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DISCLAIMER

This document was prepared as an account of work sponsored
by the United States Government. Neither the United States
Government nor any agency thereof. nor The Regents of the
University of California, nor any of their employees, makes any
warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of
any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial products process, or
service by its trade name, trademark, manufacturer, or other-
wise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government
or any agency thereof, or The Regents of the University of Cali-
fornia. The views and opinions of authors expressed herein do
not necessarily state or reflect those of the United States
Government or any agency thereof or The Regents of the
University of California and shall not be used for advertising or
product endorsement purposes.

Lawrence Berkeley Laboratory is an equal opportunity employer.
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PREFACE

Some ten years ago it occurred to me that it might be interesting,
and perhaps useful, to prepare a history of the research work of the many
chemists who worked with me in the University of Chicago Metallurgical Lab-
oratory during World War II. The work of these groups, which were
affiliated under my direction in a unit which became known as "Chemistry
Section C-I" as part of a broader Chemistry Division, was concerned with
the development of chemical procedures for the extraction of plutonium,
for the purification of plutonium, and, in the later phases, for research
on the isotopes of other heavy elements including other transuranium
elements. The idea for such a writing project came to me at the time of
the reunion of Metallurgical Laboratory chemists at the University of
Chicago on the occasion of the observance of the 25th anniversary of the
first weighing of plutonium; the renewed contact with so many of my old
friends on this day of nostalgia and reminiscence (September 10, 1967)
imbued in me the desire to recapture, in some sense, more of those
interesting days which in many ways I regard as the most exciting in my
life. '

When I explored this somewhat unorthodox idea with Joe Katz, my
longtime friend and co-worker in the Metallurgical Laboratory, he
encouraged me to proceed; more than that, and most importantly, he offered
to lend some help. We both recalled that there should be many reports,
notes of meetings, laboratory notebooks, etc., that should make such a
task feasible. A perusal of the available material, mainly in the files
at Argonne National Laboratory (successor to the Metallurgical Laboratory)
and my files at the Radiation Laboratory in Berkeley, revealed an even
greater potential than we had realized. Encouraged by this discovery, I
decided to undertake the writing on a basis in which our activities would
be described, as they had occurred, day by day. This, then, would amount
to a reconstruction of a daily journal covering that period, starting with
the date of my arrival in Chicago on April 19, 1942, and hopefully
extending until my departure in May 1946.
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Joe arranged to have a capable research assistant, Carol Flaumenhaft,
who was séénding a year's sabbatical (during 1969-1970) together with her
husband at the Argonne National Laboratory, help me on this project.

Carol located and collated an astonishing amount of the material with the
help of Doral Buchholz, my former secretary at the Radiation Laboratory in
Berkeley. We found some 60 categories of information, including a wide
range of Met Lab Progress Reports, notes on meetings, an almost complete
file of all the laboratory notebooks, personnel records, patent files,
travel vouchers, organization charts, records of pile and cyclotron
bombardments, health monitoring records, administrative bulletins, etc.
Unfortunately, I did not keep a diary, but we were able to locate hundreds
of notes I had taken to cover meetings, telephone calls, etc; these were
often written in a style that amounted to a code (in order to protect the
secret nature of the information), but fortunately I found it possible to
decipher them. This was one of the most important categories of
information, as was the file of meeting notes (such note taking wasn't
inaugurated until 1943) which had been issued as informal reports and
which fortunately usually included names of the attendees.

I searched avidly for diaries that might have been kept by any of the
people who worked for me., Such a practice was, of course, frowned upon at
the time, and unfortunately I had little success in locating such sources
of information. & notable exception was a diary kept by Elwin Covey, a
research assistant in my Section, covering his Chicago period from the
date of his arrival in May 1942 until the date of his departure for
Clinton Laboratories in August 1943 (a segment of a more extensive diary).
Covey kindly placed at my disposal this diary, which was very helpful de-
spite its limitations imposed by his non-research role. Another welcome
exception was a very brief diary, actually an intermittent daily notation
of a few words in a small pocket-size appointment book, kept by my wife
Helen; this made it possible to include a large number of entries
concerning our social life during most of the period 1942-1946 when we
were in Chicago.

With much accumulated material to furnish a working base, I enlisted
the help at AEC headguarters of Sydney Gaarder, who had worked with me in
Met Lab Section C-I and later at Clinton Laboratories and the Hanford
Engineer Works, to help gather more materizl and especially to help with
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the writing. Syd was admirably suited to this task and produced an
excellent first draft while on this assignment during 1970 and 1971. With
the help of Robert L. Butenhoff, who also worked with me for a time in Met
Lab Section C-I, Syd covered the months from April 1942 until early 1946.

My return to Berkeley in the fall of 1971 interrupted the task of
refining this first draft due to the pressure of other duties. However,
at this time I gathered material for a prelude to this account an "Early
History of Heavy Isotope Research at Berkeley: August, 1940 to April,
1942" which was issued in June, 1976. When I returned to the task in
1974, I enlisted the help of Rernard Saunders, a physicist who had worked
during the war on the electromagnetic uranium isotope enrichment process
at both Berkeley and Oak Ridge. At this time Bernie and I expanded the
scope considerably, making the project even more ambitious than envisioned
while I was working on it in Washington.

The style evolved into this present format in which the entry for
each day is written as though it was entered in a diary on the basis of
information available to me at the end of the day. There is more reliance
on guotations from letters, written or received, than would be usual for
an actual diary, which is justified on the basis that this kind of
information comes closest to emulating a diary. An exception to this
style of diary imitation is the footnotes that are included to give
additional background material; these go beyond the activities of Chemis-
try Section C-I, covering meetings that I did not attend, and hence often
include information that I could not have had on those entry dates.

Essentially all of the events, and the dates on which they are
recorded, are based on the numerous categories of documentation; only a
very small portion is based on memory alone, and even then it is usually
associated with related information based on documentation. Chicago
newspapers for this period, available in libraries, and weather records
were used to embellish the narrative with some additional information on
current events,

To help me in this writing. task I wrote and talked. to many who
participated with me in the Met Lab experience to seek their recollections
to augment the documented record., Among those who responded with welcome
information for this volume are Bernie Abraham, Edrey (Smith) Albaugh,
Larry Asprey, George Boyd, Milton Burton, Elwin Covey, John and Lorraine



Crawford, the late Burris Cunningham, Norm Davidson, Jon Dixon, Paul
Fields, Al and Kay Florin, Mark Fred, Mel Freedman, Albert Ghiorso, Larry
Glendenin, Bertrand Goldschmidt, Orville Hill, Clark Hindman, Henry
Hoekstra, Jerry Howland, Earl Hyde, the late Herb Hyman, Art Jaffey,
Walter Jilek, Leonard Katzin, Bill Knox, Truman Kohman, Dan Koshland,
Howard Lange, Steve Lawroski, John Malm, Dan Miller, Herman Robinson, Paul
St:hulze, Ben Scott, Jake Sedlet, Irving Sheft, Oliver Simpson, Clifford
Smith, Ellis Steinberg, Don Stewart, Nate Sugarman, the late Stan
Thompson, Frank Tompkins, Elton Turk, Pat Walsh, Louis Werner and John
Willard. Since photography was not encouraged, the supply of
illustrations is limited. Again Elwin Covey is an exception and most of
the illustrations are due to him. Snapshots were also furnished by Iz
Perlman and Luther Peery.

The project has grown to the point where publication requires several
volumes rather than one volume as originally planned. The first of these,
and I am not sure how many others there will be, is being published here
under the title Met Lab Section C-I, April 1942-April 1943. I am indebted
to E. Newman Pettitt, Sophie Stephens, John Farmakes, Harry Macy and
Margaret Fieldhouse of the Argonne National Laboratory and ERDA Chicago

Operations Office for help in gathering material, and to Sylvia Kihara,
Margie Hollander, Kathleen Van Der Haeghen and Helen Seaborg for much help
in putting this volume into publishable form.
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APRIL 1942

Sunday, April 19, 1942

This morning at 9:30 a.m. Isadore Perlman and I arrived'in Chicago
aboard the City of San Francisco. Although our trip from Berkeley took
almost two full days, we feel that the time has not been wasted. Many
lively discussions ensued in the privacy of our bedroom and, with
appropriate care, in the club car regarding ways to separate element 94
chemically from uranium (that will be neutron-irradiated in chain-
reacting piles) and from the fission by-products that will be produced
concurrently in the neutron—-irradiation process. This overall problem
of element 94 isolation will occupy most of our attention for some time -
to come. The work of my group in the Department of Chemistry at the Uni-
versity of California, Berkeley, during the period August 1940 to the
present, has produced much of the background information which is the
basis of the Metallurgical Project. (This is the code name for the
project whose mission is to produce fissionable element 94 in sufficient
quantity for use in a nuclear weapon, and the project is centered at the
University of Chicago.)

Our research at Berkeley has resulted in the discovery of element
94, demonstration of the slow neutron fissionability of its isotope
94239, discovery and demonstration of the slow neutron fissionability of
U233, spontaneous fission measurements on these isotopes, discovery of

93237, isolation of and nuclear measurements on 0234

, study of the chemi-
cal properties and methods of chemical separation and isolation of
element 94, demonstration of the presence of small concentrations of 94
in nature and much related information.

I have known Perlman since our undergraduate days at UCLA. When I
went to Berkeley to begin my graduate work, he also transferred to Berkeley
to complete his work for a B.S. degree in chemistry. He later obtained
his Ph.D. in physiology at Berkeley and after some postdoctoral work

there joined my group in January and soon became a key man in this effort.
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when we stepped into the street from the Chicago and Northwestern
Railroad Station at Canal and Madison Streets the temperature was a cold
40°F, a rather sharp contrast to thatbin Berkeley when we left. Staring
us in the face was the headline in the Chicago Sun, "Tokyo Fears New
Bombings; Reports Fires in Four Cities" with sub-heads "Five-Hour Raid on
Japanese Laid to Yanks" and "Capital, Yokohama, Kobe and Nagoya Blasted."
The account went on to say, "Earlier Japanese broadcasts said attacks,
which began at noon yesterday, were carried out by high-flying United
States planes which swept in from several directions and started fires
among the flimsy wood and paper homes of the heavily populated areas,"
and continued with, "Neither Washington nor General Douglas MacArthur's
headquarters of the United Nations forces in Australia would say that
Japan has been attacked by air.”

We took a cab from the station to the Shoreland Hotel (55th Street
at Lake Michigan) near the University of Chicago campus. We registered
here and about noon returned to the downtown area via the Illinois
Central commuter line. Following lunch we attended the Chicago Theater
for a Sunday matinee and saw a stage show featuring Kay Kayser's band and
a movie, "Design for Scandal," with Walter Pidgeon. We had dinner,
returned here to our hotel, after which I wrote a letter to Helen, my
bride-to-be.

This day marks my 30th birthday and a transition point in my life,
for tomorrow I will take on the added responsibility of the 94 chemistry
group at the Metallurgical Laboratory on the University of Chicago cam-
pus, the central component of the Metallurgical Project.

Monday, April 20, 1942

Iz Perlman and I are now official members of the Metallurgical Labo-
ratory, University of Chicago campus (Figure 1), and my salary for the
time being has been set at $360 per month by Dick Doan, who has the title
of Laboratory Director. I was shown to my new office in Eckhart Hall
(Figure 2), headquarters of the University of Chicago Department of
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Physics, on the campus; I was also introduced to my new but temporary
secretary, Mrs. Lucartha P. Sullivan.

We went by to greet Arthur H. Compton, Director of the Metallurgi-
cal Project, in his office (Room 313, Eckhart Hall). We also met his
secretary, Kay Tracy, a very competent woman who is obviously playing a
key role in helping Compton in his duties. Norman Hilberry, serving as
the chief assistant to Compton, has his office next door. The other
main building of the Metallurgical Laboratory is Ryerson Laboratory
(Figure 3), the other physics building on the campus; most of the partic-
ipants in the Metallurgical Laboratory are housed in parts of these two
buildings which are also still being used for University of Chicago

classes.

So far, Iz and I are the only ones on the staff of the new chemis- '
try group, and our laboratory space has not yet been assigned. One of
the first orders of business today was to find a capable person to
handle procurement and other technical services for my group. I
suggested Elwin H. Covey of Berkeley to Joyce C. Stearns, the Lab's
Personnel Director, and he responded immediately with a telegram to
Covey, offering him the job. I spoke to Covey about this possibility
last Friday, just before I left the Berkeley campus.

I had lunch at the Quadrangle Club with Hans von Halban, a former
colleague of Curie-Joliot who is visiting here from the British Project,
and with Joseph W. Kennedy, my colleague, who along with Arthur C. Wahl
came here from Berkeley to attend the forthcoming (April 22-23) chemis-
try conference at the Metallurgical Lab. (Kennedy was my colleague on
our Berkeley heavy isotope research program, and Wahl has just finished
his Ph.D. thesis work on element 94 with me.) Halban urged us, as no
doubt he has others, to think about how to producé U233 as an alterna-
tive explosive ingredient for the atomic bomb in case 94239 ghould prove
to be inapplicable. I must say that Halban does not share my enthusiasm
nor my optimism about the feasibility of separating element 94 in the
low concentrations that we will be producing in the graphite-moderated
piles. Before we parted I presented him with some reports covering the
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work of my group in Berkeley: "Chemical Properties of Elements 94 and
93" by G. T. Seaborg and A. C. Wahl; "Search for Elements 94 and 93 in
Nature. Presence of 94239 in Pitchblende" by G. T. Seaborg and Morris L.
Perlman; "Properties of 93237" by A. C. Wahl and G. T. Seaborg;
"Properties of 233 (Abstract)" by G. T. Seaborg, J. W. Gofman and R. W.
Stoughton; "Production and Properties of 50-year Element 94" by G. T.
Seaborg, A. C. Wahl and J. W. Kennedy; "Search for Spontaneous Fission in
50-year 94" by S. G. English and G. T. Seaborg; "Preparation of 234
Through le" by I. Perlman and B. J. Fontana; "Slow Neutron Fission of
g234n by J. W. Gofman and G. T. Seaborg; and "Szilard-Chalmers Process
for Uranium" by D. S. Breslow and J. W. Hamaker.

Later I talked with John A. Wheeler, a theoretical physicist on the
Project from Princeton University, well known as the co-author of the
Bohr-Wheeler theory of fission, and whom I saw earlier this year when I
visited the Met Lab at Compton's request in February. I gave him three
reports: "Properties of 93237," "Properties of y233 (Abstract)" and
"Search for Spontaneous Fission in 50-year 94," covering work of my group
in Berkeley.

_ Iz and I had dinner at a restaurant on nearby 63rd Street, a street
with many restaurants, stores and shops, a few movie houses, a streetcar
line and an elevated train running overhead. This busy street is just a
half block south of the Mira-Mar Hotel, where we intend to stay, and
represents a rather substantial neighborhood business area. It includes
two suburban railroad stations at which outgoing trains from downtown
Chicago make stops, the nearby Woodlawn Station and the Englewood Station
a few miles west. It is clear that we will have a good many of our
meals, other than lunch, in the several restaurants of this location.

Tuesday, April 21, 1942

Perlman and I spent much of the day talking to our new colleagues,
planning for our laboratory facilities and supplies and preparing for the
conference on the chemistry of 94 that will begin tomorrow.
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I also spent a good deal of time continuing my conversations with
von Halban. Halban and I had a talk with Compton about the importance of
U233 as an alternate of 94239.

In my continuing conversation with Compton I raised the question of
Ray Stoughton's continuing our neon work (code name for thor ium-u233
project) in Berkeley. Compton is very eager that he do so, and with all
possible speed, as it may play an important part in the general program
of the future. As part of our research program at Rerkeley, Gofman,
Stoughton and I showed that U233 has a slow-neutron fission cross section
about 25% greater than that of u233, (Gofman is doing his Ph.D.
research work with me at Berkeley, continuing there after my departure;
he, together with Stoughton, working with me in a postdoctoral capacity,
participated in the discovery and demonstration of the slow neutron
fissionability of u233.) Aalso, it may turn out that u233 is superior to
94239 pecause more secondary neutrons may be emitted during fission and
it is easier to isolate chemically. I wrote to Ray informing him of this
decision, which I am sure will please him.

Iz and I moved our personal belongings from the Shoreland Hotel

to the Mira-Mar Hotel at 6218 Woodlawn Avenue, my permanent home in
Chicago until Helen and I are married in a month or so.

Wednesday, April 22, 1942

Perlman and I had breakfast at the White House restaurant, just
around the corner a half block east on 63rd Street. We found good
service and adeguate quality of food and so will probably patronize this

restaurant in the future.

We then went to Room 316 of Eckhart Hall to participate in a two-day
conference on chemistry for the 94 project, others’present being
George E. Boyd, James Franck, Norman Hilberry, Iral B. Johns, Kennedy,
Perlman, Ernest W. Thiele, Harold C. Urey, Wahl, Wheeler, Eugene Wigner
and H. A. Wilhelm.
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Speading, who is Director of Chemical Research for the Met Lab,
although stationed at Iowa State College in Ames, Iowa, opened the
meeting and outlined the agenda. He was most emphatic that we chemists
keep clear in our minds that there are two goals and two goals only:
first, to isolate element 94 from uranium irradiated with neutrons in
the pile (the informal name for the uranium chain reactor); and second,
to understand all the pertinent chemistry necessary for the construction
and operation of the pile. Everything else must be secondary.

As for the first goal, work on the separation of 94 will be under
my direction here at Chicago, Johns and Wilhelm at Ames, Kennedy and
Wahl at Berkeley. We listed the following methods for the separation of
94 from uranium and fission products as the agenda for the discussion to
follow: electrolysis, volatilization, precipitation, extraction between
two phases, extraction of uranium leaving 94 behind, metallurgical,
adsorption. The opinion was expressed that of these, electrolysis, vola-
tilization, metallurgical and adsorption might be best since these meth-
ods could be more adaptable to remote control methods. I, however,
expressed confidence in the use of precipitation.

Other subjects listed on the agenda for the forthcoming two-day dis-
cussion were fission products (the area in which Charles Coryell will
specialize when he arrives at the Met Lab, as well as Johns at Ames),
materials research (under Boyd at the Met Lab), processing of materials
(Boyd and Herbert N. McCoy at the Met Lab), metallurgical (Wilhelm at
Ames) , hot testing of pile materials (Wilhelm at Ames), health
protection of workers (Robert E. Rundle at Ames), effects of radiation
on materials and theoretical considerations. Arrangements for the
latter two areas of investigation are yet to be made.

In order to lay a background to show the conditions of high levels
of radiations from fission products with which a chemical separation
process will have to contend, Wheeler summarized his estimates of total
energy liberated at various times up to a year after operation of a
5,000 kw pile for 30 days. This impressed us with the difficulties of
dealing with the intense radioactivity involved and the consegquent heat,
and the requirement that all the operations must be simple and amenable
to remote control.



4/22/42

It was pointed out that Compton and the Planning Board (Samuel K.
Allison, Richard Doan, Enrico Fermi, Hilberry, Spedding, Leo Szilard,
Thiele, Wheeler and Wigner) have decided that the chemistry of 94 is to
have a special category of secrecy with the information to be circulated
only among the chemists and the Planning Board.

At the end of these introductory considerations we talked about a
new terminology for the heavy elements. At Berkeley we have been using
the code names "silver" for neptunium (element 93) and "copper" for
plutonium (element 94), but this is often confusing and we have been
forced to resort to such expressions as "honest-to-God" silver and
"honest-to~God" copper when referring to these elements themselves. It
was agreed that the names "neptunium" and "plutonium" should not be used
as code words for elements 93 and 94 because they might be revealing if
overheard. A suggestion was made to base a code on the last digit in
the atomic number and in the atomic weight of each isotope, e.g., 49
corresponds to 94239, 39 to 93239, 28 to 92238, 25 to 92235,-etc; A
ﬁntion was made and passed to recommend this numerical notation for
consideration to the general group of those working on the project.

We concluded the morning session by discussing the role of each
group. For instance, the four chemical groups here at Chicago will be
headed by Charles D. Coryell, Bbyd, Herbert N. McCoy and me., Coryell,
coming to us from UCLA, will be concerned with the chemistry of the fis-
sion products. Boyd, a chemistry instructor at the University of
Chicago, will have charge of the routine analyses and the chemistry
associated with the purification of materials, as well as the room-
temperature chemistry involved in the design and operation of the pile,
and some work on the adsorption methods for the separation of 94.

McCoy, an early investigator in natural radioactivity formerly at the
University of Chicago, will be responsible for all chemistry connected
with the processing of materials for the pile, in cooperation with T. V.
Moore, head of the engineering group. My group primarily will study all
methods of 94 separation. At Iowa State College, Ames, where Spedding
has set up a branch of the Met Lab, there are three groups, led by
Wilhelm, Johns and Rundle. Wilhelm's group will be concerned with the
metallurgy of uranium and the metallurgical methods of separating 94 and
fission products. Johns' group will be involved in 94 chemical

10
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separation and the routine chemical control for metallurgy. Rundle must
look into radiation effects and develop precautions for the radiation
protection of workers.

We all had lunch at the Quadrangle Club~-the University of Chicago
faculty club. Since I will have the status of a visiting faculty
member, I have decided to join this club. It is obviously an excellent
place to have lunch because so many of the Metallurgical Laboratory
people are members and frequent the place for lunch. Another convenient
lunch spot is the Hutchinson Commons Room in the Student Union.

I opened the afternoon session with a discussion on the chemistry
of element 94, reviewing first the possibility of an electrolytic
separation of 94 from uranium and fission products, basing my remarks on
our Berkeley experiments; we have indications that 94 is deposited on
the cathode from aqueous solution much more easily when it is present in
the oxidized state than when it is present in the reduced state—this
forms the basis for a separation since the depositable elements can be
removed when 94 is in the reduced state, after which 94 can be deposited
more or less by itself when it is in the oxidized state. In connection
with this discussion of electrolytic properties, I emphasized the impor-
tance of preparing 94 in the metallic form in order to determine its oxi-
dation potential.

We discussed the possibility of a volatilization process for the
separation of 94. I suggested studying the volatility of metallic 94 by
bombarding uranium in the metallic form with deuterons and then heating
in an inert atmosphere up to the melting point of uranium, about 1150°¢,
in order to ascertain whether or not metallic 94 can be volatilized. In
connection with the possibility of removal of 94 from uranium and fis-
sion products by heating, I cited instances in which small amounts of
radioactive substances have been removed in this way, for example, the
volatilization of radioactive cadmium from deuteron-bombarded silver.

I also proposed further investigation of the volatility of the oxides of
94, using higher temperatures and stronger oxidizing agents because the
experiments at Berkeley so far have indicated that any higher oxide of

94, unlike its homologue osmium, is not volatile. I also mentioned the
possibility of volatile fluorides and chlorides of 94. Urey emphasized

11
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possible fluoride volatility methods, in which the uranium is removed as
volatile uranium hexafluoride, which offers a method of separation from
94 whether or not 94 forms a volatile fluoride.

Precipitation methods were considered next. Perlman suggested the
possibility of precipitating the 94 as the fluoride, with the aid of a
rare~earth carrier, directly from the solution of uranium and fission
products without an initial crystallization step to eliminate the bulk
of the uranium. I suggested that, in addition to the insoluble fluo-
ride, the possibility of an insoluble iodate, oxalate, etc., of the
lower oxidation state of 94 be investigated. I also pointed out that
the precipitation reactions of the higher oxidation state of 94 have not
been investigated very much so far and that specific precipitating
agents, such as organic reagents, are worth investigating.

The isolation of 94 by partition between two phases was discussed
next, and it was agreed that partition between two liquid phases, with
one phase being water, seems to offer good prospects for success. Sol-
vents worth investigating appear to be diethyl ether, the chloro-ethers,
the nitro-paraffins, methyl ethyl ketone, other ketones and diisopropyl
ether. I pointed out that even down to concentrations of 10712 M
gallium chloride divides between diethyl ether and 6 N HCl in a ratio of
100 or 1000 to one in favor of the ether. The guestion was raised wheth-
er organic solvents might be destroyed by the intense radiation from fis-
sion products and Kennedy suggested the possibility of testing the
effect of intense, heavily ionizing radiations by direct bombardment
with the positive ion beam of the cyclotron.

Metallurgical methods were discussed by Spedding, one being the
possibility of forcing oxygen through the molten metal in order to
remove the oxides of 94 and some of the other elements in a slag; the
possibility of selective 94 hydride formation and volatilization and
selective chlorination was also discussed. The possibility of an
adsorption method was considered, Boyd calling attention to the
existence of new synthetic resins which pull ions out of solution, in
contrast to previous materials which are able to remove only larger, or-
ganic molecules. '

I outlined a procedure for isolating 94, which appears fairly
certain of working in view of the experimental information obtained so

12
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far. First, the bulk of the uranyl nitrate would be removed from the 94
by crystallizing it from agueous solution as UNH. The 94 would then be
isolated from the remaining uranium and other materials in solution by
the method of precipitation from oxidizing and reducing media--the so-
called oxidation-reduction cycle. First, the rare—earth and reduced 94
fluorides are precipitated together. The fluoride precipitate is then
dissolved in sulfuric acid and, after addition of a strong oxidizing
agent, the rare earth fluoride is again precipitated, carrying with it
the fission products but leaving the 94 in solution in its higher oxida-
tion state. Finally, the 94 is reduced to it lower oxidation state and
precipitated as the fluoride. This oxidation-reduction cycle is based on
our work at Berkeley and can be repeated to obtain additional separation
of the 94 from fission products.

The afternoon session concluded with estimates being made of the
number of men that might work on separations, and it was decided that in
order to investigate all the methods a total of about forty investigators:
will be needed. It was agreed that the program should be augmented by
investigations of the pure chemistry of 94, including experiments to

detemine the actual oxidation number of the oxidation states of 94.

Thursday, April 23, 1942

The Chemistry Conference concluded today, and I attended both the
morning and afternoon sessions. Others present were Allison, Boyd,
Johns, Kennedy, Perlman, Spedding, Szilard, Thiele, Urey, Wahl, Wheeler
and Wilhelm. The morning meeting was primarily concerned with fission
products. In order to aid in the discussion, Wheeler put on the board a
complete chart of the fission products and of the relevant stable
isotopes. The danger from the strongly radioactive gases produced was
considered, it being suggested that a stack 200-300 feet high might be
used to carry off the gases. It was decided it would be important to
determine which of the elements in the region of the fission products
have fairly long half-lives so that removal efforts can be concentrated
on them rather than on the very long-lived or very short-lived isotopes.

13



4/23/42

It was estimated that about ten men will be needed for the fission
product studies.

Boyd discussed the impurities in the intermediate pile and the gains
to be realized by removing from the uranium and graphite gadolinium,
bofon, lithium, arsenic, chlorine and mercury, which have relatively
large cross sections for neutron absorption. In connection with a dis-
cussion of thermochemistry and radiation, Spedding and I mentioned the
advisability of more experiments on the physiological effects of
radiation.

The concluding afternoon session was concerned with the testing of
pile materials at room temperature and at high temperature, the radiation
testing of the pile materials and of the chemicals used for extraction
and isolation of the 94, the metallurgy of uranium and the need of the
chemistry group for a top-rate theoretical chemist to make calculations
of heat, radiation and gas liberation at each step of the various
processes. The need to have a number of doctors and physiological
chemists to look into the problem of protection from, and effects of,
radiation on persohnel was again emphasized.

From my standpoint, this two-day conference has not been very
helpful, although it did give all of us an opportunity to learn about
each other's program.

Also during the day I had a chance to discuss 94 extraction
procedures with Tom Moore, a chemical engineer who is Eger Murphree's
liaison man with Compton and to send Lyman J. Briggs (who is Director of
the National Bureau of Standards and Chairman of the S—-1 Uranium Committee)
two recent reports dealing with the Berkeley work: "Slow Neutron Fission
of y234n by John W. Gofman and Seaborg, and "Szilard-Chalmers Process for
Uraniun" by David S. Breslow and John W. Hamaker.

I wrote to Helen just before I went to bed at about midnight.
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Friday, April 24, 1942

I wrote James B. Conant (Chairman of the National Research
Committee) in Washington about Gerhart Friedlander and how anxious I am
to have him join our group, even though he will not receive his
citizenship papers for about two months. Friedlander, born in Germany,
worked closely with me at Berkeley for the last three years as a gradu-
ate student, and even before that as an undergraduate; moreover, he has
been indirectly connected with the investigation of 94 since its
discovery. I pointed out how urgent it is to employ him now and how
indispensable he is if our work is to go ahead at a fast rate. I added
that I am thoroughly convinced of Friedlander's trustworthiness and that
I will gladly assume complete responsibility for him.

Other letters went to (1) Harrison Brown at Johns Hopkins, asking
about his interest in joining our Chicago group; (2) the principal of
the Alameda High School in California, requesting that he release
Charles Blanchard from his teaching duties by May 15 so that he can join
the Berkeley group full time for the summer, mentioning that we might
bring him to Chicago instead, and saying that he would be working on a
secret project of extreme urgency to the war effort; and (3) Kasimir
Fajans of the Department of Chemistry, University of Michigan, asking if
any of his students would like to join me here. I knew Brown as a bril-
liant undergraduate at Berkeley before he went on to obtain his Ph.D.
degree at Hopkins. Blanchard was an effective part-time electronics man
with my research group at Berkeley, and Fajans is one of the giants of
the early days of investigation of natural radioactivity.

