.

The great advances which Rossini made resulted fromthe way
he carried out the analysis. Say one introduces hundred grans of
hydr ocarbons and burns themin a calorineter. The heat which is
nmeasured will be divided by a hundred and nmultiplied by the
nol ecul ar weight to convert it into nolar units. Now, it is not
easy to avoid 1% or 0.1% of water. Wll, water is unique in
that it is found in every place and to get a hydrocarbon free of
water is not so easy. Now to nake the cal culations: the heat of
conmbustion of water is zero because water is the product of
conbustion. |If one has 0.1% water, one reduces the heat of
conbustion by 0.1% which is about twenty kil ocalories on twenty
t housand kil ocalories. So, one has to be sure that one doesn't
have traces of water, which particularly in 1940, was not very
easy to renove. Now, what Rossini did was to neasure not the
anount of hydrocarbons he put in, but to nmeasure the anount of
carbon dioxide which is formed. O course, if there was trace of
water, that will not turn into carbon dioxide. That nmethod was
responsi ble for the precision of Rossini's work.

I"'mtelling you all this because Sw etosl awski was boring ne
to death with his demand for precision in thernochem stry. What
shoul d we use as a standard? Should we use sugar, or benzoic
acid, etc. That was very boring for me. M first truly
scientific work was when | joined [Mchael] Pol anyi in

Manchester. Polanyi suggested that | | ook into the probl em of
bond di ssociation energies. | nmade ny reputation in the field of
bond di ssoci ation energies. It turned out that this work demands



nmeasurenments of the heats of formation. Then | started to
appreci ate Swi etoslawski and | realized that the probl em was

i nportant for the success of ny work. |[If sonebody had told ne
that | would be a thernpbcheni st and neasure heats of conbusti on,
| would have said, "Better kill nme."

BOHNI NG  How many years were you at the Pol ytechnic Coll ege?

SZWARC. It was a five year course.

BOHNI NG  And what had you thought about doi ng when you finished
your work there?

SZWARC. | wanted to get a job and to have a bit of noney!
father was ill and we didn't have nuch noney. Fortunately | got
a stipend, which in those days was not common. So the first
thing which | wanted was to get a job and to start to work

BOHNI NG | believe that was in 1932.

SZWARC: 1932 or 1933, sonething like that.

BOHNI NG  What job did you get when you graduat ed?

SZWARC: It was horrible. | worked for a year in sonething which
was supposed to be a factory. It was a very snall enterprise in
which ny job was to prepare all kinds of pure salts for

phar maceuti cal purposes. The pharnacopoei a defined the anpunt of
inmpurities allowed in chem cals used for nmeking drugs and we had
to neet the standards of the pharmacopoeia. | was particularly
proud of the bariumsulfate | prepared. Bariumsulfate is used
as a contrast when there are problens with the gastric system

So when one feeds soneone with bariumsulfate, one has to
ascertain that the bariumsul fate does not contain any sol uble
bari umwhich is a very strong poison. In addition, one demands

t hat barium sul fate shoul d be suspended and settle down slowy
when shaken with water. The sedinentation nust be very slow and
uniform The rate of sedinentation is tested. The best known
product in the market was made by Merck, in Gernmany, a well known
manuf acturer of pure chem cals, and of pharnaceutical chem cal s.

| succeeded in nmaking it better than Merck! The sedinentation
was sl ower and very uniform

By the way, you know | feel nyself relaxed sitting with you
in nmy garden and tal king about all kinds of stories, old and not
so old. So let ne tell you a story about bariumsulfate. 1 was
once invited to give a series of lectures for two weeks in



Fl orence, Italy. On this occasion | got acquainted with the
Tuscan Chem cal Society. It was sonething like the American

Chem cal Society Section in Pittsburgh, for exanple. | was
invited by themto give a lecture, and | asked the chairman of
the section, what his interest was, and what kind of research he
was doing. He told nme that he was studying the crystal structure
of precipitated bariumsulfate as a function of the phase of the
noon. He m xed barium chloride and sodi um sul fate, got barium
sul fate and, depending on the phase of the noon, the norphol ogy
of the precipitate was different and there was a correlation with

the phase of the moon. | thought, well, there are so many crazy
people in this world, there is one nore. | don't need to worry
about him

Two years later, | was in the Weizmann Institute in Israel

where they were very nuch interested in solar energy and
desalination. The one way to conbine these two is to use the
sun's heat to evaporate water, condense it, and get water free of
salt. Nowin this type of operation, there is a kind of a

boil er, and a heat exchanger, and the problemis that when
bracki sh water is evaporated a scale forns, as in every kettle,
and it precipitates on the walls of the heat exchangers. Because
it reduces heat conductivity the scale should be renoved
mechanically wth sone kind of scraping device. | was talking to
a girl whose task was to find a way to deal with the
precipitation of salts |like cal cium carbonate and nmagnesi um
carbonate which contribute to the formation of scale, and to find
ways by which the precipitate forned won't be hard, but fluffy
and could then be washed out instead of scraped. Qobviously, it
was an inportant technol ogical problem She quite correctly

t hought to start by |l ooking into the problem of nucleation. Any
precipitate forms around a nucleus, as in the case of
crystallization. She found in the literature that nucleation
often arises fromthe tiny mcrocrystals of salt which are
suspended in the air, and these tiny crystals are comng fromthe
foam of the sea when the waves are breaking. Then | realized
that there is a connection between the phase of the noon and the
growth of the crystals because at full noon the waves are higher,
and nore of this type of mcrocrystals are fornmed. Cbviously,
this affects crystallization and the crystal shape and form of
the precipitate. So | realized that this nman, or at least his
observations, were probably right. O course, his reasoning was
wrong. He was thinking about the gravitational action of the
nmoon on the crystals and things like that. But it is again
interesting to notice that people do sonething and they m ght get
good results, valid results, wth very bad reasoning and a very
bad approach to the problem

BOHNI NG  What was the nane of the conpany you were doing this
work for?

SZWARC. Well, that | don't renenber. It was a very small
outfit. It was not a conpany, but a one-man business. The whole
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enterprise was in the basenent of a house. You can inmagi ne how
high ny salary was. It's really fantastic howlow it was! |

worked there for a year. It was a very unpleasant job. Then I
emgrated to Israel, or Palestine as it was naned in those days.

BOHANI NG You went there in 1935.

SZWARC: Yes, in 1935. In talking about the history of

chem stry, and journalism you are sonmehow connected to
journalismin your activity. M first trip to the United States
was in 1950 and was arranged by Hugh Tayl or from Princeton.
Anmong various places visited was Pittsburgh. For the first tine
innm lifel was there. | had to give a talk to the Anmerican
Chem cal Society. The people fromthe Anerican Chem cal Society
were waiting for ne at the airport in the early norning, took ne
to ny hotel, | registered, left ny |luggage, and then we went to
the Mellon Institute, where | stayed for the whole day. The

| ecture was at eight o'clock in the evening. At six o'clock

bef ore di nner they brought me back to the hotel. As | wal ked
into ny room the tel ephone rang. | picked up the tel ephone, and
it was a young girl on the other end. She said, "My nane is
spelled like your nane, and ny father wants to know whet her we

are relatives.” It didn't take nuch tinme to find out that we
were not relatives. | was puzzled how she knew that | was in
Pittsburgh. Three days later, | was in another |ocation, and I

got a letter fromthe Pittsburgh Section of the Anmerican Chem ca
Society, with a clipping froma |ocal newspaper with ny

phot ograph and the story of ny life. They wote, "In 1935, he
left his native Pol and when the German arny overrun his country.”
| thought, they are really good. They knew that | had |eft

Pol and in 1935, but they didn't know that the German arny overran
Pol and in 1939. You can inmagi ne how highly | appreciated this
journalist!

