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ABSTRACT

In this interview the late Christine King starts by asking
Gerhard Herzberg to describe his schooling in Germany. An
Interest in science and mathematics was kindled at his school in
Hanmburg; indeed, Herzberg's first interest was astronomy. More
practical considerations led himto follow the engi neering
physi cs course at Darnstadt, where he graduated with his doctoral
degree in 1928. His introduction to spectroscopic studi es was
with Hans Rau, hinmself a student of Wen. A sem nal year at
Gotti ngen foll owed where Herzberg studied with both Janmes Franck
and Max Born; it was during this tinme that the basis for the
wel | - known nonographs was first established. A further
post doct oral year at Bristol with Lennard-Jones was foll owed by
his return to Darnstadt as Privatdozent but the worsening
political situation pronmpted Herzberg to seek a position abroad.
He next describes his time at the University of Saskatchewan and
how he was able to continue research, despite limted equi pment.
Anal ysis of cometary spectra | ed Herzberg into astrophysics which
was further devel oped during the three year spell at the Yerkes
Observatory. During the final section of the interview, Herzberg
tells of his return to Canada and reflects on research direction
at the National Research Council and the circumstances of the
award of the Nobel Prize for Chem stry in 1971. Finally,
Christine King |learns of Herzberg's pastinmes, in particul ar of
his | ove of choral singing. As a coda, Herzberg is asked about
his involvenment with chem sts, especially with those concerned
with free radicals.

| NTERVI EVEER

Mary Christine King was born in China and educated in
Ireland. She obtained a B.Sc. degree in chem stry fromthe
Uni versity of London in 1968 which was followed by an M Sc. in
pol ymer and fiber science (1970) and a Ph.D. for a thesis on the
hydrodynam c properties of paraffins in solution (1973), both
fromthe University of Manchester Institute of Science and
Technol ogy. After working with Joseph Needham at Canbri dge she
received a Ph.D. degree in the history and phil osophy of science
fromthe Open University in 1980 and thereafter worked at the
Uni versity of California at Berkeley and at the University of
Ot tawa, where she carried out research with Dr. Keith Laidler.
Christine King died in an autonobile accident in late 1987; her
recent biography E. W R. Steacie and Science in Canada
(University of Toronto Press, 1989) was published posthunously.
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| NTERVI EW Dr. Gerhard Herzberg

| NTERVI EVEER: M Christine King
LOCATI ON: Nat i onal Research Council of Canada, Otawa
DATE: 5 May 1986

KING Dr. Herzberg, you were born in Hanmburg on Christms Day of
1904. Your father died when you were only eleven (1). Did your
not her have any special scientific interests or anmbitions for you
or your brother?

HERZBERG. Not at all. M mother was not interested in science,
let's put it that way. She didn't have the educati onal
background to be interested in science.

KING So your interest arose entirely from your own endeavors?

HERZBERG. And from ny teachers.

KING  That was ny next question. You spent all your schoo
years in Hanmburg, apart froma short stay in Frankfurt. At
school you first becane interested in atom c¢c and nol ecul ar
physics. Can you recall how this came about?

HERZBERG. We had a teacher at the school, which was the natural
sci ences branch of one of the ol dest Hanburg schools, the
Johanneum  One of the teachers in physics and nmat hematics was a
man by the name of W Hillers; he was a very conpetent physicist.

He was co-editor of a textbook in physics, which is still in use
by universities in Germany after nore than fifty years. It is
call ed Lehrbuch der Physik by E. Grinmsehl (2). It was then in

two volumes. Grinsehl was a teacher at another school in Hanburg
but he was killed during the first World War. So he only
prepared the first edition of this text book. Hillers and
sonmeone called Starke | ooked after a nunber of further editions.
Hillers gave a series of lectures at the school ahead of the
regul ar school tinme. Normally, we started at 8:00 a.m but this
was at 7:00 a.m or something like that. He was not only a good
| ecturer but he al so knew nmodern physics, as of that tinme. |
certainly owe hima great deal for stinulating nmy interest in
atom c and nol ecul ar physi cs.

KING Do you renmenber any other courses during these years which
i nfluenced you to go into science, mathematics, chem stry?



HERZBERG. My interest in science -- actually before |I had the
opportunity to listen to Hillers -- arose nore from astronony.
| had a friend at school with whom | built a small and very
primtive tel escope and we read about astronomy and that was
exciting. Even at that time, it was fairly clear that if I

wanted to nake any headway in astronomy, | had to know sone
physi cs and mat hematics. As | was doing well in those subjects,
astronomy was a natural interest. Of course, | did chemstry as
well. We had a fairly good teacher in chem stry. Actually we
didn't have W Hillers as our classroomteacher. He taught other
cl asses. \Whether he taught only physics | don't renenber. But

we had sone very poor teachers also. W had for nost years a
very good teacher in mathematics who had witten several

t ext books. But we had one person in physics who really didn't
know very much. He had a background in neteorology. Even so,
there was sonme degree of inspiration from himbecause he
sonmetines told us what sonme of his friends were doing in
research, and that somehow seenmed to appeal to ne. | remenber
one particular instance when he told us about a friend of his who
was wor king at the German anal og of the National Bureau of

St andards. He asked him at one tine, "What are you working on?"

and he said, "lI'"'mcalibrating a thernoneter."” After a year or
so, he met this man again, "What are you doing?" and he replied,
"I"mcalibrating a thernometer.” "Not the same one!"” "Yes, the
same one." And that inpressed ne.

KING So you went to the same school during all these years.
There's a sense of continuity?

HERZBERG. After |eaving Frankfurt, yes, that's right; until |
got to the equivalent of grade 12 or 13.

KING By the tine you finished school, you had deci ded to becone
an astronomer, but you were dissuaded from that anbition by
financial factors. You then decided to study engineering physics
at the Technical University in Darnmstadt. First, what attracted
you to astronomy? You said that you built a little tel escope.

HERZBERG. At that time you could still see the stars as you

wal ked t he streets of Hanmburg, nowadays you can't see the stars
anynore [in cities]. Anyone who is "awake" nust wonder -- What
does it all mean? | couldn't escape that question. | would |ike

totell alittle story. You said | was discouraged from goi ng
into astronomy; the question was nore specific in that I went to
a vocati onal guidance bureau, which existed even at that time in
Hamburg. They took ny question -- How do | go about becom ng an
astronomer? -- very seriously and they wote to the then director
of the Hamburg Observatory. He was a well-established scientist
and, as | found later on, was well-known in astronony. Hi s nanme
was Schorr. He wrote back to the vocational guidance bureau to
the effect that if I were financially independent | should be



encouraged to go into astronomy. But if |I weren't, then there
was no way of making a living as an astrononer and it would be
better if | did sonmething else.

KING Have you ever regretted that you didn't sonehow try to
obtain funds and pursue your ambition?

HERZBERG. Not really, no. Throughout my career | felt quite
happy with what | was doing. It soon became pretty clear to ne
when | started as an engi neering physics student that basic
physics was nmore to nmy liking. But | did actually take sone
engi neering subjects |ike descriptive geonetry, for exanple,
about which | learned a |ot nore than a physicist normally woul d.
In that connection | did sone drafting and things of that sort.
It was an engi neering school and both degrees that | had from
that University are engineering degrees. |It's only in nore
recent times that they have started to award non-engi neering
degrees in the natural sciences. But at the time | was there it
was a doctor of engineering degree at Darnstadt.

KING Do you think that this practical application hel ped you
| at er when you needed to design apparatus?

HERZBERG. | think so, yes. Perhaps not on many occasi ons, but
there were certainly times where nmy training in descriptive
geonetry and in the art of technical drawi ng were of considerable
hel p.

KING  The other question | wanted to ask in connection with what
we' ve been saying; was it then a relatively easy matter for you
to be funded to study physics in Germany, as opposed to
astronomy?

HERZBERG. No, that was the other thing. It was really quite
difficult. | recall discussing what |I should do when | finished
school around the supper table at a friend' s house when his
father said, "Why don't you wite to Stinnes?" | don't know

whet her this nmeans anything to you, but after the first war,
Stinnes was the biggest industrial firmin Germany. It was

mai nly a shi pbuil ding conpany. Knowi ng of Stinnes only as a big
industrialist, |I didn't really nmuch appreciate this suggesti on,
but in desperation | did write a letter to Stinnes. And when the
answer came back, not from Stinnes hinmself, but from sone
assistant of his, | got private support from M. Stinnes. On the
strength of that, | was able to go to Darnstadt to start ny
studies. The trouble was that after two years, the big firm
Stinnes went bankrupt and that was the end of my private
fellowship. Fortunately by that time |I had gotten to know the

pr of essor of physics in Darnstadt and other faculty there. Just



at that time, the German governnment had established a national
fellowship schenme for the best students in the country, the

St udi enstiftung des Deutschen Vol kes. | don't know how many

fell owshi ps they had at the beginning but I was able, on the
strength of the recommendation of ny professor, to get one of the
first bursaries, and could therefore conplete ny studies. At the
same time | was also enployed as an assistant in the lab, so I
earned sonme extra noney that way.

KING So by a conbination of financial neans you conpl eted your
uni versity training, which began in 1924, and subsequently

recei ved your doctorate degree in engineering physics in 1928.
You wor ked for Hans Rau, who had been a student of W Wen. He
gave you great freedomin choosing your |ine of research

HERZBERG. That's ri ght.

KING It seens that after reading Somerfeld s book Atom c
Structure and Spectral Lines (3), you had sonme very good ideas.

You said it was an obvious idea to try and produce the spectrum
of Li2+; could you tell me if this idea seemed obvious to you at
the time, or was it obvious in retrospect?

HERZBERG. Yes, it was very obvious. It was sone time after

Ni el s Bohr had devel oped his theory of atomc structure and it
was formul ated for the hydrogen atom Very soon after that,
Sommerfeld applied this theory to a simlar system except that
the central charge was one unit higher. This was He+, which is
the next elenment in periodic system and He+ is entirely simlar
to hydrogen except for a factor of 4 in the energy levels and, if
you like, in the spectral lines. Not exactly 4, but very close
to 4. If you extrapolate that, it's obvious that if you go to

t he next el enment Li and add one charge, |eaving only one electron
around the nucleus with charge 3, then you would again get a
spectrum very simlar to hydrogen, except that the factor instead
of 4 is now 9, the square of the atom c charge. So that can't be
consi dered as a very deep thought. |In retrospect |I found that
many people had tried it, but I wasn't successful. | didn't
really try very hard because | was sidetracked on to sonething
else, in fact on something nolecular. So |I never got far enough
with Li. It was much later that the spectrum of Li2+ was
successful ly studied.