Spofford G. English arrived from Berkeley late this evening to join
my group. He took up temporary quarters in the Mira-Mar Hotel. Spof is
one of my graduate students and is co-author of our paper, “"Search for
Spontaneous Fission in 50-Year 94." He will be our expert on radiation
counting and detection equipment and will immediately set up and put
into operation the equipment that we arranged to have shipped here from
Berkeley in order to insure an early start for our experimental program
here in Chicago. He is a graduate student doing his research with me
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with a year or so to go before he finishes the requirements for the
Ph.D. degree; so he plans to spend the summer with us in Chicago and
then return to Berkeley in the fall. There are two categories of scien-
tists on the Project-—Research Associates, who hold the Ph.D. degree or
equivalent, and Research Assistants, holders of Bachelor's degrees.
However, in view of his special background, English qualifies as a
Research Associate.

Samuel Ruben, a chemistry instructor and my colleague at Berkeley,
is in town for a few days, staying at the Mira-Mar Hotel, and I hope to
spend some time with him. He and Martin Kamen discovered radioactive
carbon (Cl4) two years ago. Professor Wendell M. Latimer, Dean of the
College of Chemistry at Berkeley and a good friend, also passed through
Chicago today on his way to the annual meeting of the National Academy
of Sciences in Washington, D.C.; I saw him only momentarily but expect
to see more of him next Thursday when he passes through here on his way
back home to Berkeley.

Scheduled to begin today at the Berkeley 60-inch cyclotron is the
neutron bombardment of 210 pounds of U02(NO3)2'6H20 (uranyl nitrate
hexahydrate, which we refer to as UNH) for the production of 94239.
Martin Kamen has devised a special beryllium target for the 14-Mev deu-
teron beam. The target is almost completely surrounded by the uranyl
nitrate; hence a good fraction of the neutrons will be absorbed.
Irradiation will continue for two months and for a total of close to
50,000 microampere-hours, which should yield two or three hundred
micrograms of 94239

I wrote a letter to Helen.

Saturday, April 25, 1942

English was placed on the payroll of the Metallurgical Laboratory
this morning at a salary of $225 per month.
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According to Stearns' weekly report issued today, many new names
were added to the Met Lab payroll list during the last two weeks. These
include Allison, Arthur Snell, Louis Slotin and Wigner, as well as
Perlman and me, who are all classified as Research Associates. In
addition, Harold Lichtenberger, Gilbert Plass and John Plass were hired

as Research Assistants.

M. D. Whitaker reports that the third exponential (so-called
"intermediate") pile is now completed and a fourth is planned. ("Pile"
is the colloguial Project name for the uranium chain reactor.) Also, the
Columbia University pile is to be brought out here. Robert F. Christy
and Eleanor Gish have estimated that the multiplication factor k is 0.94
for the first Chicago exponential pile and will be 0.96 for the third
one, which is practically identical. Attainment of k-greater-than-unity
is a prerequisite for a chain-reacting pile so this is a primaryvearly
‘goal for the Project using uranium-graphite so-called exponential piles.
Measurements of these can be extrapolated to establish the value of k

for an actual, operating pile.

Kennedy and Wahl left to return to Berkeley. They hopé to visit

Art's home in Iowa enroute.

My group has been allocated laboratory space on the'top (fourth)
floor of the Herbert A. Jones Laboratory, where barricades are being set
up sO our area can be isolated, with the help of a guard station at the
entrance, from the normal University of Chicago Chemistry Department

activities that are going on in the same building.

Sunday, April 26, 1942

I spent much of the morning reading the Chicago Sun (Marshall
Field's newspaper). Today it includes much news on rationing and how it
will be handled. The Sun appears to be a good newspaper, comparable
with the San Francisco Chronicle, which I have been reading, and I will
probably subscribe to the Sun.
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Monday, April 27, 1942

Trying to recruit personnel for my group, I wrote to Darrell W.
Osborne at the University of Wisconsin and Saul Winstein at UCLA, asking
if they are interested in joining me; they were fellow chemistry majors
at UCLA with outstanding scholastic records. I also wrote Lee DuBridge
at the M.I.T. Radiation Laboratory for the names of any good men at the
University of Rochester who might be interested in working on problems
along the lines of artificial radioactivity and nuclear chemistry.

Our salary schedule here is the same as that at M.I.T. and
Berkeley, set by the Office of Scientific Research and Development, I
suppose to keep people from shifting about. A B.S. scientist without
experience gets $150 per month, and a Ph.D. gets $100 more per month,
plus $25 per month for each additional year of experience. A faculty
member who comes to us is offered a 20% boost in his university salary,
plus a small cost-of-living allowance. So any inducement I offer to a
potential member of my team must be largely on the merit of the job, and
of course the true nature of the work cannot be divulged until after he
is hired!

I wrote to Friedlander in Berkeley and asked him to send me a
photograph or copy of the large wall chart of stable and radioactive
isotopes that hangs in my office (Room 303) of Gilman Hall; also to send
the samples of long-lived radioactive cesium that Margaret Melhase (one
of my undergraduate research students) isolated from neutron-irradiated
uranium, which we need for our investigations here. Another letter to
Berkeley went to Professor Gilbert N. lLewis, who preceded Latimer as
Dean of the College of Cheﬁistry, whon I requested to write to Conant on
Friedlander's behalf. I served as Lewis' personal research assistant for
the two years immediately following receipt of my Ph.D. degree.

I wrote to Helen in the evening.
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Tuesday, April 28, 1942

I dictated to Mrs. Sullivan some of the first draft of the complete
report "Properties of y233n by G. T. Seaborg, J. W. Gofman and R. W.
Stoughton. This will describe in detail our work at Berkeley on the
discovery and determination of the slow neutron fissionability of U233.

Our chemnists here will need a good supply of uranyl nitrate
hexahydrate (UNH), and I informed Hilberry that while I was at Berkeley
we found the best source to be that of the Shattuck Company in Denver—-
inexpensive and of high purity (four times recrystallized). He agreed
to place an order for 600 pounds for the use of the chemists on the
Project.

Perlman and English have spent most of their time while here
discussing their research with me, acquiring chemicals, reagents,
glassware, balances, assembling our counting equipment, and all kinds of
other paraphernalia, and in general, preparing to put the show on the
road. We have a good supply of the alpha-emitting 94 isotope with 50
years half-life, about 3 million disintegrations per minute, which has
been shipped here from Berkeley, so we are ready to start our
experiments immediately. This isotope, produced by the bombardment of
natural uranium with deuterons (energy slightly less than 16 Mev) in the
Berkeley 60-inch cyclotron, is the first isotope of element 94 to be
discovered; it has not been assigned a mass number yet with the choice
lying among 238, 235 and 236. This alpha-particle-emitting isotope was
used by us at Berkeley for the study of the chemical properties of 94 by
the tracer method and this will be its use here at Chicago. The
particular bombardment in which this supply of tracer was produced
earlier this month in Berkeley has the designation U-D,2; it was
prepared by English in Berkeley and the solution has a content of 50-
year 94 oorresponding to about 30,000 alpha-particle counts per minute
per cc or about 60,000 alpha-particle disintegrations per minute per cc.

This evening I listened to President Roosevelt's fireside chat on
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the radio; he set forth a seven-point program of general principles for
a national economic policy designed to keep down the cost of living.

Wednesday, April 29, 1942

This morning the Chicago Sun reports President Roosevelt as saying
last night that the war effort "must not be impeded by the faint of
heart" and "it must not be impeded by those who put their own selfish
interests above the interests of the nation" and that the people in our
country must make sacrifices. Included is a complete list of price con-
trol orders, including rents.

We have moved into Herbert A. Jones Laboratory (Figure 4), one of
the two chemistry buildings (the other is Kent Laboratory where Boyd's
Project work is housed) on the campus which are in the same row of
buildings -as the physics buildings, Eckhart Hall and Ryerson Laboratory.
We are on the fourth floor and will occupy Rooms 401, 402, 403, 404 and
405 (Figure 5). Room 402 (designed for use as a two-man private
research lab) will be converted to serve as our counting room to house
our alpha, beta and fission counters, etc. I will share Room 403 (built
to serve as a room for high temperature chemistry) with Spedding as an
office; the room will be divided into two parts by a partition. (Mrs.
Sullivan will remain in Eckhart Hall and maintain my files there until I
find it convenient to find another secretary and move all of my
activities, including correspondence, phone calls, etc., to Jones
Laboratory.) Room 404, a large room with several fume hoods and five
long laboratory benches with sinks, is capable of accommodating a sub-
stantial number of chemists; it was designed to serve as an inorganic
preparation room and will serve our purposes admirably. Room 405 is a
little dark room capable of being converted into a special purpose labo-
ratory. Room 401, like Room 402, also was designed fbr use as a two-man
private research laboratory; it is equipped with fume hoods and we will
use it as a general purpose laboratory.

Our initial supply of counting eguipment has been shipped from
Berkeley. 1In Room 402 we will set up our alpha-particle and fission
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Fig. 4 Herbert A. Jones Laboratory. Our laboratory space on top
(fourth floor) of wing at left. Roof top work area at
right end of right wing. (XBB 768-7453)
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counting ionization chambers, our beta-particle counters and attendant
amplification and recording equipment, as well as our electroscopes. We
will have a screened window alpha-counting ionization chamber which will
be equipped with a magnet for bending out high intensity beta particles
that might be present in the alpha-particle-emitting samples; this can
also be used as a "low geometry" alpha particle detector, with or
without intervening screens, with the magnetic field off. For the
measurement of alpha-emitting samples of intermediate density, we will
have an ionization chamber with an arrangement to have the samples
placed nearer the screened window; this setup also has provision for
interposing additional screens between sample and ionization chamber to
allow measurement of samples of higher intensity. In addition, for
determining the absolute counting rate of alpha-particle~emitting
samples we will have an ionization chamber of the "inside" type in which
the sample is placed on one electrode inside the ionization chamber; the
geometrical efficiency of this has been determined in experiments at
Berkeley to be approximately 45% by counting the alpha particles of a
weighed uranium sample (200 micrograms) placed in the identical
position. We will have a numbering system for our alpha particle
counters in which the first will be designated BC-1, the second BC-2,
etc.; this is based on a numbering system we had at Berkeley, B-1, B-2,
etc., with the addition of C to stand for Chicago. A special variation
of the "inside" chamber will be used for our fission measurements using
Ra~Be neutron sources.

For the counting of beta-particles and gamma-rays we will use
Geiger-Miller counters and Lauritsen guartz-fiber electroscopes of the
type we used at Berkeley. Our calibrated (30% counting efficiency)
Geiger-Muller counters are of the bell jar type, about 5 cm long and 3
cm in diameter, with a central wire extending down to within a few mm of
a thin mica window at the bottom end; below the window is a sample hold-
er arrangement consisting of a number of slots at increasing distances
to allow radiation absorbers to be placed between the sample and the win-
dow when the sample is placed in a lower slot. For our Geiger-Miller
counters we will use a numbering system ZC-1, 2ZC-2, etc., based on the
number ing system we used in Berkeley (Z-1, Z-2, etc.) with the
introduction of C to stand for Chicago. The cylindrical outside
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container of the air-filled Lauritsen quartz-fiber electroscope is made
of aluminum with a window of thickness about 3 mg/cm2 at the bottom for
the entrance of the radiations from the sample; we add a sample holder
arrangement consisting of a number of slots at increasing distances from
the window to allow the interposition of radiation absorbers when the
sample is placed in a lower slot. The rate of discharge is measured in
terms of the rate of movement of the quartz fiber so the intensity of
radioactive samples is recorded in terms of "divisions per second." For
our electroscopes we will use the numbering system EC-1, EC-2, etc. We
also plan to reproduce our Berkeley apparatus consisting of an
ionization chamber (air-filled or freon~filled) connected to a General
Electric FP-54 vacuum tube amplifier (electrometer) and galvanometer
with resistance and shunt arrangements to vary the sensitivity of the
galvanometer reading over a wide range.

The space is more than adequate for the time being, but I hope to
have about twenty people in my group before long, and then we will £fill
it to capacity and even be too crowded.

We are setting up the labs with what meager equipment we have on
hand; considerably more is on order. Some of the University lab classes
meet in this building, but we are rather isolated on the top floor; and
as for protecting ourselves from anyone who might wander in, we have bar-
ricades setting off our suite of rooms and will soon have guards
stétioned at the entrance to our area. We can come up to the fourth
floor either by elevator or by a rather ornate winding staircase. Like
everyone else on the Project, it is a daily ritual for us to wear badges
to identify ourselves. |

Harrison Brown wrote; he is interested in my offer of a job and is
willing to come to Chicago if necessary to talk things over. His
contract as an instructor of chemistry at Johns Hopkins expires June 30.

I sent a telegram to Helen in California asking her to send me the
original carbons of my 1/28/41 and 3/7/41 letters to Philip H. Abelson
and Lyman J. Briggs announcing the discovery of element 94, which I need
to give to Gregory Breit here at the Met Lab to hold for post-war
publication in the Physical Review.

24



4/29/42

The weather has been quite hot during the week, has hovered around
85° most of today and yesterday. Tonight in my warm hotel room I wrote
to Helen complaining that I have received only four letters from her.

Thursday, April 30, 1942

The first thing I did this morning was to move my office from
Eckhart Hzll to Room 403, Jones Laboratory; Mrs. Sullivan, although
still handling my secretarial needs, is remaining in Eckhart Hall.

Perlman also has moved into the new facilities; he plans to do his
work in the large Room 404 and also to share my office. He immediately
began to synthesize UF,, incorporating 50-year 94 tracer, using UNH
(uranyl nitrate hexahydrate) for a starting material. The UF, will be
used in the 94 volatility experiment which Harrison Brown will perform
at Johns Hopkins University. This is one of the chemical investigations
on 94 that I proposed in my letter to Compton, March 31, a suggestion
made by Urey in a letter to Lawrence last January. The idea is that
after element 94 is made in the pile the mixture of 94, uranium and fis-
sion products could be treated with fluorine so that UFg would be
formed. If the fluoride of 94 is found to be volatile, then it and the
uranium hexafluoride can be separated from the fission products and
later separated from each other. And if it is not a volatile substance,
then a method would be provided for separating the uranium from the mix-
ture of 94 and fission products. Brown's task will be to fluorinate a
sample of Perlman's UF, (prepared by precipitation) which contains a
tracer amount of 50-year 94, after which the volatile UF6 and non-
volatile residue will be returned to us to determine the disposition of
94 tracer in the experiment. '

English has also moved into Jones Laboratory. He will divide his
time between Room 404, for his chemistry experiments, and Room 402,
where he will supervise the counting experiment. |

Norman Bonner sent me from Berkeley his final report, dated April
25, 1942, for the undergraduate chemistry courses 180H and 199 taken
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under my direction at the University, entitled "Precipitation of UX;
from Solutions Containing Large Amounts of Uranium." This paper
describes his work done at Berkeley during Januaiy—April 1942 in
collaboration with Isadore Perlman, Beppino J. Fontana, René J.

Prestwood and Charles Auerbach on the isolation of high intensity
234

samples of UX, for the preparation of U

I received an invitation to be a dinner guest, along with other
speakers, at the annual meeting of the New York Section of the ACS
(American Chemical Society) on Friday, May 8, where I am scheduled to
speak; I accepted the invitation for this speaking engagement before I
left Berkeley to move to Chicago.

Professor Wendell M. Latimer, on his way home to Berkeley from
Washington, visited the Project today, and he and I met with Compton
(preceded by a meeting between Compton and me alone) to discuss a
contract, with Latimer as Principal Investigator, to continue the 94
work I began and supervised in the Berkeley Department of Chemistry.
Compton agreed on Latimer's role and thought it could be worked out with
Ernest O. Lawrence, Director of the Radiation Laboratory at Berkeley.
Compton also told me that he wants to continue to use the 45-inch
cyclotron at Washington University, St. Louis, to produce samples of 94
for our work here, just as we have been doing in Berkeley, and he has
initiated the request. Targets of uranium metal will be bombarded with
deuterons to give 50-year 94, and hundreds of pounds of UNH will be
exposed to neutrons to produce experimental quantities of the longer-
lived 94239. I have the rather far-out idea that perhaps we can produce
and isolate sufficient 94239 in cyclotron bombardments to make it
possible to work with element 94 in the pure state on the
ultramicrochemical scale. Alexander Langsdorf ahd Harry W. Fulbright
are in charge of the cyclotron at St. Louis.

Later, Latimer and I talked about some of the more promising stu-
dents in the Chemistry Department at Berkeley who might be induced to
come to Chicago to work for me. In particular, there are Ralph A. James
and William J. Knox who will get their B.S. degrees next month. Another
person we discussed was Daniel E. Koshland, Jr., who received his R.S.
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from Berkeley last year and is now working for Shell Development Company
in Emeryville, California. Latimer remarked that Koshland was in the
top two percent of his class and held, during his senior year, the
prestigious James Monroe McDonald Scholarship. He said he would get in
touch with all three. He mentioned that his Chemistry Department will
have a new batch of 16 Ph.D.'s next month, among them Wahl and
Friedlander who both did their Ph.D. work under my direction. My aim is
to get Friedlander here as soon as this business about his security
clearance is resolved.

After Latimer took leave 1 addressed letters to Briggs in
Wwashington and Brown in Baltimore, telling of my plans to visit them on
May 6, morning and afternoon, respectively. I decided to take advantage
of my planned visit to New York City to visit them in Washington and
Baltimore enroute. I had numerous contacts with Briggs, in his capacity
as Chairman of the U.S. Uranium Committee (the S-1 Committee), in
connection with my research program on element 94 and other heavy
elements at Berkeley. My interest in seeing Brown, of course, is to dis-
cuss plans for joining my group in Chicago and for the joint
fluorination experiment that we have under way.

Tonight I attended and spoke at the regular Thursday evening
Project Seminar for Research Associates. This is an interdisciplinary
seminar in which current research plans and progress are discussed; sev-—
eral speakers are scheduled for each meeting. I gave a summary of the
research we have performed at Berkeley.

When I returned to my hotel I found a nice long letter from Helen.

I wrote her a long letter in return, including an apology for my
impatient letter of yesterday.
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MAY 1942

Friday, May 1, 1942

I went to the Chicago and Northwestern Railroad Station on Canal
Street to meet Joseph G. Hamilton, who arrived at 9:30 a.m. from
Berkeley on the City of San Francisco. We took part in a luncheon
meeting at the Quadrangle Club with Compton and others, and Joe had a
chance to discuss his own program. He is director of biomedical
research in Lawrence's program in Berkeley, and as an M.D., he is
interested in’ the ingestion of radioactive isotopes and their uptake in
organs. He was the first to use radioiodine as a diagnostic tool in
thyroid disorders. Joe and I discussed the proposed contract with the
Berkeley Chemistry Department, and his reaction to it was favorable.
Joe is in charge of the 60-inch cyclotron at Berkeley which will
continue to be used by the Berkeley group and also by my Metallurgical
Laboratory chemistry section for some of our experiments. We also
talked about Compton's plan to use the Washington University cyclotron,
and he agreed to visit St. Louis and see what changes need to be made to

achieve maximum efficiency.

I received an April 29 letter from Friedlander saying a photographer
has been called in to photograph the isotope chart in Room 303 of Gilman
Hall and that I will receive the negatives.

I received from Berkeley the original carbons of my 1/28/41 and
3/7/41 letters to Abelson and Briggs announcing the discovery of element
94 and took the relevant excerpts around to Gregory Breit to hold for
post-war publication. (Breit is coordinator of the Project's basic
experiments on fast neutron reactions at several universities.) I also
spoke to him about getting our letter of May 29, 1941, to Briggs
announcing the discovery and measurement of fissionability of 94239 into
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official custody for eventual publication in the Physical Review*; he

assured me he would try to arrange it.

I made a long distance phone call to Berkeley and talked to Kamen
about our 60-inch cyclotron bombardment schedule. I also spoke to
Belen, and later I sent her a telegram apologizing for my complaining
letter of Wednesday which she should receive about as soon as she
receives the letter. "

While I was writing to Helen in my hotel room in the evening, I was

interrupted by another phone call from Kamen, who had further guestions
about our cyclotron bombardments.

Saturday, May 2, 1942

Perlman completed his preparation of the UF, sample incorporating
50-year 94. It weighs 7.2 grams and contains an amount of 94 correspond—
ing to an estimated 20,000 alpha counts per minute, but this needs
be determined by actual measurement. He divided the sample into two
halves—3.6 grams in each. I will ask Brown to fluorinate one of these
samples, even though we have not yet completed arrangements for his
joining my group. I plan to deliver the sample to him in Baltimore
next Tuesday, after my session with Briggs and others in Washington, and
then go on to New York.

I heard from Stearns' office that Elwin Covey has accepted our job
offer. I wrote to him urging that he join us as soon as possible.

*The January 28, 1941, report, "Radioactivity of Element 94 from
Deuterons on Uranium," by G. T. Seaborg, E. M. McMillan, J. W. Kennedy
and A. C. Wahl, was eventually published in Physical Review, 69, 366
(1946); the March 7, 1941, report, "A New Element: Radioactive Element
94 from Deuterons on Uranium," by G. T. Seaborg, A. C. Wahl and J. W.
Kenneay, was eventually published in Physical Review, 69, 367 (1946);
the May 29, 1941, report "Properties of 94(239)," by J. W. Kennedy, G.
T. Seaborg, E. Segré and A. C. Wahl, was eventually published in
Physical Review, 70, 555 (1946).

29



5/2/42

The Met Lab now has 153 employees, half of whom are Research
Associates and Research Assistants. Because of the manpower shortage,
there are also 20 high school boys. There are 50 persons working on
exponential, or intermediate, piles in the West Stands Laboratory,
including Walter H. Zinn and Enrico Fermi who just arrived last month
from Columbia University in New York. The Columbia intermediate pile is
being shipped here, and the graphite and uranium oxide will be used in
the construction of future piles.

The Project Planning Board met today, attended by Allison,
Compton, Doan, Fermi, Hilberry, Moore, Spedding, Szilard, Thiele,
Wheeler and Wigner. Moore reported on the problem of finding a
site for the production pile and for the chemical extraction plant.
Because of electric power and water supply the most promising so
far seem to be the Grand Coulee area in the State of Washington and
Tennessee Valley between Watts Bar and Norris Dam. A site on the
Clinch River in Tennessee was discussed, which has the advantage of
a nearby railroad. Many comments were made about the size of the
power plant, the heat exchanger, the chemical extraction plants,
laboratory location and waste disposal. Fermi expressed doubt that
water could be used as a cooling agent because of its effect on the
chain reaction. Compton stressed the urgency of choosing a site,
because operation of the pilot plant is scheduled to start by Janu-
ary 1 of next year; he will send two men from the Laboratory to
investigate.

A discussion of the value of k, the multiplication factor,
followed. Christy's latest calculations give 0.95. Wigner and
Fermi anticipate a gain of 0.12 by the removal of hydrogen,
nitrogen and other impurities, improvement in geometry, the use of
uranium metal instead of oxide, bringing the value to 1.07.

Compton estimated that this value corresponds to a pile having a
volume equal to that of a 17-foot diameter sphere.
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Sunday, May 3, 1942

Under a New Delhi dateline in this morning's Sun, I read the
headline "Mandalay's Defenses Crumble." Speculation is that the fall of
Burma is imminent.

Monday, May 4, 1942

Coryell arrived today to start work at the Met Lab as head of the
group working on the chemistry of fission products. He has left his
position as Instructor of Chemistry at UCLA; I knew him there and also
when he was a graduate student at Caltech. His laboratory space will be
in Kent Chemical Laboratory, the chemical laboratory building adjoining
Jones Laboratory, and will be centered in the large student chemistry
laboratory, Room 303. He will stay at the Mira-Mar Hotel until he is
joined by his wife Gracemary.

I continue to be greatly concerned about recruitment, and in
today's mail there were some interesting letters. Darrell Osborne is
doing some research for Tennessee Valley Authority at the University of
Wisconsin; he wants to continue his teaching there because he feels that
the training of chemists is of paramount importance. DuBridge wrote
that when he read my letter of April 27 he had to suppress a smile. All
the University of Rochester men that I inquired about are at work on
defense projects there or else have been pulled away to other projects.
He went on to say-—which probably sums up the job situation for the U.S.
at large—"The country has been pretty well surveyed I believe for men
trained in nuclear physics; and you will, no doubt, have difficulty
finding anyone except graduate students who have not completed their
work, but who might be interested in discontinuing it for the duration
of the war in order to get into a war problem." Pretty gloomy!

But there were some bright rays. Forwarded from Berkeley was a
letter from my friend Paul Saunders whom I knew at Berkeley during his
undergraduate days as a chemistry major; now at Caltech, he said that
although he is only four months away from the completion of his Ph.D.
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thesis, he would like to consider an offer of employment from me. There
was also a telegram from Melvin Calvin in Berkeley asking if I could use
Sam Aranoff. Aranoff is an exceptionally able chemist who will be
getting his Ph.D. in biochemistry this month.

Most of the day was spent in completing the dictation of the report
on “Propertiés of 233" that I started last Tuesday.

John W. Bamaker, another of my graduate students in the Berkeley
group, specializing in microchemistry, sent me a short progress report of
his work. He also enclosed a list of the microchemical equipment he has
ordered in Berkeley, which he prepared at my behest.

Compton's message got through to the cyclotron people at Washington
University, and they say they are set up and ready to take element 94
production orders from us. Hamilton arrived and gave them instructions
as to the changes that will be necessary to give the desired irradiations

with the maximum efficiency.

The University of Chicago Chemistry Department holds weekly seminars
on Monday afternoons, and I talked there today. I talked on artificial
radioactivity and the use of tracers but managed to cover only half the
ground I had planned. As a consequence, they invited me to come back and
finish my talk next Monday afternoon. During the coffee session before
the talk I met or renewed acquaintance with many of the faculty of the
Chenistry Department—Herman Schlesinger, James Franck, Warren Johnson,
Thorfin Hogness, Fraser Young, William Harkins and Herbert Brown. Harkins
dgescribed to me his early work in nuclear science and indicated that on
the basis of this he should probably have at least shared credit for the
discovery of the neutron. I also met some of the younger men, graduate
students and men working on Schlesinger's secret projects (the synthesis
of volatile compounds of uranium that might substitute for uranium hex-
fluoride, etc.), including Joe Katz, Arthur Bond, Henry Hoekstra and
James Gilbreath.

Tonight I wrote to Helen again.
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Tuesday, May 5, 1942

Perlman's wife Lee and 1-1/2 year old daughter Judy arrived today
by train from Los Angeles; so Iz won't be staying at the Mira-Mar any
more. He has found an apartment on Drexel Boulevard quite close to
Jones Laboratory.

Milton B. Burton, from New York University, visited the Met Lab
today, at Spedding's invitation, to investigate his possible interest in
joining the Chemistry Division to be in charge of a group studying the
effects of radiation on pile and chemical extraction materials. Burton
is an expert in photochemistry and well gualified to take on this task.
I was delighted to see him this morning and recalled with him his sab-
batical year at Berkeley about five years ago when we became well ac—
quainted. In fact, we carried on collaborative research, at a distance,
on the applications of radioactive tracers to a photochemical problem
during the intervening years.

The time has now come to get approval for continuation of my
Berkeley program for the next six months, starting July 1. I sent
Latimer a summary of the proposed budget and projects and suggested that
he show it to Lawrence after making any desired changes, with the
suggestion that this program be carried out in the Chemistry Department
and be under direct contract with the Metallurgical Project rather than
as part of the unrelated Lawrence electromagnetic isotope separation
project.

In the summary, I divided the program into three projects. No. 1
concerns the further investigation of the fission properties of u233 and
methods of separating it from large amounts of thorium. I stated that
y233 may be superior to 9423% for three reasons: it might have a lower
spontaneous fission rate, more secondary neutrons from fission might be
liberated and its chemical isolation might be easier, since its chemical
properties are known with certainty and since there would not be the
large amount of extremely radioactive fission products to complicate the
chemical procedure. No. 2 calls for further investigation of the chemi-
cal properties of elements 93 and 94, as well as a search for elements
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93 and 94 in nature. Lastly, No. 3 relates to the preparation of y234

and measurement of its fission properties.

For project No. 1, I suggested Stoughton and Gofman; for No. 2,
Morris Perlman, Friedlander or substitute, Gofman, R. B. Duffield and
Hamaker; and for No. 3, Beppino J. Fontana, Glenn E. Sheline, Ren€ J.
Prestwood and Ned R. Reed or Oscar A. Cook. In addition there will be
laboratory helpers Gayle E. Adams and A. Tanzillo and laboratory techni-
cian Stanley T. Abrams, plus a shop man and clerical help. The proposed
salary budget for the six months comes to $16,000. Expenses for running
the project, including equipment, salary overhead and cyclotron time to
produce U233 and 50-year 94 brings the total proposed budget to $44,000.
I believe this program will be approved by the authorities in Washington,
and I hope that Compton and Lawrence will agree to this method of
funding it.

I prepared a letter to Gofman to be used in transmitting the rough
draft of the write-up on U233 as soon as Mrs. Sullivan types it. I
asked that Stoughton as the other co—author have a look at it too. 1In
my talks with Halban he convinced me that we should ke bombarding solid
thorium nitrate rather than the saturated solution that we used last
time. I asked Gofman to convey this information to Stoughton, who
should prepare a solid thorium nitrate sample of about 75 pounds and use
the same geometrical arrangement emploYed by Kamen, Wahl and Kennedy in
the big neutron bombardment of uranium that is under way to produce ex-

perimental quantities of 94239.

I acknowledged the April 28 letter from Saunders and yesterday's
telegram from Calvin. I told Saunders I would like very much to have
him in my group, to let me know his decision as soon as possible, and
that he will be granted draft deferment if he accepts a position. I
told Calvin that I am interested in Aranoff but don't think we have

things in shape to handle many more men at present because there is
still the question of space and because major equipment must still arrive.