BOHNI NG  Coul d you describe why you went to Israel at that tine
and how t hat change occurred?

SZWARC:. Well, | felt that the situation of the Jews in Pol and
woul d beconme worse and worse and | wanted sinply to get out.
There was a | ot of enthusiasm about building Israel, which at
that tine was still a British mandate. A Jewi sh community was
devel opi ng, and a university was created. Hebrewis a very
anci ent | anguage, a | anguage whi ch was used for four thousand
years or nore. This | anguage was perpetuated by the Bible and
was spoken and witten for years and years, but it was not a
nodern | anguage. QObviously, new words were needed to deal with
nodern ideas and realities. Many new words were needed to cover
sciences, |like chem stry, physics or mathematics. A speci al
comrittee was created in Jerusal emfor devel opi ng new words
needed to express the nodern concepts, but at the same tine,

t hese new words had to obey the rules of the |anguage.
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English is a peculiar |language in the sense that it can
adopt foreign words and incorporate themrather easily. You
probably are not aware of the fact that, not only all kinds of
French, Indian and Hebrew words are incorporated into the English
| anguage, but sonetines even the grammar. For exanple, the
English plural of the word cherub is cherubi mand not cherubs.

This is the Hebrew plural. So not only the words were taken from
the Bible (there are many others), but even the grammar. It is
very easy for English to adopt words. In Hebrew, because of the

Hebrew grammar, there are a nunber of conditions which have to be
fulfilled in order that the words wll fit into the |anguage. So
the coommittee had to be of scholars both in science and in
[inguistics in order to devel op these words. |In those days we
started the courses in chem stry and | could |l ecture on chem stry
in Hebrew. That was very inportant for political reasons as
well. The British governnent suggested to the Hebrew University
in Jerusalemthat they would provide funds for the devel opment of
the university under the condition that the |lectures in science
woul d be given in English. This condition was not accepted, and
so it was necessary to develop scientific terns in Hebrew. Today
there are many books and journals dealing with chemstry in
Hebrew. In 1942, during the war, | was in Egypt, working with
the British War Supply Board. | managed to contact sone
professors of Gza University in Cairo. They were teaching in
French or in English. They said it is inpossible to teach in
Arabi c, because they don't have the scientific ternms. | told
themthat in |Israel we have devel oped a full vocabulary and we
coul d di scuss science in Hebrew. | think even today they don't
have it properly devel oped.

BOHNING That's interesting. Wen did you | earn your English
t hen?

SZWARC. | got a dictionary with phonetic pronunciation. |
learned it in this way essentially by nyself.

BOHNI NG Let ne go back for a nonent to the tinme when you went
to Jerusalem How did you nake your contacts there? How did you
support yourself? Had you been saving your noney to nake the
trip?

SZWARC. Well, at that tinme | was married and ny father-in-Iaw
arranged the trip. He also got ne the visa which was not an easy
thing to get at that tinme. They were very, very difficult tines.
I had the privilege of working in the |ab at the Hebrew

Uni versity and to participate in the teaching of students, but
they didn't pay ne. So | had to do sone other work. For nearly
two years | was earning noney as a night guard. At night | had

to patrol and to guard the university. It was a duty from seven
until mdnight or frommdnight to five o' clock. One night seven
to twelve and the next fromtwelve to five. It was not an easy
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life.

BOHNI NG What were you teachi ng?

SZWARC. Organic chem stry, which I still don't know

BOHNI NG  Were you using a text or did you have to use your own
not es?

SZWARC. Yes, we had a text. In ny recollectionit's called
Getman, and that was on organic synthesis (3).

BOHNI NG  Coul d you tell ne something about the university when
you got there. What was the Hebrew University |ike?

SZWARC. Well, it was a university in a state of devel opnent. It
was established in the early thirties. | got this position in
1936. Various departnents were being established. The first
ones were in literature, linguistics and the study of the Bible.
Eventual |y the departnent of chem stry was created and the first
students cane in 1937. | was in charge of the students' organic
synthesis |l aboratory which was rather primtive. Al the heating
was done with Bunsen burners, |eading to nunmerous fires.

BOHNI NG  Were they buil ding new buil dings, or were you
ref urbi shing ol der structures?

SZWARC.  Well, gradually various buildings were erected. Were
you ever in Israel?

BOHNI NG No.

SZWARC: | recommend that you go. It's a very interesting
country. There was a building, now called the main building, in
whi ch bi ol ogy and biochem stry was taught. Then sonme space was
given for inorganic and organic chem stry. Later, about 1938 or
t he begi nning of 1939, a new building for physical chem stry was
erected. W had a very good man, [Lasislas] Farkas, in physical
chem stry. There were two brothers. The ol der was a professor
who cane fromthe Bonhoffer lab in Germany. He was very nuch
interested in photochem stry, and catalysis. They made their
reputation on the hydrogen-deuteriumtype of work. There's a
book witten by the younger Farkas [Adal bert] which is to sone
extent a classic. It is on hydrogen and heavy hydrogen (4). It
was a classic for people who were interested I n hydrogen and
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deuteri um and those ki nds of problens.

BOHNI NG  Who were sone of the other faculty that were there at
that tine?

SZWARC. Well, as | said, there was Farkas' younger brother, who
I think is still alive and lives in this country. Besides those
two, no one else was well known. Anong the people who cane very
early were the two Katchal sky brothers [Aaron Katchal sky and
Ephrai m Kat chal ski], who | ater becane well known. They worked
w th an unpl easant and not very know edgeabl e man who was
interested in polynmer chemstry. They were about the sane age
and they turned out to be very, very good. W also had a very
good bi ochem st, but sonmehow he didn't devel op as nmuch as the
others. But many of the younger scientists who cane since then
have becone outstanding in a variety of fields.

BOHNI NG You published your first paper in 1936 (5). That was
just a year after you got there.

SZWARC. When | graduated, | wanted sonehow to retain contact
with the academc life. 1In the |last year of our studies, we had
to do sonething which you would call today a nmaster's thesis. W
had to choose a field and have sonebody to work with. | wanted
to work in physical chemstry, but the professor was boring ne so
much wth thernochem stry, that | decided not to do it. So, |
did my master's thesis, if you call it master's thesis, with a
physicist. He was a very interesting self-taught man. He was
not a first class scientist, but a very, very interesting man.
was working at that time on Raman spectra with not much success.
Then after graduation, | asked himif we could continue sonme kind
of cooperation. He agreed and allowed nme to work in the [ab on
some pharnmaceutical research. The idea was to produce gl uconic
acid by electrolysis. This is the subject | tried to describe in
this paper. It was not outstanding, and not very profound.

wote it when we conpleted the work and left it with him Later

| got a letter telling ne that he had decided to publish it.
Strangel y enough, he published it under ny name only (5). |

t hought that was very nice of himand it fit very well with his
character. It was published in Polish in a Polish journa

dealing with pharmacology. So this was ny first paper. The next
one was published in 1947.

