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ABSTRACT

Manson Benedi ct begins the interview with a di scussion of his
fam |y background, including the highlights of his father's career
in chemstry. He recalls how his early enthusiasmfor chem stry
was pronoted both by his father's work and his sumer jobs with
Cal unet and Hecl a Copper Conmpany. He then tells of his
di ssatisfaction with his Cornell University education, his year at
National Aniline, and his decision to enroll at the University of
Chicago to obtain a broader |iberal education during which he
expl ored econom cs and socialism After a colorful description of
a summer's work on a fruit farmin Washi ngton state, Benedi ct
describes his enrollnent in a graduate physical chem stry program
at MT. He then discusses his National Research Fell owship at
Harvard and his decision to work at Kellogg, where he devel oped the
Benedi ct - Webb- Rubi n equation. He describes his significant role in
t he Manhattan Project, and touches on his subsequent appointnent to
the Atom c Energy Comm ssion. He concludes with his returnto MT
to devel op a nucl ear engineering curriculum the acconplishnment of
whi ch he is nost proud.

I NTERVI EVER

Janmes J. Bohning, Assistant Director for Oral H story at the
Chem cal Heritage Foundation, holds the B.S., MS., and Ph.D.
degrees in chem stry. He was a nenber of the chem stry faculty at
Wl kes University from 1959 until 1990, where he served as chair of
the Chem stry Departnent for sixteen years, and chair of the Earth
and Environnmental Sciences Department for three years. He was
Chair of the Division of the H story of Chenmistry of the American
Chem cal Society in 1986, and has been associated with the
devel opnent and nanagenent of the Foundation's oral history program
since 1985.



10

25

29

34

37

TABLE OF CONTENTS

Fam |y, Chil dhood, and Early Education
Parents attend Cornell University. Father discovers
process for copper extraction. Exposure to chem stry
t hrough summer jobs at Cal unet and Hecl a Copper Conpany.

Cornell University

Cornell University
Enrolls in academically |imted chemstry program
Frustrated by research supervisor's inflexibility.
Sumer jobs at Canul et and Hecl a.

Nati onal Aniline and Chem cal Conpany
Wrks on the nitro and indigo benches. The G eat
Depressi on hightens realization that he |acks a |iberal
arts education to deal with social problens.

Uni versity of Chicago
Enrolls in philosophy programw th hope to discover a
personal philosophy. Studies literature, econom cs, and
ot her disciplines which he finds useful later in life.
Takes advantage of Chicago's cultural offerings. Mkes
several close friends. Explores socialismand union
organi zing. Hitchhikes to Washington to work for a
summer on a friend's famly's fruit farmwhile resolving
i ndeci si on over his career path.

Massachusetts Institute of Technol ogy (MT)
Enrolls in graduate programin physical chem stry. Wrks
on tenperature nmeasurenent nethods. Mrries a fellow
physi cal chem st.

Harvard University
Recei ves Nati onal Research Fell owship. Wfe receives
Ph.D. and works at Harvard Medical School. Studies PVT
properties of nitrogen and argon. Appointed to the
Harvard Comm ttee on Geophysical Research to study
solubility relations of aqueous solutions at high
t emper at ures.

Nati onal Aniline and Chem cal Conpany
Studi es kinetics of oxidation of benzene to mal eic
anhydri de.

M W Kel |l ogg Conpany/ Pol yneri zati on Process Corporation
(POLYCO
Devel ops Benedi ct - Webb- Rubi n equation of state for gases
and continuous flow calorineter. Wrks on separation of
hydr ogen from gas m xtures.



46

54

57

60

69

72

Manhat t an Proj ect
Wrks for Kellex, a subsidiary of Kellogg, as head
of process devel opnent. Charged with devel opi ng
gaseous di ffusion cascade and designing a pl ant
for separating uraniumat Oak Ridge. Also
i nvol ved in building and operating the plant.

Hydr ocarbon Research, Inc.
When the war ends, decides to remain with
col | eagues from Gak Ridge rather than return to a
nore limted position at Kellogg. Obtains patents
for mass diffusion and gas absorption. Wir ks on
extraction of deuterium

At om ¢ Energy Conmmi ssion
Menber of the Reactor Safeguard Conmittee.
Connections lead to return to MT.

Massachusetts Institute of Technol ogy
Organi zes nucl ear engi neering courses within
chem cal engineering department. Separate nucl ear
engi neering departnent is established. Serves as
department head for thirteen years. Qpportunities
for graduates expand as tinme progresses. Wrks on
General Advisory Committee of Atom c Energy
Comm ssion. Wshes to be renenbered for his role
i n educating others.

Not es

| ndex



| NTERVI EV\EE: Manson Benedi ct

| NTERVI EVER: James J. Bohni ng
LOCATI ON: Napl es, Florida
DATE: 24 January 1991

BOHNING Dr. Benedict, | know you were born in Lake Linden
M chi gan, on October 9, 1907. Can you tell nme sonething about
your parents and your fam |y background?

BENEDI CT: My nother [Lena Manson] was born in Syracuse in 1872.
She assisted her father, who was in the jewelry business. At the
tinme she wanted to go to college and despite her father's serious
obj ections, she accepted a New York State Regents Schol arship and
was admtted to Cornell University. She studied for a couple of
years before |ack of funds required her to term nate her education
after two years of study under Professor Hi ram Corson, an em nent
authority on the poet Robert Browning, of whose poetry she was

i nordi nately fond.

My father was born in 1876 in Pittsburgh, Pennsylvania, of
German inm grant parents who in a nonent of m sguided patriotism
decided to give himthe first nane of Centennial because of the
year of his birth. It was a nane which he hated and as a result
he al ways went by his second nanme, which was Harry. So he signed
hinself "C. Harry Benedict." He attended the public schools of
Pittsburgh and received a schol arship which enabled himto study
chem stry at Cornell University under Professor Louis Minroe
Dennis, an em nent inorganic chemst. After a year of graduate
study at Cornell, through Dennis's assistance, he received an
of fer of enploynent as nmetallurgist for what at that tine | think
was just called the Calumet and Hecl a [ Consol i dat ed] Copper
Conpany, in the upper peninsula of Mchigan. So w thout any prior
know edge of what he was letting hinself in for, he took this job
in a rather renote and sonewhat isolated region in the upper
peni nsul a of M chi gan.

The copper conpany there had been in operation for sone fifty
years and had acquired an enornmous pile of copper tailings which
still contained sonme one percent copper because of the inefficient
nature of the extraction processes which had been used in the
past. The processes which had been used in the past were all
based on the difference in density or specific gravity of
particles containing copper and those which just contained
ordi nary sand, and when the copper content of the sand got down to
sonmething |ike between half and one percent, there wasn't a
sufficient difference in density to nake it possible to provide
nore efficient separation. So the conpany decided that sone
chem cal ly based process would be required to conplete the



extraction of the copper and engaged ny father to develop this
process.

Well, he put his know edge of chemistry from Cornell to good
use, and found that acid extraction of the copper woul d not work
very well because native copper is not soluble in acids wthout
some oxidant. However, the copper itself was soluble in solutions
of cupric amoni um carbonate, which could be nade from native
copper itself. So he devel oped a | eachi ng process, which involved
extracting the copper with cupric ammoni um carbonate and then
taking the leach |iquors which contained the extracted copper, but
in cuprous form distilling off the anmonia to recover copper
oxi de, and reusing the ammoni a to make nore cupric ammoni um
carbonate. That part of the process is out of ny mnd now, but at
any rate it was based on the extraction of the ore with cupric
ammoni um car bonate and the recycle of the ammonia (1). This
enabl ed the conpany to recover sonme thirty mllion pounds of
copper which otherw se woul d have gone to waste and was an
i mportant factor when World War | started.

My father's involvenment in chemstry and his providing
chem cals for ny brother and me to work with in a basenent
| aboratory caused ne to becone very enanored of chemi stry, and I
had no doubt whatever that | would use chem stry as ny
prof essional career. After graduating from high school in 1923
and spending a year inproving ny undergraduate education and
getting old enough to go to college by attendi ng Shadysi de Acadeny
i n Pittsburgh, Pennsylvania, | entered Cornell University as an
undergraduate in the fall of 1924.

BOHNI NG  Then you had all of your public school education in
M chi gan?

BENEDI CT: Al of nmy public school education was in Lake Linden,
M chigan, that's right. But | did spend one year at Shadyside
Acadeny in Pittsburgh, which was pretty nmuch a matter of marking
time. 1t enabled me to grow up enough so that | was tall enough
not to have to wear short pants when | went to Cornell [laughter],
and acquire a certain feeling of self confidence that enabled ne
to live away from hone. Because of the year in Pittsburgh (I had
spent weekends with ny father's brothers in Pittsburgh) that was
kind of a transition period between being a small boy in a snal
town in Mchigan and being a nore mature person in the |arger
wor | d.

BOHNING Did you have any ot her chem stry experience besi des what
your father was doing for you in your own | aboratory, such as in
hi gh school ?



BENEDI CT: | did have a succession of sumrer jobs, nostly through
the assistance of ny father in getting enploynent with various

di vi sions of the Calunet and Hecl a Copper Conpany. The first job
I had was assisting in the laboratory in taking sanples of coal,
whi ch was delivered in about a hundred shipl oads per year at the
conpany's docks. W used a procedure called "coning and
quartering"” to obtain a small sanple of coal froma hundred tons
or nore which was delivered to the docks. W exam ned the coal by
nmeasuring the heat of conbustion and we neasured the sul fur
content in the coal and determ ned whether it nmet the conpany's
specifications. | also took sanples of copper ore and copper
concentrates at various stages in the conpany's processing of the
copper from coarsely crushed ore down through fine sand and
tailings, and assisted in the analysis of the materials and the

| each liquors fromthe | eaching process for copper content.

This was good experience and it just increased ny interest in
chem stry, which had been initiated by the basic chemstry
| aboratory that ny father equipped for ne with a ChenCraft set and
additional real acids and alkalis fromthe conpany's | aboratory,
which were not permtted to be sold in the ChenCraft sets.
[laughter] (You're probably famliar with what the ChenCraft sets
consisted of.) So, there was never any doubt in ny mnd that |
wanted to study chem stry, and | went to Cornell where ny father
hi nsel f had graduated and where he had net ny nother. | spent al
four years of undergraduate education at Cornell and did ny
under graduat e research under the sane professor with whom ny
father had worked, Professor Louis Minroe Dennis.

BOHNING | aminterested in what Cornell was like at the tinme you
were there, what the curriculumwas |ike, and the courses you
t ook.

BENEDI CT: | was so conpletely enanored of chem stry that | signed
up for the bachelor of chem stry program The bachel or of

chem stry programwas the particular favorite of Professor Louis
Munr oe Dennis, the head of the chem stry departnent. He filled it
so conpletely with chem stry subjects, that | received a very poor
| i beral education. Very little history, literature, mathematics,
or nore advanced physics was required in the program But the
courses were such things as qualitative analysis, which was really
quite hel pful because it was a good way of |earning inorganic

chem stry; quantitative analysis, which would have been useful if

| had worked as an anal ytical chem st in industry but wasn't al

t hat val uable as a know edge of chem stry; and organic chenistry,
whi ch was val uabl e, taught by Professor WIIliam|[R dgely]

O ndorff, a co-author of what was then the standard text in
organi ¢ chem stry, Rensen and Orndorff (2). | don't know if
you're famliar with that book or not.



BOHNI NG Yes.

BENEDI CT: It didn't involve very nmuch nodern organic chemstry
because Orndorff was an old man at that tinme. Physical chemstry
was taught by W I der Dw ght Bancroft, who had very little respect
for J. Wllard G bbs and many of the nore advanced ideas in
physical chem stry. [laughter] There were a |lot of required
courses in such subjects as gas and fuel analysis and ot her

t hi ngs which m ght have been hel pful to ne had | been an

anal ytical chem st in industry, but were very poor substitutes
for a broader |iberal education or a broader scientific
education. The physics courses | had at Cornell were also very
primtive and invol ved practically no introduction to quantum
mechani cs, which was just then becom ng an inportant branch of
physical science. So it was really a rather poor and one-sided
chem stry education, and contained so very little of the |iberal
arts subjects, that | was really very poorly equi pped to becone
an effective nenber of nobdern society.

BOHNING Did you do any research with Dennis?

BENEDI CT: Yes, | did sone research with Dennis which was very
interesting and frustrating. Dennis was very fond of me, partly
| guess because he renenbered with pleasure the association he
had with ny father twenty-five years earlier, but also partly
because | was so wapped up in chemstry and was such a good
student in the chem stry subjects that | was taught. In ny
seni or year he offered nme an opportunity to do research on a
probl em whi ch had chall enged himfor the sone thirty years he had
been at Cornell, the production of carbon nonosulfide. Dennis
was this great believer in the regularities of the periodic
tabl e, and reasoned with sone justification that since carbon
produced carbon nonoxide, a gas with a boiling point of about -
185°, carbon dioxide, a gas with a boiling point of about -78°,
and carbon disulfide, aliquid with a boiling point of about 35°,
that by anal ogy there ought to be a carbon nonosulfide with a

boi li ng poi nt sonewhere around that of carbon dioxide, about -
75°. He'd had a nunber of students trying to produce this gas

wi t hout any great success. But he was very fond of ne, | was a
good student, and he decided to assign ne for nmy senior research
whi ch was part of the chem stry program the production of carbon
nonosul fi de.

So, with Dennis's assistance, | tried various reactions that
m ght have seened successful, such as taking thiocarbonyl
chloride and passing it over nolecular silver to renpove the
chlorine. That didn't react at all. | reacted carbon bisulfide
with carbon, and that didn't react at all. | tried to deconpose
carbon bisul fide vapor by passing it through an electric arc.
designed a small glass vessel in which | inserted two carbon
el ectrodes, put liquid carbon bisulfide init, cooled it down to



-110° Centigrade, the freezing point of carbon disulfide, and
struck an arc between the carbon el ectrodes and took the gas

whi ch canme off into a cold trap cooled with liquid air. | got a
whi te condensate, which certainly contained sone vaporized carbon
bi sul fide, but which I hoped would al so contain carbon
nonosul fi de because its condensing tenperature would have been
80° or 90° Centigrade higher than the liquid air tenperature.
Then I was going to vaporize this mxture and actually distill

t he carbon nonosul fide away fromthe carbon bisulfide. So when
came to heat up the mi xture, instead of getting anything off of
the contents of the vessel that |1'd condensed the reaction
products in, it blewup with a flash of light. [laughter] So it
was clear that | had sonething new, but it wasn't the stable
conmpound that Dennis predicted carbon nonosul fi de woul d consi st
of .

VWhen it blew up it was converted into a brown reaction
product, which I took out and anal yzed by conbustion anal ysis,
and it had one atom of carbon to one atomof sulfur. It was
quite apparent that | had produced an unstabl e species, carbon
nonosul fi de, which when it was allowed to warm up, polynerized
into a polynmeric formwith the sane chemical formula. | was
hi ghly el ated because | was convinced that the first product |
had nade was carbon nonosul fide. | had sone ideas, which
probably woul dn't have been successful, about how to separate
this fromthe unreacted carbon bisulfide and prove by
spectroscopy or some other neans that it was carbon nonosul fide.
But Dennis woul d have none of it. He was convinced that carbon
nonosul fi de woul d be just as stable as carbon nonoxi de and t hat
the product that | had made was sonething that he hadn't wanted
and wasn't interested in. So he told ne to give up that Iine of
research and try various other reactions, none of which were
successf ul

The result of all this was that | spent a year at Cornel
after I got ny bachelor's degree trying sone of Dennis's proposed
reactions, none of which worked, and becom ng nore and nore
convinced that | was on the wong track, that chem stry wasn't
all that fascinating after all, and that the world, which was by
then going into a severe econom c depression, had nore needs for
sonebody as a social scientist than as a chem st and that | was
on the wong track all along. So, after a year of unsuccessful
research under Dennis, | gave up chemstry tenporarily.

BOHNING Did you spend that one year just doing the research for
Denni s?

BENEDI CT:  Yes.

BOHNING Did you take any courses?



BENEDI CT: Yes, | did take sone courses.

BOHNI NG At the graduate |evel?

BENEDI CT: No, they were sone of the undergraduate courses that |
had not taken before.

BOHNI NG | see.

BENEDI CT: Let nme see what | have to say about that in ny notes.
There's sonme interesting stuff in here that | should have told
you. My | go back?

BOHNI NG  Certainly.

BENEDI CT: One of the reactions Dennis had ne try was reacting

t hi ophosgene, CSC,, with nolten sodium That didn't work. But,
as | wote here, | had a nasty disposal problemthat | solved in
a singularly inappropriate way. | took ny fifty granms of
unreacted sodiumto the center of the bridge over Fall Crick and
dropped it into the water. [laughter] The hydrogen fromthe
reacti on exploded with a | oud boom and the sodiumburned with a
bright yellow flame and a cl oud of sodi um hydroxide. [|aughter]
To di spose of the thiophosgene, a couple of ny coll eagues and |

t ook seal ed glass bottles containing around a liter to the

nort hwest corner of a field beyond Forest Hone, which was an
outlying suburb. W thought a southwest w nd was bl owi ng towards
some woods, and we laid the bottles tenderly on the ground and at
a safe distance threw rocks at them After they were broken we
wal ked back to the car a hundred yards away. To our dismay we
found that the wind had shifted and was blowing the snelly, toxic
stuff towards us and a nearby house. [laughter] These were sone
of the things that an i muature chem st did. [|aughter]

BOHNI NG  How did you support yourself in that fifth year at
Cornell, after you had your degree?

BENEDI CT: Partly through ny parents, and partly through the
sumrer enploynment |1'd had at the Cal unet and Hecl a Copper
Conmpany's | aboratories. That sumrer enploynent was really
excel l ent experience. The first year, | sinply was sanple boy in
the |l aboratories and took sanples. | took sanples of the copper
ore and tailings and solutions in the copper amoni a | eachi ng
plant that mnmy father had devel oped and put into operation for the
conpany (3). | took the sanples to the | aboratory and anal yzed



them for copper and other material s.

This ties into ny Cornell education, though. Professor
Dennis at Cornell was an authority on the chem stry of germani um
He had done a lot of his own personal research on that. | was
interested to see if there was any germaniumin the copper
material. W found traces of it, but never enough to have
i nvol ved an extraction process for renoving the gernmani um from
t he copper ores.

There were sone mnor constituents of the copper ore that
were different fromthe native copper which the conpany was
geared up to separate. | was interested in getting sanples of
sone of these. There were copper arsenides, and these were
processed in the conpany snelter. | can't renmenber how it
wor ked, but at any rate there were sone by-product nmaterials at
the snelter, which m ght have contained traces of the el ement
germani umthat was of interest to Dennis. So | got sone sanples
of these and took themto the | aboratory there and had t hem
anal yzed and found that they did indeed contain traces of
germanium | got sanples of copper arsenides that were in the
ore in the first place and found that they had m nor anmounts of
germaniumin themalso. Dennis was |ooking for a donestic source
of germani um because nost of the germaniumthat he had worked
with in the past cane from Germany. But none of these were of
hi gh enough concentration to have been of any interest to the
conmpany to have extracted separately for Dennis.

[ END OF TAPE, SIDE 1]

BENEDI CT: | haven't thought of this for a long time. This was
back in the 1920s, so it's sixty-five years ago! [l aughter]

BOHNING  Yes, but it's fascinating, it really is.

You were spending that fifth year at Cornell when the
Depressi on came, and that's when you took your tenporary break

BENEDI CT: That's right. It was the fifth year at Cornell, and |
was trying to produce carbon nonosul fide and had this really
serious disagreenent with Dennis who wasn't at all interested in
my pursuing the research that | had started and would, | guess,
eventual | y have convi nced both himand ne that | had tenporarily
i sol ated carbon nonosul fide, the material which was |ater

anal yzed spectroscopically while still in the vapor stage and
proved by people that knew nore about spectroscopy than either
Dennis or | did that it was carbon nonosul fide, but in a
transient form(4). So | gave up that line of research



BOHNI NG |Is that when you went to National Aniline?

BENEDI CT: Yes. | became very disenchanted with what |1'd been
doing. In the sumrer of 1929, after ny unsuccessful year of
graduate study at Cornell and |I hadn't been able to produce
carbon nonosul fide to Dennis's satisfaction, ny father and I
becane convinced that |'d spent enough tine in school and an

i ndustrial job would help nme decide what | wanted to do with ny
subsequent life. So, through father's assistance, | obtained a
job with the National Aniline and Chenmi cal Conpany in Buffalo,
New York, where | went to work in the fall of 1929.

BOHNING How did you find that job? Wre you | ooking at other
pl aces, too, or was that your father's influence?

BENEDI CT: That was ny father's influence. | was still pretty
imature and | didn't have a very good idea about how I went
about getting a job. This seened |like a good way of getting ny
feet on the ground.

| had applied to Princeton University to study physical
chem stry under Hugh Taylor, because | realized that ny Cornel
educati on was so heavily slanted towards inorganic chem stry that
the nore fundanmental aspects of chem stry were sonething that
just weren't properly taught at Cornell at all. (I'mdigressing
alittle here but | think it's pertinent.) The physica
chem stry at Cornell was the brainchild of WIder Dw ght
Bancroft, a physical chem st who had no patience whatever with
the nore quantitative aspects of physical chemstry. He didn't
teach thernodynamcs, a la Gbbs at all, and was nore interested
in colloid chemstry, rather than in nore fundanental aspects of
chem stry which were just then becomng really vital topics. |
guess that was when J. WIllard G bbs was nmaking his contributions
and these weren't taught at all at Cornell. So | didn't get any
nodern chem stry and quant um nechani cs and quantum nechani ca
expl anati on of so nuch of the chemical properties, and had a
rat her one-sided chem cal education.

After ny unsuccessful year of research on carbon nonosul fide
at Cornell, father and | decided that | had spent enough tine in
school and that an industrial job would help nme decide what |
wanted to do. So he got ne a job wwth the National Aniline and
Chem cal Conpany in Buffal o, New York, rather than ny taking an
assi stantship which I had been of fered and accepted at Princeton,
where |I'd hoped to study physical chem stry under Hugh Tayl or,
whi ch woul d have really been a very good education indeed.

[l aught er]

BOHNI NG Yes.



BENEDI CT: | went instead to Buffalo, New York, and started work
at thirty-five dollars a week at the National Aniline and

Chem cal Conpany plant in south Buffalo. Well, I'"mgoing to read
this to you, because it's so typical. "It's hard to imgine a
nore industrially polluted place than that part of Buffalo in
these pre-environnental protection days, plus Buffalo Creek on
the west side of Abbott Road where steel mlls whose bl ast
furnaces bel ched sul furous clouds of ore dust, and whose sewers
poured rust-stained water into the creek. Across Abbott Road was
General Chemical's plant, whose sulfuric acid towers emtted
choki ng funmes of sulfur dioxide and whose nitric acid converters
di scharged brown cl ouds of nitrogen dioxide that quickly corroded
| ampposts and auto bodies.” It was a horrible part of the world,
it really was.