I dropped into Breit's office and inquired further about getting
the letter of May 29, 1941, into official custody for its eventual
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publication in the Physical Review (the same reguest I made of him last.
Friday) and he told me that arrangements are being made.

At 4:30 p.m. I boarded the Capitol Limited for Washington, D.C., and
wrote to Helen enroute.

Wednesday, May 6, 1942

At 8:40 a.m. I arrived in Washington and took a cab to the National
Bureau of Standards, where I met with Briggs and H. T. Wensel, Technical
Aide, OSRD Uranium Section S-1, to discuss my work in Berkeley on the
Uranium project.

After lunch in downtown Washington, I took the one o'clock train to
Baltimore, where I visited Harrison Brown, Robert D. Fowler and others at
the Johns Hopkins University Chemistry Department. I gave Brown the
3.6—gram sample of UF, incorporating the 50-year 94 tracer, and I asked
him to fluorinate it and return both the product and residue to me in
Chicago. It was arranged that he will join my group at the Met Lab about
June 1, and I suggested that he send me diagrams of his fluorine genera-
tor so we can get our shops started on fabricating one as guickly as
possible.

The evening train brought me to Jersey City, where I crossed the
Hudson River via ferry on a bus and arrived at Grand Central Station at
about 10:15 p.m., then checked into the nearby Commodore Hotel. The neon
lights in the city have been dimmed, a sharp contrast to the bright
lights I saw here during my visit last August. I again wrote to Helen
while enroute on the train.

Thursday, May 7, 1942

After breakfasting at the Commodore Hotel I rode a cab to Columbia
University. John R. Dunning and I conferred about our talks to be given
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at the ACS meeting tomorrow. We then got together with Eugene T. Booth,
Aristid V. Grosse and others and talked about their research programs.

It was Dunning, with his colleagues Booth and Grosse, who first confirmed,
using a sample of u%3% isolated by Alfred O. C. Nier in his mass spec-
trograph, that it is this isotope of natural uranium that fissions under
slow-neutron bombardment. We all had lunch at the Faculty Club where

I saw my Berkeley friends Bill Libby, Earl Long and Phil Schutz. I then
visited the University labs and saw Harold C. Urey and his research
program. Urey is a member of the S-1 Section—the OSRD Section on

235

Uranium—and heads the program to separate U by gaseous diffusion

methods.

Around four o'clock I returned to the hotel for a conference with
Thon about the "Annual Tables," for which I am scheduled to provide a
"Table of Isotopes," and arranged to send him a copy of my planned
Review of Modern Physics "Table of Isotopes" when it is ready. After

this I went out and rented a tuxedo plus accessories for tomorrow night
(at a cost of §5).

Perlman called me at the hotel from the Met Lab to bring me up to
date. The uranium metal targets that were sent to Washington University
to determine the yield of 50-year 94 were bombarded with 12 Mev deuter-—
ons for a total of 500 microampere-hours yesterday and the day before.
Next we will set up to irradiate large quantities of UNH with neutrons

4239

from their cyclotron to produce 9 in as large a quantity as possible.

I drbpped by the Picadilly Circus Bar and heard "The Three Suns" and

had dinner at a grill on Broadway. It was a lonely evening, and I was
happy to return to my hotel and write to Helen.

Friday, May 8, 1942

The peregrinator Joe Hamilton is in New York, and over breakfast at
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nmy hotel this morning we talked about his trip to Canada, his recent St.
Louis visit and other matters. We parted briefly while I took a cab to
the offices of the Standard Oil Development Company of New Jersey at 26
Broadway, where I had an 11:00 appointment with Eger V. Murphree, a chem-
ical engineer and their director of research. He is Chief of the Plan-
ning Board of chemical engineers of the S-1 Committee and also heads

the group to investigate 0235

separation by centrifuge methods. 1In his
capacity on the Planning Board Murphree has an interest in the 94 sepa-
rations problem. BEe visited me in Berkeley the first week of April,

and I was able then to show him something of the chemical program we had
under way. In particular, we discussed the possibility of isolating 94
from uranium and fission products by the methods of crystallization and
electrolysis. We spent a pleasant but intense half hour exchanging ideas
about the chemical extraction of 94. According to Compton's timetable,
not only must a chain reaction be produced by the end of this year, but
by the end of next year a pilot plant to manufacture 94 must be operating
and quantities of 94 extracted from its uranium. Murphree is the true
go-getter type; if the Project falls behind in schedule, it will not be
from his lack of dedication or enthusiasm.

From here I taxied to the Faculty Club ét Columbia University, where
Joe and Dunning and I had lunch with our many friends and acguaintances.
Later in the afternoon Joe and I taxied back to the Commodore Hotel, were
joined later in my room by Dunning, and Dunning and I donned our tuxedos
for tonight's performance-—our talks at the ACS meeting. Joe, John and
I took a cab to the Hotel Pennsylvania with lantern slides in hand and
were greeted by a bulletin board poster announcing the annual meeting of
the American Chemical Society, New York Section, Inc. Displayed in bold
letters was the quaint but provocative invitation, "Ladies Are Welcome."
Dunning and I, as the two speakers of the evening, were treated to dinner
with members of the New York ACS Section in the hotel's Cafe Rouge; Charles
Spivak's orchestra entertained with dinner music. Then at eight o'clock
we rode up to the Salle Moderne on the 18th floor where the actual
meeting was held.

I was the first on the program, and after a brief introduction by
Ralph H. Muller, the Chairman, I addressed my audience on the topic,
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"Applications of Artificial Radioactivity to Chemistry, Biology and
Medicine." My talk opened with a description of the discovery of artifi-
cial radioactivity by the Curie-Joliots in 1934, just eight years ago,
and I went on to review the types of artificial radioactivity now known
and stated that there are 370 species of artificial radioactivities,
produced in about 700 different nuclear reactions. I discussed the
application of these isotopes to the study of exchange reactions and
reaction mechanisms, including uses in analytical chemistry. I spoke of
those elements not found in nature, elements 43 and 85, but needless to
say, did not dare touch on the transuranium elements. I also reviewed
some carbon-ll experiments, especially those dealing with the mechanism
of photosynthesis. In conclusion, I described applications of radio-
active isotopes to biology and medicine, including an explanation of
how radio—autography is used in biology and medicine. |

Dunning was next on the podium and he gave a lively demonstration-
lecture entitled, "Production and Detection of Radioactive Isotopes." He
demonstrated the use of counters, ionization chambers and photographic
emulsions and followed through a typical isotopic tracer technique. A.
Benedetti-Pichler from the Department of Chemistry, Queens College,
Flushing, New York, was in the audience. We had a chat and agreed to get
together for a longer talk tomorrow in my hotel. 1I have previously
communicated with him because he is one of the pioneers of ultramicro-
chemistry and can be of great help to me.

In the course of the evening I had a chance to talk with Milton
Burton and to urge him to join us at the Met Lab. He indicated that he
has decided to do so. I also saw and talked with many other friends,
including Victor La Mer, Earl Long, Bill Libby, A. V. Grosse and Phil
Schutz.

After the meeting Dunning, Jce, Libby, Grosse, Long and I went to
"Jimmy Kelley's" in Greenwich Village and to the "Cafe Society Downtown,"
featuring Teddy Wilson's orchestra. I returned to the Commodore- Hotel
and fell into bed at 4:00 a.m. It was an exhausting day.
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Saturday, May 9, 1942

My visitor, Benedetti~Pichler, arrived at 11:00 this morning. We
talked until noon, then continued over lunch at the hotel. Although I
could not describe to him the particular project I have in mind, I told
him I hope to enter his field of ultramicrochemistry. He promised to
send me a list of the most essential equipment required for my venture
into the ultramicroscale world of chemistry. 1In order to pursue the
chemical study of pure 94 with the minute amounts that can be produced
in cyclotron bombardments, it will be necessary to work with volumes of
solutions of the order of 10~ to 107! milliliter to correspond to
guantities of 94 in the range of a few micrograms; it will also be
necessary to handle precipitates in this range. We also discussed the
highly-qualified Michael Cefola, a former student of Benedetti-Pichler,
who is on the staff of the Department of Chemistry at New York Universi-
ty, and I decided to make Dr. Cefola an offer to join us in Chicago. He
will be an asset in setting up ultramicrochemical equipment and using it
for our investigations. I still believe it is feasible to study the
chemical properties of pure 94 produced in cyclotron bombardments; all
the chemical investigations so far have been conducted on the tracer
scale.

To my delight, I have received three letters from Helen during my
stay in New York. I wrote to her this afternoon in an exuberant mood.

I had dinner at the Mexican Xochitl Restaurant on 46th Street near
Broadway with the Libbys and the Schutzes; later I went to the Grand Cen-
tral Station and at 10:00 p.m. boarded the New York Central train to
Chicago which left at 11:30 p.m. It will take me back to Chicago with
arrival scheduled at 4:00 tomorrow afternoon.

Sunday, May 10, 1942

Enroute to Chicago, I had breakfast and lunch in the diner, spent
the remainder of the time reading newspapers which are filled with
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descriptions of our victory over the Japanese in the "Battle of the

Coral Sea." I also heard over the radio in the lounge car the inspiring
speech by Winston Churchill which was scheduled for this afternoon. I
again wrote to Helen. We arrived in Chicago at 4:00 p.m. on schedule,
and I went immediately to Jones Laboratory to check my mail, found sever-
al letters from Helen, which prompted me to write her again.

Monday, May 11, 1942 /

When I returned to my office in Jones Laboratory this morning I
found a letter from Paul L. Kirk, an associate professor of biochemistry
at Berkeley. It was in reply to my inquiry about a microchemist who
might be available for my program. He endorses Burris E. Cunningham
highly; Cunningham has a Ph.D. in biochemistry and is especially skilled
in'ultramicrochemistry. He said he would be reluctant to see him go
because he is counting on him as a key man in a program he is trying to
organize in Berkeley. Aanother complication is that the two of them are
working intensively on a general reference book on microchemistry.

Kirk, however, has not been successful yet in getting a war project; so
Cunningham may be available. He mentioned that he himself might come if
I really need him.

Also, there was a response from Professor Fajans at the University
of Michigan to my letter of April 24. He said that none of his students
is available for positions here, that Amos Newton is with Eastman Kodak,
Adolf Voigt is teaching at Smith College, and Johnson is doing chemical
work for the cyclotron physicists. He did suggest one prospect, however,
Bertrand L. Goldschmidt, who came to the U.S. about a year ago and is
living in New York City; formerly he was associated with the Curie Lab-
oratory in Paris. Unfortunately for my purposes he is a French citizen;
but like Friedlander, who is also an alien, he is worth pursuing.

Today Iz is hard at work on an experiment involving the separation
of element 94. He wants to verify the results of an investigation that
he made in Berkeley the early part of last month on the possibility of
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crystallizing out most of the uranium as nitrate from a mixture of urani-
um, fission products and 94. This is the kind of mixture that will be
removed from the pile if a chain reaction proves feasible.

I wrote to Wahl in Berkeley and asked him to send me about half the
fission product residue from the large neutron bombardment we made last
summer, from which sample "F" was prepared (the 2-microgram 94239 sample
that Emilio Segré and I used to measure the fast neutron fission cross
section of 94239); the residue is for use by Coryell here and by Fajans at
the University of Michigan. Half should be the rare earth fraction, and
half should be the other fission products. I explained that Frank H.
Spedding, Coordinator of Chemical Research at the Met Lab, is most eager
that the study of fission products get started as soon as possible.

In the late afternoon I spoke again at the Chemistry Department
seminar at the University of Chicago to complete my talk on artificial
radioactivity and its applications in research. Because the Chemistry
Department is not part of the Met Lab, I have to refrain here from
mentioning the transuranium elements. In the preceding social session,
Harkins talked further to me about his pioneer research in nuclear
science, and I met additional members of the Department.

Tuesday, May 12, 1942

My group in the Met Lab Chemistry Division has been designated as
Group I.

As Benedetti-Pichler promised, he sent lists of the equipment we
will need for work on a gamma (microgram) scale. He advised us to get a
Satorious microchemical balance so that when we construct our own ultra-
microbalance, we will be able to calibrate it in terms of absolute mass.
He also recommended a simple petrographic microscope and a binocular
microscope of the Greenough type. In his letter he put in another
good word for Cefola.

Much of today was set aside for correspondence. I wrote a letter
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to Harrison Brown as a supplement to the telegram sent today by Stearns
offering him a position starting June 1. I reminded him to send the
diagrams of the fluorine generator so we can get the shops started on it
as soon as possible. Another letter went to Donald E. Hull, who is on
the Department of Chemistry faculty at the University of Minnesota (and
was a roommate of mine in graduate school at Berkeley), asking about his
interest in joining me if a position becomes available. I told him that
probably he would have to take a leave of absence for a whole year as it
is my guess that the project here will last the duration of the war. I
added that the work here is extremely interesting and that I think it is
the moét interesting research work in which I have ever been engaged.
Sometimes I feel a little apprehensive about inviting such people to
give up their secure university positions and come to work at the Met
Lab. They must gamble on the future of their careers, and how long they
will be diverted from them no one knows. There is a statement of rather
common currency around here and Berkeley that goes something like this:
"No matter what you do with the rest of your life, nothing will be as
important to the future of the World as your work on this Project right

now., "

Next I wrote separate letters to Stoughton, Gofman and Kennedy in
Berkeley. I will quote at length from each of them, as this will summa-
rize to some extent some of the matters I am concerned with at present.

To Ray Stoughton: "I hope that by now you have received the fifty
pounds of material (thorium nitrate) which was ordered for your work. I
presume that you are preparing this for the large neutron bombardment by
removing the Pa?3! from it. I think that the 75 pounds of nitrate which
we should have will be bombarded in this next long bombardment. It will
not be possible to start the bombardment for several weeks yet because
of the other large bombardment which is going on at the present time,
but it will be well to prepare the containers for the material and make
all the other necessary preparations for the bombardment. In the matter
of preparing the containers you can probably get some ideas from looking
at the arrangement that Kamen is using; in fact, probably you have

already done this since I mentioned it to Gofman in a letter which I wrote
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a week or so ago. I also suggested that this next bambardment be made
with the solid thorium nitrate....

"Dr. Hamilton is returning to Berkeley in a few days with a zircon-
ium residue which he obtained fram the Port Hope plant. There is a strong

possibility that this will contain a good deal of Pa23l, wWe would like

231

to have you determine its Pa content and then after that we can decide

whether it might be worth while preparing another 5 or 10 micrograms of

very pure, uranium- and thorium-free Pa231.

231

It appears likely that such
a large amount of Pa may be an essential item in our future program.”

To Gofman: "I received your report on the fast neutron measurements
yesterday. I think that it is a very fine piece of work; you and
Friedlander are certainly to be congratulated for having done so well. I
had already discussed with Professor Compton the general problem of y233
and it was agreed that this isotope is going to eventually play a very
important role in the program....

"Dr. Hamilton has with same difficulty talked the New York repre-
sentatives of the Port Hope people into letting us have another one-gram
Ra-Be source, guaranteed leak-proof and contamination free. This is to
be sent to Berkeley and the source which you now have is to be retained
until this new source comes. It is my suggestion that you defer starting
this new fast neutron program which I have been discussing above until
the arrival of this new source. There are, of course, the number of
things which I have mentioned that might be done in the meantime.

"I hope that you have been able to find a little time to work on the
electrolysis of 94, but I can see that these fast neutron measurements
must have taken a great deal of your time. I do think, however, that
these electrolysis experiments are among the most important which are
being done in the entire program of study of the chemical properties of
element 94. It is the remote-control possibility that makes this type of
procedure so important.

"I should like to hear from you your ideas concerning the con-
tinuance of the fast neutron measurements which I have outlined above.
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I suppose also I will receive back the manuscript which I sent you last
week with your and Stoughton's corrections on it.

"] want to emphasize very much the desirability of your being very
careful in the handling of the secret letters which I have been writing
to you. These should be locked up in your filing cabinet or, if you feel
uncertain about this, you might ask Professor Latimer to lock them up for
you in his safe. There is, as you will notice, gquite a large part of the
whole program of necessity discussed in these letters.

"By the way, do you have enough platinum sheet; if you do not, we
can send you some since we now have a good stock."

To Joe Kennedy: "We are now moved into our domain on the fourth
floor of Jones Laboratory and a large percentage of egquipment is
arriving. However, things are moving a little slower than I had hoped;
and the problem of space is rapidly becoming as acute if not more so than
it was in Berkeley. Still the only men here are English and Perlman, but
I have located a number of others who will begin arriving from now on.
Actually we did not have enough equipment on hand to begin to use more
men until about now anyway. Covey, James and Knox are arriving from
Berkeley next week—I think, I hope. Harrison Brown is coming up from
Johns Hopkins at the end of the month and there are a few other men with
whom the arrangements are still only in the tentative stage....

"I have seen gquite a lot of Joe Hamilton during the last week or so.
I run into him nearly every other day in Chicago or New York or some-
place. He is in Chicago this morning and is leaving for Washington
this afternoon; beyond that I don't know his official plans but I have a
feeling that he will be moving around in the East indefinitely.

"Joe went down to St. Louis for me to arrange the details of the big
neutron bombardment down there which Professor Compton is anxious to get
under way. In this connection I have written to Prestwood asking him to
ship directly and immediately to Alex Langsdorf 300 pounds of his ether-
purified uranyl nitrate hexahydrate. We have on order a large amount of
the nitrate and as soon as this comes we will ether-purify it here in
Chicago and ship 300 pounds to Prestwood to replace that which we are
stealing from him.

"You probably know about the fast neutron measurements that Gofman

44



5/12/42

233

has been making on U“°°, It is fairly certain that 0233

is going to
play an important role in the general program in the future and Gofman
has been doing a swell job so far. However, one of the chief sources of
error is due to the small weight (1.3 micrograms) of the enriched 235
sample which you loaned to us. Do you have a sample containing some 5

235 238'

or 10 micrograms of y“°~, and only some four or five times as much U

which you could loan to Gofman for a few weeks?"

My day didn't end until midnight when I wrote Helen a shorter
letter than usual.

Wednesday, May 13, 1942

I received a letter from Dan Koshland of the Shell Development Com-
pany inguiring about job possibilities. Koshland is the honors graduate
of 1941 from the College of Chemistry whom Latimer recommends so highly.
I responded, indicating that there is a good chance he will be invited
to join our group.

The Washington cyclotron is presently operating only one shift per
day. To get irradiations from there as fast as we can I got in touch
with Langsdorf who will see if the staff can be increased to permit a
l6-hour operation, and perhaps even a 24-hour operation. It is hoped
that the irradiation of our big sample may be started this coming week.

I received three letters from Helen today, a result of pile-up in
the mails, and wrote a contented reply to her several questions.

Thursday, May 14, 1942

Latimer wrote from Berkeley about my program there. He said that
he has talked to Lawrence about it, and Lawrence is quite willing that
the individual projects be set up as separate contracts through Compton.

Latimer returned my program proposal with his endorsement, although he
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thought it might be advisable to cut my budget of $44,000 by ten
percent. He mentioned also that Morris Perlman appears to want to work
with Wahl and Lawrence and get out of this program. He hopes I will

visit Berkeley soon.

After reading Latimer's letter I wrote to Perlman expressing my
surprise and puzzlement over his desire to change positions. I
suggested we discuss the whole matter when I come to Berkeley in about

two weeks.

Friday, May 15, 1942

Most of my working day was spent at Northwestern University, where
I had the opportunity of meeting and lunching with Professors Don Yost,
Frank Gucker and Francis Blacet and also Dick Dodson. They have
National Defense Research Committee contracts and thus we could speak
freely about some of our common problems, one being recruitment. Don
Yost and I talked about Theodore T. Magel, who received his Ph.D. in
1941 at Berkeley, where I knew him well. Magel is now in Urbana at the
University of Illinois working on an NDRC project, although he is now on
Northwestern's payroll. We agreed that Magel would be more useful to my
group than to Yost's because of his Berkeley background and that I
should make him an offer.

While I was gone, Spof English made sure that the University of
Chicago cyclotron is not contributing to our Geiger counter background
in 402 Jones, our counting room. His counter tube (ZC-1) is shielded
with a 1-1/2 inch lead cylinder, and he got 50 counts/min-background
whether the cyclotron was operating or not. At the same time, Boyd got
the same result in their counting room, 305 Kent Laboratory. Thank God
for the granite walls in these buildings!

There was some mail piled up on my desk when I returned. One of

the letters was from Brown. He said he has fluorinated Perlman's UF,
mixture and sent the products and residue to me by express May 13. The
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reaction went very nicely for Brown. After one hour of treatment with
two fluorine generators, all the volatile material went over into the
trap. He cautioned us not to open the trap under water because the hex
gas will not react immediately with the water so that much will be lost
in the bubbles. He suggested a procedure in which we first cool the
trap in liquid air.

Iz has just about completed the crystallization experiment. He
started the experiment Monday with 225 grams of uranyl nitrate hexa-
hydrate (UNH) in water in a volume of 200 cc. To this he added as
tracer some 50-year 94 that we brought from Berkeley. Ten percent of
this solution was set aside to determine the amount of 94 alpha particle
activity that was present. The remaining 180 cc of solution was slowly
evaporated over steam and subjected to a two-stage crystallization
procedure such that 90% of the uranium was removed. Element 94 was then
isolated from this remaining mother liquor and from the original uranyl
nitrate solution by the standard oxidizing and reducing procedure of
precipitating the rare earth fluorides. By comparing alpha counts of
the two 94 samples he shows that 62% of the 94 remains in the mother
liquor, which now contains only 10% uranium. The result is identical to
the one that Iz got the first time he ran the experiment in Berkeley
last month. This six-fold concentration of 94 alpha activity promises a
simple first step for the extraction of 94 from a mixture in which the

major component is uranium.

A chemist, a former Berkeley colleague, wrote that he is interested
in a position with me, but he made a number of impossible conditions
about his working hours. I will have to write him that we have meetings
two or three nights a week where attendance is mandatory for the
successful prosecution of our work and that the group, working as a team
on some experiments, may soon have to work Saturdays and Sundays, if not
around the clock. I think he is lost to us. I also heard from Cefola
and Saunders. Cefola will come, but he needs a letter from me to his
Chemistry Department Chairman, W, C. MacTavish, in order to get a leave
of absence; he may be able to join us the first or second week in June.
Saunders has decided to stay at Caltech as he has been put in charge of
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the chemical work on a new problem connected with the war effort; also
he hopes to write up his thesis and get his degree by December.

Milton Burton arrived to start work late this afternoon and checked
into the Mira-Mar Hotel where he will live until his wife Frances joins
him. Spedding, English and I had dinner here in the hotel with him,
which gave us an opportunity to acquaint him with his impending
responsibilities., His laboratory space will be in Kent Chemical Labora-
tory.

Again my day went to midnight, when I wrote Helen and told her I
will probably leave here on May 26 for my visit to Berkeley.

2

Saturday, May 16, 1942

At ten this morning I left what I was doing in Jones Laboratory
and went over to Eckhart Hall to greet Elwin Covey, newly arrived from
Berkeley, and get him off to a good start as a Laboratory Assistant.
When he was finished with the usual security procedures-—photographs,
fingerprints, temporary badge and the signing of the Espionage Act--he
came to my office; we strolled across campus to lunch at Hutchinson
Commons, accompanied by Burton, English and Perlman.

Friedlander's security clearance has come up again. Compton and I
had a long conference over it, and he told me that on his last visit to
Washington he discussed the matter with Conant, but apparently no
progress has been made. I was authorized to tell Friedlander—which I
have just done in a letter——that he will be the Number One man if
permission is granted for an alien to work for me, meaning that should
only one alien be selected, that person will be Friedlander. Later I
went to see Stearns in his office and I urged him to hire Magel; Stearns
said he would make the offer today. I followed up this conversation
with a letter of my own to Magel, informing him of my conversation with
Yost at Northwestern yesterday, and alerting him to the impending formal
offer from Stearns.
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I replied to Cefola's letter, saying that Stearns was writing to
MacTavish today regarding his leave of absence from New York University.
I agreed to his time of arrival on the job the first or second week of
June but asked if he would come to Chicago next week for a day or two at
our expense. There is now a considerable delay in procuring material of
all sorts, and so it would be expeditious if he comes here now to help us
order all the apparatus and ancillary eguipment that he will need for his
ultramicrochemistry work.

Wahl wrote about the fission product residue he is sending from
Berkeley at my request. In the wax bottle I will find a little more than
half of the aqueous extract (containing all the fission products except
the rare earths) from the 14,000 microampere-hour neutron bombardment of
1900 grams of UNB that yielded 94239 sample "F"; this ektract has the
rare earth fluorides removed by centrifugation. Also there will be a
lusteroid tube, and I will find in it about one-third of the rare earth
(Ce and La) fluorides from the bombardments that yielded 94239 samples
"F" and "L". The rare earth fluorides were combined by Gofman in Berke-
ley in March during a procedure wherein he further reduced their 94239
content. He reminded me that the bombardment that yielded “F" took place
during June of last year, and the bombardment that yielded "L" (15,000
microampere-hour neutron bombardment of 1200 grams of UNH) took place
during March of last year.

Leo Levanas, a UCLA chemistry classmate of mine, wrote a cordial and
humorous letter suggesting that we get together for dinner whenever I
visit Los Angeles. Winstein, acting on my letter of April 27, had
informed Leo of my need for a good chemist. His interest is pigued as he
has only the vaguest notion of what we are up to here. He presented,
however, a number of valid reasons for retaining his present job.

I have been hunting for an apartment for Helen and me and today
found an available one on Woodlawn Avenue, on my regular route to Jones
Laboratory. This is in "Oxford Apartments" at 6128 Woodlawn Avenue,
about a block north of the Mira-Mar Hotel. I rented it immediately for
occupancy by June 1. It is furnished and the rent of $62.50 per month
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includes maid service. It is small but will suffice until we can find

something better.

Burton and I had dinner together at the White House restaurant on
63rd Street, and Covey went with us. Afterwards I wrote a note to Helen
and told her about some of my recent activities, including my locating

and renting an apartment for us.

sunday, May 17, 1942

After spending the morning writing reports, I had lunch with English
and Covey shortly after one o'clock, and then English and I walked over
to our lab. The day was beautiful and clear. I continued writing during
the afterndon. I wrote to Helen in the evening.

Samuel K. Allison has issued his weekly report, "Status of Research
Problems in Experimental Physics." Experiments on the intermediate piles,
Nos. 4 and 5, have been completed and two more will soon be constructed.
Three carloads of material and equipment were received from Columbia
University in connection with the transfer of their S-1 activities. The
crates and cartons were hauled from the freight train to the West Stands
Laboratory by truck and most of them have now been opened. There were
some 1200 cartons, a large number of which contained graphite bricks and
uranium oxide cylinders. Most of the cylinders and bricks were placed
directly on pile No. 5 as they were unpacked. The whole structure is
geometrically identical to the last Columbia University pile. It
consists of the uranium oxide in 3-inch cylindrical holes the units being
in a simple cubic lattice with 8-inch sides. The value of k is close to
0.99.

Monday, May 18, 1942.

Ralph James, who received his B.S. degree in chemistry at Berkeley
early this month, arrived from Berkeley to join my group as a Research
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Assistant. His salary was set at $150 per month. He will work in Room
404 of Joneg Laboratory. We put him to work immediately to help English
at laboratory bench no. 1. They are starting today to process our first
bombardment in the Washington University (St. Louis) 45-inch cyclotron—
the 500 microampere~hour deuteron bombardment of uranium metal performed
on May 5 and 6. They dissolved about half of the deuteron-bombarded ura-
nium from which they plan to separate the 50-year 94, using our standard
oxidation-reduction cycles with rare earth (La-Ce) carrier, in order to
determine its yield. A knowledge of the yield from 12-Mev deuterons, to
compare with the yield from 14-~Mev deuterons in the Berkeley 60-inch
cyclotron, might enable us to make an isotopic assignment of the 50-year
94, to mass number 238 or 235. They set aside the other 50% of the deu-
teron-irradiated uranium with the aim of later performing volatility

experiments on its contained 94.

Brown sent a letter saying that he will report for work two weeks
from now and will soon forward the drawings and specifications for the
fluorine generator. His package arrived also, containing the fluorina-
tion products of Perlman's UF, mixture. When we opened it, we found a
copper boat to which was stuck a white powder residue, and a brass trap
containing the UFg distillate. Perlman spent the rest of the day
finishing his crystallization work, but tomorrow he will take the UF,
products and start the alpha particle measurements to locate the
disposition of 94 in this fluoride volatility experiment. He hopes to
have some results by the end of the week.

The mail brought a May 15 letter from Dan Koshland, indicating ex-
treme interest in joining my group and asking what procedures to follow
in notifying his local draft board. I asked Stearns to send Koshland a
formal offer and to handle the draft board matter.

In the many personal letters that Helen and I have exchanged since
my moving to Chicago, we have often discussed our impending marriage;
finally we decided that the most propitious time for the ceremony will
be the first week in June. Helen has already resigned from the
University of California Radiation Laboratory, effective May 30. I
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expect by then everything will be running smoothly in the lab here under
Perlman's direction. While in California I hope to do some recruiting
as well as spending time with Latimer and my colleagues on the Berkeley
project.

I wrote letters to both my friends, Saul Winstein and Leo Levanas,
suggesting that they come to see me at my parents' home in South Gate,
California (9237 San Antonio Avenue) on Friday, June 5. Perhaps I can
persuade at least one of them to sign on with me here. They are both
outstanding chemists and would be extremely helpful to the Project.

The 0233 report went back to Gofman with the corrections and addi-
tions he has suggested so he could mark any final changes in the
manuscript.

