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[EDITOR'SNOTE: Thefollowingarticleisatranscript of anaddressby Professor MelvinCalvin
(Department of Chemistry, University of CA, Berkeley) given at the Berkeley Polanyi centennial
conference on March 15, 1991. Professor Calvin, who did postdoctoral study with Polanyi in
Manchester more than fifty years ago, became a Nobel Laureate in 1961 for his studies of the
sequence of chemical reactions in photosysthesis]

Itwasinthecourseof writingmy thesisat theUniverity of Minnesotathat | first becamefamiliar withthework
of Professor Michael Polanyi, who wasthen at the University of Manchester in England. Manchester therefore with
Polanyi inthe Chemistry Department, seemed likeavery interesting placetowork, and the research that Polanyi was
doing there, (on the nature of chemical reactions and the theory of transition statesin chemical reactions) seemed to
be the type of research | wanted to join in. | wrote to Polanyi in the hope that he could help me obtain postdoctoral
support towork in hislaboratory. He was able to do this, fortunately, through the auspices of agrant he had from the
Rockefeller Foundation. So, at the end of my thesiswork in Minneapalis, | undertook to spend a period of timewith
Professor Polanyi in Manchester. This postdoctoral period beganinthefall of 1935, and wasthe most fortunate thing
for my entireresearch career that followed.

When | first met Michael Polanyi in Manchester in 1935, he waswell into second career. Y ou know he had
at least three careers at least that | know about, maybe four. Originally he had been a physician and moved to Berlin
and servedintheHungarian Army. Hethentook up Chemistry. Hereached Great Britaininflight from Germany inthe
early thirties. He had begun some particularly sophisticated studiesin Berlin that he wasto conclude at Manchester
within arelatively short time. He then began still another career, that of apolitical scientist-economist- philosopher.
| saw the beginning of that in Manchester. Toward the end of my stay there, in 1937, it got so it became difficult often
for meto talk with him because he was thinking in terms of economics and philosophy, and | couldn’t understand his
language.

There is no doubt in my mind that the experience | had with Polanyi was instrumental in opening my eyes to the
advantagesof aninterdisciplinary approach to science. Hehad thetype of mind that was curiousabout all things, even
thosenot involvedinhiscurrent work. | feel that my experiencewith Michael had aprofound effect on my subsequent
career.
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| kept in close touch with Polanyi over the yearsuntil hisdeath in 1976 at the age of 85. Thelast timel saw
him personally waswhen | was George Eastman Professor at Oxford in 1967. Hewasthere then, having moved from
Manchester. | didn’t get very closeto him at Oxford, but | did see him. Our relationin Manchester wasvery personal,
but in Oxford it was moredistant. Y ou know | wasused to himin Manchester asvery personal, butin Oxford it didn’t
happen that way.

| canremember very vividly rambling conversationsin Manchester that took placein Polanyi’ sofficetoward
theend of my first year, in 1935. | had been working exclusively on platinum-hydrogen activation systems. L et metell
you what that means. Chemists understand, but others do not. Hydrogen isagas, very unreactive by itself. But when
it comesin contact with platinum, it breaksupintotwo atomsthat migratearound ontheplatinum surface, and arevery
reactive, with almost anything they touch. That is what we were investigating.

Polanyi pointed out that most biological oxidations and reductionswere mediated by a porphyrin molecule
suchasaheme, that isthered col or of blood cellsand thegreen of chlorophyll, whichispresentinmost of thebiological
oxidation and reduction catalysts or chlorophyll, the photo catalyst in plants. Both the red of blood and the green of
plants have the same skeleton structure; they are different otherwise. If biological oxidation was a dehydrogenation
and reduction, that is, ahydrogenation reaction which took place on porphyrin, thenit should be possibleto do astudy
on porphyrin molecules similar to the study we had been doing on platinum using molecular hydrogen as one of the
reagents. Now | wouldbeusingporphyrincrystal sinstead of platinum. Of coursethenatural biol ogical oxidation-reductions
that have porphyrin asthe active groupstake place on proteins, and Polanyi speculated that the proteinswere simply
wiresfor moving el ectronsaround to match the protonsthat had ultimately to beremoved. Hegavemetheides; | don’t
know whether he believed it or not. Theimportant reactionsthereforetook place on porphyrin moleculesthemsel ves.
Atleasttomy mindthiswasaremarkabl efeat of association onPolanyi’ spart. Thusit becameimportant for metofind
porphyrin molecules that might be useful in studying hydrogen activation. Hydrogen isavery inert gas. It needsto
beactivated and it reactsto all kindsof things, but you haveto get it started. Theway most chemist startitisby having
thehydrogen moleculewhichistwoatomstuckedtogether, sit on platinumandthey comeapart, and then each hydrogen
atom works separately.