BOANING That's incredible

BENEDI CT: "I had three nonths of night shift work in the

anal ytical |aboratory, where | worked either on the nitro bench
or the indigo bench. [laughter] At the indigo bench I got ny
hands and cl othes stained with partially processed indigo, and on
the nitro bench | inhaled too nmuch dichloronitrobenzene and had
to be seen by the conmpany physician because ny fingernails turned
bl ue. "

BOHNI NG My gosh.

BENEDI CT: Yes, that was quite an experience. But | used ny
shift work to good advantage by spending the days at the G ovenor
Library. | don't suppose you're famliar with Buffal o geography?

BOHNI NG Not that well

BENEDI CT: The Grovenor Library was sort of a research library
where you coul d browse nore conveniently than you could in the
public library. | discovered a |ot of the books that | had not
been permitted to take in courses in literature at Cornell. So
the conbi nati on of having shift work at National Aniline and the
availability of a good library of classics of literature and
poetry enabled nme to conplete by self-education sonme of the

|i beral education | had been denied at Cornell because there were
too many courses in analytical chem stry. [laughter] That proved
to be useful supplenentary education. But, at the sanme tine, the
Depr essi on worsened and there were long lines of people. | don't
renmenber exactly what the bread lines were in those days, but at
any rate | knew that the world was in an econom c depression. |
becane very dissatisfied with my own lack of a |liberal education



at Cornell, which was obviously not going to help ne deal with
the serious problens of the world, so | decided that 1'd use ny
savings fromny year's enploynent at National Aniline to go back
to school and round out my own |iberal education.

How did I choose the University of Chicago? | gave up ny
enpl oyment in Buffalo in August of 1930, and went back to
northern M chigan to spend a nonth with my famly there while |

deci ded what | was going to do next. [|'ll read this now because
it is pertinent here. "I realized ny Cornell education had been
so heavily concentrated on chem stry, that | was relatively

illiterate in the humanities. | was acutely conscious of ny need

for a philosophy of life. M Cornell philosophy professor,
Arthur [Edward] Mirphy, had noved to the University of Chicago,
and through him|1 gained adm ssion there as a master's degree
candi date in philosophy with the m staken notion that by studying
phil osophy | could gain a personal philosophy of ny owmn. On the
| ast week of Septenber | went to Chicago and found a roomat five
dollars a week in a room ng house run by Ms. Roy Swift at 5412
Ki npark Avenue, just down the street a little ways fromthe
canpus of the University of Chicago. Roy Swift, a one-tine

sem pro baseball player, was a stout, lazy man with a job in
Mayor [WIIliam Hal e] Thonpson's Chicago political machine. Ms.
Swift was a sweet, little, hard-working housew fe who earned

addi tional pin noney by nmaking children's clothes for another

Ms. Swift of the Chicago Packing Conpany. Ms. Swift was very
kind to ne and allowed ne to use her kitchen during a period when
| experinmented with nmeals of boiled rice and beans to see how
cheaply | could feed nyself because | was trying to put nyself

t hrough Chicago on ny limted savings fromprior enploynent.
After | gave up the experinment, the Swifts invited ne to a

wel conme di nner of porterhouse steak, potatoes, peas, and
strawberries.” [laughter]

"Il skip some of this. "To obtain a master's degree in
phil osophy | was required to start with a course in the history
of phil osophy. The first lecture showed nme that the subject
woul d be difficult, very technical, and quite irrelevant to
giving nme a philosophy of life. [laughter] So | dropped the
course and the plan to obtain a master's degree in philosophy,
and decided instead,"” and | say parenthetically, wisely, "to
spend a year getting sone of the liberal education | had m ssed
at Cornell. | signed up for some stinulating and val uabl e
courses taught by em nent professors. The novelist Thornton
Wl der, visiting professor for a year, lectured on the classics
t hrough transl ati on and gui ded us in readi ng Aeschyl us,
Sophocl es, Euripides, Dante, and Cervantes. Professor Ernest
[ WAt son] Burgess, head of the sociol ogy departnent, taught an
i ntroductory course in sociology for graduate students, a subject
of increasing relevance as the G eat Depression deepened.

Prof essor Frank H. Knight, a wonderful man with an encycl opedi a
of information on history of cultures, gave a course in economc
history titled, "Evolution of Economi c Institutions and |deas."
| liked the classes, and | did fairly well inthem | wote a
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sensi bl e paper on utilitarianism a subject about which | now
know not hi ng what soever. [laughter] 1In the wnter | took

under graduate classes in economc theory and types of econonic
organi zation and a graduate class in statistics. Econom c theory
proved val uabl e because it introduced nme to the topic of
elasticity of supply and demand at the substitution ratios,
concepts | used to advantage many years later in 1951, in setting
price scales for plutoniumand enriched urani umwhen | worked
with the Atom ¢ Energy Conmmission.” [It's really surprising how
much some of the things you do without clear understanding as a
young man can sonetinmes prove to be helpful to you in later life.
"These courses helped still later in the 1960s when at MT |

i ntroduced a course in the econom cs of nuclear power. A course
on types of econom c organi zation was a special delight. It was
gi ven by Paul [Howard] Douglas, later United States senator. It
dealt with the literature and practice of utopists, fromPlato to
Thomas More, and to Henry George's Junior Republic and [ Robert]
Ownen's New Harnony, Indiana. | renenber Dougl as | aughing on how
Owen's high ideals floundered in the Indiana nud." [|aughter]
Excuse nme for reading this.

BOHNING That's fi ne.

BENEDI CT: It's better than ny inperfect nenory.

"The class in statistics was valuable in acquainting ne wth
correlation coefficients and nethods of curve fitting, which I
used ten years later in devel opi ng the Benedict-Wbb-Rubin
equation of state for gases (5). |In the spring terml| took a
class in conplex variable theory. The conplex variable class
proved val uabl e many years later when | had to use conpl ex
nunbers to teach controlled stability in nuclear reactors,”™ which
at that tinme I had no conceivable notion that |1'd ever get

involved in. It's really amazi ng how sonme of the courses you
take in college can, if you took them seriously, be quite
valuable to you in later life. "For Mirphy's class | wote a

t erm paper conparing the inductive approach of the Austrian
physicist [Ernst] Mach with the pragmatic, operational approach
of the American physicist Percy Bridgman, with whom| worked five
years later." [laughter] It's another one of those coincidences.

BOHNI NG  That's amazi ng

BENEDI CT: I n retrospect, the courses that I took at the
University of Chicago were valuable and relevant in later life
even though at the tinme | took them| had no notion as to where
they were leading. That's why a liberal education is really such
an inportant thing for a young person to have, because you can
count on it so many tines |ater even though at the tine it
doesn't seemto be particularly pertinent. Well, there's nore
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here that I'mgoing to read you if you don't m nd.

BOHANI NG Pl ease conti nue

BENEDI CT: "To get a better understanding of city life, | joined
occasi onal Saturday trips to Chicago nei ghborhoods, arranged by
the Fellowship for Reconciliation. The first of these trips took
us to the Russian nei ghborhood in Chicago. Sone trips were to
skid row on West Madi son Street where derelicts were housed and
to stockyards where animals were slaughtered were pretty
depressing. On the West Madison trip | had ny first exposure to
street corner communi st agitators, who railed against the evils
of Herbert Hoover and capitalismand were all too evident in the
| ong Iines of unenpl oyed seeking jobs or shelter.

On one of these trips, | nmade two friends, Agnes Jacques and
Saunders MaclLane, who were kind and hel pful to ne during this
difficult year in ny life. Agnes Jacques was a thirty-five year
ol d woman who wor ked as secretary for Paul Douglas, and served as
secretary of the Chicago Society for Pronoting Cultural Relations
with Russia, a substitute for the then non-existent Sovi et
consul ate in Chicago. She was fluent in Russian and conducted
sumer tours of the Soviet Union. | was interested in |earning
nore about Russia, was vaguely considering spending a year
wor ki ng there, and wanted to |l earn Russian. So Agnes ki ndly
offered to teach nme the rudinents of the | anguage. During the
year we becane good friends, and over tea sweetened with cherry
jam a Russian delicacy, she listened synpathetically to ny
uncertain search for a goal inlife. One day late in the year
found Agnes in a very gloony frame of m nd and wanti ng sonmeone to
tell her troubles to. | was surprised that such a seem ngly
cheerful and efficient woman shoul d harbor a dark pessim smthat
made m ne seem|like sunshine itself. | found it reassuring that
so wel | -adjusted a woman should find me a suitable person to
share problenms with. 1 took her for a rowin Jackson Park Lagoon
and tried sonewhat ineffectually to cheer her up. | never saw
her again, and often wondered what the future held for her.

VWhile in Chicago | net Saunders MacLane." | don't know if you're
famliar with him but he's a very em nent Anerican
mat hemat i ci an.

BOHNI NG | don't know t he nane.

BENEDI CT: | think he becanme hone secretary for the National
Acadeny of Sciences. At |east he had an inportant position with
the National Academy of Sciences [council 1959-1962, 1969-1972;
vice president 1973-1981]. 1'Il read this again too. "He was a
graduat e student of Professor [Glbert Ames] Bliss in the

mat hemati cs departnent of the University of Chicago. Like
nyself, he was interested in the many facets of city life and
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joined me on numerous excursions. On one occasion we went to a
Russi an bookstore and argued the nerits of capitalism against two
communi st -favoring store clerks. W invented a gane of three-

di mensi onal chess played wth two boards and two sets of

chessnmen. W took one of nmy fellow rooners to dinner and to the
Chi cago Opera Conpany performance of Die Mi stersinger von
Nurnberg. He and | bought four tickets to the second bal cony for
Tristan and Isolde. He escorted a girl from Syracuse University
and |, Marjorie Eiger, a girl | nmet in sociology. Saunders drove
us, both clad in rented tuxedos, in a borrowed, dil apidated and
dirty car. [laughter] After what | described to ny parents as an
i ndescri bably beautiful and noving opera, we had a post-opera
supper at an ol d-fashi oned Gernman hof bradhaus.” |'msorry, but |
just have to go on here.

BOANING That's fi ne.

BENEDI CT: "After Professor Bliss described how mat hematics

| ectures were conducted in France, Saunders called at his office
the next day dressed in a tuxedo and escorted the startled
professor to the classroom over whose door he had tacked a sign
reading 'Salle a conférence." He marched Bliss down the aisle,
arranged the chal k, and poured the professor a glass of water."
[laughter] There's just so nuch of this, but | don't think I
ought to fill your record up with it. You're nore interested in
nmy professional education.

BOHNI NG  Yes, but this is really fascinating

BENEDI CT: Well, here's sonme nore, then. "In the spring Saunders
and I went on a two-day wal king trip that | described as foll ows:
"A clear, but cold and wi ndy Sunday norning saw us headed down
Fifty-Seventh Street for the Illinois Central, acconpanied by two
pounds of bread and one pound of cheese, a half-pound of bacon,
one pound of apples, and four pork chops. W took the train to
the end of the line, and headed out into the open prairie in the
direction that prom sed to get us fastest out of the railroad
yards and squatters' shacks. About every quarter mle we passed
a farmhouse with its red barn, clattering wndmll, silo, straw
pile, and grove of trees, all identical in conposition but
pleasingly different in details. Less frequently a country
graveyard with unkenpt graves and crazy, |eaning headstones

furni shed opportunity for nmeditation. At noon we bought a quart
of mlk fromM. Christiansen, lit a fire in a ditch by the road
and broiled our pork chops. Near sundown we inquired of farmers
if they would put us up for the night. W were beginning to get
desperate when after four refusals, and the day was getting

col der and darker, the Cagwi ns—father and nother and three fine
boys—t ook us in, gave us supper and let us sleep on their
davenport. We wal ked back the next day, cooked anot her roadside
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lunch, this tinme under a bridge in true hobo style, and arrived
at sundown, having covered forty-two mles in two days.'
[laughter] Saunders hel ped nme sort out my conflicting anbitions
and tried, not too successfully, to resolve ny perplexities by
strict mathematical logic."

VWll, here's sone nore. "Two other friends | nade through
nmy sociology class in Chicago were Marjorie Eiger and Sau
Alinsky fromFrance. Marjorie was the daughter of a wealthy
Jewish famly with a hone near the university. She had visited
Russia with Agnes Jacques the preceding sumer." (Agnes Jacques
was the girl who was the | ocal representative for the Friends of
the Soviet Union, or whatever it was called.) "Marjorie was the

nost intelligent and sophisticated girl | had net, and | was
attracted to her. She, Saul and I went to a performance of

[ Ant on Pavl ovi ch] Chekhov's Seagull. Subsequently, | was invited
to tea at the Ei ger mansion, where she indicated ny future
conpany woul d be wel cone."” [laughter] "I wote ny parents, 'The

experience of spending an afternoon tal king charm ng nonsense to
a dangerously informed and personable female has its disquieting
nonents.'" [laughter] "After | took her to a hotel for tea, |
wote, 'Marjorie |ikes sterner stuff than | can produce. She and
Saul have attended burl esque shows, but | will be pleased to
furnish the mld and nelancholy." So | took her to a speak-easy
and a lecture on Russia. She and | passed out handbills in front
of a Yell ow Dog Hat Shop w thout being arrested. Wwen | said
goodbye to Marjorie at the end of ny year at Chicago, she said to
me, 'The trouble with you, Manson, is that you're too timd.""
That gave me sonething to think about. [laughter] Onh, ny.

[ END OF TAPE, SIDE 2]

BENEDI CT: Here's another paragraph |I'mgoing to have to read
you.

BOHNI NG Ckay.

BENEDI CT: "In the winter term| net two bright, interesting
girls in ny econom cs class, Dorothy Jones and Rose Marcus."

"1l skip about Dorothy, but "Rose was the daughter of a New York
garnment manufacturer and had a strong interest in | abor problens.
She was ny conpani on on nunerous weekend trips to see Chicago,
such as to the Wl son Conpany's neat packing plant. She and |
passed out handbills in front of the WIlson Conpany's plant,
urgi ng the underpaid and overworked factory girls to join a

uni on. Al though against police regulations, we weren't arrested.
W went to novies and read Mirris [ Raphael] Cohen together.™
Morris Cohen was a phil osopher, and | think he wote a book on

t he phil osophy of science, but I"'mnot sure (6). "Although I

| i ked Rose, our friendship remained just a friendship. Once,
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after wal king with her along the beach in Jackson Park, | quoted
to her, "A prinrose by the river's brim a prinrose nerely was to
him" Her nane was Rose. [l aughter]

Well, here's sone that's relevant. "In the winter of 1931,
the econom c depression sank to its worst low. The faculty and
students in the social sciences were properly concerned and

explored alternatives to capitalism | read both Karl Marx's Das
Kapital and Lenin's State and Revol ution, but found them heavy
going and uninspiring. 'But Marx,' | wote ny parents, 'how Marx

does give vent to his hatreds. A conbination of ponderous German
wit, peevishness, and vilification makes interesting reading.'

O Lenin ny coments were, 'His picture of the perfect conmuni st
society where the state is abolished and order is naintained by
the social pressure of the armed workers, where sentinental
intellectualismis anathemn, and when deviations fromtype are
ruthlessly coerced into lying is a bit depressing.’

Neverthel ess, | joined the university's socialist club and
attended neetings of the League for Industrial Denobcracy. 1In the
socialist club I hoped to find a cause | could support, but I
wote to ny parents instead, 'lI'd be pleased if | could work up a
bit of enthusiasmfor socialism but alas, the field is danp on
which fall the sparks of soci oeconom c reform propaganda.' For

the socialist club | passed handbills to people watching the fly-
over of six hundred War Departnent planes. The handout read, 'W
have a War Departnent, but why not a Peace Departnent?' Finally,
in My | resigned fromthe club, witing ny parents, 'I take no
delight in nmeddling with the status quo.'" [l aughter]

BOHNING Did any of those activities create a problemfor you in
Wrld War 11 when you were involved with the Manhattan Project?

BENEDI CT: Yes, as a matter of fact. You're a very know edgabl e
person. | don't remenber whether | got around to witing that up
or not, but I'll try to renenber what it was.

BOHNING Well, that's one thought | had as you were descri bing
all of this.

BENEDI CT: [laughter] Yes, it surely did. In fact, I'd better
tell you about that now before |I forget.

BOHNING Al right.

BENEDI CT: These timd ventures into socialismin 1930 cane back
to haunt nme in 1941, when | was engaged in devel opi ng a process
for extracting uranium 235 fromnatural uraniumfor the Manhattan
Project. Wien | was required to submt a history of nmy previous
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life experiences before | could be granted security clearance to
continue research, | of course gave them an account of where

had been and the courses | had studied and things of that kind,
but quite properly neglected to nention | had attended neetings
of the socialist club at the University of Chicago and rel ated
matters. [laughter] | was very nuch afraid that the

i nvestigation by the FBI would turn up the fact that | had
dabbl ed in socialisma nunber of years earlier and had even
consi dered going to the Soviet Union to see firsthand how
conmmuni sm wor ked.

"Many years |later, when | was assigned by the M W Kell ogg
Conmpany, for whom | was then enployed, to work on the design of a
gaseous di ffusion plant for separating uranium 235 and was
obliged to obtain security clearance in order to continue work,
was very much afraid that the FBlI, who conducted these
I nvestigations in those days, would find out that | had attended
neetings of the socialist club at the University of Chicago and
had at that tine even considered and nade an initial contact with
the Soviet chargé d affaires in the consulate in the city of
Chicago to obtain a visa to visit the Soviet Union and see how
soci alismoperated firsthand. |If the FBI ever found this out, it
apparently either didn't appear in their permanent record of ny
past life, or wasn't regarded as a disqualification to grant ne
security clearance many years | ater

These things all cane to the fore in 1951, at the tinme that
| had just been offered and accepted a position to teach nucl ear
engineering at MT. And at the sane tine | was offered an
opportunity to start an office of operations analysis for the
then new U.S. Atom c Energy Comm ssion. | had to submt an
account of ny previous life history in order to be granted a
security clearance by the then new Atom ¢ Energy Conmm ssion, and
was very nuch afraid that these dabblings in socialismthat | had
undertaken ten years earlier would be cited against nme and I'd be
deni ed the cl earance, denied the opportunity to work in the
of fice of operations analysis, and woul d not have access to the
classified information I'd need in order to obtain a good
personal background for teaching a subject of unclassified matter
at MT. Fortunately, for some reason, either the FBI didn't find
out about mny dabble in socialism or they didn't regard it as a
detriment because | was granted security clearance. | could have
access to classified information fromwhich | made unclassified
excerpts, had them submtted for approval by the Atom c Energy
Commi ssion, and was able to work them first into notes for ny
class, and later into a textbook that Tom [Thomas H.] Pigford and
| published, called Nuclear Chem cal Engineering (7)." Are you
famliar with that book?

BOHNING Only by title.

BENEDI CT: Let nme show you; | have a copy.
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BOHNING  All right.

BENEDI CT: There were two editions. The first one was published
in 1957. But | was enabled to wite it by having to develop a
curriculumin nuclear engineering at MT—and to teach a subject
that | had devel oped nysel f, called nucl ear chem cal engineering.
After 1'd been there for a year, | was joined by a man who had
been an assistant professor in the chem cal engineering
department there, Tom Pigford, and we wote this book. That's
the first edition, published in 1957. After we'd offered the
course for a nunber of years, we brought out a second edition in
1981.

BOHNI NG That's very recent.

BENEDI CT: Yes, it's still used. | still get sonme royalties from
it.

BOHNI NG There nust have been consi derabl e change between those
two editions.

BENEDI CT: Ch, there was. You see, what happened between the two
was that there was a |l ot of declassification after 1957 that
enabl ed us to provide a nuch nore conplete curriculum And there

were a | ot of new devel opnents, too. In fact, in 1957 there
weren't any nucl ear power reactors operating in the United States
at all, and by 1981, it was the second | argest producer of

electricity after coal in the United States.

BOHNI NG That's fascinating [l ooking at book]. Could we cone
back to Chicago and how you |l eft Chicago. [|'massum ng you went
to MT directly after you | eft Chicago?

BENEDI CT: No. Let ne get ny bearings straight here. There was
a very interesting interlude in ny life in between them At
Chicago | had net and enjoyed the conpany of a graduate student
in econom cs, which was the field | was studyi ng, nanmed George
Shaw Wheel er, who had recently married anot her graduate student

i n econom cs nanmed El eanor Wheeler. | was really at | oose ends
at the University of Chicago because | found that | wasn't adept
at the social sciences at all. | didn't really know what |

wanted to do with my life. The Wweelers were kind to ne. They
invited ne to their small apartnent for an occasional neal, and
we di scussed the state of the world, which was econonically
pretty bad in those days.
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| guess CGeorge nade the suggestion that since | didn't know
what | wanted to do, and wasn't particularly adept at the soci al
sciences, why didn't | just take the summer off and do sone non-
mental work that m ght enable nme to get ny act together again?
Hi s parents ran a famly fruit farmon the Colunbia R ver in
central Washington state, and they needed summer hel p. GCeorge
wote to his nother, Jeanne \Weel er, and asked whet her she'd be
willing to have ne cone out as an unpai d sumer hand whom t hey
woul d provide room and board for, but I would sinply like to
spend the sumer while | decided what | wanted to do next. The
Wheel ers were very kind and did offer me this opportunity to come
out. | accepted and went out to Washington state to take this
job. But | had just about used up all the noney | had saved from
nmy brief enploynment in Buffalo at the National Aniline and
Chem cal Conpany (after spending a good deal of it to get ny
education at the University of Chicago), and | didn't want to
call on ny parents for nore financial support, so | decided |I'd
hi t chhi ke out from Chicago to the Colunbia River Valley in
Washi ngton. That was a very interesting experience. | don't
know whet her that was in any of the chapters. Here we are. Do
you mind if | read you sone of this?

BOHNI NG No.

