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ABSTRACT

Li nus Pauling begins this interview by describing his early
interest in science. Wile growng up in Portland, Oegon, he
coll ected | aboratory equi pnent and carried out chem stry
experinments in his home. He also worked in the chemistry
| aboratory of his high school. Pauling supported hinself through
hi s undergraduate years at Oregon State Agricultural College by
working in the chem stry departnment stockroom and assisting an
engi neering professor. During graduate school at Caltech, he
| earned x-ray crystall ography from Roscoe Di cki nson and publ i shed
his first paper. Pauling continued to use crystallography to
attack nore conpl ex chem cal problens. |In 1926, Pauling was
awar ded a Guggenhei m Fel | owshi ps to study in Europe. In Zirich,
he carried out research on the interaction of two helium atons
which later led himto develop the theory of the three-electron
bond. Pauling concludes this interviewwith his return to
Caltech as assistant professor of chem stry.

| NTERVI EVEER
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| NTERVI EVEE: Li nus Paul i ng

| NTERVI EVEER: Jeffrey L. Sturchio
LOCATI ON: Executive Tower |nn, Denver, Col orado
DATE: 6 April 1987

STURCHI O You have witten a nunber of articles on your early
career and there certainly have been plenty of articles about
you, so fromthat we know some of the details of your early
interest in science (1). | know you were born in Portland,
Oregon on 28 February 1901, and that you went to Oregon State
Agricultural College, but I wonder if you would talk a little
nore about the origins of your interest in science. Wy did you
deci de to study science at that age?

PAULING Well, ny father was a druggist, and | used to hang
around the store. He died when | was nine years old, so he can't
have had a very great effect on ne. Wwen | was eleven, | started
collecting insects. So far as | can renmenber this was

spont aneous, in that there was no one who suggested to ne that |
doit. | think | ran across a book about insects which
interested me. And there were nany insects that one could find
inthe Wllanette Valley. So | made a consi derable collection.
think it was left in the basenent of the house when ny nother
died and | was in Europe when ny two sisters sold the house. The
next year | becane interested in rocks and mnerals, mainly

m nerals. | got books on mneralogy fromthe library and copi ed
tabl es out of the books before returning them About the only
mnerals | could collect were agates. | did not know enough to

find zeolites and didn't have instrunents to permit me to
identify small crystals. So it was mainly reading about m nerals
and thi nki ng about themthat engrossed ny attention for a year.
That was when | was twelve, ny first year in high school

Then when | was thirteen, ny second year, Lloyd Al exander
Jeffress, ny age, and I, were wal ki ng hone from Washi ngt on Hi gh
School, when he asked if | would like to cone to his room and see
some chem cal experinents. So we went up to the second floor of
hi s house which was at about 28th street. M house was on 40th
street, so this was about half way. And he carried out sone
experiments which | found extrenmely interesting. | think I
hadn't thought about the fact that substances can be converted
into other substances. Conbustion, the burning of wood in the
stove, | just accepted as part of the world. | hadn't thought
about the general phenonenon of conversion of one substance to
anot her substance. (The science witer in the London Tines has a
rat her vague idea about this also. Last week in London | read
about a new substance that had surprising magnetic properties and
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the science witer described it by saying it was called Bi po, and
it was made by taking a yell ow substance which exploded to forma
bl ack powder. That was it. That was all the chem ca

information that was given.) So, | began carrying out
experinments starting with a chem stry book that ny father had.

STURCHI O Do you know what book that was?

PAULING | think Wllianms, but it got lost, left |I guess when ny
nmother died. | amnot sure about it. | can remenber the book
but not the title page.

STURCHI O Were you using your friend s equipnent, or did you
start to get your own equi pnent at that tinme?

PAULING | started getting nmy own equi pment, such as flasks and
beakers. There was a druggi st who had been a friend of ny
father's in Portland who gave nme chem cals. Wen | was el even he

gave nme sonme potassium cyani de and sone plaster of Paris. | had
read about meking a killing bottle. He gave ne perhaps thirty
grans of potassiumcyanide. | went hone and got a mason jar and

went out on the back porch because | knew it was poi sonous. |
put the potassiumcyanide in the jar, and put some water on the
pl aster of Paris, and put that in on top of it and nade ny
killing bottle. So he gave ne chem cals and sone pieces of
apparatus. A man |iving next door had been a photographer and a
gui de on Mount Hood and was retired. He was working as the

st ockroom keeper at North Pacific Dental College. He brought
honme many pieces of glassware for ne. They had been chipped so
that they woul d have been di scarded, and he brought them for ne.

My grandfather was a night watchman in the foundry in

OGswego. | would go the seven mles to OGswego on the train. It
was usual ly every week, going Saturday to see ny grandparents and
com ng back Sunday. | could go down with himor w thout him
Actually, | went to the snelter, which was abandoned, and was

about a quarter mle away fromthe foundry. The snelter was a
wooden structure that was falling dowmn. The roof of the

| aboratory had fallen in. There were hundreds of bottles of ore
sanpl es and bottles of chemcals. So | would take a suitcase and
fill the suitcase with bottles of chem cals, get on the train,
take them back to Portland, get on the street car, and go up two
mles to ny hone. For exanple, there was a two and half liter
bottle of sulfuric acid and simlar bottles of nitric acid and
hydrochl oric acid. The sulfuric acid was black. | suppose it
had been opened and a little organic material had fallen in and
been dehydrated. There was a big bottle of potassium
permanganate. It was really great to have these chem cal s.



STURCHI O Were other friends of yours interested in science at
that tine?

PAULING Well, | saw a good bit of Lloyd Jeffress, but we didn't
do any nore chem cal experinments together. W were together at
his country honme which was cl ose by, or at nmy grandnother's
house. He becane professor of psychology at the University of
Texas and died a few years ago. He was a psychol ogist all right.
Wen we were about fifteen, and he was with ne at ny

grandnot her' s hone, ny grandnother said, "Linus, what are you
going to be when you grow up?" | said, "I amgoing to be a
chem cal engineer."” And Lloyd said, "No, he isn't. He is going
to be a professor.”™ | had no expectation of being a professor.

I thought | would be a chem cal engineer.

STURCHI O You nention in one of your articles that at that tine
you thought that a chem cal engi neer was the profession sonebody
interested in chemstry followed (1d). Wy was that?

PAULING | didn't have nmuch know edge about professions. | did
know about engi neering and chem cal engineering, because | had a
cousin, Mervyn Stephenson, who was studying hi ghway engi neering
at Oregon Agricultural College, and | knew that they taught
chem cal engineering. So I thought that was the profession.

STURCHI O Did you have brothers and sisters?

PAULING Two sisters. One is a year and a half younger, the
other three years younger than |. They're both alive. [The
younger one died in 1992.]

STURCH O Were they interested in science at all?

PAULING No. The elder later inlife nmarried Paul Emmett. So |
t hi nk she had nuch nore contact with Paul Emmett than she had
with me. After | went to college at age sixteen | didn't see ny
sisters very nuch.

STURCHI O Basically she had a secondary interest in science. So
the fact that your cousin Mervyn Stephenson was at Oregon
Agricultural College studying engineering is probably an
important factor that led you in that direction.

PAULING Yes. Wll, we didn't have any noney. O egon
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Agricultural College was the only place | could have gone,

think. | drove on ny bicycle two nmil|les across the east side of
Portland to Reed College a few nonths before I went to Corvallis.
| knew about Reed Col | ege and was sort of interested init. |
drove around the canpus, but that was all. | didn't go in, and
didn't see anybody or speak to anybody. But | probably coul dn't
have gone to Reed because of the tuition, even though | could
have lived at hone then. But | just didn't know that at the

Uni versity of Oregon | could have majored in chemstry, or that |
could have nmpjored in chemstry at Reed College. But it wasn't
too bad to go to Oregon Agricultural Coll ege.

The main way in which | suffered scientifically, | suppose,
is that for four years | had no courses in mathematics. | took
all the mathematics in ny freshman year. | had had four years of
mat hematics in high school. So | could take sophonore

mat hematics in nmy freshman year and then they didn't teach any
nore math courses. And | taught full time for one year, which is
why | say for four years. Wwen | got to CIT [California
Institute of Technol ogy] of course | signed up for many

mat hematics courses. For a while | thought, because of faulty
menory, that | had a minor in mathematics as well as a mnor in
physics at CIT. But in fact, | found my diplonma which says

physi cal chem stry and nmat hemati cal physics. They nade it

mat hemat i cal physi cs.