KING You said that this was the time Bohr's theory was being
aired. Do you renmenber whether there was much excitenment, were
peopl e very excited by new devel opnments?

HERZBERG. Of course, you have to renmenber that Bohr's theory, at
the time that | started to study in 1924, was already 12 years



ol d, and people were trying to understand the results of Bohr's
theory with nore theoretical background. There were certain
unresolved riddles in the Bohr theory. Then in 1925 or 1926,

t hey were solved by Hei senberg and Schrddi nger (4). M own real
excitement came | ater when Schrodi nger and Hei senberg published
their series of papers. | was nore inpressed with Schrddi nger's

formul ati on because it was easier to understand than Hei senberg's
somewhat nore abstract theories, but they actually amount to the
same t hing.

KING This anticipates ny next question. After you finished
your doctoral work, you went to Gottingen for a year, in 1928.
That was a glorious tine to be there. If it's not too difficult
a question, can you recall some of the people that you worked
with and the general atnmsphere of the day?

HERZBERG. Al npost the first person that | met in Gbttingen was a
man only a few years older than I was. Walter Heitler was the
initiator, with Fritz London, of the wave-nmechanical treatnment of
t he problem of chem cal valence, in particular, the understanding
of the formation of the H2 nol ecule. | had found sone
experimental results while still in Darnstadt about certain

nol ecul es |i ke CN and N2+ and | discussed themwi th Heitler on

t he basis of his theory and we thought we had an interesting
devel opment (5). It turned out to be wong, or, rather, not very
significant, if you like. But it gave ne a start to talk to
peopl e and of course the people | really wanted to work with --
James Franck, who was an experinmentalist, and Max Born, who was a
theoretician. | don't know whether | ever thought about becom ng
a theoretician, | don't think | did, but | spent officially, at
any rate, the first six nmonths in Max Born's institute [to which
Heitl er bel onged], and the second six nmonths in Janes Franck's

I nstitute.

Naturally, there were a nunmber of outstandi ng people in both
pl aces and of course a stream of visitors fromthis continent and
el sewhere that cane in and so one net a | ot of people. One
person with whom | worked, while he was a guest in James Franck's
| aboratory, was G. Schei be who at that time was a professor at
the University of Erlangen in Bavaria. Later he was professor at
t he Technical University of Munich. W did one piece of work
t oget her which was the first study of the vacuumultra-violet
spectra of the methyl halides (6). People are still working on
t hese spectra off and on. | think it was a fairly significant
pi ece of research, nothing very record-breaking or fundamental,
but after all, science doesn't proceed in big steps, it proceeds
in very small steps, and this was one small step ahead. During
my time in GOottingen a paper was published by Wgner and Wt mer
(7), which was very fundanmental for nol ecul ar spectroscopy and |
studied this paper very carefully and it stimulated ne to devel op
a paper on the dissociation energy of the oxygen nol ecule, which
is a very inmportant molecule (8). | feel that that was a fairly
I nportant step.



KING Had you met W gner personally by then?

HERZBERG. W gner was also a visitor in Gbttingen (for a few
days). He's still alive and still a great figure in physics, but
he must be about 85 or something like that.

KING But he travels a great deal just l|like you?

HERZBERG. Yes, he came originally from Budapest and he was a
very extraordinary theoretician. Another person | net was a man
by the name of Wnans, who's also still around. He's retired
fromthe University of Buffalo. During nmost of his |life he was
at the University of Wsconsin. [Wnans died in January 1990]

He did one inportant step right at the time when | was in

Gotti ngen. Together with a Swiss theoretician by the name of

St ueckel berg, who died only recently, and who was very well

t hought of as a theoretical physicist, he published a paper on

t he conti nuous spectrum of the hydrogen nolecule (9). Now when
was in Darnstadt | had tried to interpret this spectrum and had
an idea, which turned out to be quite childish in retrospect, but
| was aware of the facts. Then | saw this manuscript. It was
first circulated as a manuscript in Gottingen, and it was

i medi ately clear that that was the explanation of the spectrum
and it has stood up in the course of time. That was done by

W nans and Stueckel berg. Stueckel berg becane a very prom nent
physi cist, although not many | ay people may know of his name. He
was doing really extraordinarily good work, but he had trouble
with illness all his [ife. Wnans didn't quite live up to the
prom se, but he did this one inportant piece of work. | don't
know who was the originator, but | would guess that W nans
brought the problemto Stueckel berg and Stueckel berg sol ved the
problem Anyway, it's a very fine piece of work and | becane
aware of it as soon as | got to GOttingen because this manuscript
was floating around there with various people. Those are two

i nstances that | can renmenber.

There was one strange coi nci dence, among the visitors | net
a Dutch physicist by the name of Druyvesteyn. He tal ked about
his work, not about anything that was of particular interest to
me at the tinme, but some 40 years later, | became aware of
somet hi ng that he had done at that time. He had found and
descri bed a spectrumin a m xture of He and Ne which however he
coul dn't explain and analyze (10). | becanme interested in this
spectrum here in Otawa about 15 years ago. We solved the riddle
of that spectrum (11). That was an interesting experience.
Agai n, nothi ng worl d-shaki ng, but a contribution that | think
will remain and may be extended to other spectra.

KING \While you were at GOttingen you decided you would like to
try and publish some of the | ectures you had given in the forma
book. This was the beginning of something very great, of course



(12-14). Can we skip chronology and could you talk a little bit
about . ...

HERZBERG. Actually, this arose in connection with a series of
informal |ectures, perhaps half a dozen or so, which | was
presenting. At the time there were three physics institutes at

the University of Gottingen. | was attached to the second
institute, headed by James Franck. The first institute of
physi cs was under Professor R. W Pohl. It was not Pohl hinself

but some of his younger coll eagues who asked nme to explain to

t hem sonme of the elenments of nolecular theory, which I did. One
of the people who cane to listen to these | ectures was Professor
Schei be, with whom | worked on the spectra of the methyl halides.
He was the one who suggested that | should wite up these

| ectures in the formof a book. He had a connection with a
publ i sher by the name of Theodor Steinkopff, then located in
Dresden. Thanks to Scheibe | got a request fromthis publisher
to wite a book on atom c and nol ecul ar spectra. That was to be
a book of sonme 160 pages. Well, gradually | got busy and when |
had written the part on atom c spectra, it was already nore than
160 pages. So | split off the atomc part and it was published
separately (12). | handed in the manuscript before I left
Germany: it was published [in German] during ny first year in
Saskat chewan.

KING I n 1936.

HERZBERG. 1936, yes. Strangely, it is still being sold. On ny
way over from Germany to Saskatchewan, | visited Princeton, where
I met Professor E. U Condon, who had just started as the editor
of a series of physics texts for the Prentice-Hall Conpany and he
asked, "Could you translate this book? W'Il|l publish it in this
series.” O course, | junped at this opportunity but I was a
little | eery about doing the translation nmyself because ny
English wasn't quite as firmas it m ght be and al so because it
was a |lot of work. Dr. Spinks in Saskatchewan volunteered to do
the translation. W then went over the manuscript together to
iron out some points and it was published by Prentice-Hall in
1937. During the war when the book began to be sold out,
Prentice-Hall wrote to me and said, "We cannot reprint because we
need our paper for nmore profitable books.” So they handed back
the copyright and I then | ooked for another publisher. | got to
Dover Publications, a reprint conpany, and they took it on. They
have kept it in print ever since, and by now they have sold nore
t han 100, 000 copies. That is Prentice-Hall's | oss.

KING Wuld you like to say a little bit more about your other
vol unmes now or should we tal k about them | ater?

HERZBERG. This m ght be a suitable occasion because it fits



together. As | nmentioned, after finding that atom c spectra

would fill a volume of sonme 150-200 pages, actually it's a little
over 200, | thought now the next thing for me to do is get the
volume on nol ecul ar spectra out of the way. | worked on that but
I found that | hadn't finished the spectra of diatom c nol ecul es
when | had al ready some 500 pages. So | had to divide again into
di atom ¢ and pol yatom ¢ nol ecules (13). The same happened once
agai n when the polyatom c book was written. It turned out it

woul d be a book of 1000 pages or nmore and so it was split again
into a book on infra-red and Raman spectra (13b), which was
publ i shed in 1945, and electronic spectra in 1966 (13c). One of
my friends conpared it to Richard Wagner's experience when he
wrote der Ring des Nibelungen. He originally was going to write
one opera about the death of Siegfried and eventually it becane a
short introductory opera, Rheingold and then three nore. | had

t hese three on nol ecul ar spectra and a preview on atom c spectra.
That wasn't my idea, but it is quite anusing. [l aught er]

KING  Going back to 1928 when you were at Gottingen. It seens
to have been a really exceptional year for molecul ar spectra and
structures. You were obviously doing the right subject at the
right time and pl ace.

HERZBERG: That's correct.

KING You've already said a little bit about your experiences,
is there anything else that you'd like to add to these
devel opment s?

HERZBERG. This was 1928, it was the year in which Friedrich
Hund, who was a frequent visitor in Gottingen published his basic
papers on nmol ecular orbital theory. O course, nolecular orbital
theory is usually connected with the name of Robert Mulliken,

but. ..

Kl NG This is the Hund of Hund's Rul e?

HERZBERG. That was even before. Hund's Rule refers originally
to atoms. At that time, 1928, Hund published his papers applying
what he had studied in connection with atons to nol ecul es and he
had t he concept of nolecular orbitals (15), but he didn't use

that word. |It's a strange situation that Milliken, who was well
aware of Hund's work and used Hund's work, was the inventor of a
good expression for this concept. Sonetimes in science, it's

useful to have such a word; it's easier to work on a subject if
you can refer to it in brief terms. That is what happened to
nmol ecul ar orbital theory. Of course, Robert Milliken then
devel oped nol ecul ar orbital theory a great deal.



KING Was he ever at GOttingen?

HERZBERG. | think he was at GoOttingen at one tinme but | wasn't
t here then. | met himfor the first tinme when | was in Bristol.

KING This leads me on to the next question. Lennard-Jones
visited Gottingen in 1929 and he invited you to spend a year at
the University of Bristol. This was your first extended stay in
an English-speaking country. Did you find the |anguage a problem
to your research?