BENEDI CT: "In the June of ny year at the University of Chicago,
when | was at | oose ends as to what | wanted to do, there were
two events that led to a sumrer that cured nmy uncertainty and the
depression that | was feeling because | wasn't getting anywhere
inmy plan for alife's career. | read Sonmerset Maugham s O
Human Bondage and | had dinner with George and El eanor Weel er
fell ow students whose famly had a fruit farmin the Col unbia

Ri ver Valley in Washington. |In Maugham s hero Philip' s rel ease
froma cruel infatuation by a summer of carefree farmwork, | saw
a way for ne to take the advice of a psychiatrist that I'd been
seeing to mani pul ate ny environnment by follow ng anot her doctor
I'd been seeing's advice that | spend a sunmer away from
intellectual activity. Wwen | nentioned ny idea of a sumer of
farmwork to George and El eanor Weel er, he kindly arranged for
me to help in his famly's orchards by doing sone of the sunmmer
wor k he woul d have done had he not been obliged to remain at the
University of Chicago. So | decided to hitchhike to the farm on
the Col unbia River in Washi ngton owned by George's grandnot her,
Mary Shaw." | know that this is a | ot of detail

BOHNING That's fine. |It's fascinating

BENEDI CT: It's such an interesting and hel pful experience, so |
amgoing to read you a bit nore.
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BOHANI NG Pl ease do

BENEDI CT: This is better than ny sixty-year-later nenory. Quite
incidentally, Mary Shaw was the nane of ny subsequent wife's own
grandnot her. [laughter] O course, at that tinme | didn't know

anyt hing about that. "I asked nmy parents to send nme a rubber
poncho, arny bl anket, and knapsack | had used at canp ten years
ago. | packed it with work clothes, a sweater, a spare pair of

shoes, soap, shaving gear, a toothbrush and toothpaste.

ordered a copy of [John Maynard] Keynes's A Treatise on
Probability to be sent to nme in Washington for sumrer reading."
[l aught er]

"Early on the norning of July 7," this was 1931, "I
shoul dered ny knapsack and took the Chicago el evated through its
western termnus in Western Springs. | waited for a ride. In
t hose days hitchhi kers were consi dered safe conpany for
notorists, and east of the Rockies | had no trouble getting
rides. | spent the first night in Cedar Rapids, lowa, where a
kind farmfam |y gave nme a sunptuous handout for ten cents and
allowed ne to spread ny poncho and bl anket in their hayloft. |
spent the second night, July 8, on the ground in a park in Omha,
Nebraska and the third night, July 9, in a tourist canp in North
Platte, Nebraska, where | got sone soon to be useful advice on
how to hop a ride on a freight train." [laughter] "After North
Platte, the country was wilder and rides were harder to come by.
In desperation | went to the railroad yards, where a freight
train was bei ng made up, and clinbed aboard between two boxcars."
[laughter] What a crazy thing to do. "I traveled 110 mles that
way until | was discovered and ordered off at the next stop. |
rode the last sixty mles to Cheyenne on July 10 with a mulatto
in an asthmatic nodel T whom | felt sure would have held ne up
had | not assured himthat 1'd ride with himagain the next day
after getting ten dollars |I expected at the post office.”
[l aught er]

"On July 11 | was able to get only one ride, and that only
fifty-one mles to Larame. There had been so many hol dups t hat
no one wanted to pick up strangers in that sparsely settled
country. On July 12 | waited all day on the outskirts of Laram e
for a ride across the Wom ng badl ands, but notorists woul dn't
gi ve strangers a ride across that wild country. By late
afternoon, four of us were still waiting for a ride. One of the
men, Shorty Arnbruster, was an experienced hobo. He had been a
brakeman on a railroad until his wife died. He suggested that we
join himand hop a ride on a westbound freight. | bought sone
oranges and went with Shorty and the others after dark to the
railroad yards where a westbound freight train was bei ng nade up.
Wth Shorty's advice on howto avoid railroad dicks, we clinbed
into the enpty conpartnent at the end of a refrigerator car that
woul d hold ice when in service, pulled down the hatch, and waited
for the train to start. Fortunately, our conpartnment wasn't
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I nspected and after m dnight the car was coupled to the train and
we started of f—hopefully bound west. When we were well on our
way, we opened the hatch, saw the |last quarter nmoon on our left,
and knew we were headed in the right direction.” [|aughter]

["msorry, but | just have to read you sone nore of this.
"After | shared ny oranges Shorty passed around sone Lighthouse
religious tracts, one of which quoted fromthe Rubaiyat [of QOmar

Khayyani :

"Earth could not answer; nor the Seas that nourn
In flowing Purple, of their Lord forlorn;

Nor rolling Heaven, with all his Signs reveal'd
And hi dden by the sleeve of Night and Morn.'"

That suited ny nelancholy nood very well. [laughter] "At
the next division point, Geen Rver, the train stopped for what
seenmed forever and we were afraid we'd have to | eave our ride,
but it started again. In the norning, when we cane down fromthe
desol at e Wasatch Mountains into the green, irrigated farmn and
around Ogden, Utah, we knew what Bri gham Young neant when he said
to his little band of Mornon followers, 'This is the land." |
left the train in Ogden and went to a cafeteria for ny first neal
in twenty hours. The raspberries and cream and beef stew were
the best food |I'd ever tasted.

On July 14 1 got aride with a farner in a nodel T Ford
truck to a farmwhere the irrigated | and gave way to sagebrush
and desert." This was in southern Washington state. "Again,
rides were scarce. Finally | decided that I mght as well walk
to the next town, and started down the hot road. Soon | cane
upon a car whose |lady driver was having trouble changing a fl at
tire. Despite the mstrustful objections of her twelve-year-old
son, the lady, Ms. Henry East from Houston, allowed ne to change

the tire and offered me a ride west with them | convinced them
t hat Baker, Oregon, woul d be a good place for themto spend the
night. | didn't tell themthat | had a letter of introduction to

a friend of ny grandnother in Baker and that it would be a good
place for ne, too. At Baker | had a cordial reception from
grandma's friends, the Hoskins, who kindly gave ne a bed and bath

for night." Nowlisten to this. "I told them about my travel
adventures and had what was for ne a new experience, the w de-
eyed interest of their teen-aged daughter." [laughter] "In the

morning on July 15 | drove east to Umatilla, Oregon, took a car
ferry there across the wi de Colunbia, and rode with themto
Pasco, Washi ngton, where our routes diverged. One nore ride took
me as far as Richland, Washington. R chland, on the west bank of
the Colunbia, was thirty mles south of Hanford and three niles
south of White Bluffs, where the Wheelers lived. Rides were
scarce across the unirrigated desert between Ri chland and
Hanford, so | decided to spend the night in R chland and to take
the bus the next norning to Hanford."
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BOHNING Isn't that the sane Hanford where the plant is now?

BENEDI CT: That's the plant 1"mcomng to. WIlIl, I'"'mgoing to
read you sone nore of it because it was all so unexpected and so
interesting and it's still so vivid in ny nenory. "lIn 1931, |ong

bef ore the Manhattan Project, Richland,” (which was the
headquarters for that branch of the Atom c Energy Conmm ssion
years later), "was a sleepy little town with a grocery, a
hardware store, and a post office on the main street near the
river and just a few houses with irrigated fields on a side
street running west. | wal ked dowmn the side street to its end

| ooking for an enpty field to sleep in. A sunburned, frail old
| ady stopped ne and asked what | wanted. Wien | told her that |
was | ooking for a place to sleep, she asked nme to wait until her
husband canme in fromirrigating and she would see. M. Messur
was equally old, frail and sunburned, and kindly invited ne to
sleep on the alfalfa in their barn. W spent a pleasant evening
talking. Their son had managed a departnent store in Laram e,

where | had stopped on ny trip west. 1In the norning they invited
nme to have breakfast with them gave ne a carnation to wear, and
told nme to cone back soon. | thanked themwarnmy and insisted on
paying themfor their hospitality. | wi shed |I could have

rewarded the Messurs as the gods did Pyranus and Thisbe." Are
you fam liar with Pyramus and Thi sbe?

BOHNI NG No, I|"'mafraid |I'm not.

BENEDI CT: Well, it is a story in Geek nythol ogy where one of
the gods di sguised hinself as a human and went around | ooking for
some honest and consi derate hunans. He found Pyramus and Thi sbe,
who were an inpoverished G eek peasant couple who took himin and
befriended him so as a reward, he assured them of an imortal
life in the hereafter.

"On July 16, 1931, | spoiled nmy record of free
transportation by paying two dollars and fifty cents for the bus
ride fromRichland to Hanford." [laughter] "There, M. Weeler,
who was the father of George and El eanor, ny student friends in
Chicago, net me with his nodel T truck and drove ne the |ast
three mles to the Shaw fruit farm"”

[ END OF TAPE, SIDE 3]

BENEDI CT: "I couldn't have cone to a better place for a happy,
heal t hy sumrer. The Weel er household was a matriarchy presided
over by George's grandnother, Mary Shaw, the w dow of the man who
started the farm" Let ne stop parenthetically here to tell you
that when | nmet ny wife Marjorie Benedict, | discovered that her
grandnot her' s mai den name was al so Mary Shaw. [l aughter] It
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seened |i ke a strange coincidence. "She was a Scotch | ady cl ose
to eighty years old wwth a strength and wit rarely found in one
so old. Her son-in-law, Frank N. \Wueeler, did nost of the work
around the farm He had been a bricklayer in Tacoma who cane out
to the desert country when his health failed. He was a bl uff,
hearty, sensitive, well-educated nman, but a rabid socialist who
preferred the news in Oscar Aneringer's The Anerican CGuardian to
the Seattle Post Intelligencer, the |ocal newspaper. Ms.

Wheel er, Jeanne, was a quiet, efficient, cheerful wonan, who

hel ped her nother keep house and supervise work in the fruit
packi ng shed. Three of the Wheelers' six children were on the
farmthat summer—Hel en, fifteen; Donal d, seventeen; and Rose,
twenty-four. Rose and her husband, Wit Mreford, and the three
sweet Wieel er grandchildren lived in a bungal ow on a farm near
the river. The rest of the famly lived in Ms. Shaw s three-
story house at the other end of the farm"

There's a description in here of the farmthat 1'I1l skip.
"The Wheel er |and sloped gently down to the beautifully clear,
bl ue, cold Colunbia River, which flowed majestically by." Are
you famliar with that part of the world? Have you been up
t here?

BOHNING  No, |'ve never been up there

BENEDI CT: Then I'll read this. "The contrast with the | ush,
green, irrigated farm and was unforgettable. Al day |long the
sun beaned down fromthe clear, piercing blue sky. Sunrises and
sunsets were perpetual surprises. On exceptionally clear days we
coul d see snowcovered Muwunt Rainier, a hundred mles west, pink
in the early norning sunlight.” Oh, what a scene!

"The days were hot. But there was a dry breeze and the
ni ghts were cool and dewl ess. | was confortable sleeping out of
doors on ny poncho on the farms alfalfa pile. | was there for
three nonths and I wasn't rained on one night.

We wor ked six days a week and on Sunday we rested, read or
swam | |earned how to harness and drive a team of horses, crank
and drive a nodel-T Ford, run a sprayer, and pick and pack fruit
wi t hout bruising it. On a typical workday, | was awakened at
five-thirty by a rooster crowing in the trees over ny haystack.
After a swmin the nearby river, | had a hearty breakfast at
six-thirty and started work at seven. Dinner was served at noon
and we rested or read during the mdday heat until two in the
afternoon. We worked until six sharp when we had supper, and
wor ked until dusk. After that | had another short sw m and went
to the haystack at nine-thirty.

Wrk was varied. On one day | dug a hole for a power pole.
On another | weeded the strawberry patch; | also pitched hay.
During July and August, while the fruit was maturing, nost of
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Donal d's and my tinme was spent spraying fruit. During harvest
time | picked fruit fromtall |adders, putting delicate peaches

i nto baskets and stronger apples into bags on ny shoul ders. |

hel ped Ms. Weeler run fruit through the washer, sorted it by
size and packed it lovingly in a geonetric array in boxes. On
Sundays and in the evenings the Weeler children, their nei ghbor
friends and I would picnic, sing around a bonfire, or go sw mm ng
inthe river. | enjoyed the conpany of Louise Shin, a neighbor's
daughter, and jokingly called her "the light of ny life." On
Sunday Donald and | rode across the river, clinbed the steep
bluffs and hunted for rattlesnakes in the desert." [laughter]
"Shortly before the end of summer, to climx ny adventures, |
swam across the Colunbia"—that's a good mle, and a strong
current—whil e one of the local son-in-laws rowed beside ne for a
rescue that wasn't needed. Because of the swift current I
touched the west bank three mles below where |I left the east.”
[laughter] "The Weel ers had a good assortnent of books and a
Victrola with sonme fine old recordings. M nost vivid
recollection is of listening to 3 adys Swarthout sing 'Che faro
senza Euridice? ['What shall | do without Euridice? ] from
[Christoph WIlibald Ritter von] Quck's Ofeo [ed Euridice] and
t hen going outside to see noonlight on the far-off hills with the
haunti ng nmel ody running through ny mnd." Are you famliar with
t hat ?

BOHNI NG Yes.

BENEDI CT: It's a beautiful aria.

"By the end of August nost of the fruit had been harvested
and it was tinme for ne to |l eave. Two nonths of carefree, healthy
wor k had nade nme strong in body and sound in mnd. M adventures
in traveling across the continent and becom ng a productive
farmhand gave ne a self-confidence that, in a sense, nmade a nan
of me. M black noods were gone forever. W thout nuch conscious

effort to reach a decision, I knew that | was destined to be a
chem st, and that even though the world m ght have nore need of a
soci al scientist, that was not ny bent. 1In addition to the

personal well-being the Weel ers gave ne, they showed ne a kind
of American |ife now fast disappearing—the famly farm Even

t hough the Wheel ers scarcely stayed solvent financially, they |led
a heal thy, productive, self-reliant life in beautiful

surroundings. | didn't exaggerate when | wote ny parents that
Wiite Bluffs was "a little bit of Eden,' and that my summer there
"will always be a bright spot innmy life."" And indeed it was.

BOHNI NG That's excell ent.
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BENEDI CT: Well, there's a sequel to this that's very poignant.
Geor ge Wheel er was an econom st, and when the war started, there
was an agency in Washington that was set up to sort of streanline
American industries for the nost efficient productions in the
conduct of the war. He went to work for that agency, whose nane
| can't renmenber. That led himinto governnent service of
various sorts. He was subsequently assigned to be the econom c
attaché after the war at the U S. enbassy in Prague, the capital
of Czechosl ovakia. And while there, and | don't know if the fact
that he had tenporarily joined the communi st party earlier in
life or sonething—at any rate it led to his either actually
being fired fromhis job or his being insecure and know ng t hat
he woul d lose his job. So he defected to the Soviet Union and
wrote sonme kind of a letter that was w dely publicized,
criticizing the U S. government for its conduct of the war and
show ng that he was far nore synpathetic to the Russian way of
life than he was to the U S. way of |ife.

| was horribly afraid that ny application for clearance by
the U S. Atom c Energy Comm ssion would be denied when it was
found that | had been a friend of George Wheeler and that | had
worked for his parents' fruit farmin Washi ngton where his father
was a rabid socialist. [laughter] |, of course, had told the
interviewers for nmy clearance all the places that | had worked,
but I hadn't nmentioned the fact that M. \Weeler was a socialist
or that his son had defected to the Soviet Union. [laughter] |
had just accepted this job at MT with the expectation that I
woul d use ny previous enploynent by the Atom ¢ Energy Comm ssion
and nmy security clearance to obtain a personal know edge of
classified technol ogy, which | would then nentally declassify to
the extent of witing sonme notes, which | would then submt for
cl earance before teaching ny class. But at any rate, MT hired
me because | had this contact with the Atom c Energy Comm ssion
as prior enploynment there, and access to classified informtion,
even though | wasn't allowed to use it in teaching. The Weeler
defection occurred just after | had reported to work at MT. |
was living in nortal terror that the very diligent investigators
woul d di scover that the Weelers for whom | had worked in the
state of Washington were the parents of the George Weel er who
was then in the newspapers as a governnent official who had
defected to the Soviet Union. [laughter] M wfe knew what was
bot hering ne, and she did sonething that woul d never have
occurred to ne, and which was very kind of her—she served ne a
good, stiff drink. [laughter] But the governnent never found out
that ny farmenploynent in the state of Washington had been as
the result of a friendship with a guy who had given up the U S
di pl omatic service in favor of alifelong exile to the Sovi et
Union. The coincidences that occur in a person's life!

BOHNI NG Yes.
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BENEDI CT:  You know, if you live as long as | have, all sorts of
t hese strange things happen.

BOHNING Did you ever have any contact with himafter he
defected, in later years?

BENEDI CT: | did nmake a business trip to Czechosl ovaki a once.
was in Prague and | | ooked in the tel ephone directory for George
Wheel er, but | can't renenber whether | found his nanme or not.

At any rate, | never had any further direct contact with him |
|l ost track of himaltogether. He was a brilliant man; it's just
a shame that he couldn't use his talents in this country.

BOHNI NG How did you decide on MT in 1931?

BENEDI CT: Well, | was working in Washington state as | told you,
and had the opportunity to get my wits back together again. The
realization that | should study chem stry rather than econom cs
led ne to realize that | needed to go to a school where | could
get a better education in chem stry—physical chem stry—than |'d
had at Cornell. M/ brother, Bill [WIliam$S.] Benedict, had gone
directly fromCornell to MT and was studyi ng physical chem stry
there, so it seened a natural thing to do to go there also. That
was, of course, one of the best involuntary decisions that | ever
made, because it was ny MT education in chem cal thernodynam cs
that enabled nme to do the professional work that gave ne a

prof essi onal reputation.

BOHNI NG Can you tell ne sonething about that M T departnent?
You were in chem stry, not chem cal engineering?

BENEDI CT: That's right.

Well, the chemi stry departnment for the first year | was
there was under the directorship of Frederick G Keyes. Let ne
read sonme nore. "The first year | was there, | registered for

four courses, three of which were absolutely splendid. The
fourth, The Kinetic Theory of Gases, was taught by Frederick G
Keyes, the head of the departnent, whose adm nistrative duties
didn't give himenough time to present class material properly.
| took advanced cal cul us, taught by Jesse Dougl as, a shy,
brilliant mathematician who made infinite series and multiple
integrals crystal clear. | wote of his class, 'I'mjust

begi nning to di scover what mathematics really is, and I'm

| earning with regard to mat hematics what | suspected of nost of
everything | had been taught at Cornell, that | had been taught
only what soneone thought |I would need in the usual pursuit of
chem stry, instead of teaching anything for its own sake.'"
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VWhi ch was perfectly true. "John [C arke] Slater, head of the
physics departnent, gave lectures in Introduction to Theoreti cal
Physics that were perfectly organized and introduced ne to the
beauti es of Lagrange's equations in nechanics and Maxwel |'s
equations in electricity and magnetism™ That first year at MT
really was a turning point in nmy ow professional education.

"Best of all were Louis [J.] Gllespie' s inspiring | ectures on

t her rodynam cs and chem stry." Have you ever heard of G Il espie?

BOHAHNING No, I'mafraid | haven't.

BENEDI CT: He was an unusually brilliant and versatile man. "The
text was J. WIllard G bbs's "Equilibrium of Heterogeneous
Subst ances” (8). Do you know t hat ?

BOHNI NG Yes.

BENEDI CT: "G llespie led us through that classic paper page by
page. It was wonderful. It was ny first experience with reading
a text where every word counted, and where you knew if you
studi ed | ong enough, that you would fully grasp the author's
meani ng. That class, nore than anything else, provided the tools
| needed for the successful research I did on ny first inportant

i ndustrial assignnment six years later."” (Which was the

devel opnent of the Benedict-Wbb-Rubin equation of state.) "In
the spring term1 took the second part of Slater's Theoretical
Physics lectures, and L. H Rice's class in Mdern Al gebra. The
latter's treatnent of line integrals, determ nants, and matrices
were al so useful in my subsequent research. | started research
on ny master's thesis, which was a small part of an extensive,

mul ti-year, many-student research programdirected by Professor
James A. Beattie, on precise nethods for nmeasuring Centigrade
tenperatures on the international tenperature scale, and relating
t hese nmeasurenents to the absolute tenperatures required for
strict application of the second | aw of thernodynamics (9). M
research was on an experinmental realization of the fixed points
of the Centigrade scale, which in 1930 were the ice point (the
equi li brium tenperature between ice and water at a pressure of
one atnosphere), and the steam point (the equilibriumtenperature
between water and its vapor pressure at normal atnosphere). M
research consisted of building equi pment and establishing the
fact that they neasured these two tenperatures within the

required precision.” There's lots nore of this, but | don't
think you want all this detail, do you?
BOHNING Yes, I'minterested in the people you were associ at ed

with at MT, and the kind of work that you did.
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BENEDI CT: Well, 1'Il read you sonme nore. "By using the

resi stance of a platinumresistance thernoneter for reference, |
found that it was difficult to reproduce the tenperature of the
ice point as customarily measured by better than a thousandth of
a degree because of the above factors." That was due to the
variation in the baronetric pressure, and the difficulty of
saturating the water with air before conducting the neasurenents.
"By using a specially designed shielded and cl eaned vessel
containing only pure water, pure ice, and water vapor free of al
ot her gases, | found it possible to reproduce the triple point of
water within three ten-thousandths of a degree Centigrade. The
tenperature of the triple point relative to the ice point,

det erm ned by neasuring the change in resistance of a platinum
resi stance thernoneter, | found to be .010, plus or m nus .00005°
Centigrade. | conpared this wth the tenperature difference
between the triple point of pure water and the equilibrium
tenperature of ice in contact with air at atnospheric pressure,
which | cal cul ated by G bbsian thernmodynam cs, and found it to be
. 00990, plus or mnus .00005° Centigrade."

BOHNI NG  What sort of a person was Beattie?

BENEDI CT: That's a good question. |'mnot sure that |'ve
actually witten anything about him but | should have. He was a
rather shy man and it was hard to get to know himwell. He was a
brilliant thernmodynam cist and a very excellent experinentali st

t oo, which was a splendid conmbination for a chemst. He was a
rather indifferent lecturer; he was a rather shy person, and |ike
nyself he didn't speak in a very loud voice, and his | ectures
were kind of hard to assimlate for that reason. G llespie was a
much better |lecturer than Beattie was. But doing experinental
research under Beattie was a splendid education because he was a
master at experinental technology and he taught me how to do
careful research and be accurate in recording the results. It
was really a great education. He was also helpful to ne in
getting ne the National Research Fellowship that | took at
Harvard after | graduated fromMT, where | had the unexpected
good fortune of doing it under Percy Bridgman, whom you doubtl ess
are famliar with, who was both a naster of experinmental research
and a really splendid phil osopher of science. He wote two
books. One of themwas on the philosophy of physics, and the

ot her was on experinmental physics (10). At any rate, he was a
fine person to work under because Beattie had been a very careful
experimental i st using the nost expensive kind of equipnent you
coul d i magi ne—pl ati num resi stance thernoneters and gas
thermoneters and things of that kind. Bridgnman, on the other
hand, was what you mght call a quick and dirty experimentali st.
He was nost ingeni ous at devel opi ng his high-pressure equi pnent,
carried experinents to much hi gher pressures than anybody before
him had, in the sinplest kind of equipnment you could inmagine, and
built on alnobst a shoestring. It was really a splendid

conbi nation to work for Beattie, a precise experinmentalist with
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el aborate equi pnment, and Bridgman, a highly original
experinmentalist with primtive but quite appropriate equi pnent.