STURCHO | wanted to ask you a little nore about the atnosphere
you found when you got to Caltech in 1922. But first, do you
recall the textbook you used when you taught quantitative

anal ysi s back in Oregon about 19197

PAULING It was witten by Gecorge M Smth in the M dwest who
t hen becane a professor at the University of Washington in
Seattle (2). | wote a letter to himconpl ai ni ng about a
statenent that | said | thought was not true or m sleading. He
wr ot e back.

STURCHI O WAs he an anal ytical chem st?

PAULI NG That was quantitative analysis.

STURCHIO By the tine you got to college in Oegon you al ready
had a fairly good background in traditional nethods of chemstry,
just fromyour own investigations.

PAULING Well, ny junior year in high school | took chem stry
fromWIlliamV. Geen, who | think had a master's degree from
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Harvard. He was a very good teacher. He had ne stay after
school hours (I think 2:30 is when nmy school stopped) and help
himto run bonb cal ori meter measurenents of the heat val ue of oi
and coal that was bought by the Portland school district. |
think it was probably largely as a way of giving ne a little
extra instruction. And when | got ny high school transcript |
had an extra year, | believe (or perhaps only a senester) of high
school chem stry. After finishing the one year he allowed ne to
conme in the | aboratory and he gave ne problens. There were sone
organi c preparations that | carried out using Renson (3). |
spilled sonme sulfuric acid on the book, and | think I still have
it with pages eaten away by acid.

And there was analytical chem stry, qualitative analysis. |
remenber this because he gave nme an unknown and said that |
shoul d renmenber the words "hoi holoi strategoi” and tell hi mwhen
| reported to him | hadn't started studying G eek yet. About
that tine, | did decide to study Greek and got a G eek book and
| earned some Greek fromit. It was [John] Wiite's Elenents of
Geek (4. So | learned later "hoi holoi strategoi” neant "al
the soldiers”. He had put all of the netals into the sanple.

STURCHI O You were very lucky to conme across sonebody with that
ki nd of a background in high school.

PAULING Yes. | had a one senester course in physics with a
very good physics teacher too. He was a smart fellow W used
[Robert] MIlikan and [Henry] Gale as the textbook for high
school physics (5).

STURCH O Do you recall the other texts you were using when you
got to college?

PAULING There was [WIllian] Ganville's Differential and
Integral Calculus (6). At sone stage | used Al exander Smth's
CGeneral Chemstry (7). Maybe it was Smith and Kendall. [Janes]
Kendal | was at Colunbia for a while, where Al exander Smith was,
and then went back to Scotland. | liked Al exander Smith's big
book. | amnot sure | ever had it as a textbook in chem stry.

It may be that sonebody gave ne a copy. From Al exander Smth's
freshman chem stry text | got the word "stochastic.”™ In ny
papers | quoted several sentences from Al exander Smth's Genera
Chem stry. | used it when | said that the nethod that | am using
to find the crystal structure of a substance is the stochastic
met hod, fromthe G eek "stochasti kos", apt to divine the truth by
conjecture. And Al exander Smith went on to say that you nake
this stochastic hypothesis, (for exanple, that a substance is a
hexahydrate) and then you can i mmedi ately test the hypothesis by
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carrying out an analysis. |In this case you had to renove the
water to find how nuch water was present. He nay have given a
better exanple than that, but | think I am now confabul ating.

STURCHIO.  VWhile you were in college was there nuch contact in
the curriculumw th physical and theoretical chem stry? You
mentioned in some of your earlier papers how you stunbl ed across
[Glbert N] Lewis and [Irving] Langrmuir in the journals while
you were studying (1d). Was that entirely extracurricul ar?

PAULING Yes. | had one year of very sinple organic chemstry.
That is all | had. 1've forgotten the witer of the textbook
that we used. | had a year of physical chemistry with [Earl]
MIllard as the text. | amnot sure that is right, but he was at

MT (8). [Arthur A'] Noyes had a very poor opinion of the book,
so he sent to me and Paul Emmett, in the beginning of the sumer
of 1922, proof sheets of the first nine chapters of Noyes and
[Mles] Sherrill's Chem cal Principles, which was then avail abl e
inthe printed formin the fall (9). He asked us to work the
problens fromall nine chapters during the sunmer, in order to
make up for the deficiency in our physical chem stry.

The physical chem stry book that we had used was essentially
a cookbook that would give equations w thout saying clearly where
they cane from and you just substituted in nunbers. It was
taught by Frederick J. Allen, who later got his Ph.D. at Purdue.
He has said that this course was the only course in physical
chem stry that he ever gave, and it was hardly his field. He got
his Ph.D. at Purdue and remained there all his |ife and taught
chem stry to football students. He said that it was the footbal
student's course in chemstry that he was in charge of. Wen ny
general chem stry text canme out he used it as the textbook (10).
They woul dn't use it in the other course because they thought it
was too hard. But he used it with the football players!

They have all the correspondence between Fred and ne over
the years there at Purdue. Sonme of the letters have been
published in the Journal of Chem cal Education (11). There was
correspondence about ny idea that we could make xenon fl uori de.
Freddy sent ne 200 mlliliters of gaseous xenon for the
experiment. | wasn't the experinenter. | got Don Yost to try to
make it, and he reported that he didn't succeed. He had a nickel
apparatus, and he couldn't see inside it. The man who | ater nade
t he xenon conpounds in one experinment was shown in a photograph
hol ding a Pyrex flask with crystals of xenon difluoride. He said
he was sure that Yost had made xenon difluoride, but had failed
to recognize that he had. | think he may have been neasuring the
change in pressure but | don't remenber just how the experi nent
was carried out. So Yost reported in a paper that you couldn't
make xenon fluoride (12).




STURCHI O That's not the only exanple of that kind of report.

PAULI NG  Soneone at CIT said that he thought this was about the
nost unent husi astic investigator who ever carried out an
investigation. | judge that Don did this just because |I asked
himto, but perhaps he was convinced that it would be a failure.

STURCHI O He missed a big discovery. | was interested in how
you fixed on going to Caltech. Was it just by Noyes's
reputation, or did Allen suggest it?

PAULING No, | don't renenber discussing this matter with Allen
He perhaps had got a naster's degree already at Purdue. He was
about at that stage, a few years older than I. When | was
teaching quant full time, the head of the chem stry departnent,
John Fulton, showed nme a little placard sent out fromC T
offering fellowships in chem stry to graduate students. He said
that perhaps in two years | ought to go there. | then thought
that | perhaps ought to go next year for ny junior and senior
years. So |l wote to A. A Noyes, including a statenent that I
woul d have to make ny own living. M nother did not have any
noney, and | was giving her the noney | earned that year and
other summers too. She had a hard tinme after ny father died.

got a letter back from Stuart Bates, saying that A A Noyes was
not there. He pointed out that he thought it would be inpossible
for me to attend CIT (it had just taken the nane CIT in 1918,
think) and to support nyself at the sane tine.

Vell, | didit at Oregon State. Wien | was a freshman |
worked at odd jobs in the kitchen of the girls' dormtory,
choppi ng wood for the wood stoves and cutting the sides of beef
into steaks and roasts. Wen | was a sophonore the chem stry
department gave ne a job in the stockroomso | got enough noney

tolive on. In nmy freshman year | had a hard tine. Then when
was a junior, the professor of engineering, Sam[Sanmuel H] G af,
gave ne a job. | took the course in netall ography fromhim and
he may have given ne the job during that first senester of ny
junior year. It seens to ne | worked for two years for himand
got $25 dollars a nmonth or 25 cents an hour for a hundred hours a
nmonth. | corrected papers in the statics and dynam cs course,

bridge structure, strength of materials, and hel ped himin the
| aborat ory.

I took the course in netall ography and enjoyed it and began
t hi nki ng about netals. | ampretty sure | still have the
t ext book we used, but | don't renmenber its nanme. In this book
t hey di scussed the slip interference theory of hardening. The
grain boundaries provide the slip interference. Little crystals
of a magnesi um al um num conpound, MAl ,, or MyCu, form and
interfere with the slip in the alum num grains.
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So Johnny Fulton, who al so | oaned ne sonme noney, which
pai d back after | got to graduate school, suggested that | go to
CIT. Well of course | was interested in Berkel ey, because of

Lewis and the nature of the chem cal bond. | applied to
Berkeley, CT, Illinois, and Harvard. There was a professor of
chem cal engineering who had got his Ph.D. at Illinois naned

Floyd E. Row and. He was an ent husi ast about graduate work. He
was one of the few people on the faculty at Oregon Agricul tural
Col | ege who had a doctor's degree.