HERZBERG. Yes and no. | had fairly good English instruction at
school and in fact | thought | was doing fairly well with ny
Engl i sh because there were many Anerican and English visitors

com ng around. However a few days after | came to Bristol, there
was a Faraday Society nmeeting. The first speaker was O W

Ri chardson, a very distinguished physicist, and he al so worked on
nol ecul ar hydrogen, a subject | was very much involved in, but
the trouble was that he nmunbled, and | couldn't understand a word
of what he was saying. | began to wonder whether | would ever be
able to understand English. The second speaker at the same
meeting was Professor C. V. Raman from I ndia, who the follow ng
year received the Nobel Prize for his discovery of the Raman

Ef fect, and | could understand every word he said, so | became a
little more confident. Actually, there were never any great
problems, and it did mean that when | had to | eave Germany in
1935, | had sufficient background in English so that | had
absolutely no difficulty. | could start lecturing the first day
| was over here.

KING The majority of the research papers published at that time
-- were they largely German?

HERZBERG. | would say it was about fifty-fifty at that tinme.
KING So in fact you had to read a great deal of English?

HERZBERG. Oh yes, already then. O course, nowadays the
situation is conpletely switched over to English and it's
conparatively rare that | have to read a German paper. English
iI's now 65 or 70% of the published literature in physics or

chem stry.

KING After all this time do you find it easier to think in
English or in Germn?



HERZBERG. English. If | go to Germany now | try to avoid, not
al ways successfully, lecturing in German. |t somehow doesn't
come out as fluently as in English.

KING You wrote that in 1929 you found the Bristol physics
department very well-equi pped for your purposes (1). | thought
this was very interesting because you had just gone froma very
good university where the equi pment nust have been really
excel | ent.

HERZBERG. You nean in GOttingen?
KING  Yes.

HERZBERG. Yes, although | would say that certainly at that time
the Bristol physics departnment was nuch better supported
financially than the Gotti ngen physics departnent. But on the
ot her hand, there were some very powerful m nds working in
Gottingen. And | don't think the Bristol people could quite
match that. You were asking about Lennard-Jones, shall | answer
t hat now?

KING Yes, please do.

HERZBERG. Lennard-Jones was anot her one of those visitors that
came along at the tine of ny stay in Gbttingen. He was a

t heoretician and interested in nolecular orbital theory. | was
just then in the process of writing a | engthy paper on nol ecul ar
orbital theory froma nore experinmental point of view. W had

| ots and lots of discussions at the tine and indeed Lennard-Jones
was preparing a summary paper on the subject for this very
meeting on mol ecular structure that | was attending during ny
first few days in Bristol. |If you conmpare our two papers there's
quite a simlarity in their points of view (16,17). Certainly
Lennard- Jones had sonme good ideas. He was a very clear witer.

| enjoyed the contacts with himbut still | didn't pursue ny

t heoretical work all that nuch. | did have one opportunity to
talk with Hund, whom | nentioned before, and he was aware of ny
work, but in a way he wasn't because in his next paper (18), he
omtted a reference to ny paper which was published by then

When it was pointed out that one particular idea that he had
stressed was actually in ny paper he was very strong in his

apol ogi es and in his next paper made very generous anends of his
oversight (19). | have just written to Hund on the occasion of
his 90th birthday. He's still active in Germany.

[ END OF TAPE, SIDE 1]

A friend who cane to visit us |ast week had recently been to
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Copenhagen to cel ebrate Bohr's centenary and Hund was there. He
was sitting right next to himand he was amazed at his vitality.
So Hund was certainly still around and still very nmuch interested
in physics. He had beconme interested in the history of physics.

KING That's not surprising. There was sonmething | wanted to
ask you which is sonmewhat connected to what we were talking
about. This is about advances in instrunments. How has this
altered or affected your work? Wuld you like to tal k about
this?

HERZBERG. Yes, | don't know whether | can be very explicit, but
it is obvious that advances in instrumentation are very inportant
for the progress of science -- physics, chem stry, or any other
science for that matter. In nmy own field, when | was in

Darmst adt as a graduate student and | ater as a junior nember of
the faculty, until about 1932 or so we had only prisminstrunents
to do our spectral work. These are certainly not as good or have
the resolution of grating instruments. It was only then, in 1932
or thereabouts, that we finally got grating instruments and it
made a great deal of difference to nmy work because fromthat time
on | was able to study the fine structure, the so-called
rotational fine structure, of molecular spectra and that was a
first step. Then gratings were inproved, photographic plates
were i nmproved; that was inportant for my work, particularly in
connection with the study of the absorption spectrum of our

at nosphere and the discovery of so-called forbidden transitions
in oxygen. Also together with Dr. Spinks, who was in Darnstadt

t hroughout 1934 studying the rotational -vibration spectra in the
phot ographic infra-red, where | think we made sonme fairly nice
progress. Nowadays, of course, everything, not everything, but

many things are done by lasers. | haven't nyself done very much
directly with | asers, but |I'm using nodern infra-red instrunments
which use | aser techniques. | think it's fair to say that the

i nprovement of instrumentation is an inportant factor in the
devel opment of science. Of course, the devel opnment of science by
itself inmproves instrumentation. |It's an interplay between the
two. Many physicists and chem sts have contributed to the

devel opment of nmodern techniques, so it's a very inportant
interrel ati on between these two things.

KING Have you at any stage of your work found that you were
prevented from pursuing an idea because of lack of a certain item
t hat either was not available or just did not exist?

HERZBERG. Well, | m ght say that when | first cane to Saskatoon
there was very little equi pnent there and there was only one
reasonable prisminstrunment, a Hilger instrument, avail able.
During the first two or three years | was there | couldn't begin
to do the kind of work I wanted to do, until, in about 1937 or
so, | got a grant fromthe American Phil osophical Society in
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Phi | adel phia. The grant was the magnificent sum of $1500 and
that allowed me to get a grating, and to build a grating

spectrograph with it. Fromthen on | could handle in Saskatoon
spectra that allowed ne to discuss rotation of nolecul es and
things of that sort. That was one occasion. Here in Otawa we

haven't really had this problem Up to now, up to now I
enphasi ze, funding for basic science has been quite generous.

I nstrument al problenms haven't really held us up, except for those
occasi ons where the instrunment didn't yet exist and it had to be
devel oped and t hought about.

KING Could we go back to the chronol ogy of the events in your
life now You returned to Darnstadt at the end of 1929 and got
marri ed.

HERZBERG. | went to Darmstadt in 1930. It was while | was in
Bristol that | got married.
KING | see. Your wife [Louise Oettinger] was also a physici st

and | believe had a Ph.D. in spectroscopy?

HERZBERG. Her degree cane just shortly before we |eft on account
of the Nazis and was based on work that was done in Darnstadt
under ny direction, but since we were then married, | wasn't the
of ficial supervisor. The Ph.D. exam nation was actually held at
the University of Frankfurt, where there was also a very

di sti ngui shed spectroscopist [K. W Meissner], but interested
entirely in atom c spectroscopy. Later on he becane a good
friend, who canme to this continent also because he had the sane
trouble as I; a Jewish wife. So ny wife's degree was fromthe
Uni versity of Frankfurt but if she had postponed her subm ssion
just a few nmont hs she woul dn't have obtained her degree because
of the Nazis.

KI NG | wish there was more time to tal k about her work. You' ve
often said that her work helped a |lot in your early days.

HERZBERG. She hel ped both in the scientific work and | did many
joint papers with her, but also she hel ped a great deal with the
first three volumes of the series on spectra by drafting sone of
the figures and tables and things of this sort.

KING At the end of your time in England, what were the things
t hat had nost influenced you? Had you travel ed outside Germany
before then?

HERZBERG. No, that was ny first trip outside Gernmany.
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KING. Were you surprised by anything?

HERZBERG. | was certainly taken by the many great differences
bet ween the English attitude and the German attitude to things in
general. \hether it's politics or polite manners, nost
everything is different. On the whole, the differences are not
all that great. For exanple, at that time, we never had
afternoon tea in Germany, but in England that was a very

consi stent routine, having this tea. At Bristol, they had a
mail clerk ook after the tea. English tea is sonething very
speci al when you're not used to it. That was one of the |ighter
things. [laughter]

KING | guess the custom of afternoon tea was one of the better
Engl i sh custons.

HERZBERG. It is, yes, if it doesn't go too far. | heard of one
difficulty that arose with a German refugee and his wife. This
German refugee married an English girl -- the nother-in-|aw was
not very well and they brought her up tea with various things,
but they bought the wrong things and that just wouldn't do -- it
broke the good relations between nother-in-law and son-in-|aw.

[l aught er]

KI NG | think it's not so serious now.

HERZBERG. No, it's not so serious now. It's strange how sone
custons are so firnmy established.

KING | believe that Rutherford had some of his best ideas
during these afternoon tea sessions. So in 1930 you returned to
Dar mst adt and began teaching. Was this a good experience,

| ooki ng back?

HERZBERG.: | think so, yes. | worked fairly hard to prepare ny
|l ectures. It didn't conme easy to ne but once | had prepared them
| enjoyed giving themand | | earned a great deal about the

subjects that | was teaching. O course at first | was a
Privatdozent, which means | was a private lecturer. As such, |
could give lectures of ny own choosing but no regular |ectures.
Then when the Nazis canme, the first year, one of the ol der
menbers of the staff of the physics department who was Jew sh,
who had been teaching theoretical physics was relieved of this
teaching and I was asked to substitute for him That was
certainly good training for me because | hadn't really studied

t heoretical physics all that well during ny years as a student in
Dar mst adt because there was either nothing or there was only this
old Jew sh professor who was a little stuck in the early years of
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physi cs and he didn't follow contenporary advances. He was sent
to a concentration canp eventually but Professor Rau got him out
of that under the condition that he would i mmediately | eave the
country and he went to England. At one stage his perm ssion to
stay in England wasn't extended and when he got the word for that
he had a heart attack and died.

KI NG What was his name?

HERZBERG. Baerwal d. He was a good soul but he was not a great
scientist.

KING | guess now |I'mrepeating a question that | asked you
earlier about your student days at Darnstadt. Now you're a

| ecturer and you're nmore mature and you' ve met people |ike
Schr 6di nger, Born, Franck, and Wgner; do you recall this as
sonmet hi ng of a golden age in physics or do you think all this
gl ow and excitenment that people associate with that era was
observed only in retrospect?

HERZBERG. | think it's quite true that in retrospect it seens
nore gol den than it actually was. But still it was an exciting
time, there's no question about it. Particularly the years 1926
to 1930. It was only in 1932, if | remenber correctly, that
heavy hydrogen was discovered by Urey. That was a maj or

di scovery for both chem stry and physics. \When Dr. Spinks came
over to work with nme in 1933 to 1934, heavy hydrogen had j ust
been separated and we set up an apparatus to produce our own
heavy water. We were only partially successful. W got sone,
but by that time you could buy it, even though at a price, and it
was much | ess troublesome to buy it than to make it oneself. All
this went on and Spinks went around Gernmany and Austria to visit
some | abs and canme across a physical chem st in Vienna by the
name of Patat who was very good at preparing conmpounds contai ning
heavy hydrogen and on that basis we produced work that we would
ot herwi se not have done. So everything worked together and it
was an exciting time, there's no question about it.