BOHNI NG  So your Ph.D. thesis was with Beattie?

BENEDI CT: It was with Beattie on the conparison of the platinum
resi stance thernmonmeter with the gas thernoneter (11).

BOHNING | think that shows up in a nunber of these early
publ i cati ons.

BENEDI CT: That's correct, yes. Well, there's a |ong account in
here of ny research with Beattie that | won't bore you with, but
| do think you'd find it hel pful to have copies of some of this.

BOHNING GCh, yes. At this point were you pretty well set in
your own mind now as to where you were going with your life?

BENEDI CT: Onh, yes, | was going to be a chenmist. And while | was
at MT, | had the good fortune to neet the girl who has been ny
wife now for fifty-six years. Marjorie Oiver Allen was a
graduat e student in physical chem stry who cane to MT a year
after | had cone there and while | was doing research on the gas
thermonmeter in room 6231 on the second floor of the Eastman
Research Laboratory at MT. The chem stry departnent at that
poi nt assigned the students to do research with different

prof essors. The students had no choice init at all. Mrjorie
was assigned to do research with George Scatchard on the freezing
poi nt of aqueous solutions. Her |aboratory was in room 6232,
across the hall frommne at MT. Her research required her to
shave a | arge nunber of pounds of ice everyday in a hand-cranked
ice shaver. | didn't think that was a job for a girl to do, so |
shaved the ice for her. [laughter] That led to our becom ng good
friends, and subsequently, after |I got ny Ph.D. degree and before
she got her Ph.D. degree, we were married and we |lived happily
ever after. Did you neet her briefly this norning?

BOHNI NG Yes.

BENEDI CT: A very happy marri age.

BOHNI NG That's wonder f ul
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BENEDI CT: The fact, of course, that she knew chem stry nmade her
a nmuch nore understandi ng conpani on, when during the war | had to
work fifty-seven hours a week, and the only tine | saw her was
when | cane hone after working at night until nine-thirty or ten
o' clock and having to go directly to bed. So, it's been very

hel pful that she is a chem st.

BOHNING Did she get her Ph.D. subsequently?

BENEDI CT: Oh, yes. She got her Ph.D. with CGeorge Scatchard, and
wor ked for a year and three nonths under Edwi n [Joseph] Cohn at

t he Physical Chem stry Laboratory of the Harvard Medical School,
where she worked on the freezing points of aqueous sol utions.

[ END OF TAPE, SIDE 4]

BENEDI CT: She had a paper published before our first child cane
along (12). [l aughter]

BOHNING | want to tal k about your postdoctoral work, too,
because that al so had sone effect on your going back to work at
Nat i onal Anili ne.

BENEDI CT: That's right.

BOHNING Is that when your first child was born?

BENEDI CT: That's correct, yes.

BOHNI NG What | wanted to | ook at next, was what you did at
Harvard. Did Beattie arrange this?

BENEDI CT: No, he didn't. It was Keyes who urged ne to apply for

the National Research Fellowship. | can't renenber whether ny
wi fe had al ready received her offer of appointnent at the Harvard
Medi cal School or not, but at any rate, | wanted to continue ny

postdoctoral research in Canbridge so that we weren't obliged to
nove. Wether it was just because we had a | ease that hadn't
expired and 1'd have to pay a penalty, ny wife's postdoctora
appoi ntment at Harvard Medi cal school, or whether it was sone

ot her reason, | can't renenber. Watever it was, | thought that
the experience I'd had at MT would prove useful at Harvard.

had an interview with Percy Bridgnman, who had devel oped equi prment
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for studying the properties of gases at high pressures but was
not able to make very accurate neasurenments because his pressure
nmeasuring devices were quite primtive and weren't accurately
calibrated. So | borrowed one of the MT free piston gauges, and
used it to obtain a nore accurate calibration of Bridgman's own
equi prent, and then used that for neasurements of the PVT
properties of nitrogen and argon. | neasured the pressure vol une
tenperature properties of nitrogen and argon at tenperatures
bel ow 25° Centigrade and above their freezing point tenperatures
at pressures up to 6000 atnospheres. W published papers on ny
work on nitrogen (13), but | never got the work on argon witten
up for publication. There are a couple of papers on that |ist

t hat were published on the PVT properties of nitrogen.

BOHNI NG Yes.

BENEDI CT: May | see that list (14)? Yes. This first set of
measurenents were done at pressures that were too | ow to be
nmeasured accurately by Bridgman's rather crude nethod of
nmeasuring pressure, which was a resistance gauge, a nagnet and
wire. So | borrowed fromMT one of their free piston pressure
guages, had that noved up to Harvard, and used that for pressure
measur enment s.

| devel oped a rather ingenious procedure for doing the
density neasurenents. | had to nake it out of nickel because
steel becane brittle at these |ow tenperatures. So | nade a
smal | pressure vessel not nore than a half inch in dianmeter and
three inches tall attached to a nickel capillary tube, which I
silver-sol dered together and then inmmersed in a thernostat at the
appropriate tenperature and pressed nitrogen (I also did
nmeasurenments with argon) into it at pressures that were neasured
on ny free piston pressure gauge. | then sealed off the contents
of this small nickel pressure vessel by clanping shut the snall
ni ckel capillary tube that had connected it to the pressure
gauge, cutting off the capillary and silver soldering the end of
the capillary shut, weighing the assenbl ed nickel and nitrogen or
argon, after it warmed up to roomtenperature, cutting the
capillary, releasing the gas, and then taking the cut end and the
rest of the vessel and weighing it again, getting by difference
then the mass of the nitrogen that had been contained in it. It
was a | aborious, tedious way of proceeding, because | could only
make one neasurenent a day, but in that way | was able to map the
PVT properties of nitrogen and argon at | ower tenperatures than
the rest of Bridgman's equi pmrent woul d have enabled ne to neasure
it. | could get down to the triple point tenperatures of -185°
Centigrade. And those were then published in this paper nunber
three on this list (13).

Then | extended the neasurenents to higher tenperatures.
Using the data | had obtained fromthese neasurenents by a sort
of gravinetric nmethod as a fixed point, | was able to neasure the
change in density fromthat particular condition of tenperature
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and pressure to other pressures and tenperatures between -175°
Centi grade and +200° Centigrade by measuring the notion of a
piston in a piston conpressor. | was able to obtain the relative
specific volunme or relative density to the fixed point that | had
al ready neasured at these |ower tenperatures. That enabled nme
then to publish the densities of nitrogen between -175° and +200°
Centi grade, and pressures between 1000 and 6000 atnospheres.

That got published in 1937 (13).

BOHNI NG Were there any safety problens in working at these very
hi gh pressures?

BENEDI CT: Oh, yes. W had to be very careful. W had what |
guess you could call an explosion barrier if you want to
[laughter], a steel sheet between the equi pnent and where we were
taki ng the nmeasurenents, and conducted everything by control from
outsi de of the steel sheet. But | never had anything bl ow up on
nme. The quantity of gases used was rather small. It's just a
gramor two so that it wouldn't have been a very serious

expl osion, at best. But it was a really splendid experience
because Bridgman was "a master of experinental research” on how
to get pertinent but not necessarily the nost accurate results
with a m ni num anount of specialized equipnent. It was really a
very good experience for ne.

BOHNI NG  How many ot her people were working with Bridgman at
this tine? Was that high pressure | aboratory a big group?

BENEDI CT: It wasn't a big group but there were several other
peopl e there who went on and had em nent careers. One of the
persons who | had worked with and who was by then a postdoctoral
research associate at Harvard was a fellow naned [Al bert] Francis
Birch, who |ater became a professor of geophysics at Harvard and
used many of Bridgman's techniques to neasure the properties of
geot hermal sol utions at high tenperatures and pressures.
Chauncey Starr, who | ater becane a vice president of the Atomc
Energy Research Departnent at North Anerican Aviation, becane a
prom nent figure, and | saw himmany years |ater out in southern
California, when he was with UCLA. These were people that had
prom nent careers in chemstry after that experinmental work with
Bri dgman.

Well, after I had done this work on nitrogen and argon with
Bri dgman and had married, and ny wife had a professiona
appoi ntment at the Harvard Medical School, | didn't want to | eave

the Canbridge vicinity because ny wife would have had to give up
her job at the Harvard Medi cal School, so | was offered a

post doct oral appointnent as a research associate in geophysics by
Prof essor Louis C. Gaton of the Harvard geol ogy departnent, who
was starting research on physical -chem cal properties of
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solutions inmportant in mneral deposition at the conditions deep
in the earth--at high tenperature and high pressure. He had one
man, fornerly a student of Bridgman, who was working for him

nanmed Francis Birch. He's a very em nent Anerican geophysi ci st.

Birch was sort of in charge of a | aboratory which was being
operated for the Harvard Comm ttee on Ceophysical Research,

guess it was called. | better look it up. Here it is. "Wen ny
Nat i onal Research Fell owship with Bridgnman ended on August 1,
1936," ny God, that was fifty-five years ago [laughter], "I noved

to the Gordon McKay Laboratory to start research for Harvard's
Commi ttee on Geophysical Research on solubility rel ations of
aqueous solutions at high tenperatures and pressures. This
commttee was interested in the conditions under which mnerals
m ght be deposited from aqueous solutions at high tenperatures
and pressures, and wanted experinental nethods on the phase

equi l i briumunder these rather difficult conditions.” Well, et
me read a little bit of this. "Theory predicts the existence of
two types of aqueous solutions. |In one type, such as the

solution of quartz and water, the solubility of quartz is so | ow
and the vapor pressure of water is so high that as the
tenperature is raised, critical phenonena occur in which liquid
and vapor phases becone identical in properties. |n another
type, such as potassiumchloride and water, the solubility is so
hi gh and the vapor pressure of the solution so |low that critical
phenonmena do not occur. Wen a m xture of potassiumchloride and
water is heated in a closed vessel under appropriate conditions,
t hree phases--solid potassiumchloride, saturated liquid

sol ution, and vapor--can coexist at all tenperatures between the
eutectic, which is below 0° Centigrade and the nelting point of
pot assi um chl ori de, 770° Centigrade. The system of potassium
chloride and water was the one | selected to prove out the
experinmental equi pnent and the experinental nmethod (15). Later,
t he equi pnent was used by Norman [B.] Keevil and others to
nmeasure systens of greater geol ogical significance," because
nobody cares very nuch about aqueous sol utions of potassium
chloride. 1|'d have been better advised if |1'd have used aqueous
sol utions of sodium chloride because this would be of geol ogic
significance. But the reason | chose potassiumchloride was it
had a higher solubility in water, and | figured that its triple
poi nt tenperature at which vapor, liquid and aqueous sol utions
all occurred simultaneously would be nore nearly within ny
experi nental reach before the equi pment becane too weak because
of its inpaired elastic properties at high tenperatures. At any

rate, | did nmake nmeasurenents on potassium chl oride and water
["lIl show you the triple point curve that we had devel oped, at
least | think I will. This wasn't very smart; | should have

witten the table of contents first.

BOHNI NG Is that paper nunber six (14)?
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BENEDI CT: Yes. Here it is. "W obtained the neasurenents at
these points here, and | was able to chase the tenperature up to
600° Centigrade before the steel becanme too weak to go further.
But | did show that the pressure at which salt, aqueous sol ution,
and vapor were in equilibrium went up through a maxi num and
started down agai n because of the fact that the solubility of

pot assi um chl ori de and water was increasing at such a high rate
that the vapor pressure of the solution stayed below the critical
pressure of water and one could predict that this curve would
continue to the triple point of potassiumchloride in the absence
of water altogether.” It was kind of pioneering research at that
tinme. Later, another fellow cane al ong, Norman Keevil, and

wor ked with many ot her solutions that were nore significant in
geologic interest. But it was good research, and | was able to
use experience |I'd had both with Beattie and with Bridgman to
conduct the research successfully.

BOHNI NG On some of the other things you' ve done you al so show a
conbi nati on of both devel opi ng out a process and then designing
the experinmental work and collecting data to verify it.

BENEDI CT: Yes, but | ceased to be an experinentalist, though,
| ong ago. [l aughter]

BOHNING | was going to ask you how you felt, because you're
desi gni ng and buil di ng equi prent before you collect the data.
Did the actual building of and constructing the equi pnent give
you the nost satisfaction?

BENEDI CT: No. | am ashaned to confess that | think I"'mreally
nore at honme with using ny mnd than using ny hands, and nuch of
t he successful experinental work | did was really highly
dependent on very able machinists or professors who knew
experimental techniques, rather than ny own ability as an
experinmentalist. | had a very good machinist at MT naned

Charl es Gall agher, who was a very irascible Irishman, but was
awful Il y good at designing and nmaki ng equi pnent. At Harvard | had
t he assistance of Bridgman's two people. They were nore than
machi ni sts, they were good people who knew how to do experinents
even though they were used normally mainly to make the equi pnent.
A fell ow who was nost hel pful to ne was nanmed Charl es Anes, who
made t he high pressure equi pnment | used to conduct these
experiments on potassiumchloride. For the work on nitrogen,
made my own equi prent because | used Bridgman's pressure guages
and I made ny own small, weight piezoneter.

BOHNING [I'minterested in your |eaving Harvard and goi ng back
to National Aniline.
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BENEDI CT: Well, | guess |I'd better read this to you. "Because
of the addition to our famly and Marjorie's enforced

unenpl oynent..." She had been working previously at the Harvard
Medi cal School and together we had a quite confortable joint

i ncone of sone $4500 a year, but at any rate we needed nore

i ncone than ny own $200 a nonth salary as a research associate in
geophysics at Harvard. "Well, the first opportunity I had for
wor k at higher pay after ny one-year enpl oynent at Harvard ended
on Septenber 1 was an offer from Professor Keyes at MT of a
postdoctoral fellowship to work on | owtenperature calorinetry.
In retrospect, | realize that | made the right decision when |
declined the offer, concluding that I had needed nore diversified
experience than just continuing as a research physical chem st at
a university. | wote Professor [Jacob] Papish at Cornell about
a faculty position at Cornell, and Dr. Leo |. Dana, supervisor of
a former associate of mne at MT, at Linde Air Products Conpany
about an industrial position at their research | aboratories near
Buffalo.” 1'mgoing to read you sone nore of this.

BOHNI NG Sure.

BENEDI CT: " Chauncey Starr reconmended ne for a position in the
Brown Paper Conpany's research |aboratory in Berlin, New
Hanmpshire, where he was tenporarily enployed. 1In a hurried, one-

day trip | drove to Bridgman's sumer hone in the Wite

Mount ains, left with hima manuscript of ny papers on nitrogen,
and had a successful interviewwth Dr. [MIton O] Shur of Brown
Paper Conpany, who offered nme a position doing fundanental
research on the hydration of cellulose at a salary of $250 a
nonth. [laughter] But | had al so made ot her applications. |
made a three-day trip to Ithaca and Buffalo. 1In Ithaca |I had no
success in an application for a teaching position at Cornell. In
Buffalo, | drew a blank with Linde Air Products Conpany, to whom
I'd al so applied for work, but was wel comed royally by Frederick
[H] Kranz, for whom | had fornmerly worked at the Nati onal
Ani | ine and Chenical Conpany. Kranz insisted that | see Dr.
[Wesley] Mnnis, then director of research for National Aniline.
He offered me a position in National's research | aboratory at
$275 a nonth, which was $75 nore than | was naking at Harvard, to
do fundanental research on the kinetics of oxidation of benzene
to mal eic anhydride in an attenpt to inprove the yield of that
Nati onal research product. On ny return home, ny wife and |

wei ghed the pros and cons of ny two job offers. To work in
Berlin near the Wiite Muntains woul d be nuch pleasanter than in
grubby Buffalo [laughter], but Berlin was professionally

i sol ated, cellul ose chem stry wasn't exactly ny dish, and the

hi gher National salary was a factor. So we decided to shuffle
off to Buffalo." [laughter]

[ END OF TAPE, SIDE 5]



BENEDICT: I'mglad | wote this up because | couldn't make it
nearly so detailed or colorful in just a casual nenory. "l gave
Harvard notice on August 1." This was 1937. "I was di sappointed
that after three years of splendid advanced education at MT and
two and a half years of productive research at Harvard, the nost
prom sing job I could get was with the conpany that | m ght have
been working for all along if | hadn't have gone to graduate
school ." [laughter] "In md-August we closed our apartnent in
Ware Hall, put our furniture in storage and took a twenty-five
day vacation. W drove with our daughter Mary to Cayuga, where
showed Mary to her admiring maternal grandparents, |eft our car
there and with Mary travel ed to Lake Linden by train, where she
was nmet by her paternal, Benedict, grandparents."” After our
vacation in Mchigan | rented a roomin Canbridge. | did spend
si x weeks at Harvard conpleting the successful runs on potassium
chl oride solutions that I showed you the reprint of. "Professor
Graton, for whom| worked at Harvard, was sorry to have ne | eave,
but understood the financial circunstances that |ed me to change
jobs. Happily, the work | started on, high-tenperature aqueous
solutions, was carried nmuch farther later by a fell ow naned
Norman Keevil. Finally at the end of Septenber, six productive
years in Canbridge cane to an end. | said goodbye to ny friends,
took the train to Cayuga, picked up Marjorie and Mary, ny
daughter, and drove off to the next chapter in our lives in
Buf f al o.

Marjorie had rented us a new hone at 150 Anderson Pl ace for
$67.50 a nonth." [laughter] That was a | ot of noney in those
days. "On the second floor of a house just converted into a two-
story duplex we had the luxury of living room dining room
kitchen, two bedroons and enclosed front porch. As we hoped to
have a live-in maid, Marjorie had obtained furniture for a second
bedroom from her famly and had purchased a crib for Mary. The
rest of our furniture, which had been tenporarily in storage, was
scheduled to arrive shortly after us.

Qur entry into our new home was not auspicious. Qur
uncooperative landlord, M. Wlkin, hadn't turned on the heat and
nost of the apartment was bare. Mary nust have sensed the
desol ation, for she erupted in uncharacteristic wails."
[laughter] "Wien we got M. Wl kin to fire up the furnace, we
found that he used the cheapest soft coal. Wen our furniture
arrived on the sane day we did, Marjorie nmade our new curtains
and we were soon settled in the nbost spacious home we had ever
enjoyed. Wth our new affluence we decided we could afford a
live-in, part-tinme maid who would help Marjorie get dinner and
babysit Mary in the evening. W had the good fortune to find
Ms. Haley, a kindly wi dow who worked for a dry cl eaner days and

was glad to make her hone with us. | wote, '"Ms. Haley is a
jewel, a pearl of great price and worthy of better things than
working for us for a dollar a week and board.' |'m ashaned now

to think of that dollar per week." [laughter] Do you want to
know about ny research at National ?
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BOHNI NG Yes.

BENEDI CT: "At National ny research |laboratory was in a new

buil ding on the east side of Abbott Road used for control and
research on new catal ytic processes National was introducing. |
worked for M. C [Carolus] S. Wodwell, who was in charge of the
catalytic departnent. This departnent was already in |arge-scale
producti on of phthalic anhydride nade by oxidi zi ng napht hal ene
vapor with air over a vanadi um pentoxi de catal yst. National was
just starting production of maleic anhydride nade by oxidi zi ng
benzene, al so over a vanadi um pent oxi de catal yst. Wereas the
yiel d of phthalic anhydride was high, that of maleic anhydride
was much | ower, with apparently unavoi dabl e production of several
by- products. M assignnent was to study the kinetics of the

oxi dati on of benzene by neasuring the rate at which the severa
oxi dation reactions took place over different catalysts, in the
hope that a catal yst could be found which woul d sel ectively
produce nmal ei ¢ anhydri de.

| had the help of a good anal ytical |aboratory, was assigned
a capabl e chemi st assistant, Don G eeves, and could depend on the
ni ght wat chman, M. Collope, to nmaintain operating conditions in
runs that | asted over the night. The experinmental technique I
used was to pass a m xture of benzene vapor and air at a set rate
and tenperature in a series of runs over catal yst beds of
progressively greater length, while determining the yield of
unreacted benzene, internediate products hydroqui none and
benzoqui none, by-product fumaric acid, the desired product naleic
anhydride, and carbon dioxide. | devel oped and sol ved the first
order differential equations expressing the rate at which the
di fferent reactions took place as a function of residence tine
over the catalyst and used the rate constants to characterize the
various catalysts tested and find the residence tine and
tenperature resulting in the highest yield of naleic anhydride.
It was straightforward, but rather unimaginative, chem cal
ki netics research

In early Decenber | returned to Canbridge to give a report
on ny past year's work on potassiumchloride solutions to
Harvard's Commttee on Geophysical Research. M/ lecture with
nunmerous slides was well received by professors G aton, Bridgnman,
[Harl ow] Shapley, [Reginald A ] Daly, [George B.] Kistiakowsky
and Birch, friends Blaney [Ernest B.] Dane and Denni son Bancroft,
and Norman Keevil and Dave [David R ] Briggs, who were continuing
ny type of research with other substances. Professor G aton
arranged for publication of ny paper on this work in the Journal
of CGeology (15)."

BOHNI NG  But you were at National Aniline not even a year before
you noved on to Kell ogg.

36



BENEDI CT: That is correct. And the reasons for that are stated
| ater here. "By January, we felt happily and pernmanently settled
in Buffalo. But on January 20 | had a totally unexpected letter
fromHoward Dimmig, director of research for the M W Kell ogg
Company, asking if | would be interested in a position
undert aki ng research on liquid vapor equilibria of hydrocarbon
m xtures. Professors Beattie and Keyes had apparently
reconmended ne highly for the position. After | asked Dimrmig for
nore information, he wote that the position would invol ve

pl anni ng research to be done under fell owships by graduate
students at MT and Caltech, directing additional research in
Kel 1 ogg' s petrol eumresearch | aboratory in Jersey City, and
correlating all the data to provide Kell ogg and associ ated oi
conpanies with nmeans for predicting the behavior of hydrocarbon
m xtures and hi gh-pressure distillation colums. As | could see
that the thernodynamics | had | earned at MT and the high-
pressure techniques | had used at Harvard woul d be directly
relevant, | was interested and went to New York and Jersey City
for interviews on February 5. There | learned fromD nm g that
Kel l ogg had a wel | - equi pped research | aboratory and library in
Jersey City, and that the research woul d be adequately funded by
Pol yneri zati on Process Corporation, abbreviated POLYCO a
consortium of Kellogg, the Standard G| Conpany of Indiana, the
Phillips Petrol eum Conpany, and the Texas Conpany. Those
conpani es had found that at the higher pressures then being used
to produce gasoline by catalytic polynerization, the sinple

| deal -sol ution relations accurate enough for designing | ow
pressure distillation colums broke down conpletely. A salary of
$300 per nonth was nore than the $275 National Research was
paying nme. Marjorie went with ne to New York to | ook for

housi ng. Friends suggested we consider living in Radburn in
Bergen County, New Jersey, because of convenient rail comuter

service to Jersey City." Are you famliar with Radburn at all?
BOHNING No. | know the area, but | don't know that town.