[END OF TAPE, SIDE 1]

PAULI NG  There were about twelve graduates in chem cal

engi neering in the class of 1922. Because of his influence,

| argely, seven of themwent on to graduate work. | think perhaps
si x of them got Ph.D. degrees.

STURCHHO Did they go into chemstry as well, or into chem ca
engi neeri ng?

PAULING They were all in chemstry. WelIl, one of them I
think, got a master's degree at Harvard, perhaps in netallurgy,
and got a job with an iron and steel conmpany. So perhaps he was
nore of a netallurgical engineer. |1 amnot sure. | think I saw
hi m once many years later in Pittsburgh. Paul Emett was one of
them Alfred Robertson had a National Research Counci
fellowship after getting his Ph.D. at Wsconsin. He worked nost

of his life for Eastnman Kodak in industrial chem stry. | don't
know what he was doing in the photographic business. Bil
[WIlliamF.] Tuley got a Ph.D. at Illinois and worked for a

chem cal conpany in Stanford, Connecticut. Oz [Oscar M] Hel mer
worked in nedicinal chemstry at Eli Lilly after getting his
Ph.D. | think there may have been one or two others. Well,

chem cal engineers were the smartest students in O egon

Agricul tural Coll ege.

STURCHI O That's a remarkable record for 1922 to have that many.

PAULI NG There were seven out of twelve chem cal engineers from
a small cow college who got a Ph.D. in chem stry.

When | gave sone general university |lectures at Berkel ey
about four years ago three nenbers of the chem stry depart nment
came up to ne to tell the sane story, which | had never heard
before. | think it is apocryphal. See, |I didn't get areply to
my application to Berkeley. Harvard offered nme a half tine
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instructorship and said it would take six years to get a Ph.D
So | turned it down.

STURCHI O Was that from|[Theodore W] Richards? Did he wite to
you at that tinme?

PAULING No. The editor of JACS [Journal of the Anerican

Chem cal Society], Arthur B. Lanb, wote to ne. He was professor
and director of the chem cal |aboratories. | turned that down.
And Noyes said that | should reply imediately. In a few years
there was nmuch conpl aint about that sort of action. The

chem stry departnents decided that they should say that this
offer is open until the first of April, so they could all have a
chance. Well, | wote to Berkeley saying that | had accepted the
CIT appointnment. The story is that G N Lewis was | ooking over
the applications in the spring of 1922 and there weren't very
many, perhaps twenty five. Departnents were small, as | pointed
out in ny talk today. So he came to one and | ooked at it, the
story goes, and said, "Linus Pauling, Oregon Agricultural

Coll ege. | have never heard of that place.” And down it went in
the discard file.

STURCHI O It does sound apocryphal to ne.

PAULING | think it is apocryphal. Here |I'd been around
Berkeley for fifty years before I'd heard that story, so |I'd
surely have heard it earlier on

STURCHIO:  VWhat did Illinois say? D d you go through with that
application or did you just withdraw it?

PAULING | think I hadn't heard fromthem when | accepted the
CIT offer. Well Noyes was pretty clever, | think, to pick Paul
Emmett and me from Oregon Agricultural College to offer

fell owshi ps to.

STURCHIO. It is interesting to note that had you gone to
Illinois Arnold Beckman woul d have al so been there.

PAULING | believe he cane to CIT two years later, in 1924. But
we are fraternity brothers in that he was in Delta Upsilon
fraternity at Illinois and | was in Delta Upsilon fraternity at
Oregon State, one of the founding nenbers of the chapter. | said

to himlast year that | had decided that his spectrophotoneter
was nanmed DU because of his being a nmenber of the DU fraternity.
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He said that wasn't so, that DU neant something but | don't
remenber now what it is.

STURCHIO It was his fourth prototype nodel in ultraviolet. O
course it certainly is an assunption that it was for Delta
Upsilon. | wanted to ask you a little |ater about some Arnold
Beckman connections, but incidentally, he had a very simlar
introduction to chemstry. He had a high school teacher who had
hi m do anal yses on the side of simlar kinds of industrial
applications, and he took a course in netall ography while he was
still in high school, and then went on to study at Illinois. It
is very interesting how you in Oregon and he in Illinois had
sim | ar backgrounds at the tinme in chem stry.

Wel |, Caltech nust have been a conpletely different
environment fromthe Oregon Agricultural College in Corvallis.

PAULI NG Yes, i ndeed.

STURCHI O You nentioned in one of your autobiographical articles
(1d), about working the problens in Noyes and Sherrill (9) over
the summer and reading the Braggs' book on X-rays and crystal
structure (13). D d that help bring you up to speed when you got
to Pasadena in the fall?

PAULING Well, | suppose so. | don't renenber very clearly. It
didn't take ne very long to learn. Wthin three nonths | had
been taught the technique of determ ning the structure of
crystals as it had been devel oped up to that time. |In fact, |
had studied fourteen crystals by the first of Novenber or
fifteenth of Novenber, which | had made in the |aboratory. |

| ooked up cubic crystals, since Roscoe Dickinson told ne that
cubic crystals were the ones that can be anal yzed, or hexagonal
crystals or tetragonal, but mainly cubic. So I hunted through
the crystallographic literature, [Paul] Goth's Chem sche
Krystal | ographie, five volunmes, page by page, |ooking for cubic
crystals (14).

One that | made was CaHgBr,. As | nade each of these
subjected it to prelimnary X-ray exam nation to determne the
size of the unit and the nunber of atoms in the unit cell
CaHgBr, turned out to contain 32 calciumatons, 32 nercury atons,
and 128 brom ne atons. This was just an inpossible problem
dehydrat ed nickel sulfate hexahydrate to get nickel sulfate and
mxed it with potassiumsulfate. | built an electric furnace,
nelted themtogether, and let the nelt cool slowy. | got
crystals of K,Ni ,(SQ,); and determ ned the unit cell and space
group for it. | found the structure depended on 19 paraneters.
Di cki nson was working on a structure that depended on five
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paraneters, and he succeeded, but nobst successful structure
determ nations involved zero or one or two paraneters.

STURCHI O Nineteen woul d have been biting off a little nore than
anyone can chew.

PAULI NG Yes. The structure was determ ned twenty-five years
| ater by sonebody.

So then I made My,Sn by nelting magnesi um and tin together
and letting it cool slowmy. It was brittle, so | just broke the
pell et, which was about an inch dianmeter, with a hanmer and got
cl eavage fragnments which were well suited to X-ray study. And |
nel ted sodi um and di ssolved cadmiumin it and let it cool slowy.
| put the product into absolute ethanol, which dissolves the
sodi um and doesn't attack sodi um di cadm de, and got very nice
oct ahedral sodi um di cadm de crystals. The My,Sn, of course,

determ ned, and it was a no-paraneter structure. It was the
first internetallic conmpound reported in the literature to have
its structure determned (15). | nentioned NaCd, in the sane

paper, but not in the title, as having a very large unit
structure, at least a thousand atons in the unit cube. Roscoe

Di cki nson then got sone sanples of nolybdenite fromthe stock
room just nol ybdenum di sul fi de water-worn pebbles, but they were
single crystals. You could cleave these pebbles and get cl eavage
sheets, which gave good X-ray photographs. So that was ny first
paper (16).

STURCHIO  And you wote in [Paul] Ewald' s book Fifty Years of X-
Ray Diffraction that | ooking back on it you still found that a

pl easing structure, finding the surprising result that it was a
trigonal prismrather than the structure people expected (1la).

PAULI NG Yes. X-ray crystallography was a | ot of fun.

| began attacking nore difficult problens by this
stochastic nethod. | was getting to the point where, by 1927,
after I got back from Europe, | had enough know edge, perhaps
vague soneti nes, about the principles of the structure of
crystals, so that | could say ahead of tinme what | thought the
structure would be. And then |I could check the proposed
structure, by the X-ray diffraction pattern, and if it agreed |
woul d say this is the structure, and of course it could even be
refined to give better agreenent, although that wasn't done very
much because it involved too much cal cul ation.

O | could build a nodel and neasure the nodel. That's what
we did with Brookite, with one of ny first graduate students,
Hol mes Sturdivant (17). | renenber going for an autonobile ride
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with Roscoe in 1928 near the Institute, just at the corner of

H 1l and San Pasqual e streets, where Roscoe said that he thought
it was fine that I was doing these structures that | was doing,
but it was sonmething that he could never do. 1've nentioned this

several times in interviews—he taught nme to be rigorous, to know
at every stage in whatever | was working on, whatever | was

t hi nki ng about, what conclusions |'d reached that could be
supported rigorously, and what concl usions involved an assunption
somewhere al ong the Iine.