Kl NG You al so net Edward Teller at this tine.

HERZBERG. |t nust have been around 1932. Teller was a very

bri ght young man at the time -- he's still bright but he uses his
brilliance for purposes that | don't quite approve of. | had
quite a lot of contact with himafter first meeting himat a
nmeeting in Leipzig, where he was just getting his Ph.D. under

Hei senberg. He was interested in nolecular problens and I had
some experinmental know edge on nol ecul ar problenms and we
exchanged those two, and eventually, in 1934, wote a paper (20).
This was all Teller's and all | did was to be the mdwife in
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getting it out of him-- in witing it down and so forth. But he
i nsisted that the authors would be named in al phabetical order,

which put ne first. | wanted himto be the first author, but he
didn't want to hear of it, an indication that he was in many ways
a very nmodest man. | met him again a good deal during our first
years on this continent -- he also came about the same tinme and

went to George Washington University in Washi ngton, DC. At one
time | actually stayed with himthere. He often, in discussions
with other people, had a very bright idea about what to try but
he woul d never insist that he should be a co-author. | don't

t hi nk personal anbition is what drives Edward Teller. |
certainly have the highest respect for his scientific ability. |1
spent half an hour with himthree years ago in Livernore and we
didn't talk about politics, so we got along very well.

[l aught er]

KING  Have you ever discussed politics with hin?

HERZBERG. | did at one time and this is the strange point. When
I was in Chicago between 1945 and 1948, Teller was in Chicago and
he, as well as Miulliken, wanted to persuade nme to stay at the

Uni versity of Chicago. The point | want to make is at that tine,
| don't exactly remenber whether it was 1945, 1946, or 1947,
Tell er was traveling throughout the country |ecturing on world
government; he knew all the answers to all the objections on
worl d governnment and all that and was a very convinci ng speaker.
He traveled on that theme so much that the faculty was a little
worried that he was neglecting his duties as a professor at the
Uni versity of Chicago. So he was in a way quite a different man
from now.

KING Did you ever talk to himduring...

HERZBERG. During that time | talked to him yes. He convinced
me that world government is our only way out.

KING Very interesting. | wanted to ask you; during the time
that you were in Darnmstadt as a lecturer, did you neet sone of
the chem sts who were working in Germany at that time -- Nernst,
Bodenstein, Haber, Polanyi...?

HERZBERG. Yes, Pol anyi senior you mean?

KI NG Yes, M chael .

HERZBERG. Yes, indeed | did. All those that you nentioned. The
person who made the greatest personal inmpression on me was Karl
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Friedrich Bonhoeffer. | met himat a nmeeting in around 1928,
when | was still in Darnmstadt. | had witten a paper about a
subject that he had also witten about (21,22) and | had
criticized him |ike eager young nmen do, but he didn't hold it
against me at all and he was willing to discuss the problem

KING Do you renmenber what that paper was about?

HERZBERG. The aftergl ow of nitrogen, which at the time was quite
a puzzle and for many years remmined a puzzle. It's a very

stri king phenomenon and whoever sees it is greatly tenpted to
investigate it further. When you send a discharge through
nitrogen you find when you turn it off that it glows with a
beautiful yell ow golden color, but that's a different matter.

That goes back to about the year 1900, when it was studied by
Lewis (23) and then studied further by Strutt (24). Anyway, it's
a striking phenomenon and both Bonhoeffer and I were interested
init. At this first meeting | found himto be one of the nost
genui ne people that I have ever nmet. | continued ny acquai ntance
with himwhen he became a professor at the University of
Frankfurt, which is close to Darnstadt. So all through those
years between 1930 and 1935, | would see Bonhoeffer certainly
once a year, if not nore often. He not only was a very fine
scientist -- the discoverer of ortho and para-hydrogen -- but he
al so was an extraordinarily fine person and he was certainly one
who stood up to the Nazis as well as anybody. O course, you are
famliar with his brother Dietrich Bonhoeffer, who was a m ni ster
and who was executed by the Nazis.

KING Did you ever neet hinP
HERZBERG: No, | never net Dietrich.

KING  Once before when you were tal king about this, you said
t hat when you | ater met Bonhoeffer here in Otawa he didn't talk
about his experiences in Germany.

HERZBERG. No. He canme to Ottawa... In fact, was there anything
about that in the letter that Steacie wote? |'mnot quite sure
but anyway, when | | ooked for these letters that you had asked
for, | found a letter in which Steacie nmentioned the fact that
Bonhoeffer m ght be com ng here and that he would send nme a copy
of the letter to Bonhoeffer indicating that | would be very much
intﬁrested in seeing him He did cone and he actually stayed

with us.

KING So you renenbered himto have changed very nuch
physically, but he didn't tal k about his experiences?
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HERZBERG. No, we didn't. But | knew, | don't know whether he
told nme that hinself, but he was al ways aware of what was
happening. His brother Dietrich was involved with this putsch to
get rid of Hitler and Karl Friedrich was aware all al ong what was
happening. A very fine famly, the father was a very fanous
psychiatrist at the University of Berlin. Karl Friedrich was one
of three or four people whom | consider as the nobst genui ne
peopl e and for whom | have the nost affectionate regard.

KING This makes me want to ask you at this stage about the work
t hat chem sts were doing at about the same tine that we're
tal ki ng about -- your years at Darnmstadt. They were having a
very difficult time with this whole concept of free radicals --
proving their existence and establishing their role in reaction
mechani snms. Do you remenber much interaction between chem sts
and physicists generally?

HERZBERG. | think there was al ways a good deal of interaction
bet ween physical chem sts and the physicists who worked in the
nol ecul ar field. The physicists pretty soon went off to nuclear
physics and elementary particles and left the field of nolecular
studies. Not conpletely, but after that the interaction didn't
need to be very strong because the physical chem sts had taken
over. Of course, that is one reason why | didn't get the [Nobel]
prize in physics, but in chem stry. But the interaction was

al ways there. | do recall, as a student in Darnmstadt in 1925 or
t hereabouts, there was an international neeting in physical
chem stry, | don't know what it was called, but two or three of

t he most prom nent physical chem sts were there. One of them was
Arrhenius, who I think was one of the first to get the Nobel
Prize in chem stry, and the other was Paneth, who was the first
to produce the nethyl radical. They gave |ectures but | have no
very clear recollection of the content. | seemto renmenber
havi ng met Arrhenius, just very briefly. | do renmenber that
Paneth gave a lecture, but | don't remember actually having met
himat that time. O course, | renmenbered the |ecture when |

wor ked on the spectrum of the nethyl radical.

KING | would like to pursue this a little bit later on. If we
go back now to the chronol ogy of your life. Two events which
were oddly connected occurred in 1933. You had a visit froma
young Canadi an physical chem st, John Spinks, whom you've already
menti oned, and who played a role in bringing you to Canada, and
also in that year the Nazis came to power. Could you say a
little bit about your life at this time and decision to | eave

Ger many?

HERZBERG. To nost intellectual people, the advent of the Nazis
was a terrible experience in view of their fantastic ideas about
the Jews and all that. | renenber, for exanple, at the begi nning
of the Nazi regime in April 1933, it was just the tinme when | was
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col | aborating with Edward Teller on this joint paper. Then it
appeared in the newspapers that James Franck had resigned,

al t hough he was not directly affected by the Nazi |egislation
because he had served in the first war on the front, and that was
a condition that he would be exenpted from being fired, but he
said that he didn't want to make use of this exenption. What
about his children? They would be considered as second cl ass
citizens in the country, so he resigned and soon afterwards he
|l eft the country. | remenmber writing a very strong letter to
Edward Tell er about what | felt about this. Edward Teller was
al so affected, but for a while |I nyself was not affected nore

t han by what had happened at the University. The anti-Jew sh

| aws of the Nazis became worse and worse as time went on and in
1934 it becanme pretty obvious that people who had married Jews
woul d al so be in trouble. So I began to | ook out for sone
opportunity but didn't really get very far.

The point was that when the first wave of refugees came out,
they naturally got nost of the jobs that were at all acceptable
and the people who left later had to put up with what renmained,
whi ch wasn't very much. | was lucky fromtwo points of view.
First of all, John Spinks was working with me. He had conme to
Darmstadt to work with me for a year, and when he left to return
to Canada, to Saskatoon, | had inpressed upon himthe need for ne
to |l eave and that therefore he should try to see if there were
any opportunities. He tried, for exanple, to persuade the people
in Toronto that they should give ne a place to work and |ive, but
their position was that they had many people who had taken their
Ph.D. in Toronto who didn't have jobs and they were their first
responsibility so they couldn't find any job for nme. \When Spinks
came back to Saskatoon, at the end of 1934 that nust have been,
he made a little bit of propaganda on ny behalf there. Then it
happened, and that is the second piece of good |luck, that the
Carnegi e Foundati on of New York established a fund specifically
for refugees who would be able to go to Comonweal t h
Uni versities, that is Australia, Canada, or a few other places,
and that they would offer two year's salary to the university who
was willing to take them The salary was $2250, if | renmember
correctly. It was with the understanding that the university at
the end of those two years would seriously consider whether they
couldn't offer this man a nore permanent job. | pointed this out
to Dr. Spinks and he pointed it out to the president of the
university [Walter C. Murray]. The president of the university
had tried to get me into Toronto, where there was a | ot of
spectroscopy going on, when this didn't have any result, he was
willing to take me on. So |I could go to Saskatoon for two years.

VWhen | cane there one of the staff nenmbers was on | eave, and
it turned out after a couple of nonths that he was resigning. He
had taken a job in G asgow in Scotl and, where he came from and
so there was a position open. They had tried me out for three
nont hs and the president offered ne the job. So I was well set,
| didn't have to worry about the future any more. Wth these
pi eces of luck, | was all set. Of course, there was not mnuch in
t he way of equi pment in Saskatoon. W didn't even give a Ph.D.
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degree at the time at the University. Students were |imted;
they left after they got their Master's degree, if they stayed
that long, so there was not nmuch help fromthe students in doing
research. Anyway, everything turned out rather well and | | ook
back with consi derable nostalgia to those days in Saskatoon.

KING |I'minterested to know sonmething. You've just been

t al ki ng about how you cane to Canada. During your year in
Bristol you visited a nunber of other universities and made a
nunber of contacts with British scientists |ike Bl ackett,

O i phant and Cockcroft. Many Gernman scientists ended up in
Engl and during the war. Did you ever consider going to
Canbri dge, for exanple, or...