BOHNI NG You eventually got a Ph.D. from Hebrew University in
1942. Did you start working on that degree when you arrived, or
were you just doing sonme teaching for thenf

SZWARC. Well, | was teaching and working at the sane tine.
Essentially, everything was so primtive. Being there, | tried
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to get a Ph.D. in organic chemstry, which | eventually got, and
of which I amnot proud at all. | don't think I did a good job.
But there was nobody with whom | could work, because the organic
chem stry professor was very poor. He was the brother of Chaim
Wei zmann and that was all he was. So | didn't get any help from
him and | was working in an intellectual vacuum at that tine.
There was war and one had to do all kinds of things for the arny.
The Australian and British Arnmy, who were in Pal estine, couldn't
get their supplies, because the Mediterranean was controlled by
the German and Italian Navies. So it was necessary to

manuf acture all kinds of relatively sinple products for the Arny
or for the Air Force which normally were sent from England. The
probl em was how to nake them w t hout the proper raw naterial s,
equi pnent, and |abor. The only thing which was not inportant was
price. It didn't matter if it would cost a hundred tinmes as nuch
as it should. For exanple, the pistons in the aircraft engine
have to be cleaned after a thousand hours of flying, and in this
process of cleaning they should be subnmerged in phosphoric acid
to renove sone corrosive substances which are formed there. Now
phosphoric acid is made from phosphorus, which is oxidized to
phosphorus pentoxide, which is then dissolved in water. The arny
insisted in using extremely pure phosphoric acid for this
purpose. | thought that a trace of sulfuric acid, for exanple,
woul d not matter. But the mlitary stuck to their rules and
regulations. So to nake the pure phosphoric acid, as required, |
had to start with superphosphate, react it with rejected sulfuric
acid obtained froman oil refinery, which was full of nercaptans
and other inpurities. The resulting green, inpure phosphoric
acid was neutralizied with sodi um hydroxide to form sodi um

hydr ogen phosphate, which crystallizes nicely. Then the
recrystallized salt was reacted with pure sulfuric acid to get
very pure phosphoric acid. Well, it cost a hundred tines as nmuch
as It should. But eventually, | got the product conformng to

t he specifications which the Air Force demanded. By hook or by
crook you had to do it. And consequently there was not so nuch
ting for proper research. Well, we were at |east teaching the
student s.

BOHNI NG  How many students did you have had during the war?

SZWARC: The first class, which I still renenber, was seventeen
boys and girls. Then we increased the nunber to about twenty.
These were undergraduate students. They cannot be conpared with
students of today. They were at different |levels and had to neet
different requirenents. Sone of them becane very, very good. As
time went by we got better and better students. | left shortly
after the end of the war, because it was not really the proper
academc life | wanted. It was distorted by war, and the whol e
situation was very fluid. So I decided to go to sone well -known
British or Anerican university. | talked to Farkas about it and
he suggested to go to M chael Polanyi. That was perhaps the best
luck I had in ny life, because Pol anyi turned out to be an
extrenely inspiring man.
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BOHNI NG  Had Far kas known Pol anyi ?

SZWARC: Ch, yes, he knew himwell. Polanyi was in the Kaiser
Wlhelminstitute in Berlin which today is the Max Pl anck
Institute and spreads all over Germany. Haber was the head of
the Kaiser Wlhelmlinstitute and Pol anyi was one of the
professors there. Wen Hitler cane to power, he realized that he
had to | eave. And since he had an offer from Manchester, he
accepted this offer and noved there. Farkas knew himfrom those
ol d days. Farkas was working with [Karl F.] Bonhoffer, and this
whol e scientific conmunity was in close touch with one anot her.

Pol anyi was extrenely gifted and had a nbst unusual career.
He started as a nedical doctor. During the first world war he
was in the Austrian Arnmy. He was from Budapest. There was a
hi gh school in Budapest where in one year they had in the sane
?Iass, Pol anyi, Teller, Szilard, and von Neumann. It's sonething
antastic.

BOHNI NG Herman Mark told us that.

SZWARC: Oh, Herman Mark. Well, Herman Mark was a student of
Pol anyi ' s.

BOHNI NG Did Pol anyi pay you a stipend? D d he give you
support ?

SZWARC:. Not for the first eight nonths because | went as a
graduate student. That was the only way in which | could go, but
since I worked hard during the war, | managed to save enough
nmoney to afford this type of trip and to stay w thout any salary
for eight nonths and to | eave enough noney to ny wife. At the
end of this period he told nme, "You know, you have done enough
work for your Ph.D.", which | got sonetine |ater because | could
get it formally only after two years. He offered ne an | Cl

fell owship which was a high class fellowship, given to people
such as [Charles A] Coulson. He was an ICl fellow at about that
time. Later | becane a lecturer.

BOHNI NG Coul d you tell ne sonething about what Manchester was
i ke when you arrived there? The war had just ended.

SZWARC. The European war ended in May, and | arrived there in
August. Manchester was one of these drabby industrial towns of
Engl and and the war was in sonme way good for Manchester. They
got many desirable squares fromthe enpty spaces created by the
destructi on of bonbed houses. Still, It was very drab. Many
houses were still w thout wi ndows and without roofs. There were
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shortages of everything, including food. But it was a very happy
time, at least for ne. There was quite a |ot of enthusiasm
During the war, the British were very devoted to their country.
They did a really marvelous job. | think the feeling anong the
wor ki ng class was, "Well, we won the war, now let's relax.” |
think that, together with the I oss of the enpire, ruined Engl and
conpletely. There were difficulties. You couldn't get this, you
couldn't get that. For exanple, we couldn't get Pyrex glass. W
had to use the old Jena gl ass.

BOHNI NG  Were there other people being attracted to Manchester?

SZWARC. Yes, it was an excellent group. For exanmple, [H C]
Longuet - Hi ggi ns, one of the outstanding theoretical chemsts,
came to Manchester. It was a very, very good group. At m dnight
you could get easily a cup of coffee in conpany of ten people.
You cannot do that now.

BOHNI NG  What were the laboratory facilities Iike at that tinme?

SZWARC. Poor. But the work was good. There were technical
difficulties. Many gadgets which you have now didn't even exi st
in those days. Gas chromatography, for exanple, not to nmention
NMR, or ESR which practically didn't exist in those days. But
quite a | ot of good work cane out of this |ab despite the

short ages.

BOHNI NG  When you started your work on bond energy, did you
sel ect that problemor did Polanyi?

SZWARC. Pol anyi suggested it to me. He was interested in bond
energi es, and said, "Perhaps you can | ook into the probl em of
determ ning the bond dissociation energies of organic iodides."
So | worked for alittle while on benzyl iodides. Then | canme to
the conclusion that that is not a systemwhich will |ead to what
we want to find. The idea was to break the bond and sonehow
measure the resulting kinetics. During this work I came up with
the idea that it would be better to determ ne the dissociation
energy of the C-H bond in toluene. Polanyi said, "Well, that's
an interesting idea. | don't think that it will work, but try
it." Wwen it started to work he cane every eveni ng, and made
suggestions. The next norning he was down asking for results.
used to tell ny students that it's very nice when the professor
cones in the evening, tells you what to do and in the norning
cones and asks for the results.

Pol anyi had a wi de range of interests. He started as a

nmedi cal doctor, noved to physical chem stry, and contri buted
enornmously to the solution of fundamental problens. For exanple,
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t he famous work in which Mark participated was the determ nation
of the structure of cellulose by x-ray crystall ography. The idea
was that cellulose, being crystalline, nust have unit cells which
determ ne the structure of the crystal. How could a polymer fit
into the unit cell? It was a novel idea that only a segnment of
the polynmer fits in a unit cell and not the whole of the polyner
nol ecul e. That was a great innovation by Polanyi and Mark. He
got interested in the problens of adsorption and was nearly
destroyed by Langmuir, who canme with a different type of picture
for the adsorption, the uninolecular single |ayer instead of the
mul tilayer which Pol anyi devel oped, and which is now i nportant.
He was interested in catalysis. Anongst others, he was
interested in bond dissociation energies. WlIl, his fanobus work
is on the so-called sodiumflanme. |In the book by Hugh Tayl or,
there is quite a | ot about the sodiumflanme reactions (6). O
course, sodiumflane reactions led to problens of bond

di ssoci ati on ener gi es.