I was fortunate to have [Richard C.] Tol man teaching there.
He was ent husi astic about teaching science. He gave a course ny
first semester on the principles of physical science. It was not
i ke any other course that | have ever heard about. He discussed
di mensi onal anal ysis, for exanple, and he even brought in the
principle of relativity of size, which is sonmething that he had
fornmul ated. He had asked, what restraints are there on physics,
on our understanding of the physical world, if we make the
assunption that the di nensional scale of the universe could be
changed, a mllionfold say, w thout changing the nature of
physics, w thout changing the values of the dinensionless
physi cal constants, such as the fine structure constant or
others. And he tried to draw conclusions fromthat. He wasn't
successful enough for it to have remained a part of physics.

STURCHIO It is interesting that that kind of speculation and
abstract intellectual activity was going on at Caltech.

PAULI NG Yes. Then we had a course that Tol man gave on atonic
and nol ecul ar physics, old gquantum theory, using a book call ed
The Oigin of Spectra by [Paul D.] Foote and [F. L.] Mhler (18).
It was a very good book. | learned a |ot of basic quantum
physics fromit. Then the next year Tol man gave a course on

At onbau und Spektrallinien using [Arnold] Sommerfelds's book in

German (19). It hadn't been translated yet during the first
year. In the first quarter Noyes gave a course on chem ca

t her rodynam cs, using the last four chapters of Noyes and
Sherrill (9). | took this course, and it was the |ast course

that A A Noyes taught. Very soon, and | don't renmenber when
but | think the second senester in ny freshnman year, there was a
course on chem cal thernodynam cs using Lewis and [ Merl e] Randal
(20). So if Lewis and Randall came out intine it was that year;
if not, it may have been the followi ng year. But ny nenory is,
and 1'mnot sure about this, that I had a copy of Lewis and
Randal | al ong, when | went to Oregon to be married in 1923. That
may be true. Then the follow ng year, 1924, Tol man gave anot her
course on atom c physics using the English edition of Atomc
Structure and Spectral Lines which had come out in an English
translation (21). So you can see how nuch enphasis there was on
nodern quantum science in the chem stry departnent, to say
not hi ng of the physics departnent.
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STURCHI O What kind of nathematics were you taking at that tinme?
I noticed in your first few papers that you were already very
famliar with group theory and were using all of the space group
anal yses that [Ralph W G ] Wckoff had cone up with.

PAULI NG Yes. Dickinson taught ne space group theory. That was
hardly anything that | had done. It becone routine to use group
theory. The selection rules for space groups had not been

tabul ated yet, so | had to tabulate these rules nyself for the
space groups that | was interested in. |If |I nake statenents, ny
bi ographer, Bob Paradowski, is apt to say that the docunents
showed that what | said isn't right. He has all this stuff.

STURCHIO Yes, | would Iike to get in touch with himat somne
poi nt and conpare notes.

PAULING The first year, | think, I had a course in advanced

al gebra using the book by [ Edouard] Goursat and [ Raynond H. ]
Hedrick (22). M first graduate year Harry Bateman, a great

mat hemat i ci an, gave a course in vector analysis, and that was one
of the nost val uable courses | have ever had. Later | studied
mat hemati cal anal ysis, using [Ednmund T.] Wittaker and [ George
N.] Watson, Mddern Analysis, which is pretty advanced cl assi cal
mat hematics (23). And | had a course in integral equations from
Harry Bateman. | had a very val uabl e course on New oni an
potential theory given by Harry Bateman. So very rapidly | built
a pretty good mat hemati cal background.

STURCHI O You've tal ked about Dickinson, and sone of Tol man's
courses, and Noyes gave you his last course. Could you talk a
bit about personal interactions with the faculty and your fell ow
graduate students in those first couple of years at Caltech?

PAULING Well, the first year | wasn't married. | lived with
Paul Enmmett and his nother. H's nother had conme down to take
care of Paul. He was sort of a nother's boy, and | lived with

them Paul and I went to sone of the sanme courses. Dickinson
and his wife took ne to the desert a couple of tines. They liked
going out to the Col orado desert, the Palm Springs area, or

Pai nted Canyon about fifty m|es beyond Pal m Springs on the other
side of the Coachella Valley. That was nice. A couple of tines,
perhaps only once, | went with Paul and his nother and | don't
know who el se, on an autonobile ride about fifty mles or nore
down towards Orange County through the orange groves.

I went on a hiking trip with another graduate student,
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Prescott, in the Mount WIlson area and we got lost in the

wi | derness there, and wandered around with no trails, finally
endi ng up at Omens Canp after craw ing through brush. This
taught ne a | esson about just follow ng along with someone el se.
In fact, he crawmed out on a cliff, and | craw ed out on this
cliff too and then | realized this was a fool hardy thing to do.
It was | oose rock, not hard rock clinbing, and here he cane from
the east, fromYale. He didn't know anything about the
mountains. He mght well have killed both of us, so | stopped
and sort of froze and said we'd have to go back, and with his
encour agenent | gradually worked nmy way back. There was a big
drop of five hundred feet perhaps fromthis nountain, but he

m ght have killed hinself. |In fact, | guess he did kill hinself
some years later in an explosion in his laboratory. | can still
remenber how frightened I was when | realized what was goi ng on.
So we were stuck up there hiking our way out and nightfall was
approaching. | renenber that a fraternity brother of mne |ived
up the canyon and we managed to find ny fraternity brother's

not her in the Arroyo Seco, who put us up for the night and sent
us on our way the next nmorning. There was a bus. W had gotten
into a canyon, the Arroyo Seco, where there was a bus I|ine.

So that was about the extent of ny social contact during ny
freshman year. | wote a letter to ny future wife every night
and got a letter fromher every day and | worked in the
| aboratory until about el even o' clock perhaps, and then came hone
and went to bed. Paul delivered the norning paper in Portland,
and he was in the habit of getting up at four o'clock. W had
contact at all three neals that we had in his nother's hone
there, but didn't have very nuch other contact.

After | got married, of course, then we had a | ot of contact
with faculty nenbers and other students. Bob [Howard Percy]

Robertson had conme down ny second year. | think he had arrived
from Washi ngt on where he had been studying mathematics with E. T.
Bell. E. T. Bell arrived to be professor of mathematics. And

Bob Robertson and | and his wife and ny wife were together quite
a lot then. He's the Robertson who had a student naned [A G ]
Wal ker so that there's a Robertson-Wl ker universe. He becane a
cosnol ogi st.

[END OF TAPE, SIDE 2]

PAULING There's others. | studied mathematics also with a
graduat e student who becane a professor of mathematics at CIT.

STURCH O Who was that?

PAULI NG  Prof essor Morgan Ward. He was an algebraist. Hs wfe
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and | got along well. W got well acquainted, as well acquainted
as one could get, | think, with Harry Bateman, mainly with his

wi fe. He was always thinking about mathematics. W went to see
them once at their home in La Cafiada. And Ms. Bateman called to
Harry and he cane out and shook hands with nme, and shook hands
with my wife, and then shook hands with Ms. Bateman. Stil

t hi nki ng about sone differential equation that he was working on.

STURCHI O That reminds ne of a story about Hernman Schl esi nger
that | heard a couple of years ago at an ACS neeting. He used to
be in the habit of taking his kids out for a wal k and bri ngi ng

al ong a couple of issues of JACS and getting |ost thinking about
chem stry. One day he canme back fromthe walk and his wi fe said,
"Where are the kids?" He had left themin the park

PAULING "Il tell you a story about [Norbert] Wener at MT who
i nvented cybernetics. They noved and he couldn't remenber his
new house so he stopped a little kid on the street and said, "Do
you know where Professor Wener lives?" And the kid said, "Yes,

t hat house, Papa." [|aughter]

STURCHI O Well, what you have been telling nme is very
interesting because it sounds as though you had a | ot of contact
with the mat hematicians at Caltech. You were obviously very
confortable with the sorts of things they were doing and you were
doing. Wio were the people you would talk chemstry with all the
time? Was it mainly Dickinson or were there fellow students in
addition to Paul Emrett?

PAULING Well, there was Oiver Wil f, who just died a nonth or
two ago. Hs wife was secretary to Dr. Noyes. Later, after he
was posted to CIT by the Wat her Bureau for a good nunber of
years, she becane ny secretary. W saw a lot of the Wilfs, and
then in later years too in Washington, DC, of them and Pau
Emmett and his wife. Tolman was twenty years older than|l. G
N. Lewis was twenty-five years older I think. Roscoe was seven
years ol der

Chem stry at CIT was mai nly physical chem stry. Howard
Lucas was there doing good work in organic chem stry. He didn't
have a Ph.D. A A Noyes didn't think nmuch of him but here he
becane a nenber of the National Acadeny of Sciences and had
out st andi ng students; he wote a very good textbook.