BENEDI CT: It was one of the first nodel communities; it was a
pl anned community. Well, | wote that here. "Wen he drove us

there, we found that Radburn was a pleasant, rural, planned nodel
community, one of the first in this country. W |iked the
country setting, the community center, the stores, the sw mm ng
pool, and the tennis courts, and nade a $25 down paynent on one
month's rent and $55 for the vertical, two-story and basenent
half of a two-fam |y attached brick house at 23 Randol ph Terrace
and decided to take the Kellogg job to start work on March 21,
1938."
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BOHNING And this is where the Benedict-Wbb-Rubin equati on cane
i n.

BENEDI CT: That is correct, yes. Do you want any of the living
acconodati ons there?

BOHNI NG Sure.

BENEDI CT: "W persuaded M. Wl kin, our landlord in Buffalo, to
cancel our lease with a $100 penalty, and our maid Ms. Hal ey
went to live and work for nmy National Aniline enployer Frederick
Kranz. On March 24, the novers took our effects from 150
Anderson Pl ace, and we drove off with Mary beside us and her baby
carriage in the runble seat. W spent that night in Cayuga with
Marjorie's parents and drove to New Jersey on Saturday through

I thaca and Binghanton. It was a cold, dark day wth occasi onal
hai |l storns and we were del ayed by several detours so that we were
three hours late arriving for our appointnent with the novers.
Fortunately, an agent had let theminto our house and they were
busi |y unl oading our furniture. The electricity and gas had been
turned on and the ton of coal my brother had ordered for us was
in the basenment coal bin. After grubby Buffalo, living in
Radburn seened idyllic. Qur house was at the east end of the
built-up section of the town and | ooked out on tennis courts and
swi mm ng pool and beyond them fields and woods. The conmunity
center and essential stores were within wal king distance, as was
the station on the Bergen County branch of the Erie Railroad,
which ran conmmuter trains to Jersey GCty, where ny enpl oynent

was. Al though the soil of our yard was poor, it supported grass
and shrubs, and a few spring bulbs Ieft by previous renters soon
gave us flowers. W could see the top of the Enpire State

Building fifteen mles away fromour front porch. | found
commuting by rail, which | have since done for over fifty years,
very pleasant and productive." Incidentally, when | go back to
Massachusetts in the summer, | still commute daily into MT,
where MT is still providing ne with an office and a secretary

for witing nore of this personal history.

BOHNI NG  \Where do you conmute from when you go into MT?

BENEDI CT: Wyl and, Massachusetts. | use the railroad station at
Wl lesley Farns. Are you famliar with that geography?

BOHNI NG | lived in Cohasset on the south shore for severa
years.
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BENEDI CT: Ch, Cohasset's on the south shore. Did you commute to
the South Station?

BOHNING No, | drove in on the Southeast Expressway.

BENEDI CT:  You nmade a bad choice. [laughter] Comuting by rai

is much nore satisfactory, I've found. "I found conmmuting by
rail, which I have done for over fifty years, and still do in the
sumer, very pleasant and productive. The norning ride gave ne
time to plan the day's activities and the evening ride tinme to
sort out what | had | earned during the day. The short wal ks from
hone to the Radburn Station, and fromthe Wstside Station to
Jersey City and the Kellogg Plant at the foot of Danforth Avenue
wer e good exercise. The only drawback was ny reluctance to get
up in tine, so that | frequently had to finish ny toast on the
way to the station, to the amusenment of ny Radburn nei ghbors."
[laughter] That's still a problem Now | have to drive to the
station fromhone, and | have to eat the toast with one hand
while | steer the car with the other. [laughter]

"I started work for the petroleumresearch | aboratory of the
M W Kellogg Conpany on Thursday, 31 January." This must have
been 1938. "The conpany had been forned by Mrris W Kell ogg
about thirty years earlier to manufacture steamboilers. |t had
branched out into heat exchangers and distillation towers, sold
equi pnment to oil and chem cal conpanies all over the world, and
designed and built oil refineries and synthetic ammoni a pl ants.
The conpany's main office was in the Transportation Buil ding at
225 Broadway in Manhattan. The Jersey City plant occupi ed about
twenty acres on navigable Newark Bay. It consisted of several
| arge, brick buildings with heavy-duty cranes for fabricating
| arge process equi pnment. There was the pilot plant |aboratory
for denonstrating Kel | ogg-devel oped processes, an excell ent
wel di ng and machi ne shop, a good anal ytical |aboratory, and an
of fice building containing an unexpectedly conplete library of
chem cal books and periodicals.” It was really a splendid
conpany to work for. It was small enough so that you got to know
the supervisors all the way up the line, including the officials
of the conpany, and yet it was productive and advanced enough to
have a good | aboratory and a good research library. So, |
couldn't have done better. "The Jersey City |aboratory staff was
young, dynam c and capable.”™ [|'Il give you the nanes of sone of
ny supervisors. "The librarian, Hungarian M. Vel ossi, was
i nval uable in getting and transl ating obscure periodicals for
nme." To do this equation of state work | needed papers from al
over the worl d—Russia, of course he couldn't translate Japanese,
but Italian and French and German, and he was very hel pful.
"There was an excel l ent pool of male stenographers supervised by
Joe Cal abrese, and Harry [S.] Blunberg directed netallurgica
research. One of ny first assignnents was to visit the Kellogg
offices in New York to | earn what kind of physical-chem cal data
Kellogg and its oil conpany associ ates needed for process design.
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My nentors there were Walter [E.] Lobo and his deputy, Leo
Friend." D d you ever hear of either of those people?

BOHNI NG No, | haven't.

BENEDI CT: Walter Lobo was a brilliant chem cal engi neer—t he
perfect man to put in charge of the conmpany's chem cal data,
collecting, organization. Well, I'll read it. "Walter was a
brilliant, curly-haired chem cal engineer and graduate of MT who

was i n charge of furnace design under the M W Kellogg data
books. Leo Friend produced the nunerous charts and tabl es that
made t he data book one of the nost valuable Kellogg assets.”
Have you ever seen any of these corporate data books?

BOHNI NG No.

BENEDI CT: They are really fantastically valuable. The conpanies
glean the literature and then they condense fromit the
information that's the nost valuable to the conpany and put it in
the formthat the conpany can nost readily use.

BOHNI NG | see.

BENEDI CT: "From Friend and Lobo, | |earned that what Kell ogg and
its associ ates needed for distillation equi pnent design were K-
values. A K-value, | learned, was the ratio of the nole fraction

of a conpound in the vapor phase to the nole fraction of the sane
compound in the liquid phase,” with which the vapor is in
equilibrium If you have a K-value and you know t he conposition
of one phase, you can cal cul ate the conposition of the other
phase just as the appropriate ratio or product. "The reason such
a ratio was used was that at a given tenperature and pressure,
this ratio had been a constant independent of phase conposition.
The problem Kellogg and its associ ates were having was that at

t he higher pressures then starting to be used in oil refineries,”
t hese were above about 40 at nosphere, "K-val ues were no | onger
constant. M/ job was to find a nethod for cal cul ati ng how K-

val ues depended on pressure, tenperature and m xture conposition
fromthe known properties of the pure hydrocarbons nmaking up the
m xture.” The thought was that if you had enough i nformation on
t he pure conpounds, and perhaps a few experinents on the

m xtures, you could forecast what the rest of the properties were
wi t hout having to nmeasure all the properties of all the m xtures
at all conpositions which they could be at.

"Back in Jersey City | was given the inval uabl e assistance

of George Barl ow Webb, who had graduated from M T in chem cal
engi neering; he was well versed in thernodynam cs and
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distillation. W reviewed the literature on thernodynam c
properties of |ight hydrocarbons from nethane t hrough butane that
were the principal conponents of the m xtures for which Kell ogg
and its POLYCO research partners were designing distillation

equi prent. We tabul ated the anmobunt of data then avail able on
l'iquid vapor equilibriumm xtures of these hydrocarbons. The two
U.S. laboratories then nmeasuring |iquid vapor equilibriumwere
the Whiting Research Laboratory of Standard G| Conpany of

I ndiana, and [W N.] Lacey and [Bruce H. ] Sage of the chem ca

engi neering departnent at Caltech. It was decided that | should
visit the Whiting Laboratory of the Indiana conpany, Dr. Carl
Hacknmuth of Phillips, one of the Kellogg partners in this

research, Dr. Donald Katz of the University of M chigan and

Prof essors Sage and Lacey at Caltech to | earn what experi nental
research on liquid vapor equilibriumwas in progress and what
nmet hods of correlating such data m ght be suitable.” So, | took
along trip to Indiana, to Phillips Petroleumin Bartlesville,
Okl ahoma, and to Caltech.

BOHNING Did you see Katz at that tine?

BENEDI CT: Yes, | saw Donald Katz at the University of M chigan.

BOHNI NG Three years ago | did an interview like this with him
(16).

BENEDI CT: Is he still alive and kicking?

BOHNI NG No, he passed away a year ago | ast year

BENEDI CT: Onh, dear, I'msorry to hear that.

"I had a good deal of help froma fell ow naned Webster B
Kay, who was working for the Standard G| Conpany of Indiana, a
man who di d subsequent published research on |liquid vapor
equi li brium and a chap nanmed Wayne C. Edmi ster.” He has witten
a book on chem cal thernodynamcs (17). "Wayne and his |ovely
Russi an-born wi fe Margaret becane lifelong friends, and Webb, who
| ater took his experinmental research to Chio State University,
continued for many years to provide data on ot her hydrocarbon
m xtures that | was able to include in later correlations,” so it
was a very val uabl e associ ation | devel oped through that contact.
| visited Donald Katz at Ann Arbor. "I went to Bartlesville,
Okl ahoma, where | visited Carl Hackmuth at the Phillips Petrol eum
Conpany research laboratory. Hackmuth educated nme on the kind of

data Phillips needed to design equi pnent for recovering propane
and butane from hi gh-pressure natural gas,"” so that |I knew what
pressures and tenperatures were inportant there. "I went out to
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Los Angel es and visited Sage and Lacey at Caltech, where | saw
Sage's inpressive | aboratory set up for neasuring the PVT
properties in liquid vapor equilibriumof hydrocarbon m xtures
and di scussed with himm xtures he'd al ready worked on and the
ones he planned to study, and selected the systens to be
supported by POLYCO' (that was the conpany that was supporting
our research at Kellogg). "W decided that POLYCO woul d support
nmeasurements on pure isobutane and m xtures of nethane and

i sobutane.” And, parenthetically, "Professor Sage and his wife
were very kind to us, and drove us to the sunmt of Munt WI son,
where we | ooked through a sixty-inch telescope.” [laughter] And,
incidentally, let nme show you ny tel escope. This has nothing
whatever to do with our discussion. M wfe gave ne this.

BOHNI NG  Yes, it's a Questar

BENEDI CT: Are you famliar with Questar?

BOHNI NG Sonewhat, yes.

BENEDICT: It's really a three and a half inch, cadiotropic
reflecting tel escope.

BOANING That's excellent.

BENEDI CT: | think I'mtaking too nmuch of your tinme and |I'm not
giving you lunch. What would you |like to do?

BOHNING If you want to take a break, that's fine

BENEDI CT: Al right, why don't we do that.

[ END OF TAPE, SIDE 6]

BOHNI NG You have given ne sone information about Webb, but
don't think you said anything about [Louis C.] Rubin and who
Rubi n was.

BENEDI CT: Rubin was nmy supervisor. He got into it very
indirectly. 1 was hired to work for Kellogg by a vice president
naned Howard Dimm g, who at that tine was the Kell ogg
representative on the Polynerization Process Corporation's

comm ttee of representatives of the conpanies that were funding
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this research, which were the Standard G| Conpany of New Jersey,
the Standard G| Conpany of Indiana, the Phillips Petrol eum
Conmpany, and the M W Kell ogg Conpany. But he was transferred
to the New York office and the directorship of the | aboratory was
changed to Louis C. Rubin, who was ny | aboratory supervisor. |
don't want to sound nean here, but his involvenent was strictly a
matter of conpany policy because he had nothi ng whatever to do
with any of the work. He didn't conceive of it in the first
place. He wasn't the person who oversaw the research, but he was
sinmply ny boss at Kellogg. It was required that when | published
a paper under the Kellogg flag, ny supervisor's name would go on
it also. So Louis C. Rubin becane a coaut hor of our first paper
and of our subsequent papers.

George Webb was a young chem cal engi neering graduate from
M T who joined the Kellogg staff shortly after |I did. Kellogg
was awful |y good about providing all the kinds of help I could
possibly use. It was a marvel ous conpany to work for. They
recogni zed that once | had this idea of correlating the
t her rodynami ¢ properties with what | ater becane known as the
Benedi ct - Webb- Rubi n equati on of state, that | would need help
because there were a | ot of other m xtures—the pure
hydr ocarbons, for that matter—to be tackled in the same way. So
t hey assigned George Webb to work with ne.

They coul dn't have chosen a better man because George was
taciturn and unfl appable. He was Scotch and from New Engl and.
And he undertook the nost tedious, apparently unrewardi ng kinds
of research. | did ny share of it, too, but he was ny ful
partner in that, in |looking up data and in interpolating to the
even val ues of the density or pressure or whatever el se we needed
the data for, and then by ol d-fashi oned hand-cranked cal cul ators,
using the nethod of |east squares, finding the nost suitable
paraneters in the Benedict-Wbb-Rubin equation of state to fit
all these data points.

It was terribly tedious and unrewardi ng work. W spent a
couple of years at it. First we finished the first four norma
hydr ocar bons (nethane, ethane, propane and butane), and we
publ i shed on that (18). Then we extended it to twelve
hydr ocar bons al t oget her, including three ol efi ns—ethyl ene,

I sobut ene and propylene. The other five were isobutane, norm
pent ane, isopentane, normal hexane, and normal heptane (19). W
tried to fit it to the aromati c hydrocarbons such as benzene and
toluene. We struck out there because it doesn't work for them
very well. So we had to limt it to the paraffinic hydrocarbons
and the olefins. But nost of the m xtures that Kell ogg was
dealing with in the distillation separation of |ight hydrocarbon
m xtures didn't get up to six- or seven-atom conpounds, SO we
didn't run into any cyclic conmpounds to speak of. It was very
successful in dealing with paraffins and ol efi ns.
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After that proved so satisfactory, and it was evident to
Kel | ogg that applied physical chem stry was hel pful in solving
many of their problens, | was given a whole series of other
probl ens, which on the whole we solved quite successfully. The
nost interesting to me were the ones dealing with azeotropic and
extractive distillation (20). There | had to arrange to
correlate the properties of m xtures of hydrocarbons with
volatility enhancing agents. For extractive distillation we used
phenol, and for azeotropic distillation we used mnet hanol .

We had it set up to measure |iquid-vapor equilibriumin
ternary m xtures such as nethane, toluene, and nornmal heptane
(21). There we found that the Benedi ct-Wbb-Rubin equation of
state wasn't adequate to deal with it because the non-ideality of
the m xtures required that we not calculate the paraneters in the
equation just fromthose of the pure hydrocarbons. 1In the
equation there were sonme nmulti-suffix paraneters that were
relevant to the m xture but not relevant to pure conpounds.

These had to be determ ned by additional experinental
measurenents on the m xtures thensel ves. But once those
neasurenments were avail abl e, these additional parameters could be
eval uated and the equation was still fairly useful for
correlating the data. | guess the Kellogg Conpany has gone on
and used it in its future work, although I've lost track of it,

of course.

BOHNI NG  Wasn't this problem brought about because of the need
for nmore toluene for TNT as the war effort was devel opi ng.

BENEDI CT: That is correct, yes.

BOHNING Did you not also work on a continuous flow cal orineter?

BENEDI CT: | guess the Kellogg Conpany realized that | had
capabilities that I didn't know | had nysel f, because |'d never
done any continuous flow calorinmetry before at all. It was quite

I mportant in their cracking and reform ng process to know what
the heat duty of the reactors were. They needed information on
the heats of cracking and heats of reform ng of a nunber of the
hydr ocarbons that they were processing. That was before the
Nat i onal Bureau of Standards had conpleted all the fine work that
[ Ferdinand G ] Brickwedde and sonme of his associates had done to
provi de nuch of these data, and they had to be determ ned
experinmental ly.

Even though I'd had no prior experience in calorinetry, |
was assigned the task of getting these data. Fred Keyes fromMT
was a consultant to Kellogg, and he was famliar with work which
one of his and ny MT chem stry professors, Sam [ Sanmuel C. ]
Coll'ins, had done on | owtenperature calorinetry and reconmended
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that a Collins-type, vacuuminsul ated cal orimeter be built for
the experinmental work that we would do in neasuring the heats of
cracking or reform ng for hydrocarbons at tenperatures up to 400°
or 500° Centigrade. | was convinced right fromthe begi nning
that at tenperatures this high the Keyes and Collins type

cal orimeter, which depended on vacuuminsul ati on, wasn't going to
wor k because of radiation heat transfer at these high
tenperatures. They had hired one of Keyes's research assistants
who was a very able | aboratory technician but not a highly
educat ed physical chem st to build a Keyes type, vacuumi nsul at ed
calorimeter to try to nake these nmeasurenents. And the heat

| osses fromthe calorineter at the high tenperatures at which
they operate just swanped the heat effects that they were | ooking
for, and it was obvious that it wasn't going to work.

So | persuaded the conpany to let ne build a fl ow
calorimeter that had some of the best thermal insulation one
coul d have had, on a somewhat |arger scale so that the heat
| osses woul dn't be that serious, a fraction of the heat of
reaction that we were looking for. W built it and operated it
quite successfully on thermal cracking and reform ng processes.
Later we extended it to build a calorinmeter which contained smal
amounts of cracking or reform ng catalysts for catalytic
processes too. That work was done late in ny career at Kell ogg,
just before they took on the wartinme gaseous diffusion project,
and | never had tinme even to negotiate with the conpany for
perm ssion to publish that. So that never got published.

BOHNI NG Before Kellex was forned you also did sonme work on a
di ffusion process with hydrogen, separating hydrogen from gas
m xtures (22).

BENEDI CT: That's right. That's what's known as
serendi pi ty—acci dental, happy results from unexpected chances.
That was after the Kellogg Conpany had found that | was pretty
good at unraveling the basis for various novel separation
processes. The work |I'd done on azeotropic and extractive
distillation sort of solidified ne with the conpany. They

deci ded that they had a need for a process for extracting
hydrogen from the products of cracking, because hydrogen was
subsequent |y needed for hydroform ng or sone other process.

don't renmenber how they got onto the track there. 1'Il have to
consult my aut obi ography here if it goes up that far. "Recovery
of hydrogen fromrefinery gases by mass diffusion.” Yes, here it
is. 1'll read you sonme of this, because it's all pertinent.

"In the sunmer of 1941 | was assigned to a new research
problemwhich indirectly led to ny being given six nonths |ater
the nost significant engi neering devel opnment problemof ny entire
life. M W Kellogg conpany was devel opi ng processes for
cracking or reform ng hydrocarbons which needed an i nexpensive
source of inmpure hydrogen. As hydrogen was a mnor constituent
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of many refinery gas streans, a process was desired that would
extract hydrogen fromthem

"In 1939, C. G Miier of the U S. Bureau of Mnes had
publ i shed an account of his research on a process he proposed for
concentrating hydrogen in gas streans by taking advantage of its
hi gh diffusion coefficient into steam fromwhich it then could
be separated by partial condensation (23). Maier called the
process "atnolysis.” Rubin and [Percival C.] Keith asked nme to
set up equipnment and run it to determ ne how the purity and yield
of hydrogen and consunption of steam depended on the conditions
under which the separation could be conducted. | designed an
apparatus in which one could nmake the appropriate neasurenents
and devel oped a theory for the process and showed how t he degree
of separation of hydrogen from nmet hane could be controlled by the
amount of steamthat was allowed to flowinto the mxture while
t he hydrogen counter-diffused against the steam"™ It proved to
be quite successful in correlating the process.

"But we found that the consunption of steam per unit of
hydr ogen extracted was so high as to nake the process
unattractive under the econom c conditions then prevailing. |
wor ked out enough of the theory of the process to show that this
was a necessary consequence of the diffusion rates, and |
proposed the name 'mass diffusion' for the process by anal ogy
with thermal diffusion, which was by then al ready known as a way
of separating gas m xtures. The conbination of ny assignnment to
this project, the pronpt and definitive though unfavorable result
we secured, and ny choice of the nane 'mass diffusion' was a fine
exanpl e of serendi pity—happy chance.

Six months |ater when Keith was asked by Eger Mirphree, then
chairman of the U S. OSRD, to undertake exploratory research on
t he gaseous diffusion process to produce urani um 235, Keith
concl uded erroneously that my work on mass diffusion nade nme wel |l

qualified to devel op gaseous diffusion."™ [laughter] "In fact,
except for the word diffusion in common, there wasn't the
slightest simlarity between the two processes.” |'ve had nore

dammed good luck in ny life, first neeting ny wife at MT and
then working for Kellogg, Keith, and getting assigned to the
gaseous di ffusion process.

BOHNING | think Kellex was fornmed in 1942, and the war had
started in 1941. Kellex was a subsidiary that was set up
specifically for the Manhattan Project.

BENEDI CT: It started in early 1942, that's correct.

BOHNI NG  You held the title of "head of process devel opnent."
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BENEDI CT: Devel opnent, that is correct. There was also a
process design group that was headed by a fell ow naned Charlie
[Charles C.] King, a very capable chem cal engineer fromMT.

BOHNING | was going to ask you about Ral ph Landau because |'ve
interviewed himrecently (24). He was in sone respects invol ved
at Kel | ex.

BENEDI CT: Yes, but in a very mnor way. He was brought in to
assist in the production of what we subsequently called "specia
chem cals."” These were substances which would not react with
fluorine but which could be used as coolants or lubricants in the
gaseous di ffusion process, in case there was a | eak of the very
strongly fluorinating process gas, uranium hexafluoride, into the
m xture. So his problemwas to devel op efficient processes for
produci ng these hitherto nonexi stent conpounds, such as
perfl uor ohept ane and perfl uoroxyl ene.