- Breit resigned today and will be leaving the Met Lab. He and
Compton disagree over security practices. He feels these should be more
strict and an alien like Enrico Fermi shouldn't be allowed so much free-—
dom of action. Breit is a theoretical physicist, and in addition to his
duties here he has coordinated the fast-neutron experiments being con-
ducted around the country. He is disillusioned because he is not getting
the Government support he thinks these activities reguire. I don't know
about his future plans.

I again wrote Helen as my last act late tonight, having received
two letters from her today, one at the Met Lab and one at the hotel.

Tuesday, May 19, 1942

All the group leaders are now expected to submit weekly reports
which are due at noon on Tuesdays. My first report today is entitled,
"Report of Week Ending May 16, 1942. Group I: Chemistfy of 94," and
describes Perlman's experiments on the- crystallization procedure for
concentrating 94 from a UNH solution. This is Report No. CC-79, the CC
standing for "Chicago Chemistry."
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I had lunch at the Quadrangle Club, where I have been elected to
membership. The Club was formed in 1895 for members of the University
who are interested in literature, science or art, and is for the purpose
of mutual improvement and social recreation. Ernest Lawrence came by my
table and shook hands with me-~Helen told him last Saturday of our com-
ing marriage and suggested she terminate her position as his secretary
at the end of the month. The cat was out of the bag, so to speak; so I
told Compton and Burton of my plans, who had overheard Lawrence con-
gratulating me. At last my secret is out, which I have guarded as
closely as anything pertaining to the War Effort.

Lawrence was particularly friendly, and it is the first time he has
visited the Met Lab since I came here. I showed him around our Jones
Laboratory area and then went with him by taxi to the railroad station,
meanwhile discussing business such as the progress of our work on 94
extraction and the Latimer Berkeley contract. I could tell he was
privately assessing our progress in producing and isolating 94 against
his own isolation of U235, and I must confess I was doing the same.
Aiready the mass spectrograph using the old 37-inch cyclotron at Berke-
ley, which he calls the "calutron," is spawning micrograms of uranium
enriched in U23°. BAs for element 94, the total world production is
only a few micrograms, and so far none has been isolated in pure form.
Lawrence is excited about stepping up his program next month, because
then he expects to start operation of a new calutron using the brand new
184~inch cyclotron magnet, which reposes on the hill in back of the cam-
pus.

Today marks the first day of the second month I have been here.
Lately I have been worried about Frank Spedding, the Director of Chemi-
cal Research here at the Met Lab, spending so much time at Iowa State
University, Ames, Iowa, where he is in charge of a fast—-growing
associated project; he is trying to run the Chemistry Division's program
here—the work of the groups under Coryell, Burton, Boyd and me—in
absentia. The pace of the work is much too fast to make this feasible.
Burton and Coryell feel the same way. They elected me a committee-of-one
to speak to Compton; so I made an appointment for tomorrow morning with
Compton.
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I am now giving a course in nuclear chemistry for Met Lab members,
so many of whom have had no previous experience in nuclear research. My
lectures are scheduled for 8:30 p.m. in Room 316, Eckhart Hall. My first
lecture tonight was on the fundamental properties of nuclei. It was
satisfying to see such a good turnout.

when I wrote to Helen tonight I described my meeting with Lawrence
and why the subject of our wedding is now "declassified." Earlier today
I dashed off a short letter to her suggesting that she arrange to hire as
a secretary for the Berkeley chemistry group her friend Lois Moguin, whom
she recommended in response to my reguest that she try to find a suitable

candidate for that position.

Wednesday, May 20, 1942

I went to Compton's office in Eckhart Hall today, and we discussed
a number of items. He opened our conference by saying he has discussed
the Berkeley Chemiétry Department Contract with Lawrence, who agrees with
this method of operation. The contract will be with the Metallurgical
Project and the amount will be $44,000, as I recormmended. I asked wheth-
er a project for: Professor W. F. Giaugue of the Berkeley Chemistry
Department will be approved, and he said it will not. (This means C. S.
Garner, originally scheduled to go with Giaugue if such a project
materialized, will continue on Metallurgical Project work either with
the Berkeley group or with my group here.)

I then brought up the administrative problems of the Chemistry Di-
vision. I asked about the future roles of Coryell, Burton and me in the
direction of the chemical program.

Then Compton turned to another question. 1In about six months a
mature chemist of national reputation will be needed to take charge of
the whole chemical program in Tennessee; the level of responsibility
would be about equal to Compton's present position. I suggested Latimer.
(I celieve that he will make this recommendation to Conant.) I also
suggested that he try to bring Gilbert N. Lewis, the long-time Dean of
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Chemistry at Berkeley, to the Metallurgical Laboratory as a consultant
this sunmer--he saicd he will try to arrange this.

My conference with Compton lasted about an hour and a quarter, and
I believe it was very productive. After the meeting I dictated a letter
to Latimer, summarizing the discussion about the contract and informing
him that Compton has a proposal in mind about him and that I would reveal
it to him on May 29, the day I arrive in Berkeley.

My other correspondence was mostly about employment. Magel, I am
happy to note, accepted a position with us and will join my group June 1.
He would like to come here and meet with me this week. 1 wrote to E. F.
Orlemann, an instructor at the University of California in Berkeley and
a former colleague, concerning my forthcoming visit to Berkeley and
suggested that we talk about his joining my group here; I discussed this
with him last month before I left Berkeley. I sent letters to C. S.
Garner and Morris Perlman, who are in the Berkeley group, saying that I
wish to see them during imy forthcoming visit. To Garner I gave a stand-

ing invitation to become a member of my group here any time he wishes.

In the late afternoon I went to the Met Lab picnic in Ida Noyes gym-
nasium. Once inside we forgot the cold and rain, so many activities were
going on—ball, ping pong and bowling, for instance. There were many
young people about, all having a lively time. We had a box supper and
then sang songs. A highlight of the evening was the rather sedate
Compton himself playing "Don't Sit Under the Apple Tree" on his banjo. I
missed Helen and so wrote her a letter as soon as I got home, telling her
about ry interesting meeting with Compton, the Met Lab picnic, etc.

Thursday, May 21, 1942

Kennedy wrote in response to my letter of May 12. He said he will

give Gofman the enriched U235

as 1 reguested. Spedding wants him to
spend a month or two at his laboratory in Ames, helping them start a 94
tracer program. In my reply I discouraged him from considering the

rmove, pointing out that Compton has not approved the program and that to
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staff another such program adequately, such as here and at Berkeley, is
not feasible. He said that Eamilton returned to Berkeley and that the
St. Louis bombardment will be off to a fast start. He was somewhat
upset by Berkeley's pace—-he indicated, sarcastically, that it might
take up to a year to get the microampere-hours of bombardment that he
wants. He terminated his letter with the remark, "Rumor has it spread
around rather definitely (though not at all widely) that your trip back
here this month will not be for bucsiness alone." So I asked him not to
increase the "width" but leave that to the discretion of the other party

concerned.

The 300 pounds of UNH was shipped from Berkeley today to go to St.

Louis for our neutron bombardment.

I have learned that Halban would like to bring his University of
Cambr idge heavy-water research team here, but this seems unlikely for
security reasons. Also, because of the political rivalry between the
U.S. and Britain, he may end up in Canada. Both Urey and Halban are
pushing to use heavy water instead of graphite (Fermi's idea) as the mod-
erator for a pile.

I wrote ray usual late evening letter to Helen.

Frianay, May 22, 1y42

Cefola was in town today at my reguest. He came here thinking he
would be analyzing materials for impurities at the micro or ultramicro
level. I told him, unofficially and confidentially, about element 94
ana how he will have to deal with it after isolating only a few micro-
grams. We looked for a good spot that would be vibration-free for
the microbalances and settled on Room 4U5 (a former darkroom) in Jones
Labofatory which has a concrete bench. We discussed ordering micro-
manipulators and microscopes and how to procure German-made Zeiss
equipment. He said he will report to work here in about three weeks.
Magel showed up, too, to go through some of the eguipment preliminaries;
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he will start June 1. The drawings and specifications for the fluorine
generator arrived from Brown as he promised. We ordered the items on
his list and placed a shop order for the things that Brown wants to have
built. '

I had dinner with the Perlmans at their apartment on Drexel Boule-
vard, the best dinner since my arrival in Chicago. After my return home
I wrote to Helen. Three letters from her arrived today, a pleasant
concentration of news due to pile-up in the postal service.

Saturcay, kay 23, 194z

Wwilliam J. Knox, who received his B.S. degree in chemistry from
Berkeley early this month, arrived today to join my group as a Research
Assistant. He will work in Room 404, Jones Laboratory, and will receive
the standard $150 per month. I have asked him to work with Perlman in
order to give him some tutoring and guidance. Now Perlman has Knox as a
helper working with him at laboratcry bench no. 2. Perlman has set up
his desk against the wall at the south end of the area between laborato-
ry benches 1 and 2. The large fume hocds are opposite laboratory
benches 1 and 2 in a convenient location for English's and Perlman's
work.

Iz has now completea his assay of the white powder residue from the
fluorination of the UF, to which 50-year 94 tracer was added. Starting
last Tueesday, he carefully brushed the residual powder away from the
copper boat. Of the 3.6 grams of UF, that Brown had fluorinated, about
U.5 gram (prcbacly a mixture of CuF2 and Zan) remained in this residue,
He dissolved the residue in HNO; and washed the boat with additional
nitric ac;d. The 94 was isolated from the combined solutions by the
cstandard rare-earth fluoride oxidizing and reducing procedure. The
alpha count was 4,950 counts per minute. Next he took a gram of UFy
containing the 94 tracer (from the same batch as that used in the fluo-
rine treatment) ana went through the same procedure. This assay shows
that the amount of 94 alpha activity in the other 3.6 grams is roughly

57



5/23/42

equal to that in the dissolved residue, showing that hardly any of the
94 went over into the distillate. Iz will check the activity in the

distillate on Monday.

While I was writing to Helen this evening, Knox came by to see me
in my hotel room. We had an hour's chat which helped us get acguainted.
He has a girl friend in Berkeley and is worried about the separation. I
am well impressed with him. I feel very fortunate to have found people
like Knox, James and Covey to join my group. The three of them have
taken up temporary living quarters in the Mira-Mar Hotel.

Sunday, May 24, 1542

I took a walk to nearby Jackson Park with Burton, did some writing
and ended the cay with a letter to Helen.

rMonday, May 25, 1942

Today Iz set about isolating the 94 from the distillate in the
copper trap by the standard method. He found only 20 counts/minute in
the entire fraction! Compared with the 4,950 counts/minute in the resi-
aue, this certainly confirms the non-volatility (or slow rate of
formation) of plutonium fluoride in its higher oxidation state(s).
Unless there are unforeseen factors, we think the possibility of a

large-scale operation should be considered.

John Willard came down from the University of Wisconsin today at
Speading's invitation. Spedding, Burton and I had lunch with him at the
Quadrangle Club. Spedding offered him a position at Ames and I offered
him a position with my group at the Met Lab. He prefers to come to the
Met Lab and has written to Stearns asking if he can come for the summer.
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Tuesday, May 26, 1942

I preparea the second weekly report (No. CC-94) entitled, "Report
of week Ending May 23, 1942, Group I: Chemistry of 94," discussing
Perlmnan's and Brown's work on the fluorination experiment, and offering
the conclusion that the non-volatility of the fluoride in the higher
oxidation state (or states) of 94 might offer the basis for a method of
removing the bulk of uranium when it is mixed with element 94 and fis-—
sion products.

Wwe find the use of "copper" as a code word for 94 too awkward. So
in my report I state: "For convenience, whenever a formula of a ccmpouna
of 54 is written we will use the chemical symbol 'Pu’' for 94 (corres-
ponding to the name plutonium) and we will assume an oxidation number
of +4 for its lower (fluoride insoluble) oxidation state."

Professor Merle Randall of the Berkeley Chemistry Department is in
Chicago today and spent some time with us. I discussed with him his
program for enriching deuterium and oxygen isotopes by the distillation
of water.

I telephoned John willara at the University of wisconsin Chemistry
Departirent in Madison to explore further the possibility of his joining
ny group. He is carrying on research with "hot atoms" produced in
nuclear reactions and thus is one of the few people with a background of
experience that is relevant to our research program. I have followed
his research program and have served as a referee on one of his papers.
He is interested but would prefer to accept only & summer appointment
until he has a chance to judge the relative importance of the work here
and in Madison. I suggested that he write to Stearns about this and

indicated that I will call him again upon my return from California.

Tonight at seven o'clock I gave the second lecture of my evening
course on nuclear chemistry. The time was earlier than the regularly
scheduled 8:30 p.m. in order that I might catch my train. My topic was

on the nature of nuclear reactions. Compton was in the audience and he
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saw me alone in his office afterwards. We talked about the reorganiza-
tion of the Laboratory and my status as group leader, a continuation of

a talk we had earlier in the day. He said he has decided to have me and
my group work independently, but he is not sure about the details of the
arrangement—he will work this out soon. We finished the conversation at
6:30, and Iz drove me at a hectic pace to the Chicago and Northwestern
Railroad Station. We arrived with only thirty seconds to spare before
the San Francisco Overland departed at 9:00 p.m. for Berkeley. While I
am gone, Iz will oversee the affairs of my group. He plans to experiment
on whether or not plutonium in tracer amounts co-precipitates with urani-

um in uranium peroxide.

wednesday, May 27, 1942, and Thursday, May 28, 1942

I worked on writing reports and reading Project material during most
of the acay and evening while enroute to Berkeley on the Overland.

Friday, May 29, 1942

The train arrived in Berkeley at 7:15 a.m. and Helen was at the
station to greet me. DMelvin Calvin, good friend that he is, got up early
to be there also. He told us of his girl friend, Genevieve Jemtegaard,
and we are anxious to meet her. We had what might be termed a “"jolly"
breakfast and then drove to the campus. Wwhile Helen and I were walking
near Gilman Hall, we ran into Professor G. E. Gibson, under whom I took
my Ph.D. in BRerkeley. In his absent-minded way he said, "Say Glenn,
when will you be gcing to Chicégo?" The War will be over before he real-

izes how much the University is involved.

Later this morning Latimer and I sat down in his office to talk
about the Berkeley program. It was then that I told Latimer that Compton
is thinking of having him take charge of the whole chemical program in
Tennessee. Latimer was pleased and said he would help all he could. I
also conveyed the message that Compton will support Latimer's application
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for a chemistry program to be carried out in Berkeley, its chief objec-
tive being the study of the chemistry of plutonium.

After lunch at the Faculty Club I visited Gofman and Friedlander,
in Room 307, Gilman Hall. We discussed their role in doing further
experiments for the Berkeley program. They will measure fast-neutron

4239 233 235 1238 231 using a

fission cross sections of 9 and Pa
one-gram Ra-Be source of neutrons; we are acquiring another one-gram Ra-
Be source from the Canadian Radium and Uranium Company in New York, to
replace the one we purchased from them because this is leaking radon
which contaminates our counting instruments. I also discussed with
Gofman his work on the chemistry of 94 to which he is devoting an in-
creasing amount of his time; we at the Met Lab are especially interested
in his electrolysis experiments which seem to show that 94 in an acetate
buffer solution is deposited on the cathode (presumably as an oxide) at
a higher rate when it is present in the oxidized state than when it

is present in the reduced state. I also discussed with him the final
touches on our joint report (with Stoughton) on the properties of U233,
which will be issued as a Met Lab "CC" report. I also tried to encourage
Friedlander to be patient regarding my attempts to obtain security clear-

ance for him so he can join me at the Met Lab.

I had a talk with Joe Kennedy about the status of his work on the
isolation of enriched U235 and the large neutron bombardment at the 60-

4239. I then saw Hamilton and reviewed his

inch cyclotron to produce 9
work at St. Louis helping to set up our cyclotron bombardments and
investigating the possibility of recovering Th234 (UXl) as an additional
source of U234 for our Berkeley program; we also discussed the arrange-
ments for the Metallurgical Project's continuing use of the Berkeley 60-

inch cyclotron.

Tonight Helen and I had dinner with her mother at her apartment (on
Ashby Avenue near Telegraph). I spent the night at the Faculty Club,
which will be my residence until I leave for Los Angeles, with Helen,
next Thursday night.
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Saturday, May 30, 1942

Today is Memorial Day.

The papers are filled with hate. Today's headlines say, "Czech
Slaughter Begun by Nazis," and the San Francisco Chronicle urges that we
"bomb Tokyo some more," saying that we will surely be bombed in retali-
ation for our Tokyo air raid-—and if we are, well, we can take it. The
Japanese Minister of Justice admits that our American raid over Tokyo
last month terrorized the Japanese people and their officials fear fur-
ther lowering of public morale. Authorities in the United States are
also acting out of fear. Already 100,000 Japanese-Americans have been
cleared from their homes and farms along the Pacific Coast, or are under
orders to move.

I spent much of the day visiting the fellows in the group whose
research on heavy isotopes 1 directed before I left Berkeley to go to
Chicago in April. They are all still working on the third floor of
Gilman Hall (except Wahl who is working in Room 120, Gilman Hall).
Gofman and Friedlander are working part of the time in Room 234, 0l1d
Chemistry Building, where they are measuring the fast neutron fission
cross sections of heavy isotopes using our one—gram Ra-Be neutron source.
The chemical identification of element 94, corresponding to its dis-
covery, took place in February of last year in Room 307 (Figure 6). The
measurement of the radioactive properties of the 50-year 94 and 94239
early last year, and of y233 early this year, took place in Room 303,
which houses our counting eguipment and served as my office before I left
Berkeley. These isotopes were produced by use of the 60-inch cyclotron

233

in Crocker Laboratory. The slow neutron fissionability of U was first

demonstrated using a Ra-Be source of neutrons.
This was Helen's last working day at the University of California

Radiation Laboratory. We spent the afternoon and evening with Melvin and
his new friend Genevieve,
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Room 307,
Gilman Hall,

UC Berkeley
campus. (Photo-
graph taken
February 21,
1966, when the
room was still
much the same
as it was at the
time of the
first chemical
identification

of plutonium.)
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Sunday, May 31, 1942

This afternoon Helen and I attended a cocktail party in our honor
given by the Latimers at their home at 810 Euclid Avenue. This is in
recognition of our marriage next week and many members of the Chemistry
Department faculty, and their wives, were there including the Gibsons,
Lewises, Rollefsons, Eastmans, Porters, Stewarts, Olsons, Pitzers and

Joe Kennedy.
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Monday, June 1, 1942

There are huge headlines in today's San Francisco Chronicle: GREATEST
RAID IN HISTORY. 1000 Bombers Raze Cologne. British Drop Six Million
Pounds of TINT in 90 Minutes; Nazi Industrial Heart Left in Flames.

This morning I went to the Department of Biochemistry in Life Sciences
Building where I talked with Paul Xirk with whom I exchanged letters a
month ago. He introduced me to Burris B. Cunningham, his recent Ph.D.
student, an expert ultramicrochemist, and the one that he recommended so
highly in his letter. Because Cunningham is the type of man that my group
needs, I offered him a job on the spot, and he accepted. He will be able
to report to work July 1. I am still pursuing my rather far-out idea that
it will be possibie to produce enough 94 through the bombardment of
uranium with cyclotron neutrons so that we can isolate it and study it in
pure form by ultramicro techniques. Of course I could say nothing of this
to Kirk and Cunningham.

I also spent much of the day with the members of my o0ld group on the
third floor of Gilman Hall. I spoke with Wahl about his progress in
studying the chemical properties of element 94 and with Clifford Garner,
who has joined the group since my departure last April and who is carrying

4239 in uranium

on, along with Norman Bonner, my program to search for 9
ores. Garner, from the University of Texas, is an old friend whom I have
known since his graduate student days at Caltech, and for whom I arranged
a position with the Berkeley group. Bonner, who participated in our

discussions, just finished his undergraduate work in chemistry and worked
with me before my departure on the isolation of 0234, via the 24-day m234
(UXl) intermediate, from large amounts of UNH. I also talked with Morris
Perlman, who worked with me on the isolation of small quantities of 94239

from pitchblende ore and whc explained why he has decided to shift to Joe
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Kennedy's program where he is urgehtly needed to help on the chemical
programs associated with the separation of 0235 by the electromagnetic
method (Lawrence's program).

Tuesday, June 2, 1942

Ray Stoughton, who is working in Room 311, and I went over the work
that he has been doing on the Berkeley project. We also had a chance to
talk about our joint paper, oco-authored by Gofman, on the properties of
0233. We expect its publication as a Laboratory Report in a week or so.

It will be rather long; it sums up all our investigations on U233, including
the various experiments performed to measure the radioactive and fission
properties of U233 and the chemical procedures followed.

We also discussed future experiments on the separation of thorium-
232, protactinium-233 and uranium-233 by the fluorination method. I
proposed that he prepare some thorium fluoride incorporating 7-day U
tracer and then send it to us at Chicago for fluorination. We will then
return it so that he can identify the 0237 to see whether it will be found
in the wvolatile uranium hexafluoride fraction as expected. In addition,
we discussed the optimum ratio of hydrogen to thorium for his forthcoming

large bombardment of thorium with neutrons at the 60-inch cyclotron to
233 233

237

produce more U“”~, and parent Pa“”~, for experimentation purposes. Ray is

a good Ph.D. chemist and enthusiastic about his participation in the
program.

Helen and I were invited to the Kenneth Pitzers' for dinner at 12
Eagle Hill. Many of our Berkeley friends were there, but I regret that we
will not be able to see all of our friends before we depart on Thursday.

Wednesday, June 3, 1942

I spent the day talking with the fellows on the third floor of Gilman
Hall. I discussed with Beppino J. Fontana, whom I hired as a member of my
Berkeley group early this year, his progress on the isolation of U234,
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via 24-day Th234 (UX;), from large amounts of UNH. Gofman will use the
U234 to measure its fission properties. I also talked with René Prestwood,
who just finished his undergraduate work in chemistry at Berkeley and who
worked with me as a research student on the problem of isolation of U234.
He is engaged in the purification of large batches of UNH by the ether
extraction method and furnished us with 300 pounds of purified UNH for our
neutron bombardment at the St. Louis cyclotron. This work on ether
purification of UNH and the extraction of UX;, with which Isadore Perlman
was associated before he left Berkeley, is taking place in Room 301.

In addition, I talked with John Hamaker about his plans to commence
an ultramicrochemical program of investigation of the chemical properties
of 94 and with Glenn Sheline, who will also be engaged in this program.
Hamaker has been doing his graduate work under my direction, and Sheline
is an outstanding recent Berkeley Ph.D. in physiology whom I hired for the
Berkeley chemistry group just a few weeks before I left. They are working,
along with Robert Duffield, in Room 305.

This evening Ernest and Molly Lawrence took Helen and me, along with
Don Cooksey and Milicent Sperry, dinner-dancing at the Mark Hopkins in San
Francisco. We enjoyed the music of Henry King and his orchestra, who are
appearing in the Peacock Court. Night life in San Francisco is now
somewhat abbreviated, because starting last Saturday there is a curfew
between midnight and 9:00 a.m. in taverns and all other places where
liquor is served. Milicent and Don seemed unusually excited and exuberant;
we suspect that they, too, will get married soon. Milicent works for the
Physics Department as a secretary, and Don is Assistant Director of the
Radiation Laboratory.

Thursday, June 4, 1942

I had further discussions with the fellows on the third floor of
Gilman Hall. 1In the afternoon I had another session with Joe Hamilton,
this time to discuss the matter of charges for the cyclotron time used in
Stoughton's bombardment of thorium with neutrons. I pointed out that my
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0.S.R.D. contract no. OEMsr-206 has a provision for 600 hours of bombardment
time in it and that the government has so far been billed for only 150
hours. Since this contract was for the purpose of covering my U233 work

and since it expires on August 1, 1942, I suggested that he check with
Professor Lawrence to be sure the government is billed for the remaining

450 hours.

This evening Helen and I boarded the "Lark" at the Oakland Southern
Pacific Depot. Melvin Calvin saw us off on this, our first leg on our way
to Caliente, Nevada, where we will be married. Helen has booked for us
separate roomettes fram Oakland to Los Angeles and from Los Angeles to
Caliente, and a bedroom from Caliente to Chicago.

Friday, June 5, 1942

When we arrived in Los Angeles this morning, my sister Jeanette was
waiting to greet us. We spent an enjoyable day with my parents at their
South Gate home and with relatives and friends, and we had dinner at
Jeanette's and Harold's (bher husband) house. Helen met my parénts,
sister, other relatives and friends for the first time (Figure 7). Saul
Winstein and Leo Levanas dropped by to discuss my invitations to them to
join me at the Met Lab. My former high school friends, Rita and Clayton
Sheldon with their son Ronnie, came to see us at my parents' home. Later
my sixteen-year-old cousin, Lloyd Johnson, came to Jeanette's house to see
us. My parents, Jeanette, Helen's mother and relatives saw us off in the
evening at the Los Angeles Union Station.

Saturday, June 6, 1942

Helen and I arrived at the railroad station (Figure 7a) in Caliente, Nevada,
at about 10 a.m. We stored our bags with the station master, who was also the
telegraph operator, and went in search of the city hall or office where we might
obtain a marriage license. We learned, to our vexation, that there is no place
to get a license in Caliente and that we would have to go to the Lincoin County
Court House in a town called Pioche, some 25 miles to the north.
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Fig. 7 Helen and Glenn at South Gate,
California, June 5, 1942.
(XBB 768-7452)
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Fig. 7a Railroad station at Caliente, Nevada, approx. 1942
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Seemingly aware that as strangers in town, we were faced with a problem,
a young man serving as a deputy.sheriff approached us. His name was Frank Anders
(Figure 7b), and he was the son of the station agent, Howard Anders
(Figure 7c). Frank recognized me--he had just graduated from the Chemistry
Department at Berkeley and was working during the summer here in his home town
of Caliente. Frank was most helpful; he not only helped us call Pioche to make
sure that someone would be on hand at the courthouse which usually closed at
noon on Saturday, but he also arranged for a ride to Pioche for us in the mail

truck--there was no public transportation.

Helen and I rode to Pioche, travelling along a road that went through the
town of Panaca; the driver delivered the mail all along the way. We arrived at
the Court House (Figure 7d) in Pioche-at about 12:40 p.m. and found the assistant
county clerk waiting for us, thanks to the phone call. She made out our
license, and it was obvious that she was more nervous than we were. She then
kindly offered to go in search of the minister, the only one in town, but he
was nowhere to be found. However, she guided us to a restaurant on Main St.
and, while we were eating lunch, she rounded up the Justice of the Peace,
Edgar L. Nores (Figure 7e). Nores came into the restaurant and said that he
the assistant county clerk were across the street waiting for us. As soon as
I finished my apple pie, we found them and went back to the Court House where
Judge Nores performed the wedding ceremony in his office. Our witnesses were
Johnson W. Lloyd and Lilith Smith. After the ceremony Judge Nores handed
the marriage certificate to Helen with the statement that I should keep my
hands off it.

Helen and I spent some time exploring Pioche until about 4:30 p.m. when
the mail truck returned to Caliente. There we checked into the hotel, whose
lobby was on the first floor of the railroad station with rooms on the
second floor. Also, on the first floor were offices, the waiting room, a
restaurant called the ''Beanery," and the registration desk. After dinner
Helen and I went to a movie in the Rex Theater (Figure 7f) before spending

the night in our hotel room,
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Fig. 7c¢ Howard Clay Anders

Fig. 7b Frank White Anders
1942

Fig. 7d Lincoln County Court House
Pioche, Nevada
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Fig. 7e Justice of the
Peace, Edgar L.
Nores

Fig. 7f Main St., Caliente, Nevada, Rex Theater,
left center
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Note added in September 1992

Attached is a sketch of our wedding that Helen wrote a couple of

months after the event.

While observing our 50th wedding anniversary on June 28 and 29, 1992,
Helen and I revisited Caliente and Pioche. Several pictures were taken of
places that we visited first on June 6, 1942 (Figures 7g through 7k). The
railroad station in Caliente is still there, serving limited rail traffic.
The station master area now serves as Caliente city offices, the former
waiting room is the city library, the area of the '"Beanery' is now an art
gallery, while the hotel lobby area is used for police headquarters. The

upstairs hotel rooms are now city offices.

Finally, the Lincoln County Court House where we.were married
June 6, 1942 is relatively unchanged, including the office of the Justice

of the Peace, in which we were married.

As an interesting postscript, Helen and I located in July 1992 after
our return to Lafayette, Frank Anders who was so helpful on our wedding
day in 1942. Now a resident of San Diego, Frank again was very helpful.
He located and furnished us with photographs (Figures 7a to 7f).
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Glenn and Helen Seaborg's Wedding, Summer 1942

We had quite a time getting married but also very amusing; in fact, we began
to feel like a movie scenario before we got through. We got off the train in Caliente,
Nevada, on Saturday morning, June 6, about ten o'clock with a great deal of
confidence, without a care in the world and a feeling that we merely had to take
care of a few details and we would then have been quietly married. Little did we
realize what was in store for us! We first decided to check our bags, but Caliente
had no checkroom. The telegraph operator finally told Glenn that he could leave
our things in his place. We deposited our junk and proceeded out to look over the
town and find the place to get a marriage license. Being a little coy, we strolled
around looking for the place instead of boldly asking anyone. Since we couldn't
locate the city hall or anything that remotely resembled same, we finally went in to
the town telephone and asked the woman who operated it. She acted as though
she had never heard of such a thing as a "city hall." We then asked where one
could get a marriage license, to which she replied, "Why, from Evans Edwards" in
tones that clearly indicated she thought us terribly stupid not to know that. Glenn
asked her where Ev was, and she said, "Why, down around the corner next to the
drug store." Here her tones indicated that it was the same place it had always been,
what was the matter with us anyway. So we proceeded to Ev's to find him leaning
back precariously in his swivel chair looking into space. We told him we wanted to
get a marriage license. From Ev we learned that one could not obtain a marriage
license in Caliente and that the closest place to get one was Pioche, which was
some 25 miles north. Ev was most uncommunicative and didn't seem to have
anything to offer in the way of a suggestion for us to get over there. At this point a
woman came out. Like most women, she had romance in her soul, and she told us
we could probably get a ride in the mail truck, told us where to find it and said it had
not yet left. We thanked her gratefully and left .