Noyes asked nme, perhaps in 1932 or 1933, if | would be
willing to be professor of organic chem stry and build up the
organi c chem stry program Well, that shows he didn't know nuch
about organic chemstry. | just rejected that idea. But that
was because | was making contributions to the understandi ng of
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organi c chem stry without knowing the art at all, the practica
si de.

STURCHIO It's an interesting reflection of Noyes' attitude
Speaking of art, that was another thing | wanted to ask you
about. | was intrigued in reading some of the papers you wote
about the early days of X-ray crystall ography (la, 1b) that C
Lal or Burdick had constructed the first two X-ray spectroneters
inthe US after comng back fromBragg' s | aboratory.

PAULI NG Yes, yes.

STURCHI O That nust really have been a craft.

PAULI NG  Yes, and Noyes was responsi ble. Burdick was working
for his Ph.D. in Germany when Noyes wote to him He got his
Ph.D. in Switzerland, while World War | was on. Noyes wote to
himand told he should go England to Bragg and | earn X-Ray
spectronetry. So he did, and he and E. A Owen, published a
paper on the structure of silicon carbide, carborundum (24).
This is work done in England. Then he came to MT and built an
X-ray spectroneter, and then Noyes got himto cone to Pasadena
and he built another one. There were parts of it around when |
was a graduate student although we no | onger used that
spectronetric techni que.

STURCHI O When you cane down to Pasadena, did D ckinson put
sonmebody in charge of teaching you the technique?

PAULING No, he did it. He was a National Research Counci
Fellow. He got his Ph.D. two years before, and perhaps he had
this National Research Council Fellowship for three years. [|'m
not sure. At any rate, | was his only graduate student. He told
me how to set up a crystal in front of the X-ray beam and how to
devel op the plate and the Laue photograph, and nmake the spectra
phot ogr aph, neasure themup and then how to plot, make a gnononic
projection of the Laue photograph, just step by step. He taught
nme one after another the basic principles of space group theory
and of crystallography, the planes and zones, the |aws by neans
of which you can find what plane lies in two zones. | have a
feeling that I was a good graduate student in that he probably
never had to tell me anything tw ce.

STURCHI O You were certainly very productive in those early
years. You published a whole series of papers, first with him
and then by yourself (25).
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PAULING Yes. And | read the literature, and | studied in ny
courses, which were nmainly physics courses, except for these
courses that Tol man gave that | nentioned, in chem stry, which
was sort of mainly quantum chem stry, quantum physics. There is
no doubt, | am sure, about the statement | made that there is no
place in the world where | could have gone at that tinme to get a
better education than | got there.

STURCH O It was quite a remarkable group of people that Noyes
had brought together

PAULI NG  Noyes probably deserves nost of the credit for the
nature of the Institute. [Robert A ] MIlikan was sort of his
front man, and Noyes determ ned academ ¢ policy. No wonmen were
admtted. That was a waste of time, in his opinion, a waste of
effort. He set up a junior travel prize, so that the best junior
student was given noney for six nonths in Europe, and given
academ c credit for it, because he | ost one term plus the sumer.
So one year, in 1926, there were two; they had troubl e deciding
between them So they gave the junior travel prize to both of
them MW wife and | net themin Ronme. They were Carl Anderson
and Fred Em ng. Fred BEwm ng didn't have nuch of a career. He
devel oped Huntington's Disease in mddle life, and Carl Anderson,
of course, discovered the positron. The next year there was a
class 1'd taught of freshman where one of them published his
first paper with ne for research done as a freshman student the
following sutmmer. That was Edwin MM |l an (26).

STURCHI O Yes, he was pronising.

PAULI NG There were eight out of the dozen nenbers of section A
t he honors section, eight juniors who were selected for the
junior travel prize. Dr. Noyes probably put up the noney for it.
So the eight of themshowed up in Europe. W saw Carl Anderson
and Fred Em ng in Rone on Easter Day 1926. And we saw t he eight
a year |ater when they cane to Minich

STURCHI O | guess by having a snmall student body, Caltech could
afford to really invest that kind of time and resources.

PAULI NG  For exanple, Ken [Kenneth S.] Pitzer published a couple
of papers with A. A Noyes when he was a junior (27). \Wen he
was a senior, he published a paper by hinself for work done under
my direction, a crystal structure job (28). Then he went to
Berkel ey and got his Ph.D. in tw years and was nmade assi st ant
professor. Caltech was an excellent place. 1t has gotten pretty
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big now They still have 760 undergraduates but they have 760
graduat e students now.

STURCHHO We're up to about 1925, the year before you went over
to Europe as a GuggenheimFellow. In addition to the crystal
structure studies that you were doing, | read a couple of the
early papers you published on chem cal structure and bondi ng
while you were still at Caltech. One of the first was stil
using the old Bohr theory (29).

PAULI NG Yes.

STURCHI O When were you beginning to becone famliar with the
new quant um nechani cs? Was that before you went over to Europe?

PAULING Well, the new quantum chem stry didn't exist yet. But
before | went to Europe in March | had heard | ectures by [ Max]
Born on quantum nechanics, in 1925. In 1925 [Werner] Hei senberg
di scovered quantum nmechani cs, and published his first paper (30).
Born and [P.] Jordan noticed that his theory involved matrix

mat hemati cs, which was a well devel oped field of nmathenmatics that
Hei senberg didn't know about. They published papers on nmatrix
mechanics (31). Born, in Decenber of 1925, gave sone |ectures on
matri x mechani cs in Pasadena which | attended and took notes on
and tried to use. But | gave up, because it was just too
difficult. It was very hard to apply to the hydrogen atom

[ Wol fgang] Pauli succeeded in treating the hydrogen atomwi th
matri x mechanics. So, it was still with the old quantum theory
still that I was trying to understand chem stry, and not very
successfully. O her people were trying to develop the theory of
t he hydrogen nol ecul e, or even the hydrogen nol ecule ion. Paul
didn't succeed, nor did Heisenberg, when they tried to treat that
problem It took the Schr6di nger wave equation to permt quantum
chem stry to be born. M early effort, where | assigned
structures to benzene and napht hal ene, was rather amateurish |
woul d say, though it perhaps showed sone imagination. And this
idea, | think, wasn't any worse than sone of the others that were
bei ng proposed.

STURCHI O That showed you had continued to think about those
guestions that you nentioned earlier today, that had interested
you when you first cane across Lewis and Langnmuir's work in the
journals. Your first European sojourn from 1926 to 1927 | know
you have di scussed at sonme length in other interviews (32). You
mentioned a little while ago that Caltech was a very stinmulating
envi ronment when you got there. How did you find things when you
left for Europe?
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PAULING Well, | had provided ny own stimulus pretty much.
Sommerfel d suggested a problemto ne when | arrived in Minich
that I work on the anonal ous G factor of the el ectron and check
up on what Max Abraham had witten around 1900. Wich I did.

But it didn't really interest nme, and it never cane to anyt hing.

| had applied the old qguantumtheory to the problem of the
dielectric constant of a dipole gas in a magnetic field, and nmade
sone predictions, which were checked by experinment and were found
to be wong about the tinme | went to Europe. The physics
departnent carried out the experinment. So | attacked the problem
as soon as Schr6di nger published his papers. | attacked the
problem of the dielectric constant, the notion of a dipole

nol ecul e in crossed el ectrostatic and magnetic fields, and sol ved
it (33). And | was trying to develop the quantum theory of

el ectric and magnetic susceptibilities at the same tinme as [J.

H.] Van Vleck was, and | had sone results, but Van VI eck nade a
very thorough study of those problens.