Bef ore Ral ph came into the conpany, we in the process
devel opnent section of the conmpany recognized that it would be a
serious | oss of process gas and possibly an expl osion hazard if
ordi nary hydrocarbon coolants were to leak into the process gas,
ur ani um hexafl uori de, which was al nost as strongly fluorinating
as fluorine gas itself. So, having been told that cost was no
obj ect, we recommended that the conpany obtain through the
Manhat t an Proj ect conpounds whi ch had never even been nade
before, but which we assuned woul d exi st, nanely perfl uoroheptane
and perfl uoroxyl ene, respectively, C/F16 and C8F16. W predicted
t hat these conpounds woul d have boiling points sufficiently
different from urani um hexafl uoride, so that if they |eaked into
the process gas, first of all there would be no reaction (which
was an inportant criterion), but secondly that they could be
separated fromit by partial condensation with the recycle of
both the cool ant and the process gas. Wereas if they had
exactly the sane boiling point as urani um hexafl uoride, there
m ght be no opportunity to get them out; they would go al ong and
woul d concentrate, either with the product, which we definitely
didn't want, or with the tails, which would plug up that part of
the pl ant.

So, we | ooked up what was known about the physical
properties of sone of the |ower fluorocarbons. C2F6 was probably
known by then, and C3F8 may have been known. W found out what
the relationship of their boiling point was to those of the
correspondi ng hydrocarbons and we predicted that if C/F16 was
made, it would be the first of the normal fluorocarbons to have a
nol ecul ar wei ght hi gher than that of uranium hexafl uoride and
woul d therefore concentrate in the tails with the U- 238
hexafl uori de. Wereas, if we used one of the lighter
fluorocarbons, it would concentrate with the heads, the product,
and woul d so dilute the gases being processed in that part of the
plant that it would to all intents and purposes plug the
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separating units.

So without these conpounds ever having been nade before, we
specified that for the successful operation of the plant we had
to have two mllion pounds—that was the inventory of coolant in
t he plant—of C7F16. GCeneral [Leslie R] Goves turned the
probl em over to the Du Pont Conpany. | renenber going down to
Wl mngton at his request. It was nore of a suggestion, it
wasn't exactly a demand, but it was a communication that we badly
needed an enornous anmount of a conpound that had never been nade
before. Dr. Harold W Elley, who was the director of research
for Du Pont, didn't bat an eye. He said, "Well, we'll see what
we can do about it." By the tine the plant went into operation
they had the required anount of this conpound that had never been
made before. At first they made it by the reaction of fluorine
wi th heptane, which was a very dangerous reaction. Subsequently
they found new ways wth sone other |ess aggressive fluorinating
agents. And later still, in fact it was a Du Pont suggestion
t hey found that another conmpound, C8F16, which could be nade from
xyl ene, would do just as well and would be easier to meke.

BOHNI NG As head of the process devel opnment group, what were you
responsible for in terns of the K-257?

BENEDI CT: One of ny divisions was responsi ble for the process
design of the plant. That was in charge of Charles C. King, a
very able chem cal engineer fromMT. | was also in charge of
devel opi ng a appropriate theory for the gaseous diffusion
cascade, which was handl ed by a very capabl e theoretical chem st
naned Elliott [W] Mntroll, who went on to a distinguished
career as a theoretical chem cal spectroscopist. Mntroll and
his associ ates, one of whomwas Joe [Joseph] Lehner, devel oped

t he highly advanced and very appropriate mathematical theory of
how a cascade of some four thousand stages would respond to time-
dependent di sturbances in its perfornmnce—whet her a cascade
woul d magni fy the disturbance, leading ultimately to a disruptive
or destructive surge in pressure, or whether the cascade woul d
danp out these fluctuations as it went through successive stages.

The British at that tine had proposed a construction of a
pl ant whi ch had operated at such | ow pressures that it worked in
the | am nar reginme, where viscous flow took place and where their
theorists could prove that the cascade woul d be stabl e because of
the fact that the flowin the viscous flowis proportional to the
square of the pressure difference. Wereas in turbulent flow,
which we had in our plant, the flowis proportional to the first
power of the pressure difference and they were certain that our
cascade woul d be unstabl e because of the fact that disturbances
woul d propagate up the plant instead of going down the plant.
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So we had to develop a neans for stabilizing the flowin the
pl ant, which involved the use of pressure-control valves simlar
to the ones which are used in natural gas plants. The sensor
determ nes the pressure in the plant and there's a val ve whose
control elenent is set to open if the pressure is too high to
relieve the pressure, and to close if the pressure is too lowto
all ow the pressure to build up. W specified that this kind of
control be assigned to the plant. Qur British colleagues, who
wer e enanored of working at very | ow pressures at which | am nar
flow t ook place and at which the cascade would itself be stable,
were convinced that this wouldn't work. The people at Kell ogg
were convinced fromtheir use of pressure control valves and
ot her I ess conplicated equipnent that it would work, but they
needed proof. | was instructed to develop the theory for this
and prove that our systemwould work. | wasn't a theorist and
this called for solution of nultivariable partial differential
equations with tinme dependence and space dependence and a | ot of
other things, and it was no task for ne at all.

[ END OF TAPE, SIDE 7]

BENEDI CT: At that tinme of the war, research mathematici ans were
being drafted for war service. They had very little to
contribute to the production of nmunitions, but they were just the
ri ght people to solve these problens for our conpany. So a
coupl e of very capable and very resourceful people were hired by
the conpany to tackle these problens. One of themwas a

mat hemati ci an, Joseph Lehner, and the other one was a research
physical chem st with a good know edge of mathematical theory,
Elliott Montroll. They solved the equations masterfully and
proved that the control schene that the conpany was proposing to
use would work and would | ead to a stable cascade, which
subsequently proved to be the case. | had practically nothing to
do with that except to tell these fell ows what a gaseous

di ffusion plant consisted of and et themgo to work.

BOHNI NG  But you were at Oak Ridge when it was finally being put
up.

BENEDI CT: Onh, yes, | was down there. First of all, when the

pl ant was under construction | was assigned to describe to the
operating conpany for the plant (Kellogg was the designer), which
was a branch of the Union Carbide conpany call ed Carbi de and
Carbon Chemi cals Corporation, what the rationale was for the
design of the plant and what separation they could anticipate in
the first stages that they built. It was things of that kind
that we made based on very limted separation data that John [R]
Dunni ng and his associ ates had devel oped at Col unbi a University
on pieces of barrier a few square inches in size. W devel oped
correlations that predicted what the effect of pressure and
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tenperature would be on the separation performance of the plant,
specified the conditions of pressure and tenperature under which
the plant should operate, and gave Carbide an estimate of how
many stages were needed, and how the plant would operate
initially, both in steady state and during the start-up period.

When the plant was started up and a building of ten or
twel ve stages was in operation, | was assigned to go down there
at first for limted visits and later for nearly full-tine
enpl oyment to nonitor the start-up of the plant and the
separation performance and to conpare the separation performance
wi th what our predictions were for that part of the plant. It
was very exciting! It was a marvel ous experience for a young
chem cal engineer to be assigned not only to the design of the
plant, but also to be intimately involved with the start-up of
the plant. It's an experience that very few chem cal engineers
get these days because if they're in the design office, they stay
in the design office, and if they're in the operating division,
t hey never see the details of the design and what the reasons
were for making certain design decisions. But in ny case | had
t he unusual advantage of naking both the design decisions and
then seeing where we were right and where we were w ong.

As |'ve witten, it was terribly exciting to be down there
when the plant was started up. The plant's equilibriumtinme was
sone ninety days, or sonething like that, so it would take a
awfully long tinme for the plant to reach its full steady state
I sotopic distribution. But during the start-up stages, things
happened nore quickly than that. It was terribly exciting to see
that as stages cane on the Iine they were beginning to perform
not just as well as we had predicted, but better than we had
predicted. So, there was no doubt that even from operation of
the first hundred or hundred and fifty stages of a four-thousand
stage plant, that the final plant would do the job.

The pl ant was desi gned for one kil ogram of U 235 per day,
and it produced about three, because of the fact that the first
data we had on diffusion barriers were inaccurate for a rather
interesting reason. The first measurenents of separation
performance were nmade with mass spectroneters, from which
measurenments were taken with the isotopic U 235 content of the
gas on one side of the barrier, and of the gas on the other side
of the barrier. They were put through a nmass spectroneter
alternately. First one, say the high-pressure side where the U
238 concentrated, and then the | ow pressure side where the U 235
concentrated. The neasurenents were nmade and separations of
per haps about two-thirds the theoretical separation were
reported, which by the way was only four-tenths of one percent—a
m nuscul e anount.

Vell, it turned out that the mass spectroneter had a nmenory
effect and that it retained sone of the | owenriched materi al
that went into it, in addition to the high-enriched material it
was asked later to analyze, so that it reported a separation that
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was smaller than the real separation. W were very |ucky that
the plant at first designed for one kilogram of U 235 per day,
separated better than we predicted. Not many designers have that
advantage. [laughter] It ultimtely produced sonething |like
three kil ograns per day because the barriers were so nmuch nore
efficient than the limted data which we had been given all owed
us to predict. Another exanple of happy chance.

BOHNI NG You nust have known Al [Alfred O] Nier then

BENEDI CT: Very well. Al N er was not only an associate, but he
was a very good friend and we kept in touch with himfor many
years later. Unfortunately, we've lost track of himlately. W
used to correspond at Christmastine, but we don't anynore and |
don't renmenber just why. He had a very distingui shed subsequent
career at the University of Mnnesota, which was his hone state.

| can't say it was luck, but it was probably good sel ection
on the part of the people on the Manhattan Project that someone
like Nier was assigned to take on the anal ytical problens of the
gaseous diffusion plant and sone of the other isotope separation
pl ants, too, because N er was an absol ute genius for experinental
research. He designed several types of mass spectroneters that
were very inportant in the operation of the plant. The one that
he was brought aboard for first, to analyze the uranium
hexafl uori de at different stages of enrichnment, was an isotope
separation one. But he used his brilliant chem cal experinental
instincts to devel op mass spectroneters to determ ne the chem ca
conposition of the gas—not its isotopic conposition, but the
amount of nitrogen. | guess it was nostly the anmount of nitrogen
that had | eaked into the urani um hexafl uoride because of the use
of nitrogen-seal ed gas conpressors. That was to determ ne when
and where in the plant the side stream would have to be taken off
to extract the nitrogen, because nitrogen being | ower nol ecul ar
wei ght than urani um hexafl uoride, would concentrate in the small
upper stages of the plant and plug the operation of that part of
the pl ant.

Ni er devel oped what were called line recorders, which were
spectroneters specifically designed to quickly determ ne the
nitrogen content of a gas and instruct the people operating the
purgi ng systems, which were located all the way up the cascade,
how nmuch nore gas to process in order to keep the nitrogen
content down. N er was a very inportant factor in the successful
performance of the plant, both as an operating unit, wthout
regard to isotope separation, and also for the determ nation of
how successful it was in producing highly enriched urani um

BOHNI NG  Coul d you coment about sone of the people you
interacted wth during the Manhattan Project? Edward Teller, for
exanpl e.
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BENEDI CT: Onh, yes! [laughter] Oh, boy! Well, I've witten up
some of what |'ve had to do with Edward Teller. Let nme see if |

can find that. |It's better than ny nenory. Oh, dear, |I'mafraid
the chapters that | want are in ny secretary's office in New
York. So I'll have to depend upon nenory.

Tell er was assigned by CGeneral Groves to go around to all of
the materials processing plants and determ ne whether there were
any problens that might lead to a critical nmass. This was, of
course, a quite legitimte concern. W who were designing the
gaseous diffusion plant, for exanple, and | guess even Union
Car bi de who was supposed to operate it, weren't to be given
i nformati on on how to determ ne how nuch U235 at what isotopic
concentration would represent a hazard and what associ ated
materi als such as hydrogen in the nei ghborhood m ght make the
hazard worse. All these things were highly classified in those
days and on the basis of conpartnentalization of information were
not to be distributed indiscrimnately to the individua
contractors of the plant.

Edward Teller was the | eader of this group. He was
instructed to cone and discuss with us the proposed design of the
pl ant and | ook at the fl ow sheets we had devel oped. W nade the
process flow sheets, and the engi neering departnent nade sone
ot her kind of flow sheets that specified the size of pipe that
was to be used to connect the plants, the horsepower of the
conpressors that were to be used, and things of that kind. He
was to determ ne where and whether in the plant the critical nass
of uranium 235 woul d devel op. The Kel l ogg conpany was not to be
given any of this highly classified information because it m ght
teach sonebody in the conpany with the wong kind of clearance
how t o make an at om bonb.

| had the, well, I won't call it a privilege, but I had the
assi gnnment of |eading Edward Teller through all the flow sheets
for the process design of the plant. And Edward Teller was the

nost—wel |, autocratic isn't quite the right word. In ny later
chapters | had an adjective to describe himwhich was better
But he was a knowit-all, and you couldn't tell Edward anyt hing.

[laughter] It was awfully difficult working with him and it was
only because he had a nuch nore able young man also with him
whose nane | can't renenber, that we were able to convey the
right kind of information to himso that he in turn could tell us
where in the plant we'd have to reduce the size of the pipes or
reduce the anount of uranium hexafluoride that was condensed in
cold traps and things of that kind to avoid critical masses

devel oping. He was a very able fellow and a very nice guy.

Oh, here we are. Chapter ten was lent to Carence [A ]
Johnson a year ago. That's why | don't have it. C arence was ny
princi pal colleague at M W Kellogg Conpany. He took charge of
t he experinmental work on separation perfornmance and on corrosion
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and things like that and | took charge of the theoretical work.
But he's got chapter ten and he lives fifty mles north of

Napl es, so I'mnot able to get the chapter for you this
afternoon. [l aughter]

BOHNING Is there anyone else that you had to deal with on a
regul ar basis?

BENEDI CT: Yes. After the design was far enough along so that we
had to transfer the design information to Carbon & Carbi de

Chem cal s Corporation, I went down to Oak R dge. | had a nunber
of val uable contacts with a fellow we called "Bunny" Rucker, and
| can't renenber what his initials were. | think they m ght have

been C. N. Rucker, but everybody called himBunny for sonme reason
or other. He was a very able person. He wasn't the vice
president but he was the person in charge of bringing the plant

into operation. It was a very snooth transition of information
fromthe design people and nyself and others to Rucker and his
operating organization. It worked out very well. It was another

exanple of Groves's ability to plan on getting these things
properly coordinated. Long before the plant started up, while we
were still designing it, I was sent down to Gak Ridge for
progressively |longer periods of time, just to transfer our design
information to the Carbide people, get their reaction upon it,
and feed it back into our design planning. Goves did a

marvel ous job of pulling all that stuff together.

BOHNING Did you neet with himon occasi on?

BENEDI CT: Yes. He was a very sarcastic, autocratic person, but
we devel oped a very high nutual regard for each other. | think
he had a high opinion of what | was doing and | certainly had a
high regard for the success with which he was bringing all these
mracles to take place in a short period of tinme and under
incredibly difficult circunstances, because air travel was
restricted and the materials we needed were only available with
the highest priorities. He did a marvelous job of seeing that
the right things and the right people got to the right place at
the right tine.

BOHNING  You left Kellogg in 1946

BENEDI CT: Wl |, what happened was that | was assigned to work in
OGak Ridge during the start-up of the plant. M boss, P. C

Keith, was a very brilliant and intuitively inspired person who
knew that it would be invaluable for the successful operation of
the plant to have one of the designers go down and work with the
operators, sonething which Kellogg didn't usually do. It was
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val uable for ne professionally to see how all these al nost
guesses or inspired decisions that | nade as a designer of the

pl ant worked out in practice. He had nme assigned to work for the
Uni on Car bi de process devel opnent organi zati on for about the
first six nmonths of the operation of the plant. And, as |'ve
witten in ny autobiography, this was so inspiring and exciting
for me to be down there as the first stages of the plant were in
operation, and to see how they perfornmed, not only as well as we
had predi cted but eventually better than we had predi cted.

BOHNI NG \What happened at Kell ogg when the war ended? D d
Kel l ex stay in existence?

BENEDI CT: Yes, Kellex stayed in existence, but for some reason
the M W Kellogg Conpany didn't want to continue in that |ine of
work. Many of the key people in the Kell ogg organi zation were
transferred to Union Carbide to help Union Carbide with the
start-up of the plant, and | was one of them Some of the other
peopl e in Kell ogg, headed by Al [Albert L.] Baker, who was second
in command to P. C. Keith, decided to formtheir own conpany to
devel op processes of mlitary or advanced technol ogi cal purposes.
Many of us were invited to stay with Kellex, which becane a
separate conpany from Kel |l ogg, and work for Baker. But | and
many others elected to stay with Keith and the project which he
had devel oped in Gak Ridge. W left Kellex and it becane al nost
a skeleton of its former organi zation, with many of the nost
original, nost able people no longer init. But it did exist for
a considerable period of tinme and I don't know whether it still
exi sts or not under the nane Kell ex.

BOHNI NG  Was the new group that Keith founded call ed Hydrocarbon
Resear ch?

BENEDI CT: That's right, yes. Keith formed his own conpany,

Hydr ocarbon Research, and wanted nany of us, including nyself and
nmy princi pal coll eague, d arence Johnson, to join him But

G oves wouldn't let us do it right away and we both had to
continue to work for Union Carbide until their successful
operation of the gaseous diffusion plant was assured. Then there
was conpetition for our services between Baker, who was then the
head of Kellex, and Keith, then the head of Hydrocarbon Research.
| renmenber having an interviewwith Mrris W Kellogg, the
founder and then chairman of the M W Kell ogg Conpany, who was
seeking to persuade ne to cone back. | asked himwhat ny

assi gnments woul d be and whether 1'd have the sane kind of
opportunities | had at Kellogg before the war, to do the

| aboratory work on a process, take it through the process design
stage, and then follow it through operation, which was of course
very professionally rewarding to ne. But the Kell ogg Conpany
wasn't organized that way. |'d either have to work for their
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process design departnent or their process devel opnent depart nent
or their engineering design departnent. | couldn't have this
opportunity to see all phases of the work, whereas Keith in

Hydr ocar bon Research woul d give you that kind of freedom That
and the fact that I had an al nost enotional attachnment to Keith
because of his brilliance, led ne to take the job with

Hydr ocarbon Research rather than with Kellogg. Keith was very
good about letting nme set up a group at Hydrocarbon Research
which was quite simlar to the way | had operated at the Kell ex
Cor por ati on

BOHNI NG  You had several patents that canme out of this
Hydr ocar bon Research peri od.

BENEDI CT: Yes. One of themwas on nmass diffusion (25). Another
was on gas absorption (26).

BOHANING You al so did sonme work on the extraction of deuterium

BENEDI CT: W devel oped a |l owtenperature distillation process
for extracting deuteriumfrom hydrocarbon refinery gases and from
ammoni a synthesis gas. Ammonia synthesis gas was a | ess suitable
f eedst ock because the first and nost expensive part of the plant
required that the hydrogen be separated fromthe nitrogen with
not too nuch of an expenditure of energy before one could then go
after the separation of hydrogen from deuterium by fractiona
distillation. But we did design a |owtenperature fractionation
plant (27). W did the experinental research for that at MT
after I went back there after the war.

BOHNI NG  After the war you got involved with the Reactor
Saf eguard Conmittee of the AEC

BENEDI CT: Yes, that was thanks to Edward Teller, with whom| had
had frequent controversy [laughter] while he was overseei ng our
desi gn of the gaseous diffusion plant, but even so we devel oped a
hi gh regard for each other.

[ END OF TAPE, SIDE 8]

BOHNI NG What can you tell nme about that commttee? There were
no reactors in those days outside of what the governnment had, is
that correct?
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BENEDI CT: Well, all the reactors we had in those days were
pl ut oni um production reactors or pilot plants to nake the design
confirmation for the other plants.

BOHNI NG What was the purpose of the Reactor Safeguard
Conmi ttee?

BENEDI CT: Well, the first problemthat the Reactor Safeguard
Committee had to consider was the hazard that the plutonium
production reactors at the Hanford site in central Washi ngton

m ght represent, whether in the operation of those reactors there
was a possibility of the inadvertent accunulation of a critical
mass of plutonium At that time, as a chem cal engineering
menber of what was then called the Reactor Safeguard Commttee, |
knew not hi ng about reactor design. They had physical chem sts
and chem cal engi neers and experinental physicists and

t heoretical physicists. W had Abel Wl nman, who was professor of
sanitary engi neering at Johns Hopkins. He was on the biol ogical
or nedical side of these things. It was a very good conmttee.
Groves assenbl ed sone of the best people in the country for it,
and Edward Tell er was our chairman. Teller had invited ne to
serve as the chem cal engineering nenber because he and | had

wor ked toget her, sonetines at cross-purposes, during the start-up
of the gaseous diffusion plant. That was ny first know edge of
or exposure to the nore inportant side of the Manhattan Project,
nanely, the plutoniumproject. W had known that these sites
existed in the West to do sonet hing, but because of the
conpartnental i zati on we weren't even told what they were
producing. W weren't even told that there was such an el enent
as pl utonium

After nmy first trip out to Hanford to see the world's first
transnutation factory, I knew the world woul d never be the same
again. It was really an eye-opener. | nust have gone out there
either just before or just after | reported to MT, 1950 or 1951.
Do you have ny abbrevi ated bi ography there?

BOHNI NG Yes.

BENEDI CT: This is the one I'm|looking for. "M prior
association with Edward Tell er during the Manhattan Project |ed
to nmy appointnment as the first chem cal engi neering nenber of the
React or Safeguard Commttee Teller formed for the Atom c Energy
Commi ssion in 1947. CQur first problemwas the possible

accunmul ation of a critical mass in the then being-started-up
Hanford reactors, and | was sent out to Hanford to see them

"The Hanford reactors were | ocated on the west bank of the

Col unmbia River," about fifty or sixty mles north of Richland,
Washi ngton, "on exactly the site where back in the sumer of 1930
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| had slept on a haystack and ran a sprayer and fruit picker in
the orchards of a fruit farnmer. The contrast between the
idyllic, renote, rural setting that | had in this beautiful site
on the banks of the pristine Colunbia River, and the erection
there of the world's first transnmutation factory with all the
mlitary inplications and security safeguards and all the rest of
it was such a contrast that showed ne how the world had changed
irrevocably with the discovery of nuclear fission."