Glenn went to find the driver of the truck while | went to buy a pair of tennis
shoes. The town was nothing but dust, and of course, | had nothing but toeless
shoes. When | came back | found him talking to a young man. The latter it turned
out was a deputy sheriff and son of the telegraph operator where we had left our
bags. Apparently the local inhabitants were somewhat suspicious of us and had
asked the young fellow to check up on us. So he had come up to Glenn and asked,
"Are you a teacher?" Poor Glenn, this was a horrible shock; he thought, "Surely it
doesn't stick out all over me already," but he admitted he was. This was followed
with, "Do you teach chemistry?" "Yes." After this cautious approach, the fellow
admitted that he had just graduated from Cal majoring in chemistry [Glenn learned
much later that the deputy's name was Frank White Anders], that Caliente was his
home, and that he was there for the summer before taking a job in research
laboratories in Washington this fall. Then he was very nice and offered to help us in
any way he could; so he and Glenn went over to the town telephone to call Pioche
to make sure we could get in the county courthouse if we got there after noon
(since it was Saturday). A voice at the other end of the wire said of course someone
would be there--didn't he know the county commissioners were meeting that
afternoon? Then we piled into the mail truck and were off, via Panaca, for Pioche.
We arrived about 12:40 p.m. to find the assistant county clerk waiting for us. She
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told us that she would have been gone if Glenn hadn't called; so we felt very lucky.
She made out our license and was more nervous than we were. By that time we
were very calm anyway--prepared for whatever might come. | am sure we were
beyond the point of surprise. Then she asked us if we wanted her to call the judge,
and we asked her about a minister. It turned out there was only one in town; so she
tried to locate him for us, but he was nowhere to be found. We decided we had
better not take further chances and asked her to get the judge for us then. Well,
nobody knew where the judge was; so she told us to get in her car and she would
drive us to town to find the minister or the judge. (The courthouse was about a mile
from the town itself.) When we got there, she told us to go have lunch while she
hunted. We invited her to have lunch with us, but she insisted on our going ahead
and that she would hunt. She told us which was the better restaurant in town and
went off. When we were half through lunch, she came in to tell us that she had
located the judge and to come to her car when we were finished eating. A few
minutes later the judge came in and told us they were right across the street waiting
for us. | shall never forgive Glenn (as | tell him as frequently as | have an
opportunity) for practically telling the judge that we would be there as soon as he
finished his apple pie, and he sat there and calmly finished. The rest of the day was
comparatively calm after that. The judge was just like the country judge one reads
about in books. He was very proud of his country and told us all about the mining
there. He was rather cute. When he gave me the marriage license, he told Glenn to
keep his hands off--that it was mine and told me not to let him have it. We got quite
a kick out of it. Then we both forgot to pay him--after our having some discussion as
to what one should give him .

Glenn and | were both convinced that had we not the good fortune to run into
the two young women with romantic souls we would never have succeeded in
getting married. The assistant clerk was a roly-poly good-natured person who told
us that Pioche was not her hometown--Panaca was. (Panaca was 13 miles south).
It turned out she was married to a sailor and had been going where he did
whenever she could, but he went to Ireland last summer, and she had felt lonely
and had come back to Pioche to work. She had been married eight years and
apparetly thought it was a very good idea.

We had to wait until 4:30 for the mail truck to take us back to Caliente; so we
took a walk and proceeded up a hill and saw some beautiful scenery and got some
sun. We then decided that the city folk may make suckers of the country people
who come to town but that this is nothing to what the country folk do to the city guys.
We met a man with a bunch of pictures of the Pioche High School band, and it
seemed the band has just won some kind of an honor and that they would be able
to do something else wonderful if only we bought one of the pictures. He told us
that this was the only honor that had ever come to Pioche and put up a wonderful
sales talk--what could we do but purchase a picture of the Pioche High School
band, On the way back into town we met a very palsy-walsy fellow (slightly tipsy),
but he wanted us to stop and have a cigarette with him. We gravely thanked him,
told him we were very sorry we didn't smoke. This left him feeling very sad, and he
assured us he wasn't mad and that we didn't have to have a cigarette with him. We
loafed around and drank cokes until the mail truck started back, and we arrived
back in Caliente about 5:30. So we say it took us all day to get married.
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Confidentially, | was beginning to wonder if we were really going to get married,
and Glenn doesn't deny that he conjured up these obstacles himself in the hope
that he would get out of it at the last moment. The funny part is that we got married
in Nevada to save time .
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Fig. 79 Helen and Glenn Seaborg in front of Lincoln
County Court House, Pioche, Nevada, June 29, 1992

Fig. 7h Helen and Glenn, June 29,
1992, in office of the
former Justice of Peace
where they were married on
June 6, 1942, Lincoln
County Court House, Pioche,
Nevada
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Fig. 71 Glenn in front of now
abandoned Rex
Theater, Caliente,
June 29, 1992
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Fig. 7j Glenn and Helen outside former office of
station master (and telegraph operator),
now Caliente city offices, old
railroad station building, June 29, 1992
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Fig. 7k Helen and Glenn outside old railroad station
in Caliente, Nevada, June 29, 1992
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Tuesday, June 9, 1942

After spending June 7 and 8 on the train, Helen and I arrived in
Chicago at 8:30 a.m. and were met by Iz Perlman. He drove us to our
apartment on Woodlawn Avenue. Just as we arrived, a car full of people--
Gracemary and Charles Coryell and Milton Burton among them—stopped to
greet us.

I went immediately to our labs in Jones Laboratory and to Eckhart
Hall. My secretary, Mrs. Sullivan, handed me a sealed envelope. Inside
was a revised notice of appointment from the Board of Trustees, University
of Chicago, informing me that my salary has been raised by $11.25 per
month (from $360 to $371.25) and that my appointment as Research Associate
is from April 20 to the end of this month (at which time it will be
renewable for the next fiscal year).
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On my desk was a copy of a letter from Compton to Allison. It was in
regard to the administrative matter that Compton said he would resolve.
Henceforth, Allison will head up all chemistry at the Met Lab. Responsible
to him will be Spedding, myself, Latimer in Berkeley, Furman at Princeton
and Rodden at the Bureau of Standards. Spedding will still direct the
groups led by Boyd, Burton, Coryell and McCoy, as well as his projects at
Ames. But the development of 94 chemistry at Chicago will be entirely in
my hands—something Compton had assured me of earlier.

The letter also stated that Edward Teller is joining the Lab and will
be attached to the theoretical group under Wigner. In view of the urgent
need of help by Spedding on theoretical chemical problems, Teller will be
assigned to the group working under Spedding for a major part of his time.

I phoned John Willard at Madison, Wisconsin, and he said he has
decided to accept my offer to join my group here at the Met Lab.

Brown started work here as a Research Associate, as scheduled, on
June 1 and has been outlining methods of separation of 94 from uranium and
fission products by volatility methods. In talking with him today, I see
that he is already convinced that this is the way to go into production,
everything scaled up and using remote control. His argument is that the
non-volatile 94 higher fluoride can be separated not only from the volatile
uranium hexafluoride but also from a large proportion of the fission
products due to the fact that the non-volatile higher fluorides of the
fission products, in general, are water insoluble, whereas the non-

volatile 94 higher fluoride is water soluble.

During my absence from Chicago Perlman initiated his study of the co-
precipitation of plutonium with uranium peroxide. He discovered that 50-
year 94 in tracer amounts can be precipitated quantitatively with the
hydrated peroxide of +6 uranium (U0,°2H,0) when aqueous uranyl nitrate is
treated with an excess of dilute hydrogen peroxide. When he repeated his
experiment, he found that 94% of the 94 is precipitated. He then set up
an experiment to find out whether or not 94 will precipitate with uranium
in the presence of lanthanum and concluded that lanthanum does not
inhibit the carrying of 94 by uranium peroxide. Since the 94 is undoubtedly
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in the +4 state it is not clear why uranium in the +6 state is such an
effective carrier. '

English followed this with an experiment to see if dilute hydrogen
peroxide oxidizes 94 to the fluoride-soluble higher oxidation state
(presumably +6 state) and found it does not do so. He also has completed
his work on the uranium bombardment with 12 Mev deuterons at Washington
cyclotron begun on May 18. His analysis shows that the yield of 50-year
94 is approximately 5 x 1076 microgram per microampere-hour with the 12
Mev deuterons at Washington University, in contrast to 2.5 x 107> microgram
per microampere-hour with the 14 Mev deuteron beam at Berkeley, a ratio of
1:5,

This work of Perlman and English was discussed in my report "Group I:
Chemistry of 94" (0C-100) for the week ending May 30. 1In the following
week ending June 6, further experiments were carried out by Perlman and
" English on the precipitation of tracer amounts of 94 by the addition of
hydrogen peroxide to aqueous uranyl nitrate solutions; it was shown that
the acidity of the solution must be controlled (pH must not be too low)
and that partial precipitation of uranium does not bring down 94 quantitatively.
Oxidation of 94 with ozone was investigated by Perlman in the search for
an optimum oxidizing agent (whose reduction products are innocuous) for
use in the lanthanum fluoride separation process of 94, but there were no
definite conclusions. Perlman also commenced his study of 94 electroplating
and showed that it is deposited quantitatively (from acetic acid-acetate
buffer, pH 4.7-5.0) when in its oxidized form (with silver peroxydisulfate)
but not when in the reduced state, in agreement with some previous findings
of Gofman in Berkeley; this offers a potential method for the separation
of 94 from fission products via an oxidation-reduction cycle. These
results are reported in my report "Group I: Chemistry of 94" (CC-114)
for the week ending June 6, submitted today.

In the laboratory today, Perlman was continuing his study of electro-
plating, Brown was busy with preparations for fluorination experiments,
and English was continuing an experiment on the partial precipitation of
uranium as U04. James, Knox énd Hill were assisting, James with English,
Knox with Perlman and Hill with Brown. Orville F. Hill is a new man,
who just started with us June 1, and whom we have decided should work
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with Brown on volatility problems. Brown and Hill will work in the fume
hoods just outside of Room 403 and across the hall from Room 403 and will
also have some laboratory bench space (no. 3) in Room 404.

Compton brought Teller around to see me. He said Teller will be
available for any help that I might request of him. With great confidence
Teller volunteered to calculate anything I might need in my work. When I
said that I doubt our chemical problems, such as the discovery of a
suitable precipitation carrier for plutonium, are subject to solution by
calculation, Teller disagreed and indicated that he could probably calculate
the solution to any chemical problem that I might pose to him.

‘Although this is my first evening back in Chicago, I was scheduled to
give Lecture IV of my course on nuclear chemistry, as usual, in Room 316,
Eckhart. I covered the topics, nuclear cross sections and types of
nuclear reactions. Coryell is taking notes at these lectures and, with my
help, intends to have them transcribed and issued as a report at the
conclusion of the series; this material should be useful for instruction
of incoming Met Lab people. Last Tuesday, while I was in Berkeley, Spof
English and Volney Wilson pinch-hit for me and lectured on counting
equipment. English covered electroscopes and ionization chambers connected
to electrometer circuits and to linear amplifiers. Wilson discussed
Geiger counters, their mode of operation and uses.

The Planning Board met last Saturday, attended by Allison,
Compton, Doan, Fermi, Hilberry, Moore, Spedding, Szilard, Wheeler
and Wigner. 1In talking about the relationship of the Metallurgical
Project to other projects, someone mentioned that it is possible
all the projects will come under the supervision of the War Department.
Compton announced that the Lab is being reorganized, with chemistry
under Allison, physics under Fermi, engineering under Moore, with
a supervisory outlook of the whole picture by Szilard and Wigner.
He indicated that Seaborg should have 15 to 20 chemists working
with him. Compton also said that we should not be backward in
making out patent applications. Patents will be assigned to the
U.S. Government. There is an understanding with the British that
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all patents will be put into a common pool for use by both countries.

Wednesday, June 10, 1942

My second day back at the Lab was not so hectic, and I had an opportunity
to visit with Orville Hill, who was hired as a Research Assistant by ‘
Stearns and fortunately assigned to my group; he received his Master's
degree in chemistry from the University of Illinois last year. He is here
only on a temporary basis as he expects to return to graduate school this
fall. He told me an amusing story of his first day at the Met Lab, which
occurred while I was in California. He had gone directly to the administrative
office, where he announced that his name was Hill and that he was to
report for work that day. He was warmly welcomed—-much more so, he
thought, than one arriving for a summer job should deserve. He started to
stand in the long sign-up line, but someone told him to skip it and come
along and meet Fermi, who was expecting him and with whom he'd be working.
Since he wasn't aware of the nature of the project, he guessed he would be
doing some analytical work for Fermi. It was not until after meeting
Fermi and then hearing something about "the work at Caltech" that it
dawned on him that here was a case of mistaken identity. It so happened
that David Hill, the physicist, was also scheduled to arrive that day.

Hill went on to say that as soon as he was properly identified and
processed, Coryell introduced him to the group. Coryell gave him a
canplete description of the project and its purposes and told him about
the existence of element 94 and intentions to build pilot and production
plants. The second day Coryell called him into his office and told him to
forget everything he had been told--that his security clearance had not
yet come through. But now it has, and he is privy to all our secrets.

Allison has organized a Laboratory Research Council for Chemistry,
and this afternoon we met for the first time. There were four of us in
attendance, Allison, Spedding, Teller and I.

A brief discussion of the isotopic assignment of the 50-year activity
of element 94 took place. It seems that both the 50-year and 30,000-year
activities fall on the Geiger-Nuttall curves for the actinium (4n+3)
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family. This is to be expected for the 30,000-year activity, which has a
mass number known to be 239, If the Geiger-Nuttall evidence regarding the
50-year activity is to be trusted, it would indicate a mass number 235;
however, English's experiments suggest that the 50-year activity might be
due to mass number 238, produced from U238 by a (d,2n) process followed by
beta-particle emission,

Other matters discussed were (1) the future need to study the problem
of producing metallic 94 from its compounds; (2) sending Dr. Hamilton to
Mallinckrodt Chemical Company in St. Louis to look into the possibility of
recovering UX; from residues to serve as a source of pure u234 for fission
measurements; and (3) several experiments under way at Ames, including the
separation of 94 from neutron-irradiated lumps of uranium metal and oxide,
which is just getting under way.

Thursday, June 11, 1942

J. Robert Oppenheimer came to my office this morning, and although we
are old friends, it was more than just a social call. After the resignation
of Breit last month, Compton appointed Oppenheimer to succeed him. On the
same day that I was getting married, Oppenheimer was in Chicago at an
organizational meeting. John H. Manley, a physicist at the Lab who has
been experimenting with such things as the diffusion lengths of thermal
neutrons in water, was chosen as his assistant. At the meeting it was
decided that Oppenheimer would preside over a group of theoreticians in
Berkeley and Manley would direct experimental work here at the Met Lab.
Their tasks will be to study fast-neutron reactions, which is a prerequisite
to the design of an atomic bomb. Oppenheimer consulted me to learn more
about the fast-neutron work of Gofman and Friedlander—they have been
measuring the relative fast neutron fission cross sections of Pa231, U233,
U235, U238 and 94239—and he will talk further with them when he returns
to Berkeley. Gofman and Friedlander obtain their neutrons from a one-gram
radium-beryllium source, whereas Manley uses deuteron-deuteron neutrons
from the University of Chicago cyclotron.
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Probably by now Latimer has received a copy of Compton's letter to
Allison describing the new organization of the chemical program here. I
wrote to Latimer about it, commenting that I find the present situation
much more satisfactory than the previous one. I don't know if he is
getting edgy about not receiving a letter of intention regarding the
Berkeley program, so I assured him that from what I can gather the arrange-
ment will go through as planned. Also, I informed him of Oppenheimer's
visit and how it concerns Gofman and Friedlander, who will be Latimer's
responsibility if the contract is approved.

My second letter went to Hamilton, whom I saw during my last afternoon
in Berkeley. I told Joe that with regard to the ether extraction plant of
the Mallinckrodt Chemical Company in St. Louis, they are starting to
treat a ton of U30g per day. This should make it possible to extract UXq
to produce v, 1 suggested that he might want to go there to look over
the process but first should visit us to get authorization for the inspection.

Our Report "Properties of U233" under the authorship of Gofman,
Stoughton and me was issued today as Report CC-126. This covers our work
at Berkeley and was written (dictated to Mrs. Sullivan) soon after my
arrival in Chicago with the help of Gofman and Stoughton through correspon-
dence. I had previously written an abstract of this report (Report A-
153) while still in Berkeley. In this more complete report we describe
the processes for the production and chemical isolation of our 3.8 microgram
sample of U233 (Sample J) and our measurements of the growth of U233 in
chemically isolated samples of the parent Pa233, one of which led to an
additional sample of u233 of 0.8 microgram. We describe our measurements
on these two samples with our 300 mg radium~beryllium neutron source which
have established the slow neutron fission cross section of U233 as about 1.3
times that of U232, wWe also report that the growth experiments have
established a half-life for U233 as 1.2 x 10° years and that our measure-
ments on its alpha particles indicate a range of 3.1 + 0.2 cm of air
(at 15°C, 760 mm). We also report that our search for spontaneous fission
in p233 using the 3.8-microgram sample indicates that the "half-life"
for this process may be greater than 1014 years.
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I have been appointed a member of the Engineering Council here and
today attended my first meeting, along with Allison, Campton, Doan, Fermi,
Hilberry, Leverett, Moore, Spedding, Wheeler and Wilson. We spent most of
our time discussing the relative advantages of locating the atomic pile
for producing 94 in the Chicago area or in the Tennessee Valley. Fermi
thinks a rectangular area two miles long and one mile wide will be needed.
Moore estimates that for a million kilowatt plant there must be a supply
of water at least 140,000 gallons per minute, and Compton believes that
65,000 kilowatts of electrical power will be required.

During our discussion there were pros and cons expressed about
associating with Lawrence's p235 separation plant. Compton noted that
Lawrence wants to keep his calutron pilot plant close to the scaled-up
production plant and on the West Coast. I pointed out that speed is
essential in getting our atomic power plant built and operating, and there
is really no reason for associating with the calutron project. Compton
presented a chart listing 16 factors that should be considered before
choosing between Chicago (Dunes area) and the Tennessee Valley (Elza
area) as the site of the atomic power piles. According to Compton's
weighing of the factors, Chicago is favored slightly; it was agreed,
however, that it is difficult to make a stronger case for one as compared
with the other. He outlined as a proposed schedule the building of
piles of the following power levels: (1) 100 watts, (2) 100 kilowatts,
(3) 100-100,000 kilowatts (helium-cooled pilot plant), (4) up to 1,000,000
kilowatts. There was general agreement that plants 2, 3 and 4 should
be at the same site.

The afternoon meeting ran so late that Helen and I were terribly late
to dinner at Harry and Adele Brown's at their apartment in nearby Hyde
Park (5542 Blackstone Avenue) . Then Harry and I had to rush off to our
regular Thursday evening Research Associates meeting. Later we rejoined
our wives, bringing along some other guests.

Walter Jilek, a high school graduate, started work today as a Laboratory

Helper in my group. I will have him serve as an aide to Covey, who is
doing odd jobs of every description for all of the fellows in my group.
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Friday, June 12, 1942

Arthur H. Jaffey came to my office around nine o'clock this morning
and talked to me about a job. He received his Ph.D. in physical chemistry
from the University of Chicago last year and is now working with Urey at
Columbia University on his y235 project. Because he already has a security
clearance, I was able to enlighten him about element 94 and its potentialities
and how we plan to produce and separate kilogram quantities. He appeared
to be shocked by the news. But that is not unusual, and I take delight in
observing how people react when they first hear about plutonium and the
major role it might take in our war against the Germans. Some stare in
disbelief; some are dunbfounded and are glassy-eyed or open-mouthed;
others become excited and pour out a torrent of questions. Jaffey has
just the aqualifications in a chemist that I am seeking. I.said he could
come to work with the group whenever he likes, and he agreed to start
about July 1. After he left the office, Perlman, who had been in the
office during the interview, expressed equal enthusiasm about our new

colleague.

Hamilton wrote, asking about the possibility of Roderick Craig coming
to work for me. Craig has a Ph.D. in biochemistry, is an assistant
professor of insect physiology at Berkeley and has worked for three or
four years with radioactive materials and their measurement. I also heard
from Cefola, who says he will leave Mew York for Chicago on June 15. We
have ordered most of the equipment listed by Benedetti-Pichler for ultra-
microchemistry and expect it to arrive in Chicago very soon.

English and James performed an experiment today to test the volatility
of a chloride of 94 at temperatures at which germanium chloride (GeC14)
volatilizes—its boiling point is 83°C. They distilled about 3 mg of
germanium from a mixture of hydrochloric and sulfuric acids to which
tracer amounts of 50-year 94 alpha activity were added. The distillate
was collected in an ice bath. Lanthanum was added as a carrier to both
the distillate and the dissolved non-volatile residue, lanthanum fluoride
precipitated and its alpha activity determined. It was found that the
lanthanum fluoride from the distillate contained no alpha activity,
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whereas about 75% of the alpha activity was recovered from the residue in
the distilling flask. It can be concluded that 94 chloride is not volatile

from agueous solution at relatively low temperature.

This evening Helen and I went dancing to the music of Eddy Duchin and
his orchestra in the Empire Room of the Palmer House.

Saturday, June 13, 1942

I sent a letter to my friend Saul Winstein and told him that if he
would be willing to take a leave of absence from the Chemistry Department
at UCLA, I would certainly like to have him join me here. Another letter
went to Cunningham in Berkeley; I said that we are expecting him July 1
and that I am looking forward to his arrival. A third letter went to my
former roommate, Donald E. Hull, expressing my pleasure at the possibility
he might join Willard F. Libby at Columbia to work on barrier materials
for the y23® gaseous diffusion process.

Sunday, June 14, 1942

I had the pleasure of exploring Jackson Park with Helen this afternoon.
We walked there from our apartment and then walked around in the Park. We
noticed that the golf course there was very crowded.

Monday, June 15, 1942

Saturday there were only nine of us in Group C-I: Brown, Covey,
English, Hill, James, Jilek, Knox, Perlman and myself. Today there are
twelve. Koshland (a Reséarch Assistant) from the Shell Development
Company, Willard (a Research Associate) from the University of Wisconsin,
and Magel (a Research Associate) from the University of Illinois all
started today; they will work at the laboratory benches in our large Room

404. Equipment is coming in now, and there is plenty of work for everyone.
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Willard committed himself to be with us only through the summer months,
but I am confident he will continue with us after he learns the importance
of ‘our work. He asked if he may bring in Elton Turk as his laboratory
assistant, and I was quite agreeable. Turk is getting a Master's degree
in chemistry this month at the University of Wisconsin. Also at Wisconsin
is Truman P. Kohman, who is about to take his Ph.D. Willard thinks he
wbuid be valuable to me because of his considerable experience with radio-
tracer technigues. I intend to invite both these men to join our group.

With the arrival of willard, Magel and Koshland we shall commence
investigations in two methods for the separation of 94 from uranium and
fission products that have been impossible to start because of the lack of
manpower. I am asking Willard to work on adsorption methods, emphasizing
inorganic adsorbents because these should be affected less by radiation
than organic adsorbents; I shall have Turk work as his assistant if we
succeed in adding him to our roster. And I am asking Magel, with Koshland
as his assistant, to work on solvent partition methods for the~separation
of 94. Willard (and Turk if he comes) will work on one side (the west
side) of the long laboratory bench (no. 4) in Room 404, and Magel and Turk
will work on the other (the east side) of that bench; they will also have
the use of the excellent fume hoods in that room. Magel will have his
desk in the area between laboratory benches 3 and 4, and Willard's desk
will be located in the area between laboratory benches 4 and 5.

On the basis of Hamilton's letter of last week I wrote Roderick Craig
at Berkeley ingquiring about his availability to join my group here on a
leave~-of-absence basis.

According to today's newspaper, 585,000 foot-marchers turned out for
a parade yesterday that lasted 15 hours. It was the most gigantic in
Chicago's 109 years of history and was in observance of MacArthur Day,
United Nations Day and Flag Day.
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Tuesday, June 16, 1942

Cefola arrived for his first day of work as a Research Associate. I
will have him work in Room 405, converting this into our room for ultramicro-
chemistry where Cunningham will join him when he arrives on July 1. As
soon as the microchemistry apparatus comes I will probably have Cefola run
through the lanthanum fluoride process, or some phase of it. It will be
interesting to see what the fluoride does to the micro glassware and what
steps can be taken to protect it.

My weekly report, "Group I: Chemistry of 94," for the week ending
June 13, 1942 (report CC-125), submitted today, concerns the non-
volatility of 94 chloride and the fluorine method for separating 94. The
experiment by English and James to look for a volatile halide of 94 that
can be distilled from an agueous solution of hydrogen halide is described.
Apparently from the result, 94 is not volatile as chloride from an agueous
solution at relatively low temperatures. Brown suggests a fluorine method
for separating 94 from uranium and fission products based on the supposition
that 94 does not form a volatile fluoride under typical conditions for
forming volatile UFG’ the Pu, soluble in its oxidized state, will be
separated from the insoluble, non-volatile, fission product fluorides by
leaching with agueous solution. He suggests that to test the scheme it
will be necessary to extend the experiments on the volatility of 94
fluorides to temperatures of 700°-800°C.

Brown and Hill have completed construction of their fluorine generator
and started their first experiment today working in the fume hoods in the
entry area of Room 404 and just outside of Room 403. Their aim is to test
the fluorine volatility method for separating 94 outlined in our last
weekly report (CC-125). They fluorinated, at about 250°-350°C, a mixture
of uranium and fission product elements (tellurium, barium, lanthanum,
cerium, selenium, antimony, silver, rubidium) containing tracer 50-year
94, to test the behavior of the fission product elements and whether the
unvolatilized 94 higher fluoride can be separated, by leaching with
aqueous solution, from the non-volatile fission product elements. They
find, however, that the unvolatilized 94 fluoride does not leach out in a
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6 N HF solution. As their working space in Room 404 they are using
laboratory bench no. 3, and Brown has set up his desk against the wall at
the south end of the area between laboratory benches 2 and 3.

I gave Lecture V of my evening course on nuclear chemistry, concluding

the summary of nuclear reactions and taking up beta decay, K-electron
capture and nuclear isomerism.

Wednesday, June 17, 1942

Continuing their experiment of yesterday Brown and Hill leached the
ron-volatile 94 fluoride residue with a solution of potassium peroxydisulfate
plus silver ion, and again they find that the 94 remains behind with the
non-volatile fission product elements. This indicates that either the 94
is reduced rapidly by water or has a peculiar higher fluoride that is
water insoluble. 1In order to check the previous results (the experiment
Brown performed while still at Johns Hopkins University in which he and
Perlman found that 94 does not volatilize with fluorine at 450°C), Brown
and Hill fluorinated the same UF,-94 mixture at 250°C and at 750°C and
they find again that the 94 does not volatilize. The fluoride volatility
process can, of course, be modified to recover the 94 from the non-
volatile fluoride residue by dissolving it in acid and using the lanthanum
fluoride oxidation-reduction cycle.

Perlman and Knox performed another experiment testing the capability
of ozone to oxidize 94. Today they took special pains to dry the oxygen
before allowing it to enter the ozonizer (a commercially built instrument
in which axygen is passed along concentric electrodes between which a
6,000 volt silent discharge is maintained); this results in the production
of ozone free of hydrogen peroxide which apparently reduces the ozone and
94 and prevents complete oxidation of 94 by ozone. The oxygen-ozone
mixture from the ozonizer was bubbled through a solution containing 50~
year 94 tracer activity and some cet3—ce*t in 2 n H,80, at 80°-90°C for 2-
3 hours. Subsequent analysis by co-precipitation of 94 with lanthanum
fluoride, in which no 94 was found, and measurements on the filtrate, in
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which the 94 was found, indicate that 94 is quantitatively oxidized by
ozone under these conditions.

I had lunch with Perlman and Brown in the Hutchinson Commons. I find
this a more convenient and informal place to have a quick lunch than the
Quadrangle Club; the Club, of course, is a more appropriate place for my
moré official lunches with visiting scientists.

The American Chemical Society, University of Illinois Section, has
invited me to speak at Urbana on a topic of my choice. I replied, saying
I would like to speak on the application of artificial radioactivity to
chemistry, biology and medicine, and suggested October as the best time
for me. This will give me an opportunity to meet new people and will be
especially useful in case I need to do more recruiting by then.

Today is the start-up for our neutron bombardment of the 300 pounds
of UNH, furnished by Prestwood of the Berkeley group, at the Washington
University cyclotron. It is scheduled to run for a total of about 50,000
microampere~hours.

Thursday, June 18, 1942

Brown and Hill analyzed the various fractions from Tuesday's fluoride
volatility experiment and find that, as expected, the tellurium, selenium
and ;htimony, as well as the uranium, are in the volatile fraction, while
the other elements are in the non-volatile fraction.