During the war he was unable to work because the whol e
university was asked in some way to help out in the war effort.
And so he got interested in econom c problens. He published a
book on the thernodynam cs and kinetics of nobney, treating
econom ¢ problens in terns of equilibria and kinetics involving

money (7). Well, | don't know how this book was accepted by
econom sts. It seens to ne that it was a bit over their head.
But anyway, that was his interest at the tinme when | cane to
Manchester. It was econom cs and not chem stry. Three years

| ater, the University, in recognition of his contribution to
econom cs, allowed himto resign fromhis chair of physica

chem stry and appointed himto the professorship in social
studies. So he becane professor of economcs and for ne it was a
blow that | lost him Then he got interested in philosophy and
all kinds of questions connected with the theory of
probabilities. Eventually, he finished with theol ogy at the end
of his life. He was a very strange person. If you are
interested in history you may read a book published after his
death with contribution of various people, anongst them Melvin
Calvin, and Henry Eyring. Polanyi and Henry Eyring devel oped
this fanous H plus H, reaction. You can find quite a | ot about
his activities in this book (8). It is a book edited by his son
John Pol anyi. He was an extrenely interesting man.

BOHNI NG  What was his group |like when you joined it? How nany
ot her people were there in the group?

SZWARC. There were probably fifteen in the group. The system
was that a professor had a few |l ecturers, and each | ecturer had
two or three people. H S. Skinner, A G Evans, and others,
whose nanes | cannot renenber now, were lecturers at that tine.
When Pol anyi resigned M G Evans becane the professor. He was a
very different type of man, a cl ose associ ate of Pol anyi, and had
becone a professor at Leeds. And then from Leeds he cane to
Manchester. So ny last few years in Manchester were with M G
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Evans.

BOHNING | see. You published your first paper on bond energies
quite early, in 1947 (9). 1'd also like to ask how quickly did
you get to the para-xylene -- when you found the first polynmers?

SZWARC: Two weeks.

BOHNI NG  Two weeks after you started?

SZWARC: Two weeks.

BOHNI NG  Coul d you tell ne something about that?

SZWARC. Yes. As | told you, I was working on benzyl iodide.

And the idea was that the benzyl radical is very stable due to
its resonance energy. Therefore | expected that C-H bonds in

t ol uene woul d be very weak, and shoul d break and produce a benzyl
radi cal and a hydrogen atom foll owed by reactions of hydrogen
atons with toluene leading either to formation of H,, or
formati on of nethane plus another radical. GCbviously the next
guestion was to exam ne how substituent groups are going to
affect the reaction. And so | studied pyrolysis of various
aromati c hydrocarbons and particularly the xylenes in
anticipation that | would again obtain the sane kind of product.
In each case the formation of substituted di benzyls confirnmed the
anticipated pattern of deconposition initiated by the rupture of
the relevant C-H bond. Wen | carried out the pyrolysis of para-
xyl ene | got an unexpected result. A filmhad forned on the

glass of the trap. | realized that it was a crosslinked pol yner.
That was in 1946 shortly after | arrived when I was working al one
before I had students. Wthin two weeks, | proved that 1'd

produced a qui nonoi d hydrocarbon. A very sinple experinent,
sinply by letting the pyrolysis gas into a cold trap with iodine
and isolating the product. Eventually | showed that the final
product was a polynmer of p-xylylene. It took nme only two weeks,
wi t hout any assistant or sophisticated equi pnment. Later we

devel oped a whol e class of polymers with this nethod, using
substituted para-xylenes, the 1, 4-dinethyl naphthal ene, 2,5-

di met hyl pyrazine and so forth. But the original work was done
in two weeks. Keep in mnd, however, that a week had seven days,
not five, and a day was twenty hours | ong.

BOHNI NG  Had you had nmuch exposure to polyners before that?

SZWARC.: None.
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BOHNI NG That's interesting.

SZWARC: Herman Mark and Charlie Price canme a year later (in
1947) for a neeting. They cane to see this polymer film and
Herman Mark said, "Well, you see! You are a polynmer chemst!”
Some results of this work were published in the Journal of

Pol yner Sci ence (9).

BOHNI NG  But that paper was sone years later, in 1951

SZWARC. The original results were published in 1947.
Thereafter, | evaluated a series of conpounds and these results
were published in 1951 (10). M/ intention was to calculate the
di ssoci ation energies and not to produce polyners. After that,
deliberately tried to produce polyners. Sonme were successful,
some were not.

BOHNI NG  You nust have attracted a |l ot of attention with that
early announcenent.

SZWARC. Yes, it was interesting to many people. At that tine
they were looking for thermally stable polynmers and it turned out
that poly-p-xylylene was a thermally stable polynmer. Today, of
course, there are many others with better properties.

BOHNI NG You said you had nade your first trip to this country
in 1950. Was that work in part responsible for the invitation?
You al so had a | arge nunber of publications on bond energies too.

SZWARC: Hugh Tayl or canme to Manchester where he tal ked to nme and
was very much interested in sonme bond di ssociation energies. He
said, "Way don't you conme to the U.S. for a tour?", and |
accepted. So he organized the tour and | came in March 1950 for
four nonths. | enjoyed it very nmuch. Tayl or arranged
everything, got all the invitations, and set Princeton University
as ny base. He did everything well with disregard only of
geography. | had to give, let us say, tw lectures in Yale,
follow ng by sonething in Chicago, then at NYU, and sonething in
Boston, and then again sonewhere else. And during this four

months, | covered seventeen thousand miles. |t was exciting.
One of the funniest arrangenents was to give two lectures in
Purdue foll owed by another two at the University of Illinois in

U bana. They didn't have highways then. The only way to get
from Purdue to Urbana was to go by train to Chicago and then back
to Urbana; along the two long sides of a triangle rather than
al ong the shortest side. But there were no roads. M second
| ecture in Purdue was in the norning and ny first lecture in
Urbana was on the sane day in the afternoon. W were sitting
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during teatime trying to find out how to go from Purdue
University in Lafayette to Urbana and be on time. One of the
menbers of the faculty there, [Elliot] Ritchie A exander,
suggested to fly ne in his plane fromthe [ awn of Purdue to the
lawmn of Urbana. | had to pay for the gas and he woul d take ne.
And that's how we went. Fromone lawn to the other in three-
quarters of an hour. The people of Urbana were sinply
bewi | dered! They also had ny itinerary and they wondered how I
could make it. Alexander died later in an air accident. He was
with his wife and they crashed.

BOHNI NG He wote an excellent book that | have a copy of (11).

SZWARC. It was on ionic reactions in organic chemstry. Yes, |
remenber that. | was sorry to hear that he and his wife were
killed in that crash.

BOHNI NG Was that shortly after he flew you, or was it later?

SZWARC: | think two years later. | don't remenber the date, but
relatively shortly after.