HERZBERG. Well, | would have loved to go to Canbridge but no
of fer was forthcom ng. At the time | visited Canbridge, that was
in 1929, there was no reason for nme to angle for a job in

Canbridge and after spending a year in Bristol | was pretty sure
t hey woul dn't want a Gernman physicist or spectroscopist in
Canbridge -- it didn't seemworth trying. Then, | didn't really

intend to | eave Ger many.

KING In fact, when the time canme in 1933-1934, the connections
really which | ooned very |l arge were with Canada.

HERZBERG. | had one or two other possibilities because there
were two organi zations that | ooked after refugees. There was one
i n England -- the International Academ c Assi stance Council. ..

I can't renenber the exact nanme, and there was a group in Zurich
cal |l ed Notgenei nschaft Deutscher W ssenschaftler im Ausl and,
which was a very simlar organization. During the Nazi time |
didn't go to England but | did go to Zurich to find out what
could be done and they had been in touch with me. |Indeed, this

i nformati on about the possibility of a grant from the Carnegie
Foundation in New York came to ne via one of these two

organi zations, | can't remenmber which one, but they also offered
me two other jobs. One job was in the Soviet Union, and |I'm
quite happy that | didn't bite for that one. During ny Gbottingen
year | met a Russian physicist by the name of Runmer, a very

I nteresting person; he was a theoretical physicist and a friend
of Heitler, they wote a couple of papers together (25). Through
this connection | was invited to go to Kharkov in the Ukraine in
about 1932. | was to go in 1933 to Kharkov but when the Nazis
cane this immediately fell by the wayside. There was the
possibility of a job in Kharkov as a refugee, but not many of the
refugees really lived through those tinmes; although sone of the
refugees went there and |I remenber one very distinguished
spectroscopi st who went to the Soviet Union and was never heard
of again. So, that was one. The other one was in Ghent, Belgium
which was a small university. | went there to be interviewed and
| found it quite nice, but when this affair in Canada arose, it
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seened. ..

| don't know whether | realized then that Bel gi um would be
i nvaded by the Nazis, but at any rate, the opportunity was
certainly better. |In Ghent, | would have had a very | ow

assistantship, so | didn't consider it further when the Carnegie
award canme through.

KING You decided to take up the Canadian offer and in 1935 you
and your wife left Germany to go to the University of

Saskat chewan in Saskatoon. You managed to take sone
spectroscopi ¢ equi pment with you. This was very far-sighted,

pl ease tell me sone nore.

HERZBERG. At the time, it was inpossible to take nore than ten
mar ks, which at that tinme was $2.50 per person. But you could
take furniture or other things. W didn't have any furniture
because we had been living in roonms but | had saved sone noney
and al so had got sone noney frommy father-in-law, who was still
in Germany at the time, and we could buy some equi pment, which we
did. That was used to build an instrunent in Saskatoon. Not a
very big instrunment, but, still, it was useful to have at the
time. The total value of what we took out was perhaps sonet hing
of the order of certainly not nore than $500, 1935 dollars. |
think it was | ess because we really didn't have that much noney.
' mnot sure what happened to the instrument that we built, it
must still be in Saskatoon.

Kl NG: In 1935 did you have to |l eave and pack in a great hurry?

HERZBERG. No. | didn't perhaps say explicitly that in 1934 the
University told nme that nmy contract wouldn't be renewed. | was
earning a living as an assistant, | was not earning nuch as a

Privatdozent, that was not worth tal king about. This

assi stantship was discontinued as of October 1935, so | had to
find somet hing. But when this Carnegi e Foundati on guest

pr of essorshi p, (because it was not a permanent job they called it
a guest professorship), so when | told the authorities I was
going to Canada as a guest professor they thought it was good for
Ger many.

[ END OF TAPE, SIDE 2]

HERZBERG. Of course, all our baggage had to be investigated but
the particular custonms officer, or whatever he was, took it very
easy. There was no coment about taking a few pieces of
scientific equipment along, particularly since | was going on a
"guest professorship” and spreading German culture, German
habits, German science to other countries. [l aughter]
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KI NG At that time there were no restrictions?

HERZBERG. Except that we were tied by this constraint of ten
mar ks. Fortunately, the university in Saskatoon had arranged
t hat we woul d get some money when we | anded. Naturally we
crossed by boat.

KING  \Who paid the fare?

HERZBERG. We could pay the fare. [Indeed, we paid for a return
fare. We may even have thought that in one or two years this
whol e thing would be over, but also to have sonething that we
could possibly sell later. So we paid for the return fare. That
was possible still.

KING Did your brother stay in Germany?

HERZBERG. My brother stayed in Germany, yes. He was not
affected. It didn't go that far; a sister-in-law wouldn't count
as an argument agai nst you.

KING On your way from Germany to Saskatoon, you stopped off at
Princeton?

HERZBERG. Oh, yes. We paid in advance not only for the boat
trip to New York but also the whole trip from New York to
Saskat oon. That nmuch we could do with the German noney we had.

KING  You stopped off in New York and then visited Princeton?

HERZBERG. Yes. | visited Princeton, Chicago, and on ny way I
also visited McG Il University. ©Oh, yes; | also visited the
University of Illinois because there was a very prom nent

nol ecul ar physicist by the name of F. W Loom s who had invited
me to stop by. | don't really remenmber all the places | visited

but there must have been about a dozen places on the way, because
| didn't think I'd be able to come back that soon. Wth a nmodest
salary it wouldn't be so easy to travel such |ong distances.

KING This was your first trip to the United States?

HERZBERG. Yes.
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KING Can you renenber any of your first inpressions?

HERZBERG. Not really. Everything was so different. Again, it's
different in Canada fromwhat it is in the United States.

KING So now, you've arrived in Saskatoon, Saskatchewan. Your
years there were very productive, despite the obvious |ack of
equi pnment. |Is there anything now, |ooking back, that you woul d
| i ke specifically to recall?

HERZBERG. The university, which was a very small university at
that time -- there were only sone 1200 students and a hundred
faculty nmenbers. OF course, you net all the faculty menbers very
shortly after you arrived, so it was a very personal thing. They
were very friendly and tried to make things easy for us. | |ook
back on the days in Saskatoon, as | say, with great pleasure and
it was a nice time; if only the war hadn't cone.

KING Was it difficult to be a German scientist during the war?

HERZBERG. Not in Saskatoon, no. Not at all. At first, | had to
report to the police once a nonth, but it was very friendly.
Later on, | actually did some war research work on expl osives,

for which I had to travel to the United States. For that of
course | needed a passport or something like it and ny Ger man
passport wasn't very useful, so they provided eventually a
speci al document in |lieu of a passport and then |I could travel to
the United States and go to various neetings. There's one
interesting occurrence before the United States entered the war.

| was at a neeting in Chicago, |I think it was, traveling by rail
of course. Then when | wanted to return to Saskatoon, the Nazis
had just invaded Holland and Bel gi um and the Ameri can government
had decided to close the boundaries of the country against al
aliens. When | tried to go back to Saskatoon |I was taken off the
train on the way between M nneapolis and W nni peg as not being
eligible to |l eave the country. The particular inmmgration

officer was a very kind old man. It took about three days to get
this straightened out. This old man said that he wouldn't want
to restrict nme by putting nme in proper cell, but if I were to

escape and cross the border, by just wal king across, he woul d
| ose his job, so naturally I didn't attenpt to.

KING So where did they put you during those three days?

HERZBERG. They had two or three roonms in the border office of
I mm gration and Custons Service where they could | ock up peopl e,
but they didn't lock me up. [laughter]
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KING  So, during the war you were not forbidden to make contacts
with other scientists anywhere in the United States.

HERZBERG: No, not at all.

KING In effect, you carried on with your work at the university
-- teaching, research and so on

HERZBERG. | had nore of a teaching |oad at that tine because
some of the regular faculty members were involved in teaching
younger mlitary people radio and things of that sort. | ndeed, |

was al so used because of ny know edge of German. During the

| ater part of the war, they had to have people to send over to

Eur ope who knew some German. The strange thing was that there

were many people of German origin in Western Canada, who wanted
to go into this kind of job and I had to exam ne them | found
t hat some of these people of German origin had German that was

not as good as sone of the others who had really studied the

| anguage. So | had something to do with that al so.

KING In the neantime, did you get any news from home?

HERZBERG. No, | didn't get any word from my brother and his
famly during all those years.

KING Just a very brief nmention of some of the work you did at
Saskat oon during these years. | was very interested in the
di scovery of bond shortening in methyl acetyl ene.

HERZBERG: ©Oh, yes.

KING  And Pauling evidently didn't believe you.

HERZBERG. That's right. This was really some work that was done
just before I left Germany. I think John Spinks was invol ved

al so, and Patat | nentioned earlier. | contributed this paper to
a nmeeting in Princeton (26), actually.

KING  Pauling was there?

HERZBERG. No, Pauling was not there, so there was no argunent

about this paper. Later on | found out that Pauling hadn't
believed this result and had soneone whom | knew from Gbttingen,
R. M Badger, to repeat the experinent. Sure enough, he got the
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same results. Then Pauling believed! [|aughter]
KING Did you correspond with himon this?

HERZBERG. | didn't ever correspond with Pauling over this, no.
| corresponded with Pauling nore recently in connection with some
of the Soviet dissidents and all that.

KING | guess Pauling' s book hadn't appeared then (27). Another
poi nt which comes to mnd is that your work around this tinme
appeared to concentrate nmore and more on the application of
spectroscopy to astrophysics. In a way, your earlier interests
were now being combined. Did you engineer this or was this a
natural devel opnment ?

HERZBERG. | think it was a natural devel opnent because | was
interested in astrophysical problens. People knew that and they
sonmetines came to me with spectroscopic problems. One of the
nost significant was when Professor Swi ngs of the University of

Li @ge in Bel gium asked me what | thought of a spectrum (the 4050A
group) that appears in comets (28). | |ooked at the spectrum a
good deal and tried to find what it could be. At that time | was
writing volume Il (13), so I thought I was clever in saying that
this 4050A group was due to CH2 (29), which in fact it wasn't.