So | attacked problens that Sonmmerfeld didn't know about or
wasn't interested in. They were essentially chem cal problens.
| found a paper by G egor Wentzel, which was just published in
Zeitschrift fur Physik (34). He was Privatdozent to Sonmerfel d.
The paper was on the theoretical calculation of the X-ray doubl et
screeni ng constants, by quantum nechanics, for atons with many
el ectrons. He had used an idea of Schrddinger's of idealizing
inner shells as a spherical shell of negative electric charge
with penetrating orbits. Schrdodi nger had published this about
1920 (35). And Wentzel had put in quantum corrections, had
changed the equations of old quantumtheory to the correspondi ng
equations in quantum nmechani cs, and published the results, which
were that the experinental values, the observed values, didn't
agree with the theory. Well, this is just what | was hoping to
get involved in. He treated atons contai ning many el ectrons.
And even though his theory didn't agree with experinent, |
t hought maybe | could use it, with ny interest in atons that have
many el ectrons and in nolecules. So, | read the paper. Instead
of just reading the paper |I went fromone equation to the next
equation. Pretty soon | found that ny equations were not the
same as his equations. |In fact, he had just made a fundanent al
mstake. So | took this to Sommerfeld, who showed it to Wentzel
My screening constants for these relativistic or magnetic X-ray
doubl ets agreed with the experinment. So | wote a paper and
published it (36). And then | went ahead to use the sane nethod,
a correction and an expansi on of what Wentzel had done, to
cal cul ate many properties of atons and ions. | published several
papers on that basis (37).

Well, you see, | had plenty of problens and things | was
interested in. One of themwas sizes of ions, and these
screening constants permtted ne to derive ny ionic radii. That

led to principles determning the structure of conplex ionic
conmpounds, the silicates and many others, practically all oxygen
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compounds or conpounds of the halogens. | had nentioned that
when | went to Zirich after being for a nonth in Copenhagen, |
was supposed to be working with Schrddi nger, but | didn't bother
himwth ny presence. | just worked on ny own problem the
interaction of two heliumatons. A little later | published a
paper on He,", the three-electron bond (38). Later | devel oped
the theory of the three-electron bond, as well as the one-

el ectron bond. There were all sorts of problens in chem stry
that could be attacked once the Schrédi nger wave equation was
fornmul ated, and the general principles about perturbation theory
especi ally had been di scovered.

STURCHI O When you | earned X-ray techniques from Di ckinson, you
worked directly with him and he sort of showed you the technique
step by step. Was there a simlar kind of interaction when you
were over in Europe working on quantum nechanics, or was that
pretty nmuch a question of working through the material yourself?

PAULING | was fortunate during the year that | was there.
Somrerfeld gave | ectures on wave nechanics. Schrddi nger' s papers
were just comng out and so Sommerfeld gave a course on wave

nmechani cs while the papers were still being published. |1
attended these lectures and read the papers. Somrerfeld had a
sem nar, too. | probably reported on sonething in the sem nar,
al though | don't renenber doing so. | remenber a sem nar at

whi ch anot her Anerican was supposed to present Schrédi nger's
paper on the Stark effect of the hydrogen atom and he started
trying to talk in German. But he got m xed up and coul dn't
remenber the German words, so Sommerfeld said he shoul d present
it in English. Unfortunately he didn't understand the nmateri al
wel | enough to present it in English. The students at the

sem nar, twenty or twenty-five of them were very inpolite, of
course, the way Germans could be. | think they started | aughing
and making fun of him He left after a while. | don't know what
happened to him

STURCHI O Who were sone of the Americans you canme across while
you were in Europe?

PAULI NG Qur Anerican friends in Minich were Ernst and Victor
@Quillemn. They both took their Ph.D. while we were there. W
hel ped them cel ebrate, just as we helped Walter Heitler celebrate
passing his doctoral exam nation. Ernst Guillem n and Victor
were sons of an industrialist in Wsconsin, | believe. They were
probably from M | waukee, and they spoke German well. Probably
the fam |y spoke German at home. But people thought they were
Germans. Ernst becane professor of electrical engineering at MT
and wote a very good textbook on electrical circuits or sone
such subject (39). | think his thesis was on el ectronmagnetic
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waves, radi o waves, transm ssion. Victor had a thesis in

nol ecul ar structure, nethane. | saw Ernst once or tw ce after
then before his death. Victor | never saw after Germany. He was
wor ki ng as a physicist at the Wight Aeronautics Laboratory in
Dayton, Chio. | wote a letter to himand got an answer back
fromhis son saying that Victor had died. W had German friends.
Especially Heitler and [Fritz] London. They were the two cl osest
ones.

[END OF TAPE, SIDE 3]

PAULING W net Americans fromtinme to time who were passing

t hrough. [Robert] Havi ghurst was one of them David Dennison
had just succeeded in explaining the heat capacity of hydrogen
gas while he was in Europe. There was Ed [Edward U.] Condon. W
nmet [ Robert] Oppenheimer in Gottingen. [Janes] Franck took us to
dinner at his hone in Gittingen. | had witten a paper with
Debye in the United States (40). | had worked out a theory of
interaction of ions that | thought was a refinenent of the Debye-
Hickel theory of electrolytes. Noyes got Debye to cone to
Pasadena in 1924 so that | could present this to him He didn't
say anything. He just snoked his cigar. This was at a sem nar
attended only by Debye, Noyes and Tolman. | presented ny
argunents.

STURCH O Not a bad audi ence.

PAULI NG No. Debye suggested that I work on a probl em which
handl ed very quickly, as | think he knew |l would. So we
publ i shed a paper in 1925 on the Debye-Hickel theory and the

i nfluence of the dielectric constant on it. Debye had been in
the United States and | knew himand his wife. Wen we were in
Zurich we saw a good bit of Debye when | was supposed to be
working with Schrdodinger. By that tinme | had so many probl ens of
my own | didn't need to work on sonet hi ng soneone el se suggest ed.

STURCHIO This mght be a good tine to stop, since you are about
to come back to Cal tech.

PAULING Well, this was a great experience, being in Germany and
Copenhagen and Zirich that year and a half, neeting so nmany

Eur opean scientists, mainly physicists, and sone chem sts. | had
a good bit of contact with [Kasimr] Fajans in Minich. | just
wote a statenment about our interaction with Fajans and his wfe,
for some Faj ans synmposiumthat's comng up. | amnot going to

repeat it, but I wote a statenent.
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STURCHIO |I'd be interested in seeing that. Do you have pl ans
to publish it?

PAULING | don't know. | amnot sure it has been sent in yet.
| dictated it before | started on this trip.

STURCHI O Perhaps | can wite and ask for a copy when it is
ready. He's soneone |'ve always been interested in. Wen | took
chem stry in college the Fajan rules were nentioned and | was
intrigued by that. He had an interesting career too.

PAULING It was on radioactive deconposition. He shares the
credit with sonmeone el se on the rules of radioactive
deconposition. [The English physicist Frederick Soddy. ]

Wll, it was really a great experience, and A A Noyes
engi neered the whole thing. Wen I'd got ny Ph.D. | had deci ded
| should go to Berkeley. | applied for a National Research
Counci |l Fellowship, which I got. Noyes said | shouldn't really
go to Berkeley inmmediately. (Lloyd Jeffress was still a graduate
student in Berkeley.) But | was still eager to be associ ated

with G N Lews, or to be in his environment and |earn nore
about chem cal bonding. So Noyes said, "They don't have any X-
ray apparatus.” And it's true what | said, that T was about
the only place in the world where a chem stry departnent was
strong in X-ray diffraction. Elsewhere it was mainly physics
departnments. So he said, "They don't have any X-ray appar at us,
and you have a lot of work that hasn't been witten up for
publication. You may want to make nore X-ray photographs, so it
woul d be wise for you to stay here.” So | just stayed on,
despite the rule of the National Research Council that you had to
nove to another institution, and 1'd said that | was going to
Ber kel ey.

After a while Noyes said that he wanted ne to neet Frank
Aydel otte of the Guggenhei m Foundati on, who was visiting
Pasadena. They hadn't given any Guggenhei m Fel | owshi ps out yet.
I net Aydelotte. Noyes had said, earlier in the fall of 1925,
that | should apply for a Guggenheim Fell owship. He said, "Your

education requires that you study in Europe.” So | made an
application for a Guggenhei m Fel | owshi p, and the decision woul d
be made about the first or fifteenth of April, as to which people

woul d have Guggenhei m Fel | owshi ps for the next year. Then Noyes
came to nme and said, "You should plan now to go to Europe in
February or March so as to get an earlier start. You can wite
to the National Research Council and resign from your

Fell owship." So | wote, and | got back an angry letter fromthe
di rector saying that here I was keeping sonebody el se from havi ng
a National Research Council Fellowship for the full year. | was,
and perhaps still am pretty unsophisticated. It took perhaps
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forty years before |I understood what was goi ng on

That was when | | earned about another event. G N Lew s
showed up in Pasadena before nmy European trip. He attended a
sem nar that sonebody gave and just hung around for a day and
then went away. | didn't learn until nmany years later that he
had cone to offer ne a job in Berkeley. Noyes was sort of his
teacher. Noyes had argued himout of it and had arranged this
busi ness of ny continuing to work in Pasadena instead of going to
Berkel ey, and then of having the Guggenheimfellowship and then
of going six or eight nonths earlier than | could have gone. He
said, "You're sure to get the GQuggenheimfellowship and the
Institute will give you $1,500 for the period up to that tinme."
So | just accepted all this. Noyes was determ ned that | woul d
stay at CIT and not go to Berkel ey.