Well, to cone back to ny tour of the US, Dow Chem cal was
interested in the polyners, and Ray Boyer invited nme to visit
Mdland. Wen | arrived, Ray was waiting for me at the station,
and took ne for dinner at his hone. As we were driving to his
home, we stopped at the supermarket because he had to buy
something. | went with himinto the supermarket, and | was
overwhel med by the quantities of nmeat and food. At that tine we
had rations in England and we were getting a tiny anount of meat
per week.

BOHNI NG How long did you stay at Dow?

SZWARC. For a week. W did sonme experinents. They built a
furnace for me and we repeated sone of the experiments | did in
Manchester. | taught them how to do all that, and then they
continued the work.

BOHNING Did you neet anyone el se at Dow while you were there?

SZWARC:. Well, | net a nunber of people, but Ray was the one whom
| had first contacted and was ny cl osest contact.

BOHNING Did you or anyone el se get a patent on that?
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SZWARC: On pol y-p-xylylene? Yes. | got a patent in England
(12). 1 couldn't afford to go through all the patenting
procedures and expenses. | managed to contact soneone in the
petrochem cal industry. They offered me a consultantship and
they patented it. D d you ever cone across Butch Hanford?

BOHNING No, | don't think so.

SZWARC: He was an interesting man. Butch [WIliamE.] Hanford
was a typical Anerican businessman. He was then vice president
in charge of research of the M W Kell ogg Conpany in New Jersey.
He eventually resigned fromthere and becane vice president in
charge of research at Ain Mathieson in Connecticut. He tried to
be el ected President of the American Chem cal Society, but he
failed. | think because of that he started to drink. Anyway, he
was the true Anmerican, you know, with the crewcut of that period.
He came to Manchester, got interested in the polyner and bought
the patent. So the patent was sold to M W Kell ogg Conpany. M
W Kel l ogg Conpany was and is today an engi neering conmpany whi ch
builds refineries, crackers, and petrochem cal installations.
Butch was trying to expand its activities into chem cals.

Actually during the war, he devel oped sonet hi ng which turned
out to be very successful, the so-called Kel-F, polytrichloro-
fl uoroet hyl ene, an extrenely useful conpound needed in the
manuf act ure of uranium hexafluoride. He tried to make a chem cal
conpany out of MW Kellogg and buying ny patent was one aspect
of that policy. He also acquired fromPhillips Petroleumthe
patents for polyethylene and as a result of that, the M W
Kel | ogg Conpany, which was sold then to Pullman, got into trouble
with its custonmers. The oil conpanies insisted that if they were
going to beconme a chem cal conpany they were not going to give
them any orders. So the Pull man people had to deci de whet her
they wanted to continue as an engi neering conpany or whet her they
woul d |i ke to becone a chem cal conpany. They eventually deci ded
to remain an engi neering conpany. As a result of that, Butch
Hanford resigned. But | nust say that he did sonmething very
nice. He arranged that 3Mwould buy all the chem cal assets with
t he understandi ng that the personnel which were involved in this
type of work would have the option to join 3Mwith the same
seniority. Some did, sonme did not. One day | was in ny office
and | got a tel ephone call fromButch. He said, "Mke, (and
hate it when sonebody calls ne Mke) we sold your patent to 3M
Can we also sell you?" | said, "All right, do that." So I
becane a consultant to 3M It was typical for himto put it in
this way.

Eventual | y Uni on Carbi de devel oped para-xylyl ene on a
commercial scale. | was working on the pyrolysis of para-xylene.
One of the products of this pyrolysis is a cyclic dinmer, known as
paracycl ophane. This has two benzenes |inked by two CH,-CH,
bonds, and accordingly is an exceptionally strained material,
whi ch, not surprisingly, deconposes back into the quinonoid
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hydr ocarbon at much | ower tenperatures than needed for pyrolysis
of para-xylene. As a result of that, instead of working at 900°C
one can work at 600°C. So the formation of by-products which
lead to crosslinking and made the polynmer difficult to handle are
avoi ded. By using paracycl ophane as starting material, non-
branched and non-cross-1linked materials are obtained and these
can be easily processed (13). | was consulting at Carbide for a
nunber of years in this connection. Actually, Union Carbide is
not selling the product, but the procedure. Coatings are made
directly by depositing the polymer fromthe gas phase. This is
the novelty in ny process. The gaseous nononer is converted
directly to the polyner w thout going through the liquid phase.

BOHNI NG Were there any other places you visited on this 1950
trip?

SZWARC. You may ask the other way around. Wich are the places

| did not visit? | was in forty-odd places during this four
nmonths. | started fromthe East and finished in the West at UCLA
Berkel ey and Canada. | had a marvel ous tour.

BOHNING Is this what led to your eventually conmng to the
United States?

SZWARC: Well, the following year | was invited to the seventy-
fifth anniversary of the American Chem cal Society. That was in
1951. | was offered a position in Syracuse which | accepted. A
year later | noved to the U S A

BOHNING It has always struck ne as being sort of unusual to
have you going froma place |ike Manchester to a Col | ege of
Forestry.

SZWARC. Yes, that was very, very unusual. | agree with you
Wll, as | told you, in 1951, Polanyi left and M G Evans
succeeded him Soon after that an opening materialized at the
Col | ege of Technol ogy in Manchester [now UM ST] follow ng the
retirenment of the professor there. | asked M G Evans whet her
he would like to recoomend me so that | would get nmy own pl ace.
He said that although | was a very good research man, he didn't
know if | would be able to create a departnent. | was annoyed
with this answer. So when | cane to the United States shortly
after that and was offered a position at Syracuse | thought that
this m ght be an opportunity to prove that | could create a
department. And so | accepted the offer. | remenber that when
they wanted to show ne what they had at Syracuse, | told them
that | was not interested in what was there, but in what they
were going to have in the future. There was no pol yner
department at Syracuse. Then it was just a College of Forestry.
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But we very rapidly devel oped a very active group. | made the
decision to prove to nyself, and to others, that | could do it.

BOHNI NG  How did they nmake that contact with you?

SZWARC:  Through Mark. Ed [Edwin C ] Jahn had a strong influence
in what was happening in Syracuse. Again he was one of the nen
whom | appreciate very nuch. He got his degree in Montreal. He
was originally a graduate of the College of Forestry. Then he
noved to Montreal and studied in MG Il University. He got his
degree in cellulose chemstry and returned to Syracuse. His
anbition was to start research and teaching in polyner chem stry
with the idea that the paper industry (and he was very wel |

acquai nted with the paper industry), was going to require a w de
variety of polyneric materials. So it would be good to have a
group of polynmer chem sts. He asked Mark to find sonebody who
could do 1t. Mark suggested ne and | was offered the position.

I made it clear at that tinme that | would never take any interest
in cellulose and paper. And Ed replied, "That's all right. W
have people who are interested in cellul ose and paper.”

BOHNING Did you go up to Syracuse when you were in the States
for the ACS neeting?

SZWARC. Yes. That's when | first went to Syracuse. | told them
that | could not cone i medi ately because | had seven or eight
people working with me, but within a year | would be able to
conplete ny work in Manchester. Actually | brought sonme of ny
students from Manchester to Syracuse. Unfortunately, one of them
di ed about three nonths ago. Maybe you have heard his nane --

Al an Renmbaunf

BOHNI NG No, | don't think so.

SZWARC:. Alan got his Ph.D. with me. He then worked for two
years with [Arthur V.] Tobol sky in Princeton, and eventually
noved to the Jet Propul sion Lab. He contributed enornously. He
got two gold nedals fromthe Jet Propul sion Lab in Pasadena.
Unfortunately he devel oped cancer and died in June. He was
incapacitated for nore than a year. It is sad, you know. During
the last fifteen nonths | lost three of ny fornmer students. Alan
Renbaumis the last one. You probably didn't hear about Ral ph

M | kovich, either. He produced some new pol ynmers. Apparently
that is what you have to expect if you live too long. So when
you will be ninety, you probably will have a long |ist of people
who passed away.