It was only nmuch later here in Otawa that | observed the rea
spectrum of CH2 (30). The spectrumto which Swings had called ny
attention was |l ater identified as being due to triatom c carbon
(31). But the other astronom cal result, which was at that tine,
at any rate, nore inportant was the identification of a nunmber of
sharp lines observed in interstellar space. W had a neeting
actually at the Yerkes Observatory, this was 1937, and | attended
this meeting. Edward Teller and Robert Milliken were there;
Struve, of course, and I think Swings hinmself was also there. W
debat ed what these |ines could be and Mulliken had suggested CHZ2,
which was incorrect. Teller and | got together in discussing
this and we decided that it nmust be CH+. At the tine when | canme
back fromthis trip to the United States | had a very good
graduat e student, Al ex Douglas, and he had just the right kind of
apparatus ready. He introduced sone benzene vapor, and within
two days we had the proof that the spectrum was really due to CH+
For many years that was the only nol ecular ion that had been
observed in interstellar space. Since at the time, only two

ot her nol ecul es had been seen, CN and CH, it was a fairly
significant contribution to the devel opnent of the subject of the
interstellar medium It was on that score that the director of
the Yerkes Observatory offered ne a job there.

Kl NG This is in 19437
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HERZBERG. Yes, the offer came in 1943, but at that time |
couldn't | eave the country because of manpower regul ations --
scientific people couldn't | eave the country. When the war ended
| got permi ssion to |leave, so | took on that job.

KING So that was in 1945. You weren't there very |ong, 1945-
48. \What do you think, |ooking back, was the nost productive
out conme of your stay there?

HERZBERG. For the three years? The nost inportant undoubtedly

was the observation of the quadrupol e spectrum of hydrogen. In
the Yerkes Observatory | had built a | ong absorption tube of a
type that had not been built before. | had one great advantage.

At the Yerkes Observatory there was an optical technician, Fred
Pearson, who formerly had worked for M chel son, the fanous
optical scientist. Pearson prepared a set of mrrors for nme that
allowed me, in a tube that was 75 feet |long, to send |ight back
and forth up to 250 times. So | had a very |long absorbing path.
Wth that | studied a nunber of other nolecules, but the nost

i nportant one fromny point of view was the study of nolecul ar
hydrogen. | still feel proud of the fact that before I left
Yerkes, | did eventually observe a nunber of quadrupole |ines of
hydrogen. This became rather inportant much later in astronony.

It was an astronom cal problemthat had stinmulated me to try
to find these quadrupole lines. That was the detection of
hydrogen in planetary atnospheres, the atnospheres of Jupiter and
the outer planets; it had | ong been suggested by astrononers that
there was a | ot of hydrogen, but nobody had been able to prove
it. M work was going to prove it but it took ten years after ny
observation of the quadrupole spectrumin the |aboratory before
t he astrononers obtained sone of the quadrupole lines in the
at nosphere of Jupiter. |In addition to that, many years | ater,
quite unexpectedly you m ght say, the quadrupol e en ssion
spectrum of hydrogen was found in interstellar space, for exanple
in the Orion molecular cloud, because in this cloud there are
shock waves which excite hydrogen. The density is so |ow that
the time between collisions becomes of the order of the lifetine
of the nmolecules in the excited state, not quite that but at any
rate, long enough so that one can see this quadrupole spectrum

The first time it was observed was about 1975. It gave ne a
great deal of pleasure even though I had nothing to do with
observation; | was still the first to have observed, in the

| aboratory, the quadrupol e spectrum of nol ecul ar hydrogen.

KING |I'mvery famliar with the next event in your life which
was that in 1947 you received an invitation fromthe Nati onal
Research Council in Ottawa, specifically fromE W R Steacie,

to set up a spectroscopy lab with all kinds of enticing prom ses
regardi ng equi pnment and prom ses of m niml adm nistrative
duties. How did you feel about returning to Canada? Wre you
pl eased at the prospect?
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HERZBERG. Yes, | was certainly pleased at the prospect. There
were a nunber of things that | didn't particularly like in the
United States. You m ght say that one item that gave additi onal
i npetus to ny desire to go back was when the Office of Naval
Research [ONR] was formed soon after the war and applications
were invited fromuniversity people for grants for research. The
Director of the Observatory suggested that | should apply but it
turned out that ny application was turned down. Many ot her
peopl e did get research grants fromthe O fice of Naval Research
and still do. Well, | began to ask nyself whether | was in the
wrong place. This was not the decisive point by any means but
generally | felt that, while | originally wanted to be an
astronomer, to live only anong astrononers was not really quite
what | had expected. | needed the contact of chem sts and
physicists. Of course | could have gone to the canpus of the
Uni versity of Chicago. [Yerkes Observatory, part of the

Uni versity of Chicago, is situated in Wsconsin.] | was invited
to do so, but life in Chicago didn't seemto ne very attractive -
- it still doesn't. In fact | still wonder why nmy friend Takeshi

Oka, who was a menber of our staff for ten years, finally chose
to go to the University of Chicago. The point of course is that
there are some very distingui shed people at the canpus, very

bri ght people to be associated with, and that's all very nice,
but living in Chicago is not what | would Ilike to do. O course,
my American friends think, "How could |I possibly go back to
living in an igloo?" [laughter] It was al nost expressed in that
way .

KING We should also nmention that your two children were born in
Canada, so were in effect Canadi an.

HERZBERG. That had an effect also, but perhaps the strongest
i npressi on that contributed our going back to Canada [was the

following]. Wen we lived in Saskatoon throughout the war, there
was no bl ack market, absolutely none that we could detect. The
noment we canme down to WIlianms Bay where the observatory is
sited, a small, small place, there was a bl ack market all over

t he place. That sonmehow upset us and that had a fair amount to
do with going back to Canada.

KING  \What about the kind of equipment you had at the
observatory, did you have everything you wanted?

HERZBERG. That was in a way another problem of course,

everything had to be obtained -- the observatory budget was not
all that strong, but I did build up a spectrograph and a
spectroscopic | aboratory, and | did fairly well, but there were

limts. That's why | applied for funds fromthe Office of Naval
Research which didn't work out, so | would now have to try sone
ot her place to get funds. ©One of the really attractive things at
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NRC at that tinme was that | didn't have to make any application
for research funds, they were already there.

KING We conme to the next point about your return to Canada.

You canme to the National Research Council in Otawa, and Dr.

St eaci e, who subsequently becane president of the NRC was a great
believer in the freedom of research and a m ni nrum amount of
bureaucracy. Just for those who have never heard about Dr.
Steaci e's nmethods achi eving these in a governnent | aboratory,
could you say a little about how this philosophy affected your
own net hods of working after you became Director of the Physics
Di vi si on, which was in 19497

HERZBERG. It certainly did because he was, as you said, a great
believer in the freedom of the research worker to do what he

wants to do, to come at hours that he wants to. |[|f sonmeone
i nsisted on working at night, that was perfectly all right with
Dr. Steacie. The one thing I learned fromhimvery, very

strongly was that if | wanted to run a good physics division, I
had to give nmy staff the freedomto do what they wanted. A

di rector of such a division is not there to direct the people; as
Steacie said, "To find good scientists and then let them do what
they think is best." This philosophy is very hard to sell to our
politicians but it's the only philosophy that really gives al

the possibilities to a creative individual that could lead to
very striking developments. The nmoment that the governnent or

t he organi zation prescribes what a good, creative person should
do, then he takes the next chance at |eaving. W had one such
person -- Dr. Oka, one of our npbst creative scientists. Well,
nobody told himwhat to do. There were other reasons, he wanted
contact with students and this sort of thing, at |east that's
what he told ne. The |eaving of one creative person froma |ab
is a very serious affair; if you make |ife unpl easant for people
wor ki ng on basic research then you | ose the background and the
initiative. Creative work in a subject is the only kind of work

that will do the later applications any good. |[|'m not suggesting
t hat you should do basic research only on account of the probable
applications, | think that's wong. You do basic research for

t he same reason you wite poens, conpose nusic, paint paintings.

KING This pronpts me to ask you sonething which is connected
about events that you hear at the NRC. Originally the physics

di vi si on had both a pure and an applied section, which in 1955
were del i berately separated into two divisions, again as a direct
result of Dr. Steacie's personal philosophy. | renenmber you
saying that you were personally against this break between pure
and applied research. Wuld you care to el aborate?

HERZBERG. My feeling was that there was enough exchange between
t he people in pure and applied physics and that was somet hing

t hat should be maintained. What actually happened was that plans
were drawn up for a new building for applied physics only and |
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wasn't told about it and | was supposed to be director of the
whol e physics division. At that point I went to Dr. Steacie and
told him "Well, this can't go on, either I amthe director of
the division or 'mnot." He immediately saw the point. | don't
know whet her | should blame it on Dr. Steacie but even great

adm ni strators make m stakes. | feel this is one m stake that
Dr. Steacie made. He let this happen without informng me. It
shoul dn't have happened at all. There's enough contact and that
contact would be | essened if the two subdivisions were separated
i n space.

KING That's certainly a puzzling aspect of Dr. Steacie's

presi dency. The other thing that | wanted to ask; Dr. Steacie
Instigated the tradition of having postdoctoral fell ows here at
the NRC, in 1948. This brought fellows fromall over the world
to Otawa, so instead of the graduate students one would have had
in an academ c institution, nmore senior workers, already
qualified, came. How did this affect your own work?

HERZBERG. | think it was an extrenely good idea. Wen | took
over the physics division we imediately started with the sane
system | would immagi ne we had something |ike a hundred post-

doctoral fellows in the course of these years. They certainly
contributed a great deal to the work of the division or the group
with which they were associated. | would certainly do it the
same way over again. But you could argue that students are nore
useful to a professor than postdoctoral fellows are to a research
director. |If a research director is sensible, he will not
necessarily direct those postdoctoral fellows. |If they are
really good, Tet them do what they want to do; that's very good
for the postdoc fellows but not for the director, he doesn't get
any work done that way. But | still think, as | say, | would do
the same thing over again because | feel it's nore inmportant that
really good people are supported and that the not-so-good people
are taken on and taught how to do good work. So I'mall for it
but I want to point out that there are sonme aspects that are not
all that good for the person who still wants to maintain, in
spite of adm nistrative responsibilities, his own scientific
work. He needs a helper. | decided | needed sonebody who works
directly with me, and | chose one of our postdoctoral fellows, he
was a very good man -- he was too good for the job. \hen |
suggested a topic, he went ahead and did it. WelIl, it was no

| onger my work. | wanted to have some work of my own that | can
say, "This, | did." That's the problem

KING This is an interesting point. \Wen you had an idea for a
specific problem how did you overcone that obstacle?