STURCHIO That is interesting. How did you finally discover
that, or did you figure it out yourself?

PAULI NG  Maybe Paradowski told nme. | amnot sure. | am not
sure about G N Lewis comng down to offer nme an assi stant
prof essorshi p at Berkeley, but |I don't know what | m ght have
done if he had offered it to ne.

STURCHIO  Well, you might not have had the chance to go to
Europe in that case.

PAULING Wwell, all of the young people at Berkeley went to
Europe on National Research Council, Rockefeller, or Guggenhei m
fell owshi ps.

VWilel was in Minich, in the spring, | got a letter
of fering ne an appoi ntnent as assi stant professor of physica
chem stry and mat hemati cal physics at Caltech. So | wote
accepting it. Wien | got back to Pasadena in Septenber of 1927,
I found I was assistant professor of physical chemstry. The
mat hermati cal physics part had di sappeared. | didn't ask about
it. It just happened. But here |I think Noyes decided that I
shoul d be a chem st and not spend half nmy tine in the physics
departnment, even though there was a very close relationship
between the two. Tolman was on a joint appointnent in physics
and chem stry.

STURCH O But for a few years you did spend sone part of the
year at Berkel ey.

PAULI NG For five years | spent a nonth or two in Berkel ey.
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STURCHHO Did it live up to expectations when you finally had a
chance to spend sone tinme there?

PAULING It was fine. | enjoyed neeting all of the people,
getting nore intimately acquainted wwth themthan | had been
before. | had nmet sone of them before, of course. | enjoyed

that for five years, fromthe spring of 1929 to the spring of
1933.

Well, perhaps | should rest a little before going out for
the evening. Although | notice that ny instructions say that |
am not say anythi ng tonight.

STURCHI O Well, thanks very rnmuch for your tinme.

[ END OF TAPE, SIDE 4]

24



NOTES

See, for exanple

a. Li nus Pauling, "Early Wrk on X-ray Diffraction in the
California Institute of Technology," in P. P. Ewald,
ed., Fifty Years of X-ray Diffraction (Urecht:
International Union of Crystall ography, 1962); 623-628.

b. Li nus Pauling, "Problens of Inorganic Structures,” in
P. P. Ewald, ed., Fifty Years of X-ray Diffraction
(Utrecht: International Union of Crystall ography,
1962); 136-146.

C. Li nus Pauling, "Fifty Years of Physical Chemistry in
the California Institute of Technol ogy,” Annual Review
of Physical Chemistry, 16 (1965): 347-360.

d. Linus Pauling, "Fifty Years of Progress in Structural
Chem stry and Mol ecul ar Bi ol ogy," Daedal us, 50 (1970):
988-1014.

e. Li nus Pauling, "Early Days of Mol ecular Biology in the
California Institute of Technol ogy," Annual Review of
Bi ophysi cs and Bi ophysical Chem stry, 15 (1986): 1-9.

George M Smith, An Introductory Course in Quantitative
Chem cal Analysis (New York: The Macm || an Conpany, 1919;
rev. ed. 1921).

Ira Rensen, Chemical Experinments Prepared to Acconpany
Rensen's 'Introduction to the Study of Chem stry' (New York:
H Holt and Conpany, 1906).

John Wllians Wiite, The First G eek Book (Boston: G nn &
Conpany, 1896); Series of First Lessons in G eek (Boston:

G nn & Conpany, 1886).

Robert A. MIlikan and Henry G Gale, A First Course in
Physics (New York: G nn & Conpany, 1913).

WlliamA. Ganville, Elenents of the Differential and

Integral Cal culus (Boston: G nn & Conpany, 1904; 2nd. ed.
1911).

Al exander Smith, Introduction to General |Inorganic Chem stry
(New York: The Century Conpany, 1906; rev. ed. 1914; 3rd ed.
1917); A Textbook of Elenentary Chemistry rev. by Janes
Kendal | (New York: The Century Conpany, 1914).

Earl B. MIlard, Physical Chem stry for Coll eges (New York:
MG aw Hi || Book Conpany, 1st ed. 1921).

Arthur A Noyes and Mles S. Sherrill, A Course of Study in

Chem cal Principles (New York: The Macm ||l an Conpany, 1922).

25



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Li nus Pauling, General Chemistry (San Francisco: W H
Freeman and Conpany, 1947; 2nd ed., 1953).

Derek A. Davenport, "Linus Pauling—€c€hem cal Educator,™
Jour nal of Chem cal Education, 57 (1980): 35-37.

Don M Yost and Al bert L. Kaye, "Attenpt to Prepare a
Chloride or Fluoride of Xenon," Journal of the Anerican
Chem cal Society 55 (1933): 3890-2; Don M Yost, "A New
Epoch in Chemstry," in H H Hyman, ed., Noble Gas
Conmpounds (Chi cago: University of Chicago Press, 1963): 21-
22.

W H and W L. Bragg, X-rays and Crystal Structure (London:
G Bell & Sons Ltd., 1915; 2nd ed. 1916; 3rd ed. 1918).

Paul Groth, Chem sche Krystallographie (Leipzig: W
Engel man, 1906-1919).

Li nus Pauling, "The Crystal Structure of Magnesi um
Stanni de, " Journal of the American Chem cal Society, 45
(1923): 2777-2780.

Roscoe G Di ckinson and Linus Pauling, "The Crysta
Structure of Mlybdenite," Journal of the Anerican Chem cal
Soci ety, 45 (1923) 1466-1471.

Li nus Pauling and Janmes H. Sturdivant, "The Crystal
Structure of Brookite," Zeitschrift fir Kristall ographie,
M ner al ogi e, und Petrographie 68 (1928): 239-256.

P. D. Foote and F. L. Mohler, The Oigin of Spectra (New

York: Chenical Catal og Conpany, Inc., 1923).

Arnol d Sommerfeld, Atonbau und Spektrallinien (Braunschweig:
F. Vieweg & Son, 1920; 2nd ed. 1923).

Glbert N. Lewis and Merle Randall, Thernodynam cs and the
Free Energy of Chem cal Substances (New York: MG aw Hil
Book Company, 1923).

Arnold Sommerfeld, Atomi c Structure and Spectral Lines,
translated by Henry L. Brose (London: Methuen & Conpany,
1923).

Edouard Goursat, A Course in Mathenatical Analysis,
transl ated by Earle Raynond Hedrick (Boston: G nn & Conpany,
1904-1917) .

E. T. Wittaker and G N Watson, A Course of Moddern
Anal ysis (Canbridge University Press, 2nd. ed. 1915, 3rd ed.
1920) .

26



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

C. L. Burdick and E. A. Omen, "The Atom c Structure of
Car borundum Det erm ned by X-rays," Journal of the American
Chem cal Society, 40 (1918): 1749-19509.

See CGustave Al brecht, "Scientific Publications of Linus
Pauling," in Alexander Rich and Norman Davi dson, eds.,
Structural Chem stry and Ml ecul ar Bi ol ogy, A Vol une

Dedi cated to Linus Pauling by H's Students, Colleagues, and
Friends (San Francisco: W H Freeman Conpany, 1968): 887-
904.

Edwin McM Il an and Linus Pauling, "An X-ray Study of the
Al l oys of Lead and Thal lium" Journal of the Anerican

Chem cal Society, 49 (1927): 666-669. Anderson shared the
1936 Nobel Prize in physics. [MMIlan shared the 1951
Nobel Prize with Genn T. Seaborg.]

a. A. A Noyes, J. L. Hoard, and K. S. Pitzer, "Argentic
Salts in Acid Solution. |I. Oxidation and reduction
Reactions,"” Journal of the American Chemi cal Society,
57 (1935): 1221-1229.

b. A. A Noyes. K S. Pitzer, and C. L. Dunn, "Argentic
Salts in Acid Solution. Il. Oxidation State of Argentic
Salts," Journal of the American Chenical Society, 57
(1935): 1229-1237.

Kenneth S. Pitzer, "The Crystal Structure of

Tet raamm nocadm um Perrhenate,” Zeitschrift far

Kristall ographie, M neral ogie, und Petrographie, 92 (1935):
131-135 (in English).