BOHNING | wanted to ask you about sone of the people that you
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have worked with and co-authored papers with in Manchester. |
notice that J. S. Roberts is a name that showed up quite a bit.

SZWARC: Yes, he was ny second student. Allen Shaw was first,
Roberts was second. Wiy you are interested in Roberts?

BOHNING Only in the fact that he did a lot of work with you
(14).

SZWARC. Yes, that was on bond dissociation energies.

BOHNING What did he do after he | eft Manchester?

SZWARC. Roberts eventually went to ICl.

BOHNI NG Ckay.

SZWARC:  Anot her one was Al ec Sehon. Alec Sehon is director of
the I nmmunol ogy Institute in Wnnepeg, Manitoba. He becane one of
t he | eadi ng nen there.

BOHNI NG  Shortly after you arrived in the United States, well
Wi thin that next year or so, you published a nunber of papers.
You began that work on nethyl affinities very quickly.

SZWARC. There's a very sinple connection with the probl em of

pyrolysis. | postulated that a nethyl radical is forned by
reacting hydrogen with toluene thus produci ng benzene pl us nethyl
radical. "Atomc cracking", that's howit is known now.

[WIlliam A ] Waters at Oxford was one of the |eaders in free

radi cal chem stry in those days. He clained that nmethyl radicals
are substituting hydrogens in aromatic hydrocarbons. That is,
benzene will eventually be transforned to toluene and tol uene to
xylene. That didn't fit into ny values of bond dissociation
ener gi es, because a weaker bond was produced by breaking stronger
bonds. | thought that there is sonmething fishy in this whole
story and so decided to check it. The idea was to produce nethyl
radi cal s, react themw th benzene and check whether they form
toluene. This work led to the study of nethyl affinities. W
found they do react, but not by renoving hydrogen, as Waters
sai d, but by addition, producing eventually a radical which in
turn loses a hydrogen. So this is the continuity with the
previous work. As usual, when one starts a new subject of
research one develops it. Thus we carried out a series of
studies of affinities of trifluoronethyl radicals, ethyl radicals
and so forth. That is a nornmal type of expanding the field and,
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by the way, it led to ny work on the |iving polyners.

BOHNING Do you want to tell me how that followed.

SZWARC. Well, that was again sone kind of strange story. | was
working with one of ny former students at Brookhaven. The
general idea was to study bond di ssociation energies agai n by
pyrolysis but using conpounds that had been | abeled with

radi oactive carbon in order to establish nechanisns of reaction
The idea was to pyrolize ethane, produce nmethyl radicals, and to
trace them by having this ethane | abeled with radi oactive carbon.
I was going every nonth to Brookhaven to supervise the work and

di scuss the results with him One summer when | arrived, | net
Sam [ Sanuel 1.] Weissman, whom | consider an outstandi ng physi cal
chem st.

BOHNING Isn't he in St. Louis?

SZWARC. Washington University, St. Louis, Mssouri. W had
publ i shed a paper on nethyl affinities of aromatic hydrocarbons,
benzene, napht hal ene, anthracene and so forth (15). Sam said,
"Well, | read your paper with great interest, because we are
studying electron affinities of aromatic hydrocarbons. And our
series follow yours.” | had no idea how he nmeasured el ectron
affinities. | asked him "How do you do it?" He said that
essentially they were studying equilibria involving radica

ani ons, for exanple,

(napht hal ene)- + phenant hrene = naphthal ene + (phenanthrene)-

The equilibrium as expected, is governed by the difference
of electron affinities. As he was talking I thought, well, if we
transfer an electron to sonmething |like styrene, then naybe we
will forma carbon anion on one end and a radical on the other.
Since both can start polynerization, we may sinmultaneously
initiate radical polymerization in one direction, and ionic in

the other. | asked Sam "Did you try to transfer an electron to
styrene?" | was tickled with his answer. He said, "No use. It
polynerizes." | said, "Wuld you mind if | would look into the

probl en?" He said, "By all neans.” And so we started.

Very quickly we found that first of all we deal wth
di meri zation of radical-ions and what has turned out to be so
important, we avoid termnation. So once nore in a very short
period of tine, |less than a year, we proved that we had a system
in which termnation and transfer are prevented. | reported it
as living polynerization and eventually the whol e i dea was
further devel oped and expanded.

The last work which I did at Syracuse dealt with problens of
el ectron affinities, electron transfer, disproportionation, using
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a conpletely different approach, nanely through flash photolysis.
During the last few years we were involved in studies of electron
transfer, disproportionation of radical ions into dianions, etc.

BOHNI NG When you started that work on styrene, did you realize
t hat both ends coul d pol yneri ze?

SZWARC.: Yes.

BOHNING Did you need to do anything special with styrene?

SZWARC. Ch, yes. You have to purify it very carefully. The
probl em of purification took nost of our tine. Traces of water
had to be renoved and work carried out under vacuum

BOHNI NG Had you anticipated the fact that the ends woul dn't
term nate or was that unexpected.

SZWARC: At the beginning I didn't think of that because we

di dn't know whet her pol ynerization would occur. Usually, | don't
worry how to cross a bridge until | cone to it. So, the first
thing was to initiate the reaction. But when that was done, what
was so striking was that the color, the characteristic color of

t he benzyl ion, persisted. Therefore, | thought that maybe the
reaction was not term nated, that the polyner is still capable of
growing. Once this hypothesis is put forward, then experinments
shoul d be designed to prove it. And again, very sinple
experinments were designed to prove the point. It turned out that
that was really the case.

BOHNING So it was the color that gave you the clue.

SZWARC.  The col or suggested that there is sonething strange.
Normal | y polystyrene is not colored. So it was a tentative
suggestion that apparently it is capable of continuing to grow.

BOHNI NG What year was this?

SZWARC. We started and ended in 1955. The first paper was
published in 1956 (16). | had a very good coworker.

BOHANI NG Wio was that?
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SZWARC: Mdshe Levy, who is now director of the polyner section
in the Weizmann Institute.

BOHNI NG  Those first four years were very busy for you in terns
of the research you were doing. But at the sanme tine, you were
buil ding up the departnent at Syracuse. You had to bring in
students, get support, and do a nunmber of other things as well as
doing all of this research work.

SZWARC:  Yes. Well, it worked. Did you ever neet Walter Kirner?
Walter Kirner, | think, was professor in one of the New Hanpshire
colleges. He was the first Chairman of the Chem stry Division of
the National Science Foundation. He was an extrenely nice
person. W becane very, very friendly. The National Science
Foundati on was not the first but certainly the nost inportant
supporting agency. The first was actually the Research
Corporation. But the National Science Foundation supported ne to
the very end. And of course, at that tine, you could get support
fromthe Navy and fromthe Air Force and fromthe Quartermaster
Corps etc. So we got the support.

| renmenber that when | brought students from England in
t hose days, (ny forner students and so forth,) every tinme | had
to get the dean's signature for their student visa. | renmenber
that when | gave himthe fourth or fifth nanme to sign the
application he said, "Don't we have good Anerican boys?" I
sald, "Sure, you have excellent American boys, but they will not
come to Syracuse. They will go to Harvard and sim |l ar coll eges.