HERZBERG. Sonet hi ng that hel ped ne greatly was through Dr.
Steacie again. He canme in one day and said, "I have here a
letter from Professor Allmand of King's College, University of
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London. He has a technician who for famly reasons wants to cone
to Canada. All mnd considers himone of the best technicians and

asks if | would be interested.” Dr. Steacie asked ne, "Are you

i nterested?” | was, and this man turned out to be a real w nner.
He repl aced ny hands, | never got ny hands dirty anynmore in the

| ab, unfortunately, | had to give up the pleasures of actually
doi ng the experinment, but it was still my experinment because |
did all the thinking about it. Of course, he had to do sone

t hi nki ng about how to carry it out, but it was still ny

experiment and | could, with good conscience, put ny name to it.

KING Just out of interest, how would you go about planning an
experi ment together?

HERZBERG. Together wi th another scientist?

KING Wth your technician M. Shoosmth?

HERZBERG. | had sone idea of what | wanted to do and how I
wanted to do it and | presented this thought to him He would
have suggestions saying, "Well, this surely won't work, this

m ght be better. Couldn't we do it this way."
KING But he was not trained in spectroscopy?

HERZBERG. No, but he brought a | ot of experience. | have a
person |ike that now.

KING So basically you would cone up with an idea and you would
present himw th perhaps a rough drawi ng or sonet hing of what you
want ed.

HERZBERG. And he would see how to get it through the instrument
shop. He m ght have to nake up a detailed drawi ng, this kind of

thing. He would be the actual experimenter. | still renmenber
the nmost inportant -- | don't remenmber whether | told you this
story before -- about when |I finally found the spectrum of

met hyl ene, which was one of the citations in the Nobel award. We
had been searching for fourteen years and one day M. Shoosmth

cane up to me and said, "I have another spectrum downstairs in
t he darkroom do you want to see it?" | said, "lI'mterribly busy
and | don't know whether | can.” He said to nme, "You nust see
it!" And that was it! He had realized that it was sonething. |

had one ook at it and | knew that that was it. That's how cl ose
we were.
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KING How many years did you work together?

HERZBERG. For twenty years. His time for retirement had cone
and he didn't want an extension. That was wi se for him because
he di ed of cancer soon after.

KING To recall, now that you are here in Otawa, the war was
over. Did you find nmaking contacts again with the scientists in
Eur ope or anywhere around the world, did you find this an easy
matter? Did things settle down quickly in peacetine?

HERZBERG. | think that was very easy as far as Europe was
concerned, but a little nmore difficult with the eastern bl oc
countries. Even that becane possible; | went to the Soviet Union

a number of tinmes.

KING \What was the greatest difference that you noticed after
the war in your field? Did you notice a very distinct shift of
wor kers from what was the center of science in Germany to the
United States? Did you find a very definite change after the
war, as a consequence of events that had taken place during the
war ?

HERZBERG. You nean that sonething had happened during the war
t hat made them shift in their field or in their actual attitude?

KING Well, both. What were the greatest changes that you
noticed in science because of the war?

HERZBERG. | don't quite know what to say to that question.
There were people who had been affected by the Nazis in sonme way
concerned, | don't think there was any real difference except

that in those five or six years science had changed. The first
trip | made to Europe was in 1950, that is after two years here.

| can't clearly remenber all the places | visited. Certainly I
was i n England, Germany, and Sweden | think. Sweden at the tine,
and even now, is very strong in nolecular spectroscopy so | had a
very interesting time there. There were al so neetings of the

I nternational Union [of Pure and Applied Physics], and | served
on sone of their commttees. That was interesting.

KING | didn't phrase the question very well. You said science
had changed, and this is what | neant to ask. What were the
changes that you noted? Was it in terns of equipnment or people's
attitudes toward things?
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HERZBERG. You mi ght say in terns of equipment. Just to take one
exanpl e, during the war m crowaves were devel oped. It was only
after the war that the whole field of m crowave spectroscopy was
devel oped. People like Bright WIson at Harvard and Charlie
Townes and many others, who during the war were doi ng war
research on m crowave communi cati ons, now used their know edge to
do scientific work with it. | think that there was a trenmendous
stimulus to everybody in the field. There was only one paper

t hat you could call mcrowave spectroscopy before the war, one
single paper. All the rest of m crowave spectroscopy, which is

such a wide field now, was done after the war. |ndeed, the

devel opment of the maser and | aser originated fromthis. Anyone
can see that applied techniques that are extrenmely useful, |ike
the | aser originate out of pure research. It originated if you

l'i ke from m crowave communi cati ons. M crowave spectroscopy was
somet hi ng nobody thought had practical application. Still
somet hi ng practical did devel oped.

KING May | skip a few years. It was 1971 during your visit to
t he Soviet Union that you were informed that you had been awarded
t he Nobel Prize for chem stry. |[|'ve been told that when you
heard this news, you said, "Oh, there nust be a m stake because
I'ma physicist.” |Is this an apocryphal tale?

HERZBERG. It's the other way around.

KI NG Onh.

HERZBERG. When | was first told about it, | was told it was in
physics, and that surprised me. | didn't explicitly say to the
person who told me, "You nust be m staken.”™ | didn't go that
far. But | was surprised because if | had done anything of

sufficient interest to be worth a Nobel Prize, it was on the
borderline between physics and chem stry, and sonething that

chem sts were nmore interested in than physicists. | went all by
myself in a day coach from Leningrad to Moscow that afternoon; it
was the 2nd of Novenmber. It was puzzling; how could it be that

t he physics commttee would give the prize? That just didn't
seem possible. VWhen | cane to the end of the trip there was a
message fromthe President of NRC congratul ating ne on the prize
in chem stry. Then everything became clear.

KING |I'mglad we cleared that one up. Your association with
t he NRC has been very long and very happy. AmIl right in saying
t hat ?

HERZBERG. Yes. Certainly.
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KING They created the Herzberg Institute in your honor. In
1984 for your 80th birthday, they brought together quite a gal axy
of scientists to lecture in your honor. |[|'mglad they invited a
few chem sts |i ke Henry Taube and Melvin Calvin in addition to
all the physicists. Was this occasion kept a secret fromyou or
did you know about it beforehand? Did you have a hand in
choosi ng the speakers?

HERZBERG. | did not have a hand in choosing the speakers, no.

KING Did you know about the occasi on before?

HERZBERG. Yes, it was not sprung as a big surprise event, but |

| earned about it at a fairly late stage. | didn't have to worry
about whomto invite. | think I was asked in one or two cases --
did I know this person, would | like to see this one -- but only

one or two.

KING Was this a very pleasant occasi on?

HERZBERG. It was a nost pleasant affair. The only trouble was
the very day of the dinner, that was the second day of the
meeting, the cuts for NRC were announced. That was not quite so
pl easant .

[ END OF TAPE, SIDE 3]

KING Could we just nmention a few of your other interests?
You're very interested in nmusic and also in nmountaineering, not
somet hi ng you can do very easily around Ot awa.

HERZBERG. No. [l aughter] | shouldn't perhaps call it
nount ai neering. Muntain hiking is a better expression for it.
In the sixties, | had clinbed three nountains in the inmmediate
nei ghbor hood of the place we go to on summer vacation, where
we'll be going this comng July, which are nore than 4000 neters
high. So they're not trivial mountains, there was some cli nmbing,
some nountaineering in that you put on cranpons and this kind of
stuff. | don't do that anynmore, but I'mstill doing nountain

hi ki ng.

KING Tell us alittle bit nmore about your interest in nusic.

HERZBERG. |'ve al ways been interested in nmusic. |In fact, ny
brot her was a nusician. One of my friends in high school was
quite a good piano player. They often played four-hand

arrangement of Beethoven's synphonies. | kept ny interest in
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music and | learned to play the violin when |I was a youngster,

but I had to give that up when | started university worKk. It was
only in 1945, after | finished volune Il that | decided that I
needed sonmething that | can really do for pleasure, and that it
should not be a chore, as witing a book is. | decided to take

| essons in singing. The more | did so the nore | enjoyed it, the
nore | enjoyed Schubert and Brahnms |ieder. Brahnms |I started
fairly late in the game. | enjoy Mzart and Verdi, so |'ve done
a fair amount without addressing the public that way. |[|'ve only
taken part in one concert where people had to pay. [l aughter]

KING Really?

HERZBERG. That was here at the Jewi sh Community Center where we
performed the Handel oratorio, Judas Maccabaeus.

Kl NG Was this here in Otawa?

HERZBERG. Yes.

KING. Now that you've appeared as a public performer, did you
enj oy the experience?

HERZBERG. Yes, | did. | perforned also at a physics meeting in
Vancouver where they wanted to give a concert by physicists and |
took part in that together, with ny friend the |ate Harry Wl sh,
who was a pianist, and |I did sonme singing. | enjoyed that. The
people fromthe Fifth Estate when they interviewed ne insisted
that there should also be some singing and | obliged them

KING  Spl endid.

HERZBERG. So that was public if you like.

KING | won't keep you long enough for that tonight. [laughter]

HERZBERG. Earlier this afternoon | had a session with an
acconpani st: | skipped ny lunch for that. [l aughter]

KING  You never ceased your research after you retired.

HERZBERG: | never retired.
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KING Oh, you never officially retired?

HERZBERG. Not yet. I|I'mstill on the full payroll of NRC

KING  But you have a special title now?

HERZBERG. Yes, | have a special title.

KING  VWhich, in fact, dates fromthe time when you were supposed
to retire.

HERZBERG. It goes back to the tine when | would have retired if

| had followed the rule. But this is one thing you m ght say
that | got out of getting the Nobel Prize, that they never wanted
me to retire; so far.

KING Do you allow yourself a little bit more leisure time now?

HERZBERG. Slightly, perhaps. | don't work quite as hard for
reasons of health.

KING But you cone to the | ab every day?

HERZBERG: Yes.

KING Something I've always wanted to ask people born on
Christmas day; do you always end up just getting one set of
presents?

HERZBERG. | was very upset when | was a small boy about this
particul ar problem It doesn't bother me now. [l aughter]
KING But it still happens?

HERZBERG. No, people are now nore aware of it | think. As a boy
it happened all too many times. | was really upset.

KING As a scientist, you've had a very unusual role. Sonmetines
you' ve taken on the role of debating with senators and gover nnent
m ni sters who are nore inclined towards science policy than to
science. This borderline between politics and science has made
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your nanme very well known to people who are not perhaps
Interested in science as such. You' ve also been on the borders
of political statenment when you have spoken in support of Soviet
di ssi dents and Soviet scientists.

HERZBERG. Yes.
KING This has probably taken up a lot of tine.

HERZBERG. More tinme than you m ght think because |I'm not
sufficiently articulate to express it succinctly and it's really
necessary and it doesn't come easy.

KING Have these devel opments surprised you?