Li nus Pauling, "The Dynam c Mddel of the Chem cal Bond and
Its Application to the Structure of Benzene," Journal of the
American Chem cal Society, 48 (1926): 1132-1143.

W Hei senberg, "Uber quantentheoretische Undeut ung

ki nemat i scher und nechani scher Bezi ehungen” (The Transl ati on
of Kinematical and Mechanical Relations into Ternms of the
Quantum Theory), Zeitschrift fir Physik, 33 (1925): 879-
893.

M Born and P. Jordan, "Zur Quantennechani k (On Quantum
Mechani cs)," Zeitschrift fir Physik, 34 (1925): 858-888.

See, for exanple, David Ridgway, "Interview w th Linus
Pauling," Journal of Chem cal Education, 53 (1976): 471-476.

Li nus Pauling, "The Influence of a Magnetic Field on the
Dielectric Constant of a Diatom c Di pole Gas," Physica
Revi ew, 29 (1927): 145-160.

27



34.

35.

36.

37.

38.

39.

40.

Gregor Wentzel, "Eine Schw erigkeit fir die Theorie des
Krei selectrons (A Difficulty for the Theory of the Spinning
El ectron),” Zeitschrift far Physik, 37 (1926): 911-914.

E. Schrodinger, "A Model to Explain the Terns of the Sharp
Subordi nate Series," Zeitschrift far Physik, 4 (1921): 347-
354.

Li nus Pauling, "Di e Abschirnungskonstanten der
relativistischen oder nmagneti schen ROnt genstrahl endubl etts”
(The Screening Constants of the Relativistic or Magnetic
Ront gen-ray Doubl ets), Zeitschrift fir Physik 40 (1926):
344- 350.

See, for exanple, Linus Pauling, "The Theoretical Prediction
of the Physical Properties of Many-El ectron Atons and | ons.
Mol e Refraction, D amagnetic Susceptibility, and Extension
in Space," Proceedings of the Royal Society (London), A 114
(1927): 181-211.

Li nus Pauling, "The Nature of the Chem cal Bond. |Il. The
One- El ectron Bond and the Three-El ectron Bond," Journal of
the Anerican Chemical Society, 53 (1931): 3225-3227.

Ernst A, Quillemn, Comrunication Networks (New York: John
Wley & Sons, Inc., 1931-1935.)

Pet er Debye and Linus Pauling, "The Inter-lonic Attraction
Theory of lonized Solutes. IV. The Influence of Variation of
Dielectric Constant on the Limting Law for Smal
Concentrations," Journal of the American Chem cal Society,
47 (1925): 2129-2134.

28



| NDEX

A

Abraham Max, 19

Al'len, Frederick J., 6

Anderson, Carl, 17

Arroyo Seco, California, 14

At onbau und Spektrallinien, 12

Atom ¢ Structure and Spectral Lines, 12
Aydel otte, Frank, 22

B

Bat enan, Ms., 15

Bat eman, Henry, 13, 15
Beckman, Arnold, 8, 10
Bell, E. T., 14
Benzene, 18

Berkel ey, University of California at, 8, 9, 17, 22, 23-24
Bohr theory, 18

Born, Max, 18
Brookite, 11

Burdick, C. Lalor, 16

C

Cadm um 5

CaHgBr 4, 10

Caltech [California Institute of Technol ogy], 4, 7, 8, 9, 10, 12,
13, 14, 15, 17, 18, 21, 22, 23
Chem cal Principles, 6

Chem sche Krystall ographie, 10
Coachella Valley, California, 13
Col unmbi a University, 5

Condon, Edward U., 21

Corvallis, Oregon, 4

D

Dayt on, GChio, 21

Debye- Hickel theory, 21

Delta Upsilon fraternity, 9-10

Denni son, David, 21

D cki nson, Roscoe, 10, 11, 12, 13, 15, 20
Dielectric constant, 19, 21

Differential and Integral Calculus, 5

E

East man Kodak Conpany, 8

El enents of Geek, 5

Ermett, Paul, 3, 6, 8, 9, 13, 14, 15
Ewal d, Paul, 11

Ewi ng, Fred, 17

29



F

Faj ans, Kasimr, 21, 22

Fifty Years of X-Ray Diffraction, 11
Franck, Janes, 21

Ful ton, John, 7, 8

F

Gale, Henry, 5

CGeneral Chemistry [Al exander Smith's], 5
G af, Samuel H., 7

Ganville, Wlliam 5

Geen, WlliamV., 4
Guggenhei m Foundati on, 22
Guggenhei m Fel | owshi p, 18, 22-23
Quillemn, Ernst, 20-21

Quillemn, Victor, 20-21

H

Harvard University, 5, 8
Havi ghurst, Robert, 21
Hedi rck, Raynond H., 13
Heitler, Walter, 20
Helium 20

Hel mer, Oscar M, 8

Hei senberg, Werner, 18
Hydrochl oric acid, 2

I
Illinois, University of, 8, 9

J

Journal of the American Chem cal Society, 9, 15
Jeffress, Lloyd Al exander, 1, 3

Jordan, P., 18

Journal of Chem cal Education, 6

K

K2Ni 2(SO4) 3, 10
Kendal | , Janes, 5
L

Lanb, Arthur B., 9

Langnuir, Irving, 6, 18

Lewis, Glbert N, 6, 9, 15, 18, 22, 23
Eli Lilly and Conpany, 8

London, Fritz, 21

Lucas, Howard, 15

M
Matri x nmechanics, 18
MM Il an, Edwi n, 17

MAl 2, 7

30



MyCu2, 7

My2SN, 11

MIlard, Earl, 6

MI1likan, Robert, 5, 17
Modern Anal ysis, 13

Mohler, F. L., 12

Mol ybdenite, 11

Mini ch, Germany, 17, 21, 23

N

NACd2, 11

Napt hal ene, 18

Nati onal Acadeny of Sceinces, 15

Nati onal Research Council, 8, 16, 22, 23
Ni ckel sul fate hexahydrate, 10

Nitric acid, 2

North Pacific Dental College, 2

Noyes, Arthur A, 6, 7, 9, 12, 13, 15, 16, 17, 21, 22, 23

O

One-el ectron bond theory, 20
OQppenhei mer, Robert, 21
Orange County, California, 13

Oregon State Agricultural College, 1, 3, 4, 7, 8, 9,

Oigin of Spectra, The, 12
Gswego, Oregon, 2

Onen, E. A, 16

Onens Canmp, California, 14

P
Pal m Springs, California, 13
Par adowski, Bob, 13, 23
Pasadena, California, 10, 16, 18, 21, 23
Paul i, Wl fgang, 18
Paul i ng, Linus
birth, 1
chi |l dhood, 1
coll ege, 5-7
early interest in science, 1-2
Eur ope, 18-22
father, 1
graduat e school, 8, 9, 12-14
hi gh school, 4-5
grandparents, 2-3
not her, 2, 7
sisters, 1, 3
wife, 14, 17
Pitzer, Kenneth S., 17
Portl and, Oregon, 1
Pot assi um per manganate, 2
Pot assi um cyani de, 2
Pot assi um sul fate, 10
Purdue University, 6

31

10



Q

Quant um nmechani cs, 18

R

Reed Col | ege, 4

Ri chards, Theodore W, 9
Robertson, Alfred, 8
Robertson, Howard Percy, 14
Rowl and, Floyd E., 8

S

Shr 6di nger, Erwin, 19, 20, 21
Slip interference theory, 7
Smth, Al exander, 5

Smth, CGeorge M, 4

Soddy, Frederick, 22
Sommerfeld, Arnold, 12, 19, 20
Stanford, Connecticut, 8

St ephenson, Mervyn [cousin], 3
Sturdi vant, Hol nes, 11

Sul furic acid, 2, 5

T
Three-el ectron bond theory, 20

Tol man, Richard, C., 12, 13, 17, 21, 23

Tuley, WlliamF., 8

V
Van Mleck, J. H, 19

w

wal ker, AL G, 14

Ward, Morgan, 14

Washi ngt on Hi gh School, 1
Washi ngt on, University of, 4
Wat son, George N., 13

Went zel , Gregor, 19

Whi ttaker, Ednund T. 13
WIllanmette Valley, Oregon, 1
W ener, Norbert, 15

Wi ght Aeronautics Laboratory, 21
wil f, diver, 15

Wckoff, Ral ph, 13

X

X-ray crystallogrphy, 10-11, 16, 20
Xenon fluoride, 6

Xenon difluoride, 6

Y
Yost, Don, 6, 7

32



Z
Zeitschrift for Physik, 19
Zurich, Switzerland, 20, 21

33