You have nothing to offer them But to a British boy, | have
something to offer. | offer thema chance to see and live in
America." And that convinced him So yes, there were problens
i ke that.

Returning to Kirner, when we first net, and he was as | said
in charge of the Chem stry Division, they were on sonme corner
house, | think on Sixteenth Street in Washington. The chem stry
di vision was in one roomand the files were all around. That was
in 1953. Eventually they got the building of the Atom c Energy
Comm ssion, when it noved into a new buil di ng.

The chem stry departnment of Syracuse University was
conpletely dil apidated. There were very ol d people, deadwood.
Once on visiting Washington | asked Kirner, "Wen will you cone
to see us again?" "Oh," he said, "It mght be soon, because we
have a program rejuvenating old chem stry departnents, and the
Chem stry Departnent of Syracuse University sent us a proposal.
They have a good case."” They hel ped them enornously.

BOHNING Did you start bringing in Anerican graduate students as
wel | .
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SZWARC. | am now tal king about Syracuse University, not about
the Col |l ege of Forestry. You see, Syracuse University is a
private university. The College of Forestry is part of SUNY. So
admnistratively we are conpletely different institutions,

al though we were on the sane canmpus. NSF really hel ped the

chem stry departnent of Syracuse University very much by this
rejuvenation grant. They now have a nunber of good peopl e.

BOHNING In the mddle 1950s you published a nunber of papers on
the perneability of polymer filnms by gases (17). How does that
tieinwith the rest of your work?

SZWARC. Well, that was a side-line. The nman who suggested that
we go into this field and who developed it to a great extent was
Vivian Stannett. We got involved in that area while | ooking for
financial support. We were talking with people fromthe
Quartermaster Corps in Natick, Mssachusetts. They wanted to
provi de sone support, if we were willing to look into the problem
of pernmeabilities of various polynmer filns. W devel oped the
techni que of how to do it, and we then pursued it further.
Stannett eventually noved to the University of North Carolina at
Ral ei gh and he made his reputation on this problem of
pernmeability. Interestingly, the man who replaced ne in Syracuse
in the College of Forestry is a man who is also interested in
permeability.

BOHNING Oh, really?

SZWARC. Yes. Israel Cabasso. Qur work on perneability started
in the nost prosaic way. The Quarternmaster Corps told us that
they were interested in such and such filnms, such and such gases,
and we had to determne the perneabilities. It was a service
type work. But as is always the case, one starts to ask
guestions. Should we investigate the effect of this, the effect
of that? And while looking into these perneability curves, |
noticed that there were normal situations when the perneation
increases with pressure in a linear fashion, and there are cases
which are strange e.g., perneation goes up exponentially on

i ncrease of pressure.

It is not difficult to understand. For exanple, water vapor
pernmeating through nylon. Nylon is a very tough polyner. The
hydr ogen bondi ng between the NH and the carbonyls of the am de
groups on adjacent chains is responsible for the strength of
nyl on. Wen one adds water, it replaces this hydrogen bondi ng,
and opens the structure. The nore water, the nore open the
structure. This leads to this dramatic, exponential increase in
pernmeation. Wile we were doing this, | thought it would be
interesting to make a lam nate fromnyl on and, |et us say,
pol yet hyl ene, whi ch behaves normally. Such a lamnated film
behaves |ike a valve. |If water is on the side of polyethyl ene,

29



and vacuumon the side of nylon, the nylon will find itself in
the |l ow gradient of pressure and therefore will behave as a very
good barrier. But in the other way, nylon is in a high pressure
regi on and behaves as a very poor barrier. Thus, the
pernmeability will be different whether water is on this side or
on that side. The filmis anisotropic. It was not difficult to
make the necessary cal cul ations. Then a graduate student checked
it. He's now a professor in Ceveland. A plastic can be a good
barrier in one direction, but a poor barrier in another. Like a
valve!l This student, Charlie [Charles E.] Rogers, continued with
this work and becane involved in research leading to artificial

| ungs, kidneys, etc. For nme that was perhaps the nost
interesting work in this field, and Rogers did quite a |ot of
other things after he left.

BOHNI NG When did you work on cage reactions?

SZWARC: That's again related to the work on nmethyl affinities.
A typical situation of working on a subject which generates al
ki nds of other interesting problens.

BOHNI NG  How many students did you have at Syracuse during the
1950s and 1960s?

SZWARC. Well, the total nunber of people, that is graduate and
postdocs, was over a hundred and fifty.

BOHNI NG When did you begin your ESR work?
SZWARC:. That was a result of the work on el ectron transfer.
BOHNI NG Wei ssman was doing ESR work quite early.

SZWARC: Wi ssman devel oped the whole field. The understandi ng

t hat aromati c hydrocarbons can be converted into radical ions was
somet hi ng new whi ch Wi ssman devel oped. Wrking with a radica
gﬁnerating device, in one or another way, | got into the problem
of ESR

BOHNING In the 1960s you continued to work on all of this but
there's a newtermthat appears -- the dormant pol yners.

SZWARC: Yes. This is a general probleminportant in ionic
polynerization. Nanmely, in the radical initiated polynerization,
a process elucidated over the 1940s and 1950s, a radical grows;

30



period. In ionic polynerization a grow ng species nust be an
ion, a cation or anion, and there nust be also a counter-ion.

Qovi ously they may conbine together to forman ion pair. The
concept of different ion pairs appeared, if ny recollection is
right, in 1954 or 1955 in two papers. One was by Saul Wnstein,
and the other by Raynond M Fuoss (18,19). Wnstein called them
contact and solvent-separated ion pairs. Wnstein derived this
idea that ions in ion pairs can be in contact or separated by

sol vent nol ecules fromhis study of solvolysis. Fuoss cane to
this conclusion through the study of conductance in solution. So
both came with the idea that ions were either in contact or

sol vent-separated i.e., there are two different types of species.
Both of them published their results in the same year, in the
same journal, JACS [Journal of the American Chem cal Society]. |
was a friend of Saul Wnstein, and T was a close friend of Fuoss.
So | can assure you, because | talked to both of them Fuoss
didn't know about the work of Wnstein, and Saul didn't know
about that of Fuoss. They published in the sanme year in the sane
journal, but they didn't know about the other's work for quite a
tme.

Qoviously, intuition led to the feeling that the free ions
shoul d be much nore aggressive in polynerization reactions than
the ion pair. A contact ion pair should be | ess aggressive than
a separated pair. So several species are propagating at the sane
time. It's not difficult to inmagine that sone of themare
propagating so slowy that they seemnot to grow at all
Nevert hel ess they do grow because they are always in a dynamc
equilibriumw th the growing ones. The free ions conbine into a
pair. The pair dissociates. So although for a while a
particul ar polymer doesn't grow and is dormant, later it wll
grow. And one which grows collapses into a dornant state. So
this idea of distinguishing between the various types of species
led to the definition of dormant and |iving species. The dornmant
contributes to polynerization because the dynam c equilibrium
converts it into a growing one, and vice versa. But you have to
consider that they lead to different types of problens, and they
have effects, not only on the kinetics of polynerization but also
on nol ecul ar wei ght distribution.

The first specific exanple | had occured in polynerization
perfornmed in the presence of anthracene. Wen anthracene was
added, the polyner becanme dormant. But the addition is
reversible, as with ions and ion pairs and eventually the pol yner
will grow At that tinme | had a French coworker whose nane was
Gerard Spak, a very nice and very intelligent man. \When
suggested that we woul d have to call them dormant polyners, he
said, "Wiy not sl eeping?”