BOHNING | may be a little ahead with this question, but let ne
ask it anyway. @G ven your 1930s experiences in Chicago and then
your work on gaseous diffusion for the atom c bonb project, and
then noving into nucl ear engi neering, what was your attitude
about the social responsibility of a scientist?

BENEDI CT: | think |I've even said in ny autobiography that I'm
ashanmed to confess now that | had really no concern or not nuch
t hought about the social responsibility or the use of this
terribly violent, new explosive that we were devel oping. During
the war, it was sinply a challenge to develop the material to
bring the war to a brief and successful conclusion. And while I
had col | eagues who were nmuch nore concerned than | was about the
future control of this new and viol ent aspect of society, it was

sonmething that | gave very little thought to. | was just
concerned with hel ping end the war and develop this particul ar
nmeans for doing it. [|'mashaned to admt it now, but that was

the fact at the tine.

BOHNING  Well, Hoyt Hottel was head of fire warfare during World
War |1 and after the war then set up the fire prevention group at
NBS in response to his activities.

BENEDI CT: And | became a nenber of the first Reactor Safeguard
Committee. [laughter]

BOHNI NG  How did you nmake the connection to go back to MT,
wi thin the chem cal engineering departnment? (There was no
nucl ear engi neering departnent.)

BENEDI CT: 1'Il tell you exactly howit was. (I may even have
witten it in one of these chapters.) Wen | was working for the
M W Kellogg Conpany in 1943 or so and had been assigned the
process design responsibilities for the gaseous diffusion plant,
Kell ogg had Walter [G] Whitman (who was then chairman of the
chem cal engineering departnment at MT) as a consultant to cone

down and view what we were doing. | don't renenber exactly what
| did that so inpressed Whitman, but | knew the process backwards
and forwards and | knew all its possible difficulties and how we
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were going to solve them | nust have explained all this to
VWhitman in such clear and forceful ternms, that it nade a |asting
i npression on him | don't know whether he was instrunental in
getting ne appointed to the Reactor Safeguard Commttee, but |

t hi nk he may have been

When M T decided after the war that nucl ear devel opnents had
to be treated sonehow in their curriculum and that the subject
was to be taught and research was to be done at MT, the various
depart ment heads—physi cs and engi neeri ng school —were brought
t oget her and asked which of them m ght properly becone
headquarters for this new activity. Witnman had served in
Washi ngt on as chai rman of some commttee or other that had
general oversight of some of these processes, and was a very
aggressive adm nistrator and a very progressive person. He
recogni zed that there were many el enents of chem cal engi neering
i n what | ater becane known as nucl ear engi neering. So he
strongly supported having this new activity put in his departnent
and won out over the physics departnment, which also wanted it and
whi ch m ght have been a nore |ogical place for it because so much
of the devel opnent was i n physics.

Whi t man had been a consultant to the M W Kell ogg Conpany
and canme down there on a day when | was starting up a flow
calorimeter to neasure the heats of reaction in petrol eum
refining processes. | had never assenbled the whole unit before.
It consisted of a set of coils through which the hydrocarbon to
be cracked or refornmed was to be circul ated, surrounded by a
series of insulating and thernocoupl e-installed conpartnents.

The whol e thing was subnerged in either an oil bath or a fused-
salt bath depending on the tenperature at which we were to be

wor king. | think when Whitman came down it was an oil bath that
was to be used around it. W had never assenbled the whole thing
before. W had the calorineter in one place and the oil bath
beneath it, nounted on a hydraulic lift, but we'd never assenbl ed
the unit before. | was so certain that the assenbly woul d
proceed snoothly that we waited until Whitman came down so that
he could see the calorineter before it was lost to sight. Wile
he was there | instructed ny assistant to throw the switch that
woul d raise the hydraulic lift and bring the oil bath up around
the calorinmeter. The two fitted together perfectly, and Wit man
said that was al ways what inpressed himnost about it. [laughter]
It's happy chance that directs our |lives, and that was one of

t hem

BOHNI NG But you started part-tinme at MT in 1951 because you
were also involved with something with the AEC.

BENEDI CT: That's correct. Even before | went to MT, | was
asked by Marion [W] Boyer who was then general manager of the
Atom ¢ Energy Conmi ssion, to start what we decided to call an
Operations Analysis group in his office in Washington in order to
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determ ne the potential effectiveness of various new processes
for the Atom c Energy Comm ssion and how t hey m ght be conbi ned
together to produce fissionable material in the nost efficient
manner, either by isotope separation or by transmutation. There
needed to be a whol e series of processes put together going back
all the way to mining, refining of the uranium production of
urani um conpounds, and then either production of uranium netal
for use in reactors, or production of uranium hexafluoride for
use in the gaseous diffusion plant and then the subsequent
operation of either the transnmutation factories or the isotope
separation plants. There were still four in conpetition—the

el ectromagneti c process, the gaseous diffusion process, therm
di ffusion and the gas centrifuge.

Mari on Boyer, the general manager of the Atom c Energy
Commi ssi on, wanted sonebody to come down and set up a snal
office reporting directly to himwhich would eval uate the
potential of these processes, the |likely economcs, and the nost
efficient way of conmbining themall together so that one led to
the other and ultimately produced the desired fissionable
material at the |east overall cost. Witnman was tenporarily
assi gned to Washington, although | forget in what capacity. Even
before | reported to work at MT | was asked to cone to
Washi ngton and set up this operations analysis staff, which would
eval uate these processes, becone famliar with their prospective
econom cs, and determi ne the nost efficient way to conbi ne them
all together so that wth the | east cost, the least tinme delay
and the least utilization of scarce urani umresources, the
maxi mum anmount of fissionable material (taking into account the
relati ve anmount that was needed of uranium 235 and pl utoni unj,
how al | these things m ght be operated together in the nost
efficient way.

| was asked to cone down and set up that operation in the
first place. | was assisted by a very able fellow fromthe Y-12
plant in Cak Ri dge named Charlie [Charles DeWtt] Thornton. Pau
[C.] Fine, who was a theoretical physicist fromLos Al anos,
brought the precise know edge of the plutonium processes to our
operation, sonething that | hadn't become familiar with until
that tinme. There was a fourth person whose nane | don't
remenber. We did represent all of the nost inportant conponents
of the Manhattan Project.

We wor ked together very harnoni ously and we hel ped devise a
rul e-of -t hunb procedure that the Atom c Energy Conm ssion (that's
what it was called then, before there was a Departnent of Energy)
could use to decide how nuch to expand the plutonium production
reactors, how many new i sotope separation plants to build, and
whet her they should be the el ectromagnetic type or the gaseous
di ffusion type or even the thermal diffusion type. W had sort
of a conbined operations group. | was there for only about eight
nonths getting it started, but we got it off to a very good
start. My deputy, Charlie Thornton, C. DeW Thornton, took over
after | left and made a very successful unit of it.
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I think it doubtless saved the governnment a | ot of nobney
because it allocated its resources in an opti num manner anong
these different processes. W had to estimte how nmuch each one
woul d cost and how nuch bonb-effective material could be
produced. Uranium 235 was only about a third as good as
plutoniumin terns of mass that was needed for a given bang, so
we had to take that into account, and the length of tine it would
take to start these plants up. W were given different goals as
to how nuch material to be produced at such and such a tinme, so
we devel oped a conbi ned operations plan which so far as | know
the Departnment of Energy is still using, although its goals are
entirely different now, and all of us—nyself, and Thornton, and
Paul Fi ne—have |long since left the scene.

BOHNI NG What was M T looking for initially? D d they just want
to have sonet hi ng about nucl ear engineering in the curricul un?
Had t hey thought about goi ng beyond that?

BENEDI CT: Wi tman and the president of MT at that time, Kar

[T.] Conpton, were sure that these revolutionary devel opments of
the Manhattan Project, which were | argely engi neering based, were
bound to introduce a whol e new set of concepts and technol ogi es

I nto an engi neering education. They felt that it should have a
proper place in the MT curricul um

It turned out that M T was the second school to introduce a
nucl ear engineering curriculum The first one was at North
Carolina State University, where another refugee fromthe
Manhattan Project had gone to teach, a fellow named Cifford [K ]
Beck. | don't know if you've heard of himbut he was a very able
fellowin getting this started, too. They got started about six
nont hs before we did and it was quite helpful to ne to go down to
North Carolina State and see what kind of a curricul um Beck had
started hinself.

But at MT | was the first person on the scene and Wit mn
assigned to work with ne after about a three-nonth hiatus, Thomas
H Pigford, who was nmy co-author of Nuclear Chem cal Engi neering
(7). Pigford had been director of MT s practice school at Oak
Ri dge and was famliar with the process at Gak Ridge. He was a
very val uabl e col | eague of m ne because he'd had a | ot of
firsthand experience with these plants as they were started up,
both the X-10 plant for production of plutoniumon a pilot plant
scale, and the K-25 and Y-12 plants for production of uranium
235. It was a very well-conceived idea on Wiitman's part to
bring Pigford and ne together. W had the enthusiastic support
of the two deans of engi neering, the one that was there when |
first canme, whose nanme | can't renenber, and his subsequent

successor, Carl Richard Soderberg. | don't know if you've heard
of him but he was a very wel | -known nmechani cal engineer in the
school of engineering. He was a brilliant man. Those deans gave

60



nme all the support | needed. They, and the chem cal engineering
depart nent under whose benevol ent stewardship | first served as a
di vi si on under Walter \Witman, were very hel pful and we got off
to a very good start.

BOHNI NG You had to organi ze courses, sonething which had never
been done before.

BENEDI CT: Well, that's an exaggeration. diff Beck at North
Carolina State had started sone instruction, and I went down
there and saw what his courses consisted of and deci ded what
courses we would first offer. As | renmenber them they were "An
I ntroduction to Nucl ear Engi neering," which taught the basic

nucl ear physics that was needed and then the engi neering aspects
but on a very elenmentary scale; "Nuclear Reactor Theory," which
made use of the just then being declassified informati on on how
to calculate critical masses and things of that kind; "Nuclear
React or Engi neering," which described the heat transfer and fluid
fl ow and nechani cal stress and strain features of nuclear
reactors; and "Nucl ear Fuel Cycle," the processes which were used
to convert uraniumore into uranium hexafl uoride and urani um
netal and the processes used to refine plutoniumafter it was
produced, after it was renoved fromreactors, and al so how to

di spose of radioactive waste, which was an inportant aspect of
the probl em even back in those days.

BOHNI NG That started in 1951, and only two years later, in
1953, you gave your first MS. in nuclear engineering.

BENEDI CT: Well, by that tinme the curriculumhad increased to
perhaps as many as six subjects, and I had in addition to
Pigford, a very able theoretical chem st named Mel [Melville]
Clark, who was able to teach Reactor Dynam cs and ot her topics
that | just wasn't a master of nyself at all. And we brought
aboard a very able fellow that didn't stay with us |ong.

BOHNI NG Was that [Edward A.] Mason?

BENEDI CT: Yes, Mason was ny alter ego in terns of chem ca

engi neering and things of that kind. When Pigford resigned to
start a nucl ear engineering curriculumat University of
California, we needed sonebody i mediately to replace himand
Whi t man suggested Mason, who had been director of one of MT s
practice schools and wanted to becone famliar w th nucl ear

engi neering. That started a lifelong friendship and a very

val uable nulti-year collaboration at MT before Mason left to
becone vice president for research at the Standard G| Conpany of
I ndi ana.
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Then we needed a theoretical chem st, so we brought Mel
Cl ark aboard. W needed a reactor engi neer and designer once
Dean Soderberg decided it was tinme that MT had its own reactor.
It was recommended that | interview sonebody who was wor ki ng at
Los Alanps, and | did. He declined the job but he recomrended
one of his associates naned Theos J. Thonpson, known to everybody
as "Tommy" Thonpson. Tonmmy cane to MT and desi gned our reactor
and got it into operation. He taught our experinmental courses
and really made us a first-rate, well-rounded nucl ear engineering
depart ment .

[ END OF TAPE, SIDE 9]

BOHNI NG What kinds of problens did you encounter within the
chem cal engi neering departnent?

BENEDI CT: None. | had no feelings of conpetition or rivalry or
anything like that. It was an entirely different field fromthe
rest of chem cal engineering and | guess nost of the people in
the chem cal engineering departnent were glad that their

depart ment had been sel ected out of the seven different

engi neering departnents in the school of engineering, that

chem cal engineering would be the one that was given this rather
than civil or mechanical or even the physics departnment itself.
There was sonme rivalry between us and the physics departnent,
because the physicists felt that they were the pioneers, and

i ndeed they were, and they were also the people that felt they
knew so nuch nore about nuclear reactors than those chem ca

engi neers that are just sort of on the fringes. And they were
right there, too. [laughter] But | had very good coll aboration
with Cark [D.] Goodman, who taught Nucl ear Physics to the
physicists and al so taught the first courses in Nucl ear Physics
for Engineers, sponsored by our departnment. So, it worked out
fine. MT is a very broad-m nded school where there isn't a |ot
of the interdepartnental rivalry that you find in sone other

uni versities.

BOHNING I n |ooking at the chronology, the first MS. was in
1953. The decision to build the reactor was in 1955. The first
Ph.D. was in 1957, and the reactor began operating in 1958.

BENEDI CT: Yes. July 1, 1958. | renenber it as if it was
yest er day.

BOHNING That's a very rapid sequence of events occurring over a
short period of tine.
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BENEDI CT: The enrollnment in the departnment was increasing
rapidly during that period of tinme. The best thing that happened
was when the Atom c Energy Comm ssion took over the Manhattan
Proj ect, and nuch of the basic technol ogy was decl assified so
that it was possible to incorporate the material, which up to
that point had required clearance, into the instruction of
students. W got not only U S citizens but students from ot her
countries who wanted to | earn about this new technol ogy. W had
students from Engl and and France and Gernmany and Italy, Japan and
Korea, even one fromthe Philippines.

BOHNI NG  The departnent itself was forned in 1958 and you were
its first head for something like thirteen years. What were the
criteria that allowed that decision to be nade, to split you off
as a full-fledged departnent as opposed to being within chem cal
engi neeri ng?

BENEDI CT: It was largely internal in nmy departnent and it wasn't
at ny doing. | recognized that our departnment, to teach nucl ear
engi neeri ng, would have to have people that had a background

ot her than the chem cal engi neering background that Pigford and I
had, the first two beginners of the departnent. | was partially
di versified by having been trained as a physical chem st, but I
knew we were badly in need of physicists, and | knew that we
needed nechani cal and civil engineers, too. | tried to hire
people wth those backgrounds to go to work in a chem cal

engi neeri ng departnment, and they would have none of it. Quite
properly, they felt that they would be out of touch with their
own col | eagues.

By that tinme, diff Beck had started a nucl ear engi neering
department at North Carolina State University in Raleigh, North
Carolina, and was nmaking a great success out of it. He was
attracting a nunber of students and was having a very good
program Wth that as an exanple, | was able to convince the
t hen dean of engineering, Tom [ Thomas K.] Sherwood (who had been
a colleague of mine in the chem cal engineering departnent), that
we needed to have a separate departnent of nucl ear engineering;
otherwise, I'd never be able to attract physicists and civil
engi neers and ot her people who were needed to teach this new
di scipline. He agreed, and persuaded the then president of MT,
Karl Tayl or Conpton, that our enrollnments had begun to increase
to the point where we could becone a separate departnent and that
it was tinme to split us off fromchem cal engi neering and nmake a
separate departnment of it. W becane a separate division of
chem cal engineering on July 1, 1957, and we becane a separate

departnment on July 1, 1958. | served as the departnent head for
thirteen years, until 1971. M retirenent was comng up in 1973
and | felt | didn't want to serve until the very |ast day. It

was time to bring sonebody else in before | stepped down. That's
when Ed Mason took over for ne.
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BOHNI NG As you started to produce your first students in 1957,
what ki nd of enploynent opportunities were there for them
especially in those early days?

BENEDI CT: It changed a lot fromthe early days. 1In the early
days there were nostly the Atom ¢ Energy Conmi ssion and the very
few power conpani es which were then designing nucl ear power

pl ants. Commonweal th Edi son was one of our prine sources of

enpl oynment. We sent a nunber of students out there. W didn't
send very many to the people in the nuclear fuel cycle, even

t hough that was the branch of the subject that | was nost
famliar with nyself. | used to have a record of where all of
our students went, but | don't have that anynore. | can't
remenber sonme of the conpanies that enployed them

BOHNI NG | asked that because | was curious about how you
attracted students to a new program You said the enrollnents
were increasing right along.

BENEDI CT: The subj ect was such a popular topic in those days.
The newspapers were full of it, and very bright young people felt
that there was a real future in that field. But there wasn't,
until a lot of the technol ogy was declassified. | can't renenber
just the year in which that took place, but that nade a big
difference. Prior to that time, nost of the enploynent was with
conpani es that required security clearance for their students, or
with foreign governments or conpanies like Electricité de France,
who needed to have people who were trained in as nmuch of the U S.
nucl ear technol ogy as the governnment was willing to allow us to
share with foreign nationals.

BOHNI NG  When did the private sector power conpani es enter on
the scene to the extent that it affected what you were doing in
your departnent?

BENEDI CT: There was a point when the field took off. | think it
was in the early 1970s, but |I'mjust not that sure of it.

BOHNI NG What's the current status of the departnent? Has it
fallen on hard tines, given what's happened in recent years?

BENEDI CT: No, it's maintained its enroll nent at about sone two
hundred students. It's teaching both an undergraduate and a
graduate degree. It didn't have an undergraduate program when |
was a professor there. The undergraduate programis not very



wel | attended. They get only a few students a year. |I'mnot in
very close touch with it anynmore—but | think the graduate

programstill has sonething |like two hundred students enrolled,
which is quite sufficient. In fact, it's not the small est
departnent of the engineering school. Naval architecture was
al ways snmaller than we were and | think still is. The students

have no troubl e finding enploynent. Sone of them have advanced
to vice presidencies and in one case the presidency of a conpany,
so | guess their education served themwell.

BOHNI NG  What kind of support did you have for your graduate
student s?

BENEDI CT: Well, for many years the Atom c Energy Conmm ssion had
fell owshi ps in nucl ear engi neering, which were awarded on a
conpetitive basis and which our students were quite successful in
obt ai ning. Sonetines students from ot her schools would get a
fell owship that allowed themto choose their school and they cane
to MT.

In addition, faculty nenbers sought and succeeded in getting
research projects fromvarious conpanies, both those that were
produci ng reactors or materials, or had nucl ear power plants of
their own. Comonweal th Edi son, again, was quite helpful in
providing us with research funding. |'ve lost touch with the
department now and | don't really know where its sources of
support come fromnow. But in the beginning they were very gl ad
both to provide support for our instruction or our research, and
al so to have that contact with themwhich permtted themto cone
to us and pick our brains.

BOHNING We've talked a little bit about some of your AEC
activity, but nmaybe we should also talk a little bit about your
menbershi p on the General Advisory Conmittee. You were appointed
by President Ei senhower, is that correct?

BENEDI CT: Yes, that's correct. "From 1948 to 1958 | was a
nmenber of the Atom c Energy Commi ssion's Reactor Safeguard
Commttee and its successor, the Advisory Conmttee on Reactor
Saf equards. I n 1958 Ei senhower appointed ne to the General

Advi sory Commttee of the AEC. | served on that commttee until
1968 and was its chairman from 1962 to 1964."

BOHNI NG What was the function of the General Advisory
Conmittee?
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BENEDI CT: That was a conmmttee that reviewed all of the
activities of the AEC, not just its reactor safety probl ens, but
everything that it did frommning of uraniumore to the
production of fissionable naterials to the design of power
reactors to the conduct of bionedical research to the devel opnent
of extrenely high-voltage accel erat ors—everything that the

At omi ¢ Energy Conm ssion was putting noney into. For nmany years
(and it probably is still true although I"ve lost track of it) it
was a wide spectrumof all the fields of research that are
conducted in the country. At any rate, it was a very val uabl e
way of keeping ny know edge of nucl ear engi neering which could
easi |y have becone sonmewhat obsolete from so doi ng because | was
right in touch with the | atest devel opnents, both in the
governmental and in the civilian field, because we had many
opportunities to visit the conpanies that were running nucl ear
power plants or produci ng nuclear materials.

BOHNING Did you ever have contact with Admral [Hyman G ]
Ri ckover in this regard?

BENEDI CT: Oh, yes! Didn't | ever nention that? Wsn't that in
any of this?

BOHNI NG No, | didn't see it.

BENEDI CT: |1've witten that up sonmewhere. |'d nmuch rather find
what | wote than try to drag it out of ny nenory. But anyway,
you' ve asked the question and I'll tell you what | can renenber
about it.

M T got into nuclear engineering |argely because Ri ckover
had sel ected prom sing naval officers to acquire an education in
this new technol ogy and assigned a few of them each year to MT.
(He had other schools that he sent themto also.) They first
wor ked in the physics departnment because the physics depart nment
t aught nucl ear physics and there wasn't any instruction in
nucl ear engi neering in the engineering school. Wen they canme
back to himafter having had their MT education, he would quiz
all of themto find out what they knew and what they didn't know.
He was appalled to find that even though they went to a
preem nent engi neering school, their education at MT was | argely
nucl ear physics. He felt that MT should provide an engi neering
education to his chosen naval officers, and conveyed that view
wi th appropriate colorful |anguage, | assune, [laughter] to the
dean of engi neering, Tom Sherwood, who had been in the chem cal
engi neeri ng departnent until he becane dean of engineering. He
recogni zed that Ri ckover had a proper objection to the kind of
education that MT was giving these people. Rickover urged
Sherwood to see that his naval officers were given appropriate
instruction anong the different departnents of the engineering
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school that would round out their education in physics. He
wasn't agai nst their |earning nuclear physics, but he felt they
ought to know heat transfer and fluid flow and material s
properties and things of that kind as well.

Sherwood cal l ed a neeting of the heads of the seven
engi neering schools, which in those days included cheni cal
engi neering, civil engineering, electrical engineering,
nmechani cal engi neering, aeronautical engineering, and food
engi neering. They put their heads together to try to see which
one could serve as the environnment for starting this new
instruction. Walter Witman had just served as a consultant to
the M W Kell ogg Conpany, and he recogni zed this as a gol den
opportunity for the chem cal engineering department to break into
a newfield. | guess he nmade the nost appropriate or nost
persuasive pitch for providing a honme for this new departnent and
was assigned as its first nentor

He then cast about for sonebody to start this new program
He assigned one of his then junior faculty nenbers, Tom Pigford,
to go to OGak Ridge as the professor in charge of MT s school for
chem cal engineering practice at the Oak Ri dge Nationa
Laboratory, feeling sure that Tom woul d pick up nucl ear
engi neering that way. And he wanted sonebody el se of a nore
seni or capacity (Tom had just got his doctorate) to serve as
Tom s col | eague and senior faculty nmenber in the departnent. He
was there when | assenbled the calorineter for the first time and
the fact that it fitted together perfectly for the first tine
made such a lasting inpression on him that when he needed
sonebody to start nuclear engineering at MT, he knew that | was
t he man.