The Laboratory Engineering Council meeting was held today, which I
attended along with Doan, Fermi, Leverett, Moore, Spedding, Wheeler and
Wilson. Our principal concern was how to design a pile for 94 production.
Fermi, Spedding and I got into a discussion of a 50,000 kw pilot plant
that will produce 3 kg of 94 every two months and also will expose uranium
on the outside to produce 94 for experimentation. Fermi said that there
is a need to take out a uranium column (from a few specially constructed
colums) from the pile, say once a week or so, for chemical experimentation.
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Wilson brought up the problem of cooling such a colum and I was concerned
about its radioactivity, there being too much for ordinary techniques of
the chemist, even in the first uranium column removed. Wheeler cited
Wigner as saying that 20 cm of lead will be needed for shielding once a
pile is operating.

' There was considerable discussion about uranium-to-carbon ratios,
lattice spacing, neutron escape, and diffusion of fission products from
the uranium columns into the graphite. On the subject of batch removal
versus continuous operation, Moore gave three alternatives: (a) Let pile
run, burn up or throw away graphite. Then take all the uranium to the
chemical extraction plant. ‘(b) Remove all the uranium and 20-30% of the
graphite, process uranium and restack or reload. (c) Continuous operation,
with machinery to load or unload uranium in cartridges. He thought
sufficient graphite should be available to construct at least three piles.
Fermi favored running a pile indefinitely if poisoning doesn't stop it.
Spedding was bothered about how to handle graphite with fission products
deposited in it, and my solution was to flood the whole pile with ECl gas,
followed by water. Next week we will take up thevtopics of cooling and
circulating powder as a means of control.

I wrote to Latimer (1) passing on the rumor that the Government may
give us the final word on the awarding of the July 1 contract in about 10
days and assuring him that such last minute action is normal; (2) expressing
disappointment that Professor Lewis will not be able to come to Chicago
this summer to participate in our Chemical Council meetings; and (3) .
describing some work under way in Boyd's group on a method for removal of
UX1 from uranyl nitrate solutions by adding adsorbents. Getting pure y234

for fission cross section measurements is still of interest to our project.
I received a letter from Winstein in reply to my June 13 letter

indicating that he possibly could come to Chicago in August or October but
that decision would be up to the University of California administration.
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Friday, June 19, 1942

English and James performed an experiment to determine if 50-year
tracer 94 distills with osmium tetraoxide from nitric acid solution. The
osmium tetraoxide was all distilled from the solution with the help of a
slow stream of air and collected in sodium hydroxide solution. No 94
alpha particle activity was found in the distillate, again indicating that
the oxide of 94 is not volatile.

In a reply to Winstein I expressed regret that he will not be able to
join us July 1. I urged him to take a job with us from August 6 to
October 3 on a trial basis to see if he would like to stay on. A few such
arrangements have been made, I said, because we are practically certain
that no one will decide against staying at the end of such an interval. I
wish there were something else I could do to persuade him to come.

I sent Hamilton a telegram stating that arrangements have been
completed for his visit to Mallinckrodt Chemical Company in St. Louis to
check the availability of UX; as a by-product from their ether extraction
process for purification of uranium. I also told him we are interested in
employing Craig, the insect physiologist he recommended to me.

The neutron bombardment of 210 pounds of UNH in the Berkeley cyclotron
ended today with a total of 40,000 microampere-hours. Wahl will work up
the material to isolate 94232 in about a month after most of the radioactivity
has died away.

Helen and I dined with the Perlmans and young Judy at their apartment
on Drexel Boulevard. The food and talk were enjoyable; it was a good way
to end the work week. Iz and I arrived here two months ago today.

Saturday, June 20, 1942

Willard started his first experiment today, working at laboratory
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bench no. 4 in Room 404. In line with my suggestion that he investigate
adsorption methods for separating 94, with emphasis on inorganic adsorbents
so as to minimize the radiation problem, he is commencing such work. He
made a number of practice experiments carrying 94 with lanthanum fluoride,
then commenced to test the absorption of 94 by coconut charcoal.

I also had a discussion with Cefola, who is busy assembling equipment
preparatory to starting his ultramicrochemical work on the chemistry of 94.

The Metallurgical Laboratory Planning Board met today, attended
by Compton, Doan, Fermi, Moore, Teller, Wheeler and Wigner. The
discussion centered around military aspects of the fission bomb.
Compton outlined the mission of the Met Lab: to provide element 94
for the production of atomic bombs and possibly as fuel for atomic
vower plants for the Navy. Even radioactive by-products (fission
products) might give us some military advantage. Furthermore, he
stressed that we should be thinking of countermeasures to be used in
atomic warfare, such as the detection of chain-reacting piles and
fission bombs.

Compton repeated a conversation that ensued between him and
Wigner on a possible schedule of the Germans. Like us, they have had
three years since the discovery of fission to prepare a bomb. Assuming
they know about 94, they could run a heavy water pile for two months
at 100,000 kw and produce six kilograms of it; thus it would be
possible for them to have six bombs by the end of this year. On the -
other hand, we don't plan to have bombs in production until the first
part of 1944, No doubt the Germans favor heavy water because their
graphite would not be free of boron, which would inhibit the chain
reaction——they do not have access to petroleum coke for graphite
production as we do. One clue why the Germans may be using heavy
water is that they vigorously attempted to prevent the escape of
heavy water from Norway and France. Compton mentioned that there are
runors of such a going atomic power plant operated by Germans. Since
the Germans are instructed to find out what we are up to, why is it
that we have no more definite signs of their interest? Szilard has
made a suggestion that a physicist be sent to Germany to locate and
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destroy enemy piles if they exist, which has now been transmitted to
Washington.

Wheeler was of the opinion that it might be easier to locate
a German plant through personal contacts, say if James Franck could
be enlisted for the job. Fermi and Wigner agreed, and Wheeler then
suggested that Franck or one of those present be sent to Switzerland.
When Teller replied how dangerous that mission might be and that the
candidate should be not only willing but eager, Fermi replied that we
should interview two or three trusted German physicists in this
country for their ideas.

There was considerable discussion about detectors—the kind
that might signal the presence of dangerous amounts of radiation from
the products of a nuclear explosion——and about ways of measuring
neutron emissions from power plants and bombs to reveal their presence.
Wheeler said it would be practically impossible to detect a power
plant from an airplane by the neutrons given off, and Compton estimated
the detectable range of gamma rays as several hundred meters. Fermi
thought it would be impossible to detect a plant at a distance of
several miles.

Sunday, June 21, 1942

Helen and I took a walk in Jackson Park in the afternoon.,

Monday, June 22, 1942

I have a new secretary today—Mrs. Myrtle Kvidera, who has taken Mrs.
Sullivan's place. She will have as her office the outer part of Room 403
in Jones Laboratory, with a partition separating this area from the inner
area where Perlman and I share an office.

Hamilton visited me and we discussed the results of his meeting with

John R. Ruhoff of the Mallinckrodt Chemical Company in St. Louis over the
weekend. There seems to be an excellent opportunity for extracting large
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amounts of UX; from some of the uranium purification residues, particularly
after subjecting the residues to a second or third ether extraction.

President Roosevelt has approved the whole atomic bomb program. So I
was informed today when I talked to Compton about the status of the
Berkeley contract. He said the Berkeley project can now go ahead on the
scale asked for and that Vannevar Bush will send Latimer the official
letter of intention for his project shortly after July 1.

Tuesday, June 23, 1942

English and James ran a number of experiments to determine if the
oxide of 94 distills with osmium tetraoxide out of nitric acid solutions
that have strong oxidizing agents present.  They find that no 94 distills
with the osmium tetraoxide even when the oxidizing agents bromate plus

ce*? jons are present.

Allison held a meeting of the Laboratory Research Council for
chemistry. Besides myself, others present were Burton, Coryell, Davis,
Fermi, Spedding, Teller and Wheeler. We spent the time discussing a
single problem: how to study the diffusion of fission products from
uranium to graphite, which is to be expected in a working pile. Spedding
and I are supposed to report next week on an experiment to heat irradiated
uranium to successive temperature levels and measure the radioactive gas

that is released.

"Report of Week Ending June 20, 1942, Group I: Chemistry of 94"
(report CC-136) was submitted today. We report the recent results of
Perlman and Knox on the electroplating of 94. The results show that
plating is quantitative using a bicarbonate plus carbon dioxide buffer
with the 94 first placed in its upper oxidation state with peroxydisulfate
in the presence of silver ion catalyst; an acetate buffer continues to
give poor results. We report their experiments with ozone as an oxidizing
agent in which oxidation of the 94 is complete when dry oxygen is used in
the ozonizer and cerium ion is used as a catalyst. We also report the
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results of Brown and Hill, testing the feasibility of the fluorine method
for separating 94 as described in last week's report, which show that 94
does not extract with HF from the residue remaining from UFg volatilization,
but remains with the insoluble fluorides. Therefore it is suggested that
the scheme proposed in last week's report be changed to provide for
dissolution of the 94 and rare earths in sulfuric acid followed by oxidation
of 94 and precipitation of the rare earths as fluorides.

I received two letters from Craig, the first saying he would like to
join my group, starting August 15; and the second, written a few hours
later, saying after a conference with Claude B. Hutchison (Dean of the
College of Agriculture), Lawrence and Latimer, it has been decided he
should remain in Berkeley and work on some aspect of the project there,

I wrote to Latimer. I sent him Compton's good news about the Berkeley
contract and letter of intention. Other matters concerned the importance
of continuing the preparation at Berkeley of 7-day U237, which is needed
by us periodically and by Stoughton in Berkeley, and the notification from
Craig that he will be unable to join my group. I told him that we are
beginning to cover quite a lot of ground here in Group C-I and that there
are a number of aspects of the work I hope to discuss with him when he
visits Chicago next month.

I dictated another letter, this one to Ruhoff at Mallinckrodt,
concerning yesterday's disclosure by Hamilton that cotton is used in the
filtration processes. I asked that the cotton be saved to test whether or
not it is absorbing some of the X, .

I am ocontinuing to find the cafeteria in Hutchinson Commons a convenient
place to eat lunch, and usually a number of us from Jones Laboratory walk
together the short distance to eat there. Today our luncheon group
consisted of English, Brown, Cefola, Covey and me.

Lecture VI of my evening course on nuclear chemistry was given at 8:30

in Room 316, Eckhart Hall, as usual. I reviewed and expanded on various
points of last Tuesday's lecture and then took up internal conversion
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and the experimental study of decay processes. After the lecture many of

the attendees and I joined our wives at the Tellers' apartment at 6lst and
Kimbark Avenue for a relaxing hour or two.

Wednesday, June 24, 1942

Perlman and Knox performed an interesting experiment on the electro-
deposition of 94 today using the 50-year 94 tracer. Starting with 94 in
the reduced state, electrolysis was carried out in the bicarbonate buffer
medium for about 2 hours leading to the plating out of 13% of the 94 on
the cathode. Then by carrying of 94 with lanthanum fluoride they found
that 61% of the original 94 had remained in the electrolytic liquor in the
reduced form and, following reduction with S0,, found another 25% of the
original 94 was carried by lanthanum fluoride indicating this much had
been oxidized during the electrolysis. This indicates that 94 was oxidized
during the electrolysis to the extent of at least 25% and probably also to
the additional extent of 13% since the electrodeposition seems to occur
via an oxidation  step.

Hamaker wrote from Berkeley to say that it would not be necessary to
send him an ozone generator because they have been able to modify one that
happens to be on hand. He described experiments already carried out that
test the effectiveness of ozone (using Ce+3-Ce+4 and Ag+-Ag+2 catalysts)
and chlorine as oxidizing agents for 94, some of which have proven quite

successful.

Tonight Shep Fields and his orchestra opened at the Starlit Beach
walk at the Edgewater Beach Hotel; so Helen and I traveled by Illinois
Central and elevated trains to go dancing to Shep Fields' "rippling
rhythms." ;

Thursday, June 25, 1942

I attended a meeting of the Engineering Council along with 2llison,
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Doan, Fermi, Leverett, Moore, Szilard, Teller, Vheeler and Wilson. The
discussion centered around cooling the 100,000 kw pile, which has been
proposed for the manufacture of element 94, by circulating hydrogen or
helium through it. Ligquid cooling has been ruled out for the present
because of potential chemical action, danger of leaks and difficulty in
transferring heat from oxide or carbide. Some of the participants preferred
hydrogen to helium for cooling, but I pointed out that hydrogen would give

a reaction with graphite to form methane, and this would certainly, and
quickly, tear the pile apart. Teller chimed in, saying that radiation
would catalyze such a reaction., There was general agreement to use

helium. BHBowever, helium cooling presents difficulties because high
pressures are required and because the helium will become highly contaminated
with radioactivity unless pipes are used to contain it.

.Considerable attention was paid to methods for removing fission
products from circulating helium gas, such as spraying, use of cold traps,
the Cottrell process, and glass wool dipped in oil. Fermi thinks that 99%
of the fission products will remain in the uranium. Vhatever method of
fission product removal is used, I reminded them, one must consider the
penetrating radiation from 300-hour barium, which is built up fast because
of its short-lived precursor.

Perlman and Knox repeated yesterday's experiment with an electrolysis
time of 2-1/2 hours. This time they find 11% of the original 94 in the
electrolytic deposit, and in the electrolytic liguor they find 31% in the
reduced and 58% in the oxidized form. This again suggests oxidation
of the 94 is taking place during electrolysis, probably as a prelude to
electrodeposition.

There is a phase of work on 94 that is not being emphasized by my
group here in Chicago, and it occurred to me that C. S. Garner and Norman
A. Bonner in the Chemistry Department at Berkeley might take time out from
their work with ores to help us. (They are engaged in the search for
naturally-occurring 94 in uranium ores.) So I wrote a letter to Garner to
this effect, saying that I have in mind an investigation designed to
establish more accurately the value of the oxidation potential for the
oxidation of 94 from its lower (fluoride insoluble) to its higher (fluoride
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soluble) oxidation state. The plan, I said, would be to equilibrate 94
tracer with aqueous solutions of various oxidizing agents including ozone,
periodic acid, bromate, permanganate, dichromate, peroxydisulfate and
chlorine. After equilibrium has been established, the amount of 94 that
remains in the reduced state would be determined by precipitating it with
lanthanum fluoride in the regular manner.

I wrote a letter to Gofman in Berkeley, informing him that his one-
gram radium-beryllium neutron source is now ready, but the supplier will
hold up shipment for a week or two while testing for leakage. I wondered
why a day shouldn't be sufficient, but apparently they have their own
methods, and not too effective at that. I asked him to write up his
electrolysis experiments to be circulated as a Chicago Chemistry (CC)
Report. I said that only about ten persons would see it, bhut it would be
worthwhile at this time.

Friday, June 26, 1942

In experiments today, yesterday and the day before Brown and Hill
have tested the behavior of short-lived fission products in their volatility
process. In a number of experiments they bombarded uranium tetrafluoride
for about an hour with slow neutrons at the University of Chicago cyclotron.
They then fluorinated the neutron-irradiated uranium tetrafluoride and
found that about 50% of the fission product beta-particle radioactivity is
removed with the volatile uranium hexafluoride.

English and James repeated their experiments to test the volatility
of the oxide of 94 using ruthenium tetraoxide, rather than osmium tetraoxide,
as carrier; these distillations were carried out at higher temperatures in
the presence of nitric acid plus perchloric acid. No 94 distills over
with the ruthenium tetraoxide either in the presence or absence of the

+4

oxidizing agents bromate plus Ce™ - ions.

In a letter to Wahl in Berkeley I said that for a number of experiments
contemplated here for the very near future we will need some neutron-
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bombarded WH with as high a specific activity as possible, and that we
are primarily interested in the activities with half-lives of the order of
weeks or months. I asked if he would be willing to dig out a sample of
50-100 grams from his 40,000 microampere-hour neutron bombardment of UNH,
preferably near the beryllium target, and send it to us.

An article in today's newspaper says that the United States is
advancing plans for a second front in Europe by establishing a European
theater of operations, led by Major General Dwight D. Eisenhower, considered
the ablest young officer in the U.S. Army. This new conduct of the war is
thought to be the outcome of Prime Minister Churchill's current visit here
with President Roosevelt,

Saturday, June 27, 1942

Following a week of preparation of solutions, samples, etc., Willard
undertook batch experiments today with 50-year 94 tracer that show 94
(lower oxidation state) to be well adsorbed by Fuller's earth (99%),
silica gel (68%), aluminum oxide (96%), Norit A (100%). His experiments
also indicate that tracer quantities of 94 (lower oxidation state) can be
removed to the extent of 50% from 10% UNH solutions, while less than 1% of
the uranium is adsorbed, by both silica gel and aluminum oxide.

I attended a meeting of "Group Leaders and Planning Board." Others
present were Allison, Anderson, Burton, Compton, Coryell, Doan, Fermi,
Hilberry, Manley, Mitchell, Moore, Perrin, Spedding, Stearns, Szilard,
Teller, Whitaker, Wigner, Wilson and Zinn.

Campton opened the meeting with a pep talk asking us to go ahead
with all vigor possible. He said our aim the past half-year has been to
investigate the possibilities of producing an atomic bomb—now we have the
responsibility to proceed from the military point of view on the assumption
it can be done and we can assume we have a project for the entire duration
of the war. He told us about the continued emphasis on secrecy and that
only about six men in the U.S. Army are permitted to know what is going
on, including Secretary of War Henry L. Stimson and two construction
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experts, General Brehon B, Somervell and Brigadier General Wilhelm D.
Styer. Styer will be in charge of the production plants and Compton will
have responsibility for research and pilot plant development as in the
past. Hierarchy is this: Met Lab, University of Chicago, OSRD, U.S.
Army; we at the bottom, of course. The Navy is staying out of it; later
they hope to use atomic power for driving their ships——this aspect is
essentially a by-product of our present work. Our program is to first
demonstrate the feasibility of the nuclear chain reaction in uranium with
a one-watt pile, then to build a pile (pilot plant) to start up at 100 kw
to run up to perhaps 10,000 kw (or even up to 100,000 kw by some good
luck) to produce 94 for chemical work, with work on the ultimate 94
production plant to go on simultaneously. The pilot plant will be under
the control of the Met Lab and will be built near Chicago. It is hoped to
have a contractor assume responsibility for the production plant. 2
number of the people present expressed great concern about working for an
industrial contractor because of their fear that this would not be a
compatible environment in which to work. There will be no laboratories
built in connection with the pilot plants, but laboratories will be
allowed in connection with the production plant. Moore and his staff will
be transferred to the Met Lab to form the nucleus of our engineering
staff. We were also told that Professor Schlesinger of the University of
Chicago Chemistry Department now has an assignment bearing directly on the
work of Urey and Lawrence (who are working, respectively, on the gaseous
diffusion and magnetic field approaches for the separation of u23% from
U238). There was considerable talk about our being absorbed into the Army
and what the advantages and disadvantages might be. There were vigorous
objections from most of the people present. Compton told us that in a
meeting with Conant and Bush, they remarked that Army pay would be lower
and Bush had replied that it is up to us to make sacrifices. We were told
that Ruhoff of Mallinckrodt is being inducted into the Army. Compton
concluded the meeting by noting the Army fears enemy planes might fly over
the pilot plant site and perhaps the fence should be concealed by trees.

94



Sunday, June 28, 1942

Helen and I visited the Museum of Science and Industry. Then Hamilton
spoiled the day somewhat by phoning tonight from Washington, D.C., to say
that the Berkeley 60-inch cyclotron has a leak in the D's, which must be
pulled. It is a major breakdown and threatens our work. He expects to
see us tomorrow, as he is on his way to St. Louis to take care of his
bombardment there.

Monday, June 29, 1942

During the last week Perlman and Xnox have been studying the amount
of short-lived fission product beta particle activity that co-precipitates
with uranium peroxide under conditions where 94 is well carried. Using
UNH bombarded with neutrons at the University of Chicago cyclotron, they
find about 20-30% of the fission beta particle activity is carried with
not too much effect of the time after bombardment at which the precipitation
is made.

Stoughton wrote from Berkeley notifying me that he is sending two
samples of thorium fluoride (containing 7-day U237 as tracer) for use
in testing the U233-thorium fluoride volatility separation process which
we discussed when I was in Berkeley the first of this month. Shortly
after receiving the letter, the samples themselves were delivered and
Brown and Hill set to work fluorinating them. They finished tonight
and we airmailed the fractions back to Stoughton.

In view of the breakdown of the 60-inch cyclotron, I sent a letter to
Kamen at Berkeley to find out when Stoughton's big bombardment of thorium
(to make U233) will start. I added a postscript, "Helen and I got married
on the scheduled day in Nevada after some difficulties which you may have
heard about. However, it was much more fun that way than if everything
had gone smoothly. We are finding Chicago not too unpleasant; in fact, we
kind of like it." For a Californian, I think I am being very generous.
Later in the day, there came a telegram from Kamen telling of the disaster.
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He said the cyclotron will be down for several weeks.

Hamilton arrived as promised, and we spent the evening at home
agonizing over the breakdown. It is really a major catastrophe. It may

affect the whole program here.

I boucht a copy of the recent book by Anton Alexander Benedetti-
Pichler, Micro-Techniques of Inorganic Analysis, which gives an excellent
description of, and instruction for, work in chemistry on the microgram

scale.

We are expanding our space a bit to include a large, unfinished area
nearby on the fourth floor of Jones Laboratory. This is a storage room, a
sort of "attic," and opens onto an outdoor space on a portion of the roof
of the third floor. This space will be well suited for the work that we
plan on ether extraction and recrystallization of large batches of UNH.
Covey has helped put this area into shape for this work and will use a
portion of it, the entrance through Room 411, as part of his own quarters.
We have found that Room 404 is too crowded to accommodate this activity,
and in looking around we found this extra space and were fortunate in
obtaining the permission of the University of Chicago Chemistry Department

to use it,

Tuesday, June 30, 1942

Brown and Hill received a molybdenum target from Berkeley which has
been bombarded with 16 Mev deuterons for 100 microampere-hours (on June
17) to produce radioactive element 43. They will use this to test the
volatility of the fluoride of 43.

I answered Kamen's telegram, explaining that the delay in Stoughton's
bombardment is a serious blow to the program, especially because the
material must go through a long, tedious chemical procedure after the
bombardment; thus we don't get a final sample suitable for measurement
until several months after the bombardment. "This breakdown," I said,
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"delays the program in another way also. I have had to interrupt the
bombardment at St. Louis in order to allow Joe Hamilton to get his own
bombardment there." The letter ended on a pleasant note; anyway, I don't
think my carping will help fix up the cyclotron any faster. I asked that
he keep me in touch with developments.

In our "Group I: Chemistry of 94" report (CC-126) for the week
ending June 27, 1942, we describe Perlman's experiments, which show some
evidence for the postulate that 94, when initially present in its lower
oxidation state, must first be oxidized at the anode to its upper state
before it is reduced and deposited as an oxide at the cathode. A corollary
of this proposed mechanism is that 94 would be prevented from depositing
if its anode oxidation could be prevented; this might form the basis for a
separation of 94 from uranium as well as from other elements. Some
preliminary experiments of Brown are outlined. Results indicate that when
a mixture of UF, and fission products is fluorinated, about 50% of the
beta~-particle activity of the relatively short-lived fission products is
removed with the UFgz. The following substances have been fluorinated at
300°C, in continuance of the fluorination of elements that might result
from uranium fission: sodium bromide, potassium iodide, ruthenium metal;
it was found that the bromine, iodine and ruthenium were completely
volatilized. Preparations are now under way for experiments with long-
lived fission products, experiments at higher fluorination temperatures,
and experiments to test the behavior of gamma-ray emitting fission products.

I replied to Stoughton, informing him that his fluorinated samples
are now on the way back and giving him suggestions on the procedures to
follow in measuring them. I asked that he order another fifty pounds of
thorium nitrate in view of the slow delivery. Also informed him that I am
distressed about the interruption in the bombardment of his thorium
sample.

I have now reached Lecture VII of my evening course, "An Introduction
to Nuclear Chemistry," Tonight I gave a brief summary of range-energy
relations of alpha perticles and béta-pérticles and the meaning of absorption
coefficients. This included a demonstration, put on with the help of
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\’,
English and Covey, of the operation of the necessary equipment. The
meeting was held in a room in Ryerson Laboratory because our regular
meeting place, 316 Eckhart Hall, is not equipped to allow such a demon-
stration. I then followed with an explanation of decay curves, i.e.,
simple decay, growth curves and the decay of chains. After the lecture
a number of us joined our wives at the Fermis' for refreshments.
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Wednesday, July 1, 1942

Two more excellent Research Associates were added to my staff this
morning. One is Burris Cunningham; I interviewed him in Berkeley early
last month and then immediately offered him a position to work here in
ultramicrochemistry. He will work in Room 405, which we are setting up as
our laboratory for ultramicrochemistry. The other is Arthur H. Jaffey,
whom I interviewed here about three weeks ago and also immediately offered
a position. I shall have him work on extraction processes for 94, using
space at the remaining laboratory bench no. 5 in Room 404. Their salaries
have been set at $300 per month., Two Laboratory Helpers have also started
with us—Wallace H. Vogwill and George Bowers; Covey will supervise their
duties initially until they obtain enough experience to be more generally
useful to the members of my group.

I wrote a letter to Libby at Columbia and enclosed an abstract of my
paper, "Review of Artificial Radioactive Isotopes Useful as Tracers," to
be presented at the American Chemical Society meeting in Buffalo this
September. I mentioned that Mrs. Seaborg is the former Helen Griggs and
expressed the hope that we could get together with Mrs. Libby and him in
New York, Chicago or perhaps at the Buffalo meeting.

Headlines in the paper today are depressing. A major push by the

Axis perils Egypt; they are heading for Alexandria. The Nazis have passed
El Dabn, which is one hundred miles from Alexandria.

Thursday, July 2, 1942

Today brought letters from both Latimer and Garner. Latimer is
scheduled to arrive in Chicago tomorrow and hopes to see me in the afternoon.
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He said that he has persuaded Wahl, who has confined his efforts to his
own problems, to take charge of the group working on 94239 and believes
that that part of the program will be strengthened considerably.

Garner said that he and Bonner expect to complete their search
for 94 in the carnotite, fergusonite and hatchettolite ores within a
week or so. He asked about the possibility of simplifying the ore treatment
by using a pre-formed lanthanum fluoride precipitate based on the work
of Spof English. He and Bonner are delighted at the prospect of working
on the oxidation potential of 94 as I suggested. He said, personally,
he is very anxious to undertake some chemical studies of 94, and oxidation
potentials have always interested him. He also talked about a replacement
later on for Bonner, who is going to Princeton for graduate work in
September . |

The Engineering Council met, attended by Allison, Compton, Doan,
Fermi, Hilberry, Leverett, Moore, Spedding, Szilard, Wheeler, Whitaker,
Wilson, Wollan and myself. The subject today was the experimental plant.
Compton listed eight studies that have to be made, among them getting a
chain reaction and producing gram quantities of 94 for chemical tests.
Compton wants the first pile in the West Stands, and Fermi, along with
whitaker and zinn,vbelieve that there will be hardly enough room in the
handball court because the cube will be 23 feet on a side. Compton said
two piles are proposed, pile I of less than 100 kw and pile II of less
than 5,000 kw. There ensued a discussion as to which of the eight studies
might be investigated with pile I, which with pile II.

According to calculation, 1,000 kw will produce one gram of 94
per day. I mentioned that we are currently getting 30 micrograms per
300 pounds of material at St. Louis and that anything above this would
be a definite gain, especially gram quantities. Compton said our goal
is 6 kilograms of 94, and there was talk about using pile I to give
small amounts of 94 to the chemists, whereas Pile II might become the
pilot plant, in which case it should be capable of operating above 5,000
kw. It was recognized, however, that there are some advantages to having
pile II serve as the pilot plant. The materials for construction of
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pile I should be available by October 15, 1942, and for pile II by December
1, 1942. Pile II will reguire somewhat sophisticated provisions for

cooling; and, if helium is used for cooling, as decided tentatively

at last Thursday's meeting of the Engineering Council, orders for heat
exchangers and blowers should be placed as soon as possible. Later,

Compton mentioned that the separation process amounts to a considerable

part of the whole project and that we are not yet able to calculate when

we can get out of the 94. I observed that the extraction problem is less

of a chemical problem than one of operating a chemical extraction process

in the presence of high levels of radiation, which places unusual constraints

on the procedure.

The Research Associates meeting was held this evening from 7:45-9:15
in Room 251 of Ryerson Laboratory, and I attended as usual. Compton,
Allison and Moore gave us a good overview of the status of the Project in
recognition of the start of the new fiscal year yesterday.

The news today has a double worry. There is worry for the French
fleet, which is at Alexandria. The British are making a stand west of
Alexandria but plan to move or destroy the French ships. At the same
time, Berlin claims to have taken Sevastopol. The Russians say this
Crimean port has withstood as many as twenty assaults but has not fallen.

Friday, July 3, 1942

I had a discussion with Magel and Koshland about their progress on
developing a solvent partition method for separating 94 from uranium and
fission products. Their aim is to f£ind an organic solvent that extracts
94 from the aqueous phase when it is present in one oxidation state but
does not extract it when it is present in the other oxidation state.
Presumably the oxidation procedure would not effect the solubility of the
uranium and fission products in the organic solvent so alternate extractions
with the 94 in each of its oxidation states should effect the separation.
Their early experiments show that little 94, in either oxidation state,
goes into the organic solvent (ethyl ether, carbon tetrachloride, ethyl
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acetate, chloroform, ethylene dichloride, methyl ethyl ketone containing
10% xylene) when the partition is between the organic solvent and pure
water. They find, however, that under certain conditions the 94 can be
"salted out" into the organic phase. Methyl ethyl ketone containing 10%
Xylene, with lithium nitrate as salting agent, is very effective for
oxidized 94 and quite effective for reduced 94.