HERZBERG. No, not really. | was always aware that our
politicians and the general public have really no understanding
of basic research and its inmportance by itself. The best that
you can get out of themis support of basic research because

eventually it always turned out to be useful. Well, they do
support astronony, but even that is not so certain with the
present governnment. Just as they don't want to support the Arts
Center Orchestra, and these kinds of things, at least there is
talk of that. To ne that would be terrible thing to denolish,
somet hi ng that has been first rate, just because of sone
preconcei ved i deas by people who don't know. At any rate, | was

aware that when | talked to non-scientists and the inpression
t hey had of science is, "Only if it's useful is it any good."
That's the wrong attitude to science.

KING | guess the audience that we m ght have in the United
States will not be famliar with some of the devel opnents that
you' ve been concerned with. In the period from about 1968
onwards, there's no tine really to talk much about it, except
merely to say that from about that time, there have been probl ens
funding for pure research in Canada and you have been a very

prom nent speaker on behal f of science.

HERZBERG. Yes, but not a very efficient one, or successful one |
shoul d say. The previous governnent didn't understand basic
science and the present governnment doesn't understand basic

sci ence, so what have | done? [l aughter]

KING Well, you've made your stand.

HERZBERG. Yes, |'ve made ny stand but they never conme and ask
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me, "What do you think about this?"

KING |'msure they get to hear about it fromthe press.
HERZBERG. |'ve been interviewed by the press any number of
tinmes.

KING Do you believe that freedom of science will survive?
HERZBERG. |'m not sure of that, but | hope so. Bureaucracy is
increasing all the time. Eventually, | fear that it wl

conpl etely negate freedom of science. Then there are these
peopl e who say that scientists are responsible for this and that.
It mght be true in some instances, but nost of the time what
scientists develop is sonething that may or may not be
applicable, and nobody knows the answer. \When m crowaves were
studi ed and the maser was invented by Charlie Townes. He didn't
know that it would be sonmething useful. He invented it because
he wanted to study a basic problemin the interaction of |ight
and matter. And the same with the |laser. As |long as people
don't realize that, they won't get the real fruit from science...

KING | guess this is an international situation.
HERZBERG. It is an international situation, yes. But it's nore
or less so in different countries. In Germany, the M nister of

Sci ence enphasi zes at every turn that they want to support basic
science. A far higher proportion of basic science is supported
by the German governnment than we have, far higher. And the sane
in Japan, in spite of evidence to the contrary.

KING  Turning back to nore scientific matters, two questions |
wanted to ask you that we have probably covered to some degree,
during our conversation |argely about the progress of

instruments. Unless there is sonething else you'd |like to say?

HERZBERG. No.

KING The other thing | was going to say, we don't have to
revi ew your work because this is all in the literature, but I
guess the best known di scoveries associated with your work has
been the CH3 and CH2 radicals and perhaps the amoni um radical .
I wondered which of your own discoveries have given you
personal |y the nost satisfaction?
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HERZBERG. That's |i ke asking me which of your children do you
l'i ke best? [l aughter]

KING In effect you're excited by all of then?

HERZBERG. At the tinme | was excited. | would say in ny |ater
years the discovery of triatom c hydrogen was giving me nost of

t he pl easure because it was sonething rather unexpected and
sonmet hi ng that could have been done thirty years earlier and
nobody did. It could have been done when some people were

i nvol ved, very much more than | was, in the study of the spectrum
of hydrogen, but they didn't find it. W did.

Kl NG That was in...?

HERZBERG. That's when | was 75 years old. So | feel rather
proud of that. | certainly don't want to belittle the discovery
of CH2, |I'm proud of that too, but that was a long tine ago.

KING Finally, | think, I have to come back to the question of

I nteraction between your subject and chem sts. | nmentioned this
earlier on; chemsts in the thirties were having a terrible
problemwith free radicals. Did you ever meet F. O Rice?

HERZBERG. Yes, | think | did.

KING Of course, the link is with Dr. Steacie here at the NRC,
he was very interested. His subject was free radicals. The

chem sts were having a difficult tinme throughout the thirties
just trying to convince people like Rice and other chem sts that
free radicals existed. People |like yourself, the physicists, had
no problenms at all, you were just carrying on with your work.

Did you interact? During this period did you ever have a chem st
come up to you and cry on your shoul der and say they were having
these terrible problems and could you hel p?

HERZBERG. Not really, no. | don't think I could say that. For
me, many of the diatom c nolecules that | was dealing with, |ike
ot her spectroscopist, are free radicals. OH, CH, NH; they are

free radicals. It was a perfectly every day experience to see a

spectrum Under conditions where OH, CH, and NH occur, as in a
flame, the flame is a chem cal phenonmenon, and you see these
radicals there. So the radicals are there and there's no
question. The only question is can we find a spectrum that can
reveal their structure? W know the spectrum of OH, CH, NH, and
other simlar ones -- SH, and there's no problem but the problem
was with radicals where the spectrum had not been seen, |ike CH2
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and CH3, or NH2...

KING Well, that of course would nake it very late, in the
fifties.

HERZBERG. That's ri ght.

KING There were people like Rice who were having problens back
in the thirties.

HERZBERG. That's ri ght.

KING  Their problem was not merely accepting the existence of
radi cals, but they had to know the concentration and then
det erm ne nmechani sns.

HERZBERG. And the concentration can't be determned if you don't
know t he spectrum The indirect chem cal methods are somewhat
probl ematic, at |east they appear so to a physicist. [laughter]

KING Do you renenmber ever having a conversation about this with
any chem sts? Perhaps with Dr. Steacie.

HERZBERG. | had many conversations with Dr. Steacie.

KING \What were the things that, as a chem st, he was nost
bot hered with?

HERZBERG: | don't know whether | can answer that. When | knew
hi m he was convi nced that CH3 existed and he determ ned the tine
for it to react with another CH3 to form ethane and this sort of
thing. | don't really think he was really terribly concerned
about that. He had chemi cal methods to do that and | think on

t he whol e, they turned out to be quite satisfactory.

KING They went through these different periods because in the
thirties, that was the period when they were trying to convince,
not Steacie, but Rice, who was trying to convince chem sts of the
exi stence of free radicals. Later on he came up with the Rice-
Her zf el d mechanism (32). By the forties and fifties, when you
cane to Ottawa, they believed...

HERZBERG. | began to be interested in free radicals as such
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after | had this idea about the conetary spectrum the so-called
4050A group being due to CH2, which it turned out not to be. At
that time | really started to | ook up sone papers by Paneth and

| at er papers on the same subject who were trying to find a
spectrum of these things. At least they first tried to establish
that they really exist, by noving a mrror fromone place to

anot her and this kind of [technique] so ny interest started I
woul d say, around 1940. At that time | thought the physica

chem sts, the kineticists, would detect free radicals by the

reactions that were taking place. It was often a little somewhat
hypot hetical, so it seemed to me, but there it was. | was
interested in the spectrum | was trying to show them that here
is the CH2 nol ecule, and here is a CH3, the radical | should say.

KING  What about Bonhoeffer? Bonhoeffer's work is extrenely

i nteresting because he appears to be extrenely advanced when you
| ook back at it. What about your conversations with him did he
rai se any specific problenf

HERZBERG. [Herzberg gets up to get a book]... This is in German
-- The Chem cal Reactions is the title of a series of books (33),
edited by Herman Mark, who's still around, and M chael Pol anyi,

father of John Pol anyi .

KING  \What year was this?

HERZBERG. This was published in 1933. | hel ped Bonhoeffer with
some of the pictures in his volume. | supplied this [show ng
King a photographic print], not that | took it, and a number of
others that | see here. He was a photochem st, essentially; this

[ book] is the foundation of photochem stry (33), and

phot ochem stry, of course, is one way of dealing with free

radi cal s and perhaps the easiest way, because it does nean that
when a |ight quantumhits a nmolecule, it will split it. \What
does it split into? Two free radicals, normally. Conceivably,

it could split into two saturated nol ecul es, but what usually
happens is two free radicals and | think this book is on that
basis. M scientific discussions with Bonhoeffer were usually on
that kind of topic. He would ask me what did I think of this or
t hat paper in which certain free radicals [were postul ated] and
my answer would normally be, "Well, we have to find the spectrum
of that radical."” That's not so easy! It was only nade possible
when the flash photolysis nethod was devel oped.

KING | should reverse the question: instead of chem sts com ng
to you begging for help, did you ever receive inspiration from
any papers published by a chem st?

HERZBERG. Oh, | did, yes. For exanple, about CH2, | found a
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paper written by a chem st in which the lifetinme of CH2 was
reported to be of the order of a tenth of a second. Well, that
appealed to me. They had done mrror experiments, eating up the
mrror by free radicals.

KI NG This was Panet h?

HERZBERG. The Paneth method, yes. VWhile I was still in
Saskatoon | thought I would try to build an apparatus to find
CH2. But | was way out; | didn't have a chance and didn't know
it. | didn't know the concentration, so | was an optim st then.
Eventual ly, after 14 years, | did nanage to get it.

KING Did you discuss these problems with Paneth at the time?
Did you nmeet hin?

HERZBERG: | never met Paneth, no.

KING But he was here in Canada during the war, in Montreal.

HERZBERG. Oh, yes, he was, but I never ran into him

KING During the war you didn't come to Ottawa or Montreal ?

HERZBERG. Toward the end of the war | did, yes. To Otawa, not
to Montreal. | never met Paneth, | don't know why that is. W
never exchanged rem ni scences about free radicals. [laughter]

KING |'ve kept you a very long tine. Are there any other
points that you would like to nmention about your very |ong
career?

HERZBERG. [l aughter] | think I1've told you all ny stories. The
only thing one could add perhaps is that one neets interesting
people, very fine scientists, and sonetimes even politicians.
The closer one gets up to Nobel Prize [status] the nmore chances
one has to nmeet very prom nent people, and that includes nmeeting
with the Pope, as a nmenber of the Pontifical Acadeny.

KING  The present Pope?

HERZBERG. The present Pope and his predecessor. |In all the
occasi ons when one neets very prom nent people, sonetines it's
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not interesting, but sonmetimes it is.

KING  Does the present Pope stand out as one of thent?

HERZBERG. | think he would. Of course | didn't get the chance
to have a discussion with him He inpresses one certainly as a
remar kabl e person. | don't believe in his ideas about birth
control; | think that's all wrong because he doesn't know

mat hemat i cs, he doesn't know what an exponential function is.
But he's a very inpressive person, very inpressive, there's no
questi on about that.

KING |I'msure he'd say the sane about you, that you don't know
about Catholic doctrine.

HERZBERG. That's right. [l aughter]

KING  Dr. Herzberg, thank you very much for sharing your
menories with us.

HERZBERG: You' re nost wel cone.

[ END OF | NTERVI EW
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