We had to find a porphyrin redox catalyst model stable enough to be used in a gas experiment at a variety
of elevated temperatures. Now you couldn’t usethe ordinary porphyrin like chlorophyll or heme. They were unstable
at temperatures we have to use. So | had to make some that would be stable for my purpose. The ordinary naturally
occurring porphyrin that could be obtained from hemoglobin, catalase, or any of the other porphyrin-containing
biological catalystswere not stable enough for this purpose. However, about thistime, Polanyi heard of the synthesis
of aporphyrin analog in London by R. P. Linstead, one of the leading organic chemists of Great Britain. Linstead's
discovery of the phthal ocyanines(really tetraazaporphyrins) occurred asaresult of an accidentinthe | Cl Factory that
wasmanufacturing phthal onitril€). Apparently oneof theglass-lined kettlesthat was used to make phthal onitrilefrom
phthalamide cracked, and the whole reaction mixture turned a deep blue color. This happened as aresult of contact
of the reactions mixture with theiron of the kettle. Linstead, instead of throwing it away, successfully undertook the
project of finding out what the source of the color was. If you areagood scientist, that’ swhat you do. Polanyi, ahighly
imaginative thinker, recognized that phthal ocyanines were structurally very similar to chlorophyll and to heme, and
werevery much more stableaswell. Infact, they were some of the most stable dyestuffsknown. He thought he could
use this synthetic compound with its high stability asamodel of chlorophyll and heme. In that way we might learn
something about the fundamental nature of that particular structure, one so important in biology for its catalytic
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functions.

| wassent by Polanyi downto Linstead’ slaboratory in Imperial Collegein Londontolearn how to makeand
purify phthal ocyanine. That iswhen | became an organist chemist. | spent afew relatively easy daysinthelaboratory
becausethesynthesisof phthal ocyaninewasavery simpleprocedure. After afew experimental trialsand errors, itwas
found that the metal of choice for the center of the phthalocyanine ring of four nitrogens was zinc.

Having succeeded in preparing both metal -freeand metal -contai ning phthal ocyani nes, we undertook astudy
of the activation of molecular hydrogen inthe gas phase by crystal of these materials. Thiswas one of my first forays
into synthetic organic chemistry, and it so happened that | was becoming acquainted with a class of compoundsthat
wereto be of major importance throughout my scientificlife. | am still working onthem, and they are so many and so
varied that | don't get tired of them.

The studies on phthal ocyanine dyes led to my interest in another coordination compound, chlorophyll, and
eventually to the study of photosynthesisfor which I am best known. Theimpulseto study photosynthesisal so arose
from another aspect of coordination chemistry that | wasinvolved within World War 1. There was a concatenation
of two different lines of work. Weweretrying to devise methodsfor recovering uranium and plutonium from nuclear
reactor materials. Wedevel oped asynthesisfor coordination compoundsthat we had designed, and those compounds
proved to be successful; that is, they would pull the uranium and plutonium out. This scientific continuity actually
extends to our work even today in the area of artificial photosynthesis. It all stemsfrom my interest in coordination
chemistry which began at the University of Manchester with Polanyi. How many yearsago that? Over fifty! | amstill
working with the samekind of stuff at amuch morerarified level.

Duringthesepost doctoral yearsin Manchester (1935t0 1937), | becameawareof thefreedom of thought that
allowed meto undertake work in any area of science that seemed appropriate to the questions | was faced with. That
was Polanyi’ s habit of mind. Nothing stopped him. He would do whatever had to be done, and | got that virusfrom
him. It' s not abad one, you know. One of the basic tenants of our scientific work in photosynthesis has always been
togoinwhatever directionthelight may lead. I nthiscase, perhaps, theoriginal flashlight wasthecoordination chemistry
and phthalocyanine.

Beforel finish, | wouldliketo say afew wordsabout theother studentswithwhom | shared Polanyi’ sinterests.
Both were graduate students working on hydrogen activation problemsin the adjacent laboratory. One of them, E.C.
Cockbain, worked for many years at the Ma aysian Rubber Research Institute in London. More recently, starting in
the middle eighties, our paths crossed again as members of the scientific advisory board of a new biotechnology
company here in the United States. The other student, Dan Eley, became a professor of physical chemistry at
Nottingham. | methimin Nottinghamin 1958 when | received ahonorary degreethere, anda soin1986when| presented
theHoldenBotany L ecturesat Nottingham. Thereisnodoubt that Michael Polanyi had aprofound effect onthecareers
of al three of usand many othersaswell.

| considered my time spent at Manchester with Michael Polanyi as scientifically exciting and crucial inthe

development of my own personal philosophy of using an interdisciplinary approach to the solution of any scientific
problem.
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