Latimer has arrived in Chicago and visited me in the afternoon to
discuss the work of the Berkeley group. He and his family are in town for
a few weeks in connection with his work at Northwestern University.

Melvin Calvin also arrived this afternoon, which gave Helen and me

the opportunity to spend some time with him.

News from Africa today is mixed; Rommel attacked the British at El
Alamein, but at the same time the British sent a force against Rommel's

rear flank.

Saturday, July 4, 1942

I made the rounds of the laboratory benches in Room 404 to learn the
status of the various investigations.

Perlman and Knox find, using short-lived fission activity produced by
neutron bombardment of uranium using the Chicago cyclotron and 50-year 94
as tracer, that a considerable fraction of the fission products, some 20-
30%, comes down with a single precipitation of uranium peroxide. There
are, however, indications that most of this can be eliminated by reprecipitating
the uranium peroxide. In two experiments about 85% of the added 50-year
94 survived this process. They showed that, of the 20-30% fission products
in the first uranium peroxide precipitate, about half precipitates with
lanthanum—-cerium fluoride, indicating that much of this activity belongs
to rare earth fission products.

Brown and Hill fluorinated the deuteron-bombarded molybdenum target
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on Tuesday and have'spent the intervening time determining the behavior of
the fluorinated products. In the part of the sample that was fluorinated
at 250°C only 7% of the molybdenum remained behind while about 43% of the
43 remained behind. In the part that we fluorinated at 450°C about 12%

of the molybdenum remained behind and also only 12% of the 43 remained
behind. The conclusion seems to be that the higher fluoride of element 43
is volatile, but not as volatile as molybdenum fluoride.

It is interesting that in times such as these the headline reads

"Extra two-pound sugar ration!" The regular allowance is two pounds every

four weeks,

Sunday, July 5, 1942

Today we took our regular Sunday holiday. Helen and I, along with
the Perlmans, Browns and Burtons, drove out on State Highway 4A to explore
the propocsed Argonne Forest Preserve site at Palos Park where it is
rumored the experimental chain reacting pile will be built. Compton and
his wife discovered it one Saturday afternoon while horseback riding. He
said it is an isolated area about five miles northeast of the village of
Lemont and twenty miles west of the University of Chicago campus. We had
a fine lunch in the general area there but are not sure we found the
actual site.

Monday, July 6, 1942

Willard's student, Elton H. Turk, started work here today as a
Research Assistant. BKe will work with Willard, at his bench in Room 404,
on the adsorption method of separating 94 from uranium and fission products.

Last month I phoned Emilio Segré in Berkeley for some data on xenon
beta and gamma ray absorption that he, in collaboration with his co-
worker, Chien-Shiung Wu, determined about three years ago. Today I
received a letter from Segre with all the information that I requested. He
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included assignments of various xenon isotopes to their half-lives.

Wahl wrote from Rerkeley, Eelling me that next week he will send the
50-100 grams of neutron-bombarded UNH requested in my June 26 letter. He
said that he was surprised, on reading my June 20 weekly summary, that
plutonium cannot be extracted from the fluorinated residue by persulfate
ion and silver ion, and he offered some suggestions.

I received a letter from B. J. Fontana in Berkeley, describing the
work done to demonstrate the absence of polonium, protactinium, radium and
ionium from the final electroplates of U234 gerived from UXy , which were
given to Gofman. The electroplates contained, respectively, 0.36 and 0.29
microgram of U234, using the values of 12,000 y234 alpha particles per
minute per microgram.

Joyous news from Kamen at the 60-inch cyclotron. I will quote his
letter in its entirety. "I have enjoyed your letters very much," he said,
"and it seems a shame that I cannot equal in this letter the wry humor of
certain sections. The outfit is going back together today (July 2) or
tomorrow and now I hope that it will be producing a useful beam in about a
week., I feel certain that in two weeks we can run through your bombardment.
There is no other news than this and we will keep you informed of our
progress. Regards to Helen."

The papers say that our Air Force bombed the Germans yesterday for
the first time. It was a daylight raid over Holland in cooperation with
the British RAF and is part of a strategy to relieve German pressure on
the Russians and bring Germany to her knees. Also, it has been reported
that the British raid over Cologne last month killed 20,000 and wounded
54,000 more. I think that, were we forced to use our 94 bomb, the devastation
would be unthinkable.

Tuesday, July 7, 1942

Judging from the size of my weekly reports on "Group I: Chemistry of
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94," the pace here is accelerating. My report just one month ago was
three pages long, and today's report (CC-169) for the week ending July 3
is ten pages long. I can report on experiments now by Perlman, Brown,
Magel, Willard and English and their assistants. Included is Perlman's
investigation of the extent to which small amounts of short-lived fission
products (produced by irradiation of uranium with neutrons from the
Chicago cyclotron) come down when relatively large amounts of uranium are
precipitated in their presence with hydrogen peroxide—between 20% and 30%
with a single precipitation, with indications that most of this can be
eliminated by reprecipitating the uranium peroxide.

Brown's investigation using radioactive element 43 (atomic no. 43,
produced in Berkeley by bombarding a molybdenum target with deuterons) is
reported, indicating that it forms a volatile fluoride at about 450°C.

The non-volatility of 94 fluoride was tested by using volatile selenium,
tellurium and antimony fluorides as possible carriers. 1In all cases the
94 remained behind quantitatively.

Brown also has investigated the solubility of the carbonate of
element 94. He reports that only one percent of the activity comes down
with a lanthanum carbonate precipitate, thus indicating that 94 carbonate
is soluble. Of the fission products that are left behind after fluorination
of uranium, all except rubidium and cesium form insoluble carbonates.
Brown concludes that the use of a carbonate precipitation after the
fluorination process might thus eliminate the necessity of carrying out an
oxidation reaction in order to separate 94 from the fluorination residue.

It might be possible to develop a method for separating 94 from
uranium and fission products by using the method of distribution between
two liquid solvents (such as water and an organic solvent), in particular
by taking advantage of the two oxidation states of 94. R. B. Duffield has
been carrying out experiments of this kind in Berkeley. The results of
preliminary investigations now being conducted here by Magel are reported.
His first experiments show that the addition of salts enhances the transfer
of 94 to the organic phase.

From the standpoint of radiation protection, it is highly desirable -
to look for a shorter way to separate 94 from the uranyl nitrate that is
being bombarded in St. Louis. It is possible that an adsorption method
might be better suited for this purpose. Likewise adsorption methods
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should be investigated as a possible means of separating 94 from the
uranium and fission products formed in large-scale chain reactors. With
this in mind, Willard has begun experiments with various adsorbents and
reports preliminary results indicating that silica gel and aluminum oxide
show promise.

English reports the results of his experiments to test whether
or not 94 forms a volatile tetraoxide (by analogy with ruthenium and
osmium) ; such a property could form the basis for a volatilization process
for separating 94. He finds that 94 in its upper and lower oxidation
states is non-volatile under the conditions in which ruthenium and osmium
tetraoxides are volatile.

In the evening I presented Lecture VIII of my evening course. Topics
covered were the use of the characteristics of x-ray absorption to identify
atomic numbers of elements formed in nuclear reactions, and various
techniques for separation of radioactive products (carriers, electroplating,
volatility processes, solvent extraction, adsorption, leaching, Szilard-
Chalmers method). After the lecture a number of us followed John P. Howe,

a fellow Research Associate, to his home (6105 Kimbark Avenue) for refreshments.
Our wives were already there chatting with his wife Marilyn. Howe received

his Ph.D. in physical chemistry from Brown University in 1936, was an Instructor
at Ohio State University 1936-1938, and an Assistant Professor 1938-1942.

He is working on radiation problems in Burton's group.

Wednesday, July 8, 1942

I spent some time in Room 404 and in the counting room (Room 402)
talking over experiments with the fellows in my group. Perlman is working
on a 5-gram sample of UNH that he ether-extracted on June 26 and then sent
to the Chicago cyclotron. It was given 160 microampere-hours neutron
bombardment (from beryllium plus deuteron reaction), mostly on July 4 and
yesterday; so he will have some fission products with medium half-lives
with which to work. He saved another 5-gram ether-—extracted sample of UNH
in order to measure the UX,-UX, background. The usefulness of the hydrogen
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peroxide method for separating 94 depends on whether or not appreciable
amounts of fission products come down with the uranium peroxide.

English is working on another experiment to determine whether or not
the oxide of 94 is volatile at high temperature. When I saw him, he was
centrifuging a sample of 50-year 94 (380 alpha counts/minute) and 0.3 mg
of La*3 in 6 N HF. After washing in 6 N HF and then with HNO3, he will
dry the residue and heat to redness over a Fisher burner for five minutes.
The count will give him a measure of the volatilization. He tried the
experiment yesterday and his yield of 84% in the residue shows that the
volatilization is almost insignificant. Monday he investigated the dry
distillation of 94 chloride in air at high temperature. A guantitative
recovery of 94 from the residue with lanthanum fluoride carrier indicated

that no 94 was volatilized there either.

Hill spent most of the day yesterday and today in the counting room
measuring the radioactivity of fluorinated samples supplied him by Brown.
Brown started with a gram of UF, that was subjected to neutron irradiation
from 150 microampere-hours of deuterons on beryllium with the Chicago
cyclotron. The bombardment was stopped at three Monday afternoon. I saw
the sample when it came back. It was imbedded in a paraffin block, the
sample itself having been placed about two inches from the beryllium
target. The fluorinations took place at 450°C and the volatile products
were collected in a trap maintained at -78°C. It will be a day or so

longer before the analysis is complete.

Joyce Stearns called to suggest that I call off my Tuesday night
nuclear chemistry lectures after next week. He feels that the social
gatherings, including beer drinking, that follow the lectures have become
too time-consuming and disruptive from the standpoint of achieving maximum
progress on the Laboratory's mission. Fortunately I will have covered all
the material I had planned.

Wednesday night is family night for swimming in the pool at Ida Noyes
Gymnasium, and tonight Helen and I took advantage of this opportunity.
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Thursday, July 9, 1942

Yesterday Helen received a letter from her friend Wilma Ghiorso, top
Radiation Laboratory secretary, inquiring whether I would be willing to
recommend her husband, Albert, for a spot in the U.S. Navy doing radar
work. It occurred to me last night that Albert, who is still producing
Geiger counters for Cyclotron Specialties Company in Moraga, California,
may be persuaded to come to Chicago. Ghiorso has a degree from the
University of California in electrical engineering. So I wrote to him
today, saying that I am very much in need of a man with his training to
help keep all of our Geiger counters and linear amplifiers running and to
do development work in this field. "You would be by far the best man for
the job," I added. "The work would be done pretty much in collaboration
with Mr. English." I urged him to come as quickly as possible if he
accepts the official offer that will come from Stearns.

The Engineering Council met again with Allison, Fermi, Leverett,
Moore, Spedding, Stearns, Szilard, Wheeler, Wigner, Wilson, Wollan and
myself in attendance. The major topics of discussion were the need for
heat transfer data in designing the 100,000 kw plant, and possible designs
and tests for control rods. Wigner said experiments are in progress to
‘investigate water as a coolant alternative to helium gas. Fermi was
afraid a control rod might get jammed in a shifting pile until Wilson
suggested using a duct in the pile to admit the rod. Szilard and Wheeler
thought that it might be necessary to have at least five rods. Although
the chain reaction could be stopped with one control rod, it might start
up again as the pile cooled down. On the subject of packing and lubricants,
I suggested that carbon fluorides might be superior to oil from the stand-
point of radiation damage.

Because Friedlander is an alien, he cannot be put on the payroll of
the Berkeley project. To support himself he is teaching two sections of
Chemistry 1A in the Berkeley Summer Session. I received a letter from him

saying that he has no time left over to do much research at present.
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Latimer gave instructions to Wahl not to show Friedlander my weekly
reports from Chicago any more, which of course greatly perturbs Friedlander.
Be feels torn because he was given secret information in the past but does
not have official clearance. He went to the Immigration Department the
other day and had an interview with an inspector from the FBI. The
inspector said he had very excellent reports on his character and ability
but one adverse report saying Friedlander at one time had been connected
with a group having Communist leanings and that he would have to be
invectigated further. He was deeply shocked because he has never belonged
to any political group or organization that would fit this description,
which he had declared under oath to the Immigration Department. Ee
remembered he occupied a house last year where it was rumored some Communists
lived, but the agent would nct commit himself to any specific charge.
Friedlander was chagrined at not being able to learn how lcng it might
take to get his naturalization papers. So now he is in a quandary about
how to straighten things out. He wondered if I would talk the situation -
over with Latimer when he comes to Chicago.

Friedlander also wrote that Gofman has ncw solved the problem of
mounting samples of 94 that are practically infinitely thin, a method
that can be easily adapted to other elements. He went on to say, "As
for a magnesium (U235) sample, Kennedy tells me that he has a good sample
for our purpose, and that he is willing to loan it to us for some time,
but that he is not free to tell me the analysis, as long as I am not
cleared. I can, of course, nct plan measurements intelligently if I
do not know what the samples are."

Blanchard, according to the above letter, is now working full time
on the Berkeley project and is very useful. He just finished making
a pulsc generator and is putting together a high resolving-pcwer amplifier.

I received a letter from Gofman saying he and Duffield are ready to
start the fast neutron fission measurements as soon as the one-gram Ra-Be
arrives; he has worked up the deuteron-bombarded thorium and is now
following the decay cf the samples. He reports that there is no hope of
producing y233 by this method as the yield is too low. Also there appears
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to be a short-lived paZ32 decaying by beta emission into an alpha-emitting
u232 of reasonably short half-life, which he will verify in about a week.
He reassures me that the electroplated samples of U234 that Fontana gave
him are truly u234, He has completed a long spontaneous fission count on
the 0.4-microgram sample and stands ready to write a report on this and on

232—U232_isotopes.

the new Pa

My response to Gofman was three pages long. I praised him and
Fontana on the chemical identification and alpha range measurements of
y234 they have been making. I asked if he would write one report of their
work on the spontaneous fission of U234 and another on the slow neutron
fission of U®32, I told him that I am excited by his news of the thorium
work and, if he has really found a relatively short-lived U232, it will be
very useful to the work here, in which case we should think about a long=-
term deuteron bombardment of thorium. I promised to get some metallic
thorium sent to him. I added that if he will determine the ratio of (d,n)
to (d,2n) yield for thorium, it will help us make an isotopic assignment
for the 50-year 94. I suggested he also write this up as a final report
and send it to me.

To quote in part from my letter, "I have learned, in a letter from
Friedlander and in conversation with Latimer, that there have been some
discussions with Professor Oppenheimer with regard to your fast neutron
work, and that you and Friedlander might be a little confused as to
what to do. I believe that you should go ahead on essentially the basis
that we discussed while I was in Berkeley;‘that is, measure the relative
cross sections of 0233, 0235, U238, 94239 and Pa23l. buring these experiments
keep in mind the possibility of making an absolute cross section measurement,
for example on u238 g presumably Professor'Oppenheimer has suggested,

U235, and perhaps make a few experiments along that line. However,

or on
this I think to be quite difficult, and the progress of this phase of
it should not interfere with the relative cross section measurements....

"You and Duffield will have to do this fast neutron work without a
great deal of help from Friedlander. 1 am doing my best to obtain permission
for Friedlander to work officially on the project so that he can receive

pay for his work and not have to spend his time teaching, which takes up
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practically all of his time. Will you get the new 235 sample from
Kennedy? Kennedy doesn't feel he should tell Friedlander its composition.
I am writing Friedlander so he will receive a letter at the same time you
do.... I certainly am sorry that he is having so much trouble over his
citizenship.

"There is some possibility that Breslow will leave the Berkeley
project. We will need some uranium tracer here in Chicago, and unless
your U232 fills the bill completely, we will continue to reguire to have
some seven-day U237 gent us.... Will you ask Duffield if he will discuss
this with Breslow, and learn enough about it to take it over? I think
that he and Hamaker could probably handle it very well....

"Here is something very important! The FBI is tightening down very
much on the information in regard to 94, and therefore I want to warn you
to be extremely careful in your treatment and discussion of such data.
Please pass this information on to Wahl, Duffield, Garner, Hamaker, Bonner
and Friedlander. I am sure that you are all being careful, but bear in
mind that checks are being made by the FBI in order to be sure that every
one of you is careful."

This evening I went to Room 251 of Ryerson Laboratory to attend the
Research Associates meeting. Teller, Leverett and Szilard were respon-
‘sible for this program, and next week it will be up to A. C. G. Mitchell
and me. This meeting takes place each Thursday throughout the summer, the
purpose being to provide general information regarding the work done by
the groups and to become better acquainted with the other Research Associates
on this project. After the meeting, Teller told me privately that he is
on his way to Berkeley where he will stay for a month. I asked him to

discuss the Berkeley program on 94 with Wahl and the program on U233 and

U234 with Gofman.

Friday, July 10, 1942

English informed me of an experiment that he and James completed
yesterday. In a previous experiment, they used bromate with a cerium
catalyst in an attempt to form a volatile oxide of 94, but the results
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were negative—no 94 activity appeared in the distillate. There is a
chance, however, that a powerful oxidizing agent, such as ozone, might
oxidize 94 to its +8 state; this oxide might possibly be volatile. 1In
yesterday's experiment, a 3-5% mixture of ozone was bubbled through a
nitric acid solution containing 50-year 94 tracer, 1.5 mg of ce™ and 12
mg osmium carrier. Their analysis of the distillate failed to show the
presence of 94, whereas 88% of the 94 tracer was recovered in the unvola-
tilized residue. Of the 94 recovered here, 93% was in the upper (fluoride
soluble) oxidation state, and only 7% was in the lower (fluoride insoluble)
state. Today they tested the volatility of 94 bromide using selenium
bromide as volatile carrier and find that the 94 bromide is not volatile.

Louis B. werner, whom Cunningham has recommended to me, started work
as a Research Assistant this morning. He comes from Berkeley where he was
-a graduate student in biochemistry and had a part-time job assisting
Cunningham and Paul Kirk. I always thought I was tall, but Werner is
6'7", taller by four inches! I am assigning him to work with Cunningham
along with Cefola in Room 405, a tight fit in this small room.

I wrote’to Garner in response to his June 29 letter and suggested
that he consult Latimer about getting a graduate student to help on the
search for 94 in uranium ores, thus freeing himself somewhat to investigate
the oxidation potentials of 94. Some time ago 25 pounds of pitchblende
were ordered from Port Hope for the purpose of confirming the presence of
94239 in pitchblende. I asked him to see if it has arrived and what he
thinks about the experiment, as it would entail a great amount of work.
With regard to his request for information on English's experiments, I
sent details of the procedure for carrying 94 with a preformed lanthanum
fluoride precipitate.

Next I wrote to Fontana and congratulated him on the chemical isolation
of the y234 samples, which involved such a difficult procedure. I said
that since he has perfected a good method of removing U234 from electroplates,
" he has the basis for combining a number of small samples into a large one,
and that he will be able to give Gofman, for his fission measurements,

some larger samples as the present decaying UXl samples come along.
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My last letter of the day was dictated to Wahl in Berkeley. I
expressed my pleasure at hearing from Latimer that he has joined Latimer's
group and said that the move will be mutually beneficial. I told him
about Teller's upcoming conferences with him and Gofman. "“Teller," I
said, "in the spirit of a true theorist will probably be anxious to do
some theoretical calculations in connection with your work. I can't see
that there is anything useful that he or anybody else can calculate—it is
impossible to devise the chemical procedures we need by calculations--and
so I wouldn't worry about trying to provide him with any ideas for such
calculations; merely tell him about the work you are doing, and ask Gofman
to do the same, so that Dr. Teller can become familiar with your program.

"Apparently your large sample of 94239 will be forthcoming some time
before our St. Louis sample is ready. Will you let me know how you handle
your extraction problem? Likewise, we should like to have a fraction of
your 94239 for the microchemists here, even before you start the long
spontaneous counting experiments. We are anxious to try out some of the
precipitation reactions with pure stuff, and especially the peroxide
precipitation because this seems to offer the best hope for a separation
procedure at the present time." I asked if he could spare about 15% of the
large sample, and then cautioned him, as I have Gofman, about the FBI
tightening on secrecy measures.

Newspapers indicate that the Germans continue to gain in Russia and
are within 235 miles of the Volga River.

Saturday, July 11, 1942

Upon checking with Magel and Koshland, I find they have made more
progress in their efforts to find an organic solvent-water partition
method for separating 94 from uranium and fission products. They have
measured the distribution of 94, using 50-year 94 as tracer, between water
and each of a number of additional solvents. The 94 was present in its
lower oxidation state in some experiments and in its higher oxidation

state in some other experiments, and lithium nitrate was used as the
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salting agent in all the experiments. They tested ethyl bromide, nitromethane,
nitroethane, l-nitropropane and 2-nitropropane and find that nitromethane
exhibits the greatest difference in its behavior toward 94 in its two

oxidation states.

Latimer paid us a visit today. He and his family are staying near
Northwestern University.

Sunday, July 12, 1942 .

It was humid and hot today and a relief to get out of the apartment.
Our Sunday outing was to attend a gala picnic at Jackson Park near the
campus and the beach. It was organized strictly for California people
working on the projects here at the Met Lab and Northwestern University,
and I guess there were at least forty of us. Latimer and his family came
also and spent part of their afternoon with Helen and me. He said that he
finally has received the letter of intention, which makes him very happy.
There is no longer any doubt that the Berkeley project will go ahead with
full momentum. Most of us have been so busy with the war effort that we
don't get much of a chance to see each other in a social way; so today was
a double pleasure.

Monday, July 13, 1943

For the last week Turk has been helping Willard with his experiments
on various adsorbents. Some of the adsorbents being tested are aluminum
oxides, powdered silica gel, various resins, Fuller's earth, BaSO4, BaSOy,
Amberlite and Hyflo Super Cel. In these experiments, 10 cc of a uranyl
nitrate solution-10% U0, (NO3) 5*6H,0 by weight containing 50-year 94
tracer—to which a weighed amount of adsorbent is added, is stirred a few
minutes and then centrifuged. The supernatant liquid is divided into two
portions, of which one is analyzed for uranium and the other analyzed for
its content of 94. Of all the adsorbents, including those tested today,
the Hyflo Super Cel is best; this is a commercial filter aide made by
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Johns-Manville Company, which is 93% SiO,. The Hyflo Super Cel adsorbs
over 85% of the 94 and yet removes only 5% of the uranium. Willard plans
to investigate this unusual material further. Today he and Turk are
setting up Tswett adsorbent columns for comparative experiments with Hyflo
Super Cel and some other adsorbents.

I learned of a decision to build a new chemistry building for the
chemists on the Project; the responsibility for this will be given to
Stone and webster Engineering Corporation. The groups with Spedding, i.e,
Boyd, Coryell, Burton, will have one wing, and I will have the other;
there will be sufficient space for our present and future needs. The
target date for completion is about three months, and it will come none
too soon. The contract for construction and laboratory equipment amounts
to about $200,000. Milton Burton will play a major role in summarizing
the space needs of the various groups and translating these into a floor
plan.

My date to speak at the American Chemical Society in Urbana has now
been set, more or less. H. A. Laitinen, who is Secretary of the Uni-
versity of Illinois Section, wrote that October is entirely satisfactory.
He will let me know the exact day by the end of August.

First I sent a telegram to Gofman in Berkeley and then I followed it
up with a letter. The Western Union message asked him if he has received
the one-gram radium-beryllium neutron source, which the manufacturer
should have shipped a week or so ago. For fast neutron fission measurements

g233

using this source I suggested he use his 4-microgram sample, Kennedy's

3.5-microgram 94239 sample, a larger enriched U235 sample from Kennedy, a
larger pa23l sample from Stoughton and a sample of natural uranium as a
238

source of U“’®, My letter informed him of the solid stick of thorium he

is about to receive from me by mail, which can be used for making targets

for deuteron bombardments. I warned him that thorium is extremely pyrophoric,
especially in the powdered form. The bulk of my letter, however, concerned

a talk that.John Manley and I have had concerning the program here for
measuring the fast neutron fission cross sections of a number of heavy

isotopes. Manley here is charged with the responsibility, together with
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Oppenheimer at Berkeley, of seeing that the fast neutron fission cross
sections are measured. I noted that he is enthusiastic about the similar
experiments that Gofman and Duffield, with some help from Friedlander, are
undertaking using Ra-Be neutrons; he is writing Oppenheimer about the
possibility of making similar measurements using Kennedy's photo-neutron
sources. I said that Manley and I also laid out an additional detailed
cooperative program for the measurements of the fast neutron fission cross
sections with various sources of monoenergetic neutrons, such as those
from D+D and Li+p, using an additional independent set of samples of
94239, 0235, U233 and natural uranium of uniform thickness; a 5-microgram
sample of 94239 might come from the present Berkeley or St. Louis bombardment,

235, a 5-microgram sample of_U233

Kennedy might furnish the enriched U
might come from Stoughton's present neutron bombardment of thorium, and
the natural uranium sample could be prepared either at Chicago or Berkeley;

these samples should be ready by October.

Depressing is the news again as the Germans cross the Don River in
the Soviet Union and Rommel drives ten miles west of El Alamein.

Tuesday, July 14, 1942

One of the most important problems related to the isolation of 94 by
the fluorine method is the determination of the percentage of fission
products that will be carried over with the UFgy and away from the non-
volatile 94 fluoride during the fluorination process. Brown's earlier
experiments, using fission products of rather short half-lives (about four
hours after bombardment), show that, if the fluorination takes place at
about 250°C, roughly half of the fission activity will be carried over
with the uranium. In today's "Report for the Week Ending July 11, 1942,
Group I: Chemistry of 94" (No. CC-179), I say that further studies now
show that the carryover of long-lived fission products is the same under
the same conditions. Furthermore, according to experiments last week, if
the fluorination process takes place at 450°C, 80% of the fission activity,
when fluorination takes place 48 to 96 hours after neutron bombardment,

passes over with the volatile UFg.
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In the weekly keport I also say that Magel and Koshland have investigated
several possible organic solvents, including several nitroparaffins, for a
solvent method of separating 94. Nitromethane, it is concluded, seems to
offer the most hope in that it exhibits the greatest difference in its
behavior toward 94 in its two oxidation states when lithium nitrate is
used as a salting agent. The theory underlying the solvent partition
method is this: the separation of 94 from the uranium and fission products
might come about by taking advantage of the distribution of the two
oxidation states of 94 between two solvents (water and an organic solvent).
One would search for a solvent that would not extract 94 from the aqueous
phase when it is present in one oxidation state but would extract it in
the other. If found, then one extraction could be made to remove from the
agueous phase those substances that are soluble in the solvent, leaving
behind the 94 and other insoluble materials. Then the oxidation state of
the 94 could be changed and another extraction carried out to put only the
94 in the solvent. Presumably, the oxidation procedure would not affect
the solubility of the other substances.

I also report on English's results showing the nonvolatility of 94
oxide and chloride.

Perlman and his helper Knox are continuing their experiments to
determine fission activity in uranium peroxide precipitates. They are
still using samples of the neutron-bombarded UNH of a week ago because
they want to investigate the longer-lived fission products. A peroxide
precipitation was made from two samples today and the precipitates will be
counted tomorrow. A similar experiment yesterday showed that only 15% of
the total fission activity came down with the uranium peroxide, whereas
their earlier experiments with short-lived fission products resulted in
25-30% of the fission activity precipitating with the uranium peroxide.

In several experiments, 85-95% of the co-precipitated fission activity was
found to be fluoride insoluble. Reprecipitation of the rare earth fluoride
retained all of the activity. The fact that fluoride insoluble substances
come down with 94 in a uranium peroxide precipitate places more burden on

any subsequent oxidation-reduction cycle using rare earth fluoride as carrier.

Ghiorso sent a postal telegram saying that he appreciates the offer
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of a job but wants assurance that developmental or research electronics
will be involved. He said the U.S. Navy offer is substantially more
lucrative but he prefers an academic environment. I wired back that
developrient and research electronics are definitely involved and assured
him that the work is very interesting and extremely important and has

a good future.

We were pleasantly surprised to have a visit this afternoon from
Carlos, our good friend and confidant, the janitor for Gilman Hall on the
Berkeley campus—he is on a vacation trip in the Midwest and decided to

pay us a visit.

Tonight I gave my -concluding lecture, the ninth, in my series on "An
Introduction to Nuclear Chemistry." The topics covered were the chemical
~ method for separating nuclear isomers, the Hahn precipitation rules and
the quantitative treatment of isomorphic replacement. As customary, some
of us gathered with our wives afterwards for a social get-together; this

time it was at the Burtons'.

More bad news from the Russian front! The Reds have retreated after
a twelve-day battle with their Don River lines ripped.

The Technical Council met with Allison, Compton, Fermi, Moore,
Szilard, Wheeler and Wigner attending. Fermi announced that the most
recent experiments on y23s give a value of 1.29 for n, the average
number of neutrons emitted in fission per neutron captured. But the
news that evoked the most discussion was his statement that beryllium
gives an improvement in k, the multiplication factor, so that if the
pile were covered on six sides with beryllium there would be a gain
of two percent. Szilard commented that this amount of gain might
make it possible to use the oxide of uranium. Enthusiasm was dampened
somewhat when Compton declargd that the supply problem for beryllium
is comparable with that for uranium--that 1,000 pounds of beryllium
would exhaust the nation's supply for one year--and now there is talk
of using an aluminum alloy of beryllium for aeroplane engine pro-
duction. BHe wondered what the size of a pile might ke using beryllium
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for the moderator, and Fermi replied that an all-beryllium structure
offers no advanteage.