BOHNING [I'mat the end of nmy list of questions. | had about
ei ght pages here, and I've slowy gone through what | had.

BENEDI CT: Good. | didn't realize we'd taken up that many, but
I"mglad we covered them all

BOHNING Is there anything else along these |ines that you would
like to add that we haven't discussed?

BENEDI CT: Well, the last sentence in this brief narrative

aut obi ography is one that I'd like to enphasize. "I would |ike
nost to be remenbered for the part | played in educating five
hundred nen and wonmen who studi ed nucl ear engineering at MT
while | was a faculty menber there and who are now contri buting
to the devel opnent and use of this inportant energy source.”

BOHNING | think on that note we'll close at this point.
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BENEDI CT: [l aughter] GOkay, fair enough.

BOHNING | appreciate your spending all this time with ne.

BENEDI CT: Well, | appreciate and amflattered that you felt it
was worth this nuch of your tine.

[ END OF TAPE, SIDE 10]

68



10.

11.

NOTES

C. Harry Benedict, "Amoni a Leaching of Calunet Tailings,"
Engi neering and M ning Journal, 104 (1917): 43-48.

Ira Renmsen, An Introduction to the Study of the Conpounds of

Carbon, or Organic Chem stry, revised with the collaboration
of the author, by W R O ndorff (Boston: D. C. Heath
1922).

A description of the plant's units may be found in C. H
Benedi ct, "Six-Cent Copper from Calunet and Hecla Tailings,"
Engi neering and M ning-Journal Press, 117 (1924): 277-284.

A. Kl enenc, "Kohlen-nonosul fid [Carbon Mnosul fide],"
Zeitschrift far El ektrochem e und angewandt e physi kal i sche
Chem e, 36 (1930): 722-726.

M Benedict, G B. Wbb and L. C Rubin, "An Enpirica
Equati on for Thernodynam c Properties of Light Hydrocarbons
and Their Mxtures. |I. Methane, Ethane, Propane and n-

But ane, " Journal of Chemi cal Physics, 8 (1940): 334-345.

Morris R Cohen, Studies in Philosophy and Sci ence (New
York: F. Ungar Publishing Co., 1959, ¢1949) is a conpilation
of essays and reviews published earlier.

Manson Benedi ct and Thomas H. Pigford, Nuclear Chem cal

Engi neering (New York: McGawHi ||, 1957); Manson Benedi ct,
Thomas H. Pigford, and Hans Wl fgang Levi, Nuclear Chem ca
Engi neering, second edition (New York: MGawH Il, 1981).

J. Wllard G bbs, "On the Equilibrium of Heterogeneous
Subst ances, " Transactions of the Connecticut Acadeny, 111,
(COct ober 1875-May 1876): 108-248 and (May 1877-July 1878):
343-524; see The Coll ected Wrks of J. Wllard G bbs, Ph.D.

LL.D., Volunme I, Thernodynam cs (New York: Longnmans, G een
and Co., 1931), pp. 55-353.

M Benedict, J. A Beattie and T.-C. Huang, "An Experinmenta
Study of the Absolute Tenperature Scale. V. The

Reproduci bility of the Ice Point and the Tripl e-Point of
Water. The Tenperature of the Triple-Point of Water,"
Proceedi ngs of the Anmerican Acadeny of Arts and Sci ences, 72
(3) (January 1938): 137-155.

P. W Bridgman, The Logi c of Mddern Physics (New York: Arno
Press, 1980, c¢1927); P. W Bridgman, D nensional Analysis,
revised edition (New Haven: Yale University Press, 1931).

M Benedict, J. A Beattie, B. E Blaisdell and J. Kaye, "An
Experinental Study of the Absolute Tenperature Scale. X
Conpari son of the Scale of the Plati num Resi stance
Thernoneter with the Scale of the N trogen Gas Ther nonet er

69



12.

13.

14.

15.

16.

17.

18.

19.

20.

From 0° to 444.6° C.. Reduction of the Cbservations,"”
Proceedi ngs of the Anmerican Acadeny of Arts and Sci ences, 77
(1949): 255-336.

George Scatchard and Marjorie Al en Benedict, "Freezing
Poi nts of Aqueous Sol utions. X. Dioxane and its M xtures
with Lithium Sodium and Potassium Chlorides," Journal of
the Anerican Chem cal Society, 58 (1936): 837-842.

M Benedi ct, "Pressure, Volune, Tenperature Properties of
Nitrogen at H gh Density. |I. Results Obtained with a Wi ght
Pi ezoneter," Journal of American Chem cal Society, 59
(1937): 2224-2233; M Benedict, "Pressure, Vol une,
Tenperature Properties of Nitrogen at Hi gh Density. I1.
Results Obtained by a Piston D splacenent Method," Journa
of American Chem cal Society, 59 (1937): 2233-2242.

See "Col | ected Papers of Manson Benedict" in Beckman Center
Oral History Research File #0088.

M Benedi ct, "Properties of Saturated Aqueous Sol utions of
Pot assi um Chl ori de at Tenperatures Above 250°C.," Journal of
Geol ogy, 47 (1939): 252-276.

Donald L. Katz, interview by Janmes J. Bohning at Holl and,
M chi gan, 22 August 1986; Beckman Center for the Hi story of
Chem stry, Transcript #0052.

Wayne C. Edm ster, Applied Hydrocarbon Ther nodynam cs,
(Houston: @ulf Publishing Co., 1961); Wayne C. Edm ster and
Byung Ik Lee, Applied Hydrocarbon Thernodynam cs, second
edition (Houston: Gulf Publishing Co., 1984).

See note 5. M Benedict, G B. Wbb and L. C. Rubin, "An
Enpirical Equation for Thernodynam c Properties of Light
Hydr ocarbons and Their M xtures. Il. Mxtures of Methane,

Et hane, Propane, and n-Butane," Journal of Chem cal Physics,
10 (1942): 747-758.

M Benedict, G B. Wbb and L. C Rubin, "An Enpirica
Equation for Thernodynami c Properties of Light Hydrocarbons
and Their M xtures. Constants for Twel ve Hydrocarbons, "
Chem cal Engi neering Progress, 47 (1951): 419-422.

M Benedict and L. C. Rubin, "Extractive and Azeotropic
Distillation. I. Theoretical Aspects," Transactions of the
Anmerican Institute of Chem cal Engineers, 41 (1945): 353-
370; M Benedict, C. A Johnson, E. Solonpbn and L. C. Rubin,

"Extractive and Azeotropic Distillation. Il. Separation of
Tol uene from Paraffins by Azeotropic Distillation with
Met hanol , " Transactions of the American Institute of

Chem cal Engi neers, 41 (1945): 371-392.

70



21.

22.

23.

24.

25.

26.

27.

M Benedict, E. Solonon and L. C. Rubin, "Liquid-Vapor
Equi l'i briumin Methane- Et hyl ene-1|sobutane System™
I ndustrial and Engi neering Chem stry, 37 (1945): 55-59.

M Benedi ct and A. Boas, "Separation of Gas M xtures by Mass

Diffusion. Part I," Chem cal Engineering Progress, 47: 51-
62; M Benedict and A Boas, "Separation of Gas M xtures by
Mass Diffusion. Part I1," ibid., (1951): 111-122.

C. G Miier, "The Separation of Gases by D ffusion," Journal
of Chem cal Physics, 7 (1939): 854; C. G Maier, "Technical
At nmol ysis," Conference of Metallurgical Research,

Metal lurgical Division, Bureau of Mnes (Salt Lake Cty),
May 1940: 90-98.

Ral ph Landau, interview by Janes J. Bohning at Listowel,
Inc., New York City, 18 Decenber 1990; Beckman Center for
the Hi story of Chem stry, Transcript #0086.

Manson Benedi ct, "Mass Diffusion Process and Apparatus,"”
U S. Patent 2,609,059, issued 2 Septenber 1952 (application
filed 29 June 1948).

Manson Benedi ct, "Separation of M xed Gases by Absorption,"
U S. Patent 2,652,129, issued 15 Septenber 1953 (application
filed 9 May 1947).

Manson Benedi ct, "Deuterium Separation by Ammoni a
Distillation and Hydrogen-Water Exchange," U S. Atom c
Energy Conmi ssion M T-2249-2 (1965).

71



I NDEX

A

Aeschyl us, 10

Al'insky, Saul, 14

Anmerican Quardi an, The, 22
Ameri nger, QOscar, 22

Ames, Charles, 33

Ammoni a, 2, 6, 39, 55

Ann Arbor, M chigan, 41

Argon, 30, 31

Arnbruster, Shorty, 19, 20
Atom ¢ Energy Conmm ssion, 11, 16, 21, 24, 55-59, 63-66
Azeotropic distillation, 44, 45

B

Baker, Al bert L., 54

Baker, Oregon, 20

Bancroft, Dennison, 36

Bancroft, W/Ilder Dwi ght, 4, 8

Bartlesville, Cklahoma, 41

Beattie, Janes A, 26-28, 33, 37

Beck, Cifford K., 60, 61, 63

Benedi ct, Centennial Harry (father), 1-4, 6, 8

Benedi ct, Manson
education, 2-7, 9-11, 25-27
famly, 1-3, 19, 28, 29, 34, 35, 38
farmlife, 18, 21-23
hi t chhi ki ng experi ences, 19, 20
i nvol verent with socialism 14, 15, 16, 24
soci al responsibility, 57

Benedict, Marjorie Aiver Allen (wife), 21, 22, 24, 28, 29, 34,
35, 37, 38

Benedi ct, Mary (daughter), 35, 38

Benedi ct - Webb- Rubi n equati on of state for gases, 11, 26, 38, 43,
44

Benedict, Wlliam$S. (Bill) (brother), 25

Benzene, 34, 36, 43

Berlin, New Hanpshire, 34

Bi nghant on, New York, 38

Birch, Al bert Francis, 31, 32, 36

Bl ai sdel |, B. E., 28

Bliss, Glbert Anes, 12, 13

Bl unberg, Harry S., 39

Boas, A., 45

Boyer, Marion W, 58, 59

Bri ckwedde, Ferdinand G, 44

Bridgman, Percy W, 11, 27-34, 36

Briggs, David R (Dave), 36

Brown Paper Conpany, 34

Browni ng, Robert, 1

72



Buf f al o, New York, 8-10, 18, 34, 35, 37, 38
Bur gess, Ernest Watson, 10
But ane, 41, 43

C

CF.,, 47

CF,, 47

CF,. 47, 48

GF,, 48

GF,, 47

Cal abrese, Joe, 39

California Institute of Technol ogy (Caltech), 37, 41, 42
California, University of, 61

California, University of, at Los Angeles (UCLA), 31
Calorinetry, 44, 45, 58, 67

Cal unet and Hecl a Consol i dated Copper Conpany, 1, 2, 6
Canbri dge, Massachusetts, 29, 31, 35, 36

Car bi de and Carbon Chem cal s Corporation, 49, 50, 53
Carbon, 4, 5

Carbon bisulfide, 4, 5

Car bon di oxi de, 4, 36

Carbon disulfide, 4, 5

Car bon nonosul fide, 4, 5, 7, 8

Car bon nonoxi de, 5

Cayuga, New York, 35, 38

Cedar Rapids, lowa, 19

Cel | ul ose, 34

Cervantes, 10

"Che faro senza Euridice?", 23

Chekhov, Anton Pavl ovich, 14

Cheyenne, Wom ng, 19

Chicago, Illinois, 12, 14, 16, 18, 57

Chi cago Opera Conpany, 13

Chi cago Packi ng Conpany, 10

Chi cago Society for Pronmoting Cultural Relations with Russia, 12
Chi cago, University of, 10-12, 14-18

Chlorine, 4

Clark, Melville, 61, 62

Cohasset, Massachusetts, 38, 39

Cohen, Morris Raphael, 14

Cohn, Edw n Joseph, 29

Coll'ins, Sanuel C., 44, 45

Col | ope, --, 36

Col unbi a River Valley, Washington, 18

Col unbi a University, 49

Commonweal t h Edi son, 64, 65

Conmpt on, Karl Taylor, 60, 63

Copper, 1-3, 6, 7

Copper oxide, 2

Cornell University, 1-10, 25, 34

Corson, Hram 1

Cupric ammoni um car bonate, 2

73



D
Daly, Reginald A, 36

Dana, Leo |., 34
Dane, Ernest B. (Bl aney), 36
Dante, 10

Denni s, Louis Muinroe, 1, 3-8

Density neasurenent, 30, 31, 43

Deuterium 55

Di chl oroni trobenzene, 9

Di e Meistersinger von Nirnberg, 13

Di nm g, Howard, 37, 42

Dougl as, Jesse, 25

Dougl as, Paul Howard, 11, 12

Dunni ng, John R, 49

du Pont de Nenmours and Co., Inc., E. 1., 48

E

East, Ms. Henry, 20

Edm nster, Margaret, 41

Edm nster, Wayne C., 41

Eiger, Marjorie, 13, 14

Ei senhower, Dwight D., 65

El ectricité de France, 64

Ell ey, Harold W, 48
"Equi li brium of Heterogenous Substances", 26
Et hane, 43

Et hyl ene, 43

Euri pi des, 10

Extractive distillation, 44, 45

F

Federal Bureau of Investigation (FBI), 16
Fel |l owshi p for Reconciliation, 12

Fine, Paul C, 59, 60

Fl uorine, 47, 48

Friend, Leo, 40

Fumaric acid, 36

G

Gal | agher, Charles, 33

Ceneral Chenmical, 9

Ger mani um 7

G bbs, J. Wllard, 4, 8, 26
Gllespie, Louis J., 26, 27

d eeves, Don, 36

A uck, Christoph Wllibald Ritter von, 23
Goodnan, Cark D., 62

Graton, Louis C, 31, 32, 35, 36
Grovenor Library, 9

Groves, Leslie R, 48, 52-54, 56

H
Hacknmuth, Carl, 41
Hal ey, --, 35, 38

74



Hanf ord, Wshi ngton, 20, 21, 56
Harvard University
Comm ttee on Ceophysical Research, 31-36
equi prment, 30, 33
Medi cal School, 29, 31, 34
Nati onal Research Fellowship, 27, 29-32
Hept ane, 43, 44, 48
Hexane, 43
Hoover, Herbert, 12
Hoskin famly, 20
Hottel, Hoyt, 57
Houst on, Texas, 20
Huang, T.-C., 26
Hydr ocar bon Research, Inc., 54, 55
Hydr ogen, 5, 45, 46, 52, 55

|

| sobut ane, 42, 43

| sobut ene, 43

| sopent ane, 43

| t haca, New York, 34, 38

J

Jacques, Anges, 12

Jersey City, New Jersey, 37-40
Johns Hopkins University, 56
Johnson, C arence A, 52-54
Jones, Dorothy, 14

Journal of Ceol ogy, 36

K

Kapi tal, Das, 15

Katz, Donald L., 41

Kay, Webster B., 41

Kaye, J., 28

Keevil, Norman B., 32, 33, 35, 36

Keith, Percival, 46, 53-55

Kel | ex Corporation, 45-55

Kel | ogg Conpany, M W, 16, 37, 39-46, 49, 52-55, 57, 67
Kel l ogg, Morris W, 39, 54

Keyes, Frederick G, 25, 29, 34, 37, 44, 45
Keynes, John Maynard, 19

King, Charles C., 47, 48

Ki sti akowsky, George B., 36

Kl emenc, A, 7

Kni ght, Frank K., 10

Kranz, Frederick H, 34, 38

K-val ue cal cul ation, 40

L

Lacey, W N., 41, 42
Lagrange' s equations, 26
Lake Linden, Mchigan, 1, 2
Landau, Ral ph, 47

75



Laram e, Wom ng, 19

League for Industrial Denocracy, 15
Lehner, Joseph, 48, 49

Lenin, Madimr I., 15

Linde Air Products Conpany, 34
Lobo, Walter, 40

Los Al anps, New Mexico, 59, 61

Los Angeles, California, 42

M

Mach, Ernst, 11

MacLane, Saunders, 12-14

Maier, C. G, 46

Mal ei ¢ anhydri de, 34, 36

Manhattan Project, 15, 16, 21, 46-54, 56, 59, 60, 63

Manson, Lena (nother), 1

Mar cus, Rose, 14, 15

Marx, Karl, 15

Mason, Edward A., 61, 63

Massachusetts Institute of Technology (MT)
chem stry, 25-28, 34, 44
chem cal engi neering, 40, 43, 47, 48, 55, 57-59, 61-63, 67
current affiliation, 38
equi prment, 30, 33
mat hemat i cs, 25, 26
mechani cal engi neering, 60-62, 67
nucl ear engineering, 16, 17, 57-67
physics, 26, 58, 62, 66, 67
teaching, 11, 16, 17, 24, 25

Maugham W Sonerset, 18

Maxwel | ' s equati ons, 26

Messur, --, 21

Met hane, 41-44, 46

Met hanol , 44

M chi gan, University of, 41

M nnesota, University of, 51

M nnis, Wesley, 34

Montroll, Elliott W, 48, 49

More, Thomas, 11

Moreford, Wiit, 22

Mur phree, Eger, 46

Mur phy, Arthur Edward, 10, 11

N

Napht hal ene, 36

Nat i onal Acadeny of Sciences, 12
National Aniline and Chem cal Conpany, 8-10, 18, 29, 33-38
Nati onal Bureau of Standards, 44, 57
New Har nony, |ndiana, 11

Ni ckel , 30

Nier, Alfred O, 51

Nitric acid, 9

Ni trogen, 30, 31, 33, 34, 51, 55

Ni t rogen di oxide, 9

76



North American Aviation, Atom c Energy Research Departnent,
North Carolina State University, 60-63

North Platte, Nebraska, 19

Nucl ear Chem cal Engi neering, 16, 17

O

Cak Ri dge National Laboratory, 49-51, 53, 54, 59, 60, 67
O Human Bondage, 18

Qgden, Utah, 20

Ohio State University, 41

Omaha, Nebraska, 19

O feo ed Euridice, 23

O ndorff, WIlliamRidgely, 3, 4

Owen, Robert, 11

P

Papi sh, Jacob, 34

Pasco, Washington, 20

Pent ane, 43

Per f | uor ohept ane, 47

Perfl uor oxyl ene, 47

Phenol , 44

Phillips Petrol eum Conpany, 37, 41, 43
Pht hal i ¢ anhydri de, 36

Pigford, Thomas H., 16, 17, 60, 61, 63, 67
Pittsburgh, Pennsylvania, 1, 2

Plati num 27, 28

Plato, 11

Pl utonium 11, 56, 59, 60, 61

Pol yneri zati on Process Corporation (POLYCO, 37, 41-43
Pot assi um chl ori de, 32, 33, 35, 36
Prague, Czechosl ovakia, 24, 25
Pressure neasurenent, 30, 31, 43
Princeton University, 8

Propane, 41, 43

Propyl ene, 43

Pyramus, 21
Q
Quartz, 32
R

Radburn, New Jersey, 37-39
Ral ei gh, North Carolina, 63
Renmsen, Ira, 3

Rice, L. H, 26

Ri chl and, Washi ngton, 20, 21, 56
Ri ckover, Hyman G, 66

Rubai yat (of Omar Khayyam, 20
Rubi n, Louis C., 11, 42-44, 46
Rucker, C. N. (Bunny), 53
Russia, 12, 14, 39

7

31



S

Sage, Bruce H, 41, 42

Scat chard, Ceorge, 28, 29
Seagul |, The, 14

Seattle Post Intelligencer, 22
Shadysi de Acadeny, 2

Shapl ey, Harl ow, 36

Shaw, Mary, 19, 21, 22
Sherwood, Thomas K., 63, 66, 67
Shur, MIton O, 34

Silver, 4, 30

Sl ater, John Cl arke, 26
Soderberg, Carl Richard, 60, 61
Sodium 6

Sodi um chl ori de, 32

Sodi um hydr oxi de, 6

Solubility, 32, 33

Sophocl es, 10

Spect roscopy/ spectronetry, 5, 7, 50, 51

Standard G| Conpany of Indiana, 37, 41, 43, 61

Standard G| Conpany of New Jersey, 43
Starr, Chauncy, 31, 34

State and Revol ution, 15

Sul fur, 3, 5

Sul fur dioxide, 9

Sul furic acid, 9

Swart hout, d adys, 23

Swift, M. and Ms. Roy, 10

Syracuse, New York, 1

Syracuse University, 13

T
Tayl or, Hugh, 8

Tell er, Edward, 51, 52, 55, 56

Tenper ature neasurenent, 26-28, 30, 31
Texas Conpany, 37

Ther nodynam cs, 25-27, 37, 40, 41, 43
Thi ocar bonyl chloride, 4

Thi ophosgene (CSC ,), 6

Thi sbe, 21

Thonpson, Theos J. (Tonmy), 62
Thonpson, WIliam Hale, 10

Thornton, Charles DeWtt, 59, 60

Toul ene, 43, 44

Treatise of Probability, A 19

Tristan and |sol de, 13

U

Uratilla, Oregon, 20

Uni on Car bi de Corporation, 49, 52, 54
United States Bureau of M nes, 46

United States O fice of Scientific Research and Devel opnent

OSRD), 46

United States Departnent of Energy, see also Atom c Energy

78

(U.S.



Conmi ssi on, 59, 60
Uranium 11, 15, 59, 61, 66
Urani um 235, 15, 16, 46, 50-52, 59, 60
Urani um 238, 47, 50
Ur ani um hexafl uori de, 47, 51, 52, 59, 61

\Y

Vandi um pent oxi de, 36
Vel ossi, --, 39

W

Washi ngton, D.C., 58, 59

Wayl and, Massachusetts, 38
Webb, Ceorge Barlow, 11, 40-43
Wheel er, Donal d, 22, 23

Wheel er, El eanor, 17, 18

Wheel er, Frank N., 21, 22
Wheel er, George Shaw, 17, 18, 24, 25
Wheel er, Helen, 22

Wheel er, Jeanne, 18, 22, 23
Wheel er, Rose, 22

Whitman, Walter G, 57-61, 67
W der, Thornton, 10

W m ngton, Del aware, 48

W son Conpany, 14

Wol kin, --, 35, 38

Wol man, Abel, 56

Woodwel |, Carolus S., 36

Wrld war |, 2

World war 11, 15, 24, 28, 44-55, 57, 58
X

Xyl ene, 48

Y

Young, Brigham 20

79