BOHNI NG That's excellent. You spent a year in Liverpool in
1963- 64.

SZWARC. As a visiting research professor of the Royal Society.
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BOHNI NG Anyt hi ng special during that year?

SZWARC: Yes. | had a Chinese student as a coworker. He was a
postdoc from Red Chi na, because in that year the Royal Society
signed an agreenent with the Chi nese Acadeny for an exchange of
scholars. Since | was a research professor of the Royal Society
| got this student to work for ne. Being his host or boss or
what ever you call it, | was trying to be polite -- to invite him
for dinner at home or to a restaurant. But he never accepted.

On the | ast day when he was about to | eave | said, "Look, we have
spent a year here together, let ne at |least invite you for
unch.” That was the only tinme when he accepted the invitation
and we went for lunch. | lost track of him and after about
twenty years, we got in contact again. By that tine, he becane
t he president of Zhejiang University in Hangzhou, and invited ne
to China. Wen | met him the first thing | said was, "Can
invite you for dinner?" And he said, "NO Now | invite."

One thing which I did while in Liverpool was to wite a | ong
review on the so-called NCA polynerization (20). These are the
N- car boxy anhydrides, | don't know if you know t hese conpounds.

At that time [Clenent H] Banford was in Liverpool and he was
very much interested in this type of work. So | decided to wite
areviewin order to learn the subject. This is the only review
I wote on a subject on which | didn't do any work on nyself.

The review turned out to be useful to many people; El kan Bl out
told ne that he was using it in his class. During the time | was
in Liverpool | went back to the United States two or three tines
and | spent two weeks in Israel and two weeks in Italy. Wen |
was | eaving Liverpool we had a formal farewell dinner and | told
themthat during this year | had never left Liverpool, but for ne
Li verpool is the greater Liverpool with a radius of three

t housand mles. And they agreed.

One thing which | initiated there was the cationic
pol yneri zation of tetrahydrofuran |eading to a |living polynmer.
There was a postdoctorate researcher there whose wife was a
chem st. She cane to ne and asked if | could suggest sone
project on which she could work. | suggested she |look into the
pol ynerizati on of tetrahydrofuran cation, explaining what kind of
experiments | wanted to do, which they did and it worked. 1In the
paper they published, it is acknow edged that | suggested it
(21). They both were from Akron or Cleveland. It was a pleasure
for me to visit themin their hone and to |earn that they
continued this work for a nunber of years. They were an
interesting couple. Their name is Peter and Pat Dreyfuss.
Wienever she sent ne a letter, she signed P? Dreyfuss.

BOHNI NG They're not at M [M chigan Ml ecular Institute], in
M dl and, are they?

SZWARC: Exactly! They noved to MM quite recently, about two or
t hree years ago.
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BOHNI NG | thought so. | recognized the nane.

SZWARC. Peter and Patricia Dreyfuss. She was the driving force,
not he. She is really an anbitious and driving woman. | think
she is still the driving force in this couple.

BOHNI NG  Have you visited MM ?
SZWARC.  Yes.
BOHNING |'m not clear when you |left Syracuse.

SZWARC: |'mnot surprised, because | did it gradually. |
accepted the visiting professorship here when | was officially
still at Syracuse.

BOHNI NG | see.

SZWARC. And | resigned formally, when | had ny seventieth

bi rthday. According to regul ations, at |east the regulations of
t hose days, you had to retire officially at the age of seventy.
And | ama very old man as you know. You can quickly cal cul ate
nmy age! So, officially it was in 1979 when | left. But
actually, I cane here in 1978.

BOHNING Are you still doing work here in UCSD?

SZWARC:. | still have sone research work going but of a different
type. And I'mtrying to wite books.

BOHNING | talked to Bruno Zimm on Tuesday, and he told ne that
the two of you were working on a book.

SZWARC. Yes. He's a charmng man. Not only charm ng, but a man
who's ready to hel p everybody.

BOHNI NG Yes. I've heard that, and |'ve heard that from ot hers.

SZWARC. He is an extraordinary nice man, and a fantastically
good scientist. Extraordinarily good scientist. He grasps
things very rapidly, and can see the inportant points.
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BOHNING As | told him I'm|looking forward to seei ng when t hat
book is produced.

SZWARC: It is a nmuch bigger task than | have expected. So

you'll have to wait and | have to live. | hope that I wll |ive.
The field is devel oping so much in so nmany directions. |It's not
easy when you have to decide what to put in a book and what not
tﬁ_put in. It is not an easy job. And | have to | earn many

t hi ngs.

BOHNING He told nme that you were doing the witing and he was
doi ng t he reading.

SZWARC. Yes, he is correct. | have nore tine than he does. He
makes suggestions and he is very critical. He is very good.

BOHNI NG  You were at Uppsala for a year. Didn't you work
with...

SZWARC. Wth Stig Claesson. | was talking to Bengt Ranby today.
Do you know hi nf

BOHNI NG No.

SZWARC. He's a professor at the Royal Institute of Technol ogy in
Stockholm He just retired. W were tal king about Stig
Cl aesson, who is in an asylumand irreversibly ill

BOANING That's a shane.

SZWARC: Anyway, | was working in Uppsala for nore than four

years. | was there for two weeks every three nonths, and |
stayed once for a full year in Uppsala. The work on flash
phot ol ysis was devel oped there. | also took sone of ny students
there. Stig provided the noney which was very convenient. Wen
I finished I noved the equi pnment to Syracuse. |'mvery fond of
this work in Uppsala. It was really interesting and novel. |
enjoyed it.

BOHNI NG Wasn't flash photolysis recently devel oped at that
time?

SZWARC. No. Flash photolysis was devel oped by [Roland G W]
Norrish and George Porter. Stig Claesson was an interesting kind
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of man. He was very precise in his work, essentially devel opi ng
gadgets. \When he devel oped the gadgets, he didn't know what to
do with them So we conplinmented each other because | don't know
how to build gadgets and as you can gather from sone remarks I
have made, |'mnot very precise, so this cooperation was very
fruitful for both of us. I'msorry that he is in this state.
It's quite irreversible. If you didn't know this man, then you
cannot appreciate what it does nean. Well, he's not aware of it,
Kou kﬂpmn He doesn't know what is going on. But for people who
new him. ..

BOHNING It nust be very difficult.

SZWARC:  Well, it is tragic. | don't mind that | will die. |
have to die. So does everybody. But | don't want to | ose ny
mental capacities. He's not an old man. He's nuch younger than
I am

BOHNING Really? | wasn't sure how old he was.

SZWARC: | would say he's about eight or nine years younger.

BOHNI NG Are there any recoll ections of himwhen you were there
during that year?

SZWARC. Many. He was a very dictatorial type of man. But as |
say he had this capacity to devel op gadgets. He was very astute
and critical. Wen we were witing papers and | was giving him
the draft, he was always able to spot the weak points

i medi ately, and to see how it should be done fromhis point of
view. He gained on this ability to be precise. He got into
trouble with wonen. He divorced his wwfe and got a witch. And
this witch, I don't know what she did. Maybe it was organic,
probably it was. But she really changed him

BOHNI NG Well, we've been going for over three hours. | just
wanted to ask if there's anything el se you thought we can cover
at this point?

SZWARC. | don't know. | was tal kative, perhaps gossipy, and
told you all kinds of things, sinply thinking about various
peopl e, various days.

BOHNING Well, 1'd Iike to thank you very nmuch, then, for a very
enj oyabl e afternoon and for spending the tinme with ne.
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