Fermi indicated that the planned 1,000 kw pilot plant to be built at
the Argonne site in Palos Park might use 4 tons of uranium metal (for
which k = 1.09) surrounded by uranium oxide (k = 1.03), together with
about 300 tons of graphite (about 800 tons if only oxide is used). An
estimate was made by Fermi that a 1,000 kw plant will produce 30 grams
of 94 'in 30 days and that a huge amount of radioactivity will be
produced, of military importance at least in an experimental way. He
also suggested a pilot plant be built at the site for chemical
separation of the products. He was very concerned about shielding the
experimental plant, saying that at 1,000 kw it will give 50 roentgens
per minute at the surface, which is a lethal dose after ten minutes.,
It was suggested that Moore, who is already engaged in planning the
chemical extraction plant for the production plant, ask his chemical
engineer to help with plans for a pilot chemical plant at the Argonne
Forest site of the experimental pile. Moore said he has picked the
best four chemical engineers from a list of 20 from the du Pont
Company and hopes to get one of these. This was followed by a
discussion of how to combat the radiation problem in the pilot and
production chemical plants. Szilard asked if Fajans at Ann Arbor
could not help Coryell to work out a complete picture of fission
products in order to speed up progress.

Allison informed the group that Stone and Webster Engineering
Corporation is working on a building to house the members of the
Chemistry Division.

The group then talked about the necessity of dropping a good part
of the study of general nuclear physics so that the problems involved
with the construction of the experimental pile could be solved--
otherwise an additional hundred men, who are unavailable and for whom
space is not available, would be needed. No decision was made about
the geometry of the experimental pile; that is, will the uranium oxide
be removed from vertical or horizontal columns? Of course this
affects the size and shape of the room at the Argonne pilot plant,
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and a decision mdst be made by Novemker 1 at the latest. Szilard
continued to advocate liquid bismuth as the cooling agent for the pile.

The Planning Board also met., It was attended by the same group
except that Hilberry, Spedding and Whitaker were adcded and Moore
dropped out. The subject under consideration was the shell that
will surround the 1,000 kw experimental pile at the Argonne Forest
Preserve site. Compton opened the meeting by saying what to do
is the question, kut how to do it will be up to Whitaker. The
proposed shell will be a rigid, self-supporting tank, 30 feet in
diameter and 30 feet high. Whitaker said that he has drawn up plans,
which turned out to be like those of Moore's. Their idea was to
have trap doors to release selected columns of uranium for extraction
of 94 for chemical experimentation, through which the whole pile
could be dumped later. There would be a funnel over each hole
for reloading. Fermi and Wigner favored horizontal channels.

Wigner outlined a scheme proposed by him and Edward C. Creutz,
There would be "pushers,”" with arrangements for reloading. Fermi
added that part of the tank could be cut away and a concrete wall
of about two meters be erected for shielding; then one could push
from behind the wall with impunity. Compton pointed out that there
will probably be the first pile (1 watt) as well as the 1,000 kw
pilot plant vile at the site.

The next subject to be discussed was the design of the chemical
extraction plant. Compton suggested that Ruhoff be brought from St.
Louis this week to help design the plant. He said that there is not
much difference whether we get out ten grams or a hundred grams of 94
from the point of view of experiments on the product and knowledge of

raciiation problems.

Wednesday, July 15, 1942

Several properties of 94 in its lower oxidation state indicate a
close similarity with the rare earth elements. For example, in the
earliest and much used isolation procedure, the fluoride of reduced 94
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cc-precipitates with lanthanum fluoride in acid solution. 1In order to find
an alternate precipitation method for removing 94 that does not involve

the use of the corrosive HF, the possibility of other precipitants, more
or less unigque to the rare earths, can be considered.

Jaffey is investigating the precipitation of 94 with rare earth
iodates. In neutral solution, the iodates of the +3 rare-earth elements
are fairly insoluble, and that of the +4 rare earth (Ce+4) even more
so. Very few cations form iodates that are insoluble to this extent.

Today he precipitated lanthanum as an iodate in the presence of tracer 94.
The 94 alpha particle activity of the precipitate was measured directly,
and as a check, an HF precipitation of lanthanum fluoride from the filtrate
was made and counted after adding more lanthanum carrier. It was found
that the 94 does not come down quantitatively with the lanthanum iodate.

Another experiment was conducted today by English and James as a
follow-up to their attempted distillation of 94 as oxide from an ozone-
cerium solution. 1In this case, argentic ion was substituted for ceric ion
as a catalyst in the ozone oxidation. The theory is this: it is already
known that cerium functions as a catalyst for the oxidation of 94 from its
lower (fluoride insoluble) state to a higher (fluoride solukle) state. If
cerium were also involved in the hypothesized further oxidation of 94 to
its +8 state, then the oxidizing potential of ozone is effectively reduced
to that of the cerous-ceric catalyst. An argentous-argentic couple,
however, has an oxidation potential that is only slightly less than that
of ozone itself. It is thus more likely that 94 can be oxidized to its +8
state. In today's experiment, ozone was passed through a solution containing
50-year 94 tracer activity, Ag+ and HNO3 for a half-hour at 70°C until the
characteristic brown color of Ag++ was developed. Osmium carrier was then
added and the temperature raised to 90°C for a half-hour, ozone being
passed through continuously. No 94 activity showed up in the distillate
of osmium tetraoxide, but 81% of the activity was recovered in the non-
volatile residue, of which 3% was in the reduced, or fluoride-insoluble
state, and $7% was in the oxidized, or fluoride-soluble state.

Last week Brown and Hill found that approximately 80% of the fission
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product activity of UFé samples irradiated with neutrons can be volatilized
together with the uranium when subjected to a fluorine stream at 450°-
500°C. It should be noted that the 20% fraction of fission products left
behind could cause serious complications in scaled-up chemical operations
because of the intense radiations. Although much information is known
about the behavior of individual fission product fluorides in macroscopic
amounts, experiments must be performed to determine if minute concentrations
in uranium behave in the same way. And what are the elements associated
with the volatile fraction and what elements remain behind as non-volatile
fluorides? This was the analysis that Brown and Hill attempted to make
today.

Brown fluorinated a gram of the neutron-bombarded UF, at 450°cC.
The vclatile products were collected with uranium hexafluoride in a
trap maintained at -76°C. They were then dissolved in water and standard
chemical separations were made on the solution without rigorous guantitative
separations. The residue was dissolved in nitric acid and then, after
adding carriers chemically, analyzed for its constituents by measuring
the fission product radiations. The following percentages were determined
in the residue: rare earths plus yttrium, 65%; barium plus strontium, 25%;
and rubidium plus cesium, 10%. Precipitation with lanthanum carbcnate
should remove 90% of this activity, that is, all except the rubidium
and cesium. This precipitation was tried, with results which agreed
with the 90% figure. It appears from an earlier investigation that
94 (lower oxidation state) carbonate may be soluble under these conditions,
and so this may offer a method for isolating 94 from all fission products
except rubidium and cesium. It is relatively simple to separate 94
from rubidium and cesium by any of several precipitation reactions.
Next, Brown and Hill will analyze the volatile fraction for the fission

products present.

I sent a letter to Wahl asking him to submit a short report on the
half-life determination of plutonium-239 through the chain 29 —=39 —=49
(U239—-Np239-a»Pu239). "I am continually asked questions," I wrote,
"about the conversion electrons in 39, the possibility of gamma ray in 29,
the calibration of the Geiger counter in our experiment, etc., by people
who want to make sure that we have taken these items into consideration."
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Compton, I informed'him, has given a contract to A. C. G. Mitchell of the
Physics Department, Indiana University, to measure the ratio of conversion
electrons to beta particles in 93239 ang y239 (by coincidence counters and
spectrographic methods) in order that there might be an independent
determination of the half-life of 94239. Mitchell, therefore, is anxious
to become familiar with our work, another reason for writing it up.

Then I said, "We are using 50-year 94 tracer at such a rate that
I am afraid we will need another bombardment in the not-too-distant
future. Perhaps you or Gofman will arrange to have a target made for
us; I have sent Gofman some thorium for the preparation of a thorium
target for deuteron bombardment, so that perhaps he knows who is doing
this vacuum furnace work over in the Radiation Laboratory. I will send
you some metallic uranium as soon as I can locate scme; we are still
having trouble in getting hold of this material."

From the war front on the Pacific comes news of a U.S. victory at

Midway; eighty Japanese ships were routed.

Thursday, July 16, 1942

English took a uranium target to the University of Chicago cyclotron
and asked Arthur E. Snell to schedule a deuteron bombardment. The deuteron
beam from the cyclotron here has an energy of only 8 Mev, compared with 12
Mev from the Washington University 45-inch cyclotron in St. Louis and 16
Miev from the University of California 60-inch cyclotron in Berkeley.
English will compare the yield of 50-year 94 here, if any, with the 94
deuteron—uranium yields frem the other two cyclotrons in order to determine

which 94 isotope is responsible for the 50-year half-life.

Winstein wrote from Los Angeles that, after deliberating a long
while, he will have to turn down my offer to come to Chicago for the
present. He said the teaching problem at UCLA is difficult and that the
administration is pretty much against releasing men unless they are truly
indispensable, and in all fairness he can't claim to fall into that

category.
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Mitchell and I were responsible for tonight's Thursday evening program
intended for Research Associates. We met from 7:45 to 9:15 in Room
251, Ryerson Laboratory. He reported on his work on the determination

3239’ and

of the proportion of conversion electrons in the decay of 9
I gave a report on the progress of the work in my section and at Berkeley

on the nuclear properties of 94239, 50-year 94, etc.

Friday, July 17, 1942

Cefola began experiments on the precipitation of microgram guantities
of lanthanum fluoride (LaF3) . Ordinary capillary cones and pipettes used
in the ultramicrochemistry are made of soft glass. It is apparent that
these would be attacked by the HF used in the precipitation process, and
so it is necessary for Cefola to get around this handicap. In successive
order he has tried coating the glass with paraffin, collodion and varnish;
but these failed in preventing the HF from attacking the glass. Now he
has pipettes and cones made of quartz which he is testing with concentrated
HF. If he finds they are not etched, he will next determine the lowest
limit at which the precipitation of lanthanum fluoride can be observed.

Ghiorso sent me a letter saying that he has accepted Stearns' formal
offer. He wrote that his acceptance was prompted alimost entirely by the
fact he will be working in the field that he likes among friends whom he
likes. His earlier decision to volunteer for radar work in the U.S. Navy
was based on sheer boredom with his routine job of making Geiger counters.
I am glad that we were able to rescue such a valuable man for our project,
and I don't think he will be disappointed with what is in store for him. I
sent him a reply, expressing my pleasure, and saying that "I am sure you
will like the work very much; it is an extremely interesting and important
project, and you will be connected with one of the most interesting phases
of it.... One of the first problems that we will face is the development
of a very high resolving power linear amplifier outfit. Mr. Stanley
Abrams and Mr. Charles Blanchard of m?wgroup in the Chemistry Department
at Berkeley have made substantial progress in the development of such an
outfit, and I think that we would gain time if you were to get in touch
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with their work on'this problem. Helen and I are looking forward to
seeing you and Wilma as soon as possible.”

Ray Stoughton's letter was the bearer of good news. Just as Kamen
has promised, the 60-inch cyclotron at Berkeley is now back in business
and our thorium nitrate sample is receiving a good neutron bombardment.
The sample went in Thursday of last week and soon will be removed for
chemistry.

Ray went on to say that he has ordered the additional fifty pounds
of thorium nitrate according to my request of June 30. He described
the results of working up the two neutron-irradiated samples of thorium—
fluoride he sent us June 29 for fluorination for his thorium-uranium
separation and which we returned the same day. The distillate from
the fluorination yielded 25-35% of the uranium, and that which remained
in the thorium fluoride residue was successfully extracted by digestion
with fuming sulfuric acid. He also reported that 23 micrograms of pa23l
were obtained from the carnotite ore residue obtained from iHorris Perlman
and Bonner. He said that he, Wahl and Duffield would like me to send
them past and future copies of the notes from my course (Tuesday evening
lectures) in nuclear chemistry. These are the notes prepared by Coryell
which are already available individually for a number of the lectures
and which will soon be available as a total package.

A package of three assorted samples was airmailed to Kamen today, and
I asked him to place it as near to the beryllium target of the 60-inch
cyclotron as he can because I want these samples to absorb as many neutrons
as possible during the next month or so. I couldn't refrain from adding
the following: "Joe Hamilton called me up again yesterday and talked me
into another interruption of the St. Louis bombardment. I hope his work
is as important as he claims it is; if so, we have the Germans on the

run.”
For some time I have been mulling over, and perhaps fretting over,

the need for a systematic program for an early study of the fission
products. Today I dictated a three page memo called "Proposed Program for
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Investigation of Fission Products." Coryell's group is gearing up for a
very basic approach to the fission product problem; it may be some time
before they get around to identifying the many fission products, a knowledge
of which we sorely need in order to develop a separation process for 94.

My memo suggests a five-part program, viz.: (1) A search for new
fission-product activities with half-lives of the order of weeks and
months. The known fission products formed with slow neutrons and with
fast neutrons of medium energy occur mainly in two groups of atomic
numbers, 35-43 inclusive and 51-58 inclusive. A strongly active fission
product sample, such as the fission-product fraction from the present St.
Louis or Berkeley bombardments, would be subjected to a "standard" chemical
separation so as to isolate these 17 fission product elements into a
number of chemical fractions, each containing one (or two or three) of
these elements. The decay of these fractions could then be studied. (2)
Absorption measurements to determine the energies of the beta particles
and gamma rays from these chemical fractions. (3) Study of the relative
yield of the various fission products, especially of the longer-lived
ones. (4) A search for fission product elements with atomic numbers just
below 35 and just above 58, and in the region 44-50 inclusive. (5) An
investigation of the use of fission products as radioactive poisons. A
very simple procedure for isolating the majority of fission products from
uranium might be worked out if the 94 is sacrificed.

There are a number of matters I want to discuss with Latimer; so I
tried to phone him at his office in Berkeley late this afternoon, but he
had already gone home. One in particular concerns the pilot chemical
extraction plant for 94 that we are asked to think about and about which I
have some ideas. A meeting is being held tomorrow to go over tentative

plans. Tomorrow I will write him a long letter.

The temperature today rose to 1009 at four o'clock, the hottest July

17 in Chicago in weather bureau history.
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Saturday, July 18, 1942

The matters I took up in my letter to Latimer today were these:
(1) How to cope with the Berkeley reports. Allison wants Latimer to send
me his weekly reports for registration, reproduction and distribution here;
and, strictly speaking, Latimer is not supposed to retain even a carbon
copy. (2) I reviewed the Berkeley role in the fast-neutron fission
program (but not including the theoretical aspects being investigated by
Oppenheiner's group) . Gofman and Duffield will measure the relative Ra-Re
fast-neutron fission cross section for U233; U235, U238, 94239, and maybe
Pa231; Gofman and Duffield or Kennedy's group will measure the photo-
neutron fission cross sections for the same isotopes; and Manley here at
the Met Lab will arrange for the measurements of the same cross sections
using a new set of samples, at various laboratories that have monoenergetic
artificial neutron sources. Gofman's measurements are awaiting the
arrival of the one—-gram Ra-Be neutron source, which the Canadian manufacturers
promise to send to Berkeley very soon. (3) One man should continue to
work on the ore problem under Bonner's direction, and a replacement should
be sought for Bonner when he leaves. Someone, perhaps Duffield, should be

U237. (4) Professor

taught Breslow's technigue to produce seven-day
Eastman should be enlisted to help on the Project; and I suggested that he
undertake the problem of separating 94 by electrolysis. (5) I agreed with
Latimer that Professor kollefson's help would be invaluable. Perhaps he
could assist Garner and Wahl determine the kinetics of the oxidation of
94, or work on the preparation of metallic 94. (6) Hamaker ought to visit
us next month to become familiar with the work of the microchemists so he
can order equipment for a similar set-up for Berkeley. (7) I told him of
the decision to erect a riew chemistry laboratory here on the Chicago
campus, which will be used for research and development. (8) The pilot
extraction plant, upon which work will begin very soon. I said, "The
planning of this is a rather difficult assignment, since we do not yet
know what sort of procedure we will use in the extraction of 94. I
therefore decided to make provision for three types of extraction: (a)
the fluorination method, (b) the peroxide precipitation method, and (c)
any method involving the oxidation and reduction principle. Ry the latter

I mean any method which makes use of the difference in properties of the
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two oxidation states, such as HF precipitation, electrolysis, solvent
extraction, etc. Naturally, this is rather vague so that we can only plan
for the most general equipment, such as large stainless steel reaction
vessels, precipitation vessels, etc. It is felt that in order to save
time we must take a chance and go ahead with the construction of some very
general eguiprment using the best guesses that we have at this time."

I made a general comment that the work of the Met Lab is being
taken more seriously as time goes on. "We now enjoy the highest priority
of any defense effort in the country. This includes the production
of airplanes, synthetic rukber, etc. This information should, of course,
be treated with the most extreme degree of secrecy. And so far as secrecy
is concerned, it is felt that the work is now at the most critical stage
with respect to the possibility of the obtaining of useful information

by enemy agents."

I had just finished dictating the letter to Latimer. My office
window was open to catch what breeze there was, and I heard a great hubbub
in the nearby "attic" portion of Jones Laboratory. Wwhen I went there, I
found Covey, Vogwill, Bowers and Jilek in a state of agitation. A storage
box containing phosgene gas was tipped over by mistake by Vogwill and
Bowers on the roof area adjoining the attic, then righted by Covey and the
others and they all feared they had been gassed. Apparently Vogwill was
using the box as a platform to stand on in order to peer over the roof
parapet at some passing girls cGown on the quadrangle below when the box
tipped. Unknown to them, or to any of us, this old box contained some
phosgene of very old vintage. So I took the four of them to Billings
Hospital and left, as no reaction is supposed to set in for a few hours.
Later when I called they seemed to be okay, but they will be held overnight
in the hospital for observation and can report back to work on Monday.

When I returned from the hospital I wrote to Wahl, saying that I
mailed him some powdered uranium metal yesterday to be used for a deuteron
bombardment of about 3,000 microampere-hours and for any other purpose he
sees fit. I also sent a telegram to Stoughton, referring to the thorium

nitrate, "How many microampere hours do you plan to give it?"
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My group designation this week was changed from Group I to Group C-V.

Cefola is satisfied that his quartz micropipettes and microcones are
not attacked by HF. This is fortunate because quartz, unlike soft glass,
will therefore not introduce new impurities. So today he was able to
continue his work on the precipitation of microgram gquantities of lanthanum
fluoride.

To appreciate the work of ultramicrochemists, it is pertinent to make
a few general remarks about their precipitation techniques. 1In carrying
out analyses at the ultramicroscale level, the concentrations of solutions
and reagents are kept the same as those employed in ordinary analysis in
order to approximate chemical conditions that exist in the analysis of
large samples. The volumes used, conseguently, are of the order of 1 A
to 10 A (1 cu mm to 10 cu nm) when the weights of the chemicals are in
the range of microgram (y) amounts.

Reactions are carried out in tiny centrifuge cones (of 1 Aor 2 A
capacity) in a moist chamber which is placed on a mechanical stage of a
microscope. The chamber is kept moist to prevent the rapid evaporation of
such small volumes of liquids. Because of the small volumes that are
handled, all operations involving the measurement of volumes and the
transfer of matter must be done mechanically. For this purpose a micro-
manipulator which gives varied motions by means of rack and pinion devices
is employed.

For measuring the extremely small volumes of liquids, calibrated
capillaries and eyepieces with micrometer scales are used. The transfer
of such volumes is then made by means of micropipettes (operated with a
plunger device) which have quite a long shaft and an opening of 30 to
40 y (30 to 40 x 1074 cm) . These micropipettes are made from capillaries
with the aid of a mechanical device. Precipitates formed in the small
capillary cones may be observed with either transmitted or reflected
light, using low power magnification (about 30x to 50x). The supernatant
liquid may be separated from the precipitate by centrifuging, placing the
ccne back into the moist chamber and removing the liquid by means of a
micropipette.

Cefola, in his experiments on the precipitation of lanthanum fluoride
measured out 10 m ) (0.01 cu mm) of La™3 solution (10 mg/ml) in a measuring
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capillary and then trénsferred it to a quartz capillary cone. The solution
contained La*3 as La(NO3) 3°6H,0. To this he introduced an excess of 6 N

BEF by means of a micropipette also made of quartz. The flow of liquids in
or out of this pipette was controlled by mouth instead of a plunger device
such as usually employed. He next placed the cone containing the excess
reagent and precipitate in a larger capillary. The latter was sealed and
stirred by means of a buzzer and then centrifuged for five minutes. At
the end of this period he placed the cone under a microscope (35x magnification)
and examined it with transmitted light. The precipitate that had collected
at the tip of the cone was white and gelatinous and could barely be seen.
He then used reflected light and the existence of the precipitate became
more obvious. All the manipulations except centrifuging were carried out
in a moist chamber. The amount of La'> precipitated was equivalent to 10”7
gram, or 0.1 y (0.1 microgram) which is close to a lower limit.

The meeting I attended at 2:00 this afternoon to consider tentative
plans for the so—-called "Chemical Plant" lasted two hours. Besides
myself, others present were Boyd, Brown, Compton, Moore, Perlman, Potratz,
Ruhoff, Spedding, Steinbach (a consulting engineer brought in by Compton),
and Whitaker. Ruhoff, who was recently commissioned in the U.S. Army and
then posted back at Mallinckrodt in St. Louis, presented tentative building
plans for a pilot chemical extraction plant for element 94 based on his
experience with the U304 refinery at St. Louis. He proposed that sufficient
space be provided at once for trying three processes, the three types of
extraction that I have recommended (fluorination, peroxide precipitation
and any method involving the oxidizing and reducing principle), so that
each process would be capable of handling one ton of raw material per day.
He personally favors starting "all out" on the best process adaptable to a
100,000 kw pile as determined from large-scale laboratory experiments. He
also favors starting a little later on the second process. The third
space is to be reserved in case of contamination of one of the first two
spaces, or to contain the third process should the first two present
serious difficulties. I defended Ruhoff's plan by saying that any plan
ultimately adopted for the chemical isolation of 94 would undoubtedly be
based on one of the three extraction schemes under consideration. By
recommending the three methods of 94 extraction for the pilot plant, I
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have cast the die. It is just three months to the day that I have been
working here. If the times were not so perilous, this indeed would be a
brash decision.

Ruhoff listed three essential gualifications for buildings and
equipment based on the assumption that making repairs may be hazardous
or impossible during the time of operations. (1) Simplicity, which
will require a minimum of mechanical maintenance. (2) Capability of
lending itself when possible to remote control. (3) Must in some instances
be completely shielded, keeping in mind the practicability of pits.
His plan includes the three chemical separation areas of 10,000 square
feet each, plus shops, laboratory, warehouse, living quarters, storage
pits for cooling off prior to or during processing and to serve as emergency
dumps, and facilities to dispose of noxious gases. Most of the discussion
related to radioactivity hazards and safety. Perlman pointed out that
large barriers, which could be moved by machinery, might be desirable.
Spedding suggested covers for tanks containing active materials, and
Compton agreed. Spedding reminded us that the plan as suggested is
purely tentative and is intended to serve as a starting point and a
basis for further study and discussion.

Sunday, July 19, 1942

After spending the morning reading and writing reports in my Jones
Laboratory office, I joined Helen at home for lunch, then walked with her
to nearby Washington Park, just west of the area in which we live. The
near (eastern) boundary of the Park is Cottage Grove Avenue. We strolled
throughout the Park observing the large number of people who decided to
spend their Sunday afternoon in the same manner,

Monday, July 20, 1942

Perlman and Knox completed an experiment begun on Thursday on thorium
peroxide as a carrier for 94. 1In this preliminary experiment today-—the
precipitation of 94 with partial precipitation of uranium-thorium peroxides—
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the precipitate was treated with sodium hydroxide solution so that the
uranium peroxide would dissolve, leaving behind only the thorium peroxide.
The solution from which precipitation took place was 5 cc in volume, 0.05
N in HNO3, and contained 700 counts/min of 50-year 94, 100 mg of UNH, 2.5
mg thorium nitrate and 0.25 cc 3% Hy0,. The solution was boiled to bring
down the thorium peroxide and an estimated 10-20% of the uranium as
peroxide. This precipitate was centrifuged and the uranium peroxide
dissolved in 3 cc of 1 N HaOH, leaving only thorium peroxide. All three
fractions were then analyzed for 94 activity. Of the 94 added, 11%
remained in the filtrate from the peroxide precipitate along with 80-90%
of the uranium after peroxide precipitation, and 86% was found with the
thorium peroxide.

Brown and Hill completed their analysis of volatile products that
resulted from their experiment last Wednesday. They showed that the
radioactivity in volatile fraction was composed of 27.8% bromine and
iodine, 35.8% antimony and columbium, 14% technetium and molybdenum, 22.2%
zirconium and 0% selenium and ruthenium. The fact that selenium (atomic
no. 34) and ruthenium (atomic no. 44) are missing from both the volatile
and non-volatile radioactive products is not surprising. This is consistent
with the.generally accepted view that no appreciable amounts of elements
with atomic numbers below 35 or in the group 44-50 are formed in fission
by slow or medium-fast neutrons. The results obtained are about what one
would expect, for all of the elements found are known to possess volatile
fluorides, and they have sufficiently long-lived radioactive isotopes

formed in fission.

Alan A. Jarrett, who received his A.B. at the University of California
at Los Angeles, is the latest Research Assistant to join my group. He
started today and will work on the instrumention connected with our
counting apparatus, making his headquarters our counting room, Room 402.

The time has come for Wahl to work up the 210 pounds of UNH that was
bombarded with neutrons in the Berkeley cyclotron from April 24 to June 20
for a total of 40,000 microampere-hours. The radioactivity has died down

so that there is only a fraction of a curie of fission products remaining.
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A substantial quantity of 94239 ghould have been synthesized, which Wahl
will try to isolate in its entirety by ether extraction, followed by a
series of lanthanum fluoride oxidation and reduction cycles. The task is
formidable, but he has the necessary skill and experience.

Wahl sent us a 97-gram sample of the neutron-bombarded UNH, which we
received early this morning. Perlman wants to use some of it to study the
behavior of long-lived fission products in peroxide solution. This
material is ideal because it contains only long-lived activity; the
uranium received an intermittent bombardment over a period of two months,
after which the short- and medium-lived activities were allowed to decay
for a month. Perlman and Knox ground and mixed this material and then
weighed out 500 mg, which was dissolved in 100 cc of water. Two 1 cc
portions were removed (each containing 5 mg of bombarded UNH) and precipitated
with 1 cc of 3% Hy05 in lusteroid tubes., 1In keeping with earlier results
on medium-lived products, 18% of the total fission activity, all long-
lived, was found in the uranium peroxide precipitate.

Stoughton sent a telegram in response to my inquiry about the thorium
neutron bombardment. He said that it was completed last Wednesday midnight
with 15,000 microampere-hours.

A letter came from Fontana in Berkeley, telling me that he has
completed the task of combining several y234 electroplates and that the
final plate is now in the hands of Gofman. He credited Sheline and
Prestwood with help in attaining their success. The plate has a 0234
content of 1.48 micrograms, the eguivalent of 17,800 total alpha particle
disintegrations per minute. He also told me the anticipated yield of
additional 0234 from the UX, samples currently on hand will, in a month,
amount to two micrograms, and after that he will continue to recover, on a

regular basis, UXl and daughter U234 from his uranyl nitrate sources.

Fermi has an idea that Xy (0234) or Uy (Th231) may undergo spontaneous
fission at a rather high rate—at least he thinks the possibility is worth
checking experimentally. He phoned me to ask if I could arrange to make a
simple experimental test and I said I will ask Gofman to do so. The
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reason for this thought is an unexpectedly high background of neutrons
from some of the uranium he has been working with, and he thinks this
might be due to spontaneous fission of UX, or UY.

I telephoned Gofman in Berkeley and wrote him a confirming letter
about the conditions to observe when he looks for spontaneous fission
decay in UXy and UY. I suggested he have Prestwood or Fontana give
him a sample of UX, from their supply and prepare the sample of UY from
one pound of UNH.

About two years ago Dunning of the Physics Department, Columbia
University, made some fission measurements on protactinium. I remembered
the fine linear amplifier that he had used; so I wrote to him today
requesting a copy of the wiring diagram. In our counting of fissions on
top of very high alpha particle background, we need an instrument with
high resolution. I reminded him of cur talks to the American Chemical
Society in Chicago on May 8 and his promise to let me copy his slides.
Those in which I am interested concern various apparati for producing
nuclear reactions and his summary of elementary constants and concepts of
nuclear reactions.

I wrote to my UCLA classmate, Harlan Baumbach, a chemist in Pacific
Palisades who is working for Paramount Studios, and asked if he would be
willing to join my group at the Met Lab. Although I couldn't tell him the
nature of the opening, I did reveal that my group is working on a war
research project which is probably "Number Cne" in the country. Then I
swore him to secrecy, saying: "This work is of a very secret nature, and
I must ask you not to discuss with anyone, at least for the present, the
fact that you have been offered a position with us. We are trying to keep
as secret as possible the location of the project and the nature of the
personnel." I told him about my marriage six weeks ago and went on to say,
"It seems to me that probably I ought to collect a ten-dollar bet from
you; but unfortunately I can't remember making such a bet."

I saw the Met Lab "Report for Week Ending July 18, 1942." Among other
things it states that on Tuesday of last week Whitaker and Zinn's group
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received the first ton of purified Uy0g from Mallinckrodt, and by Friday
3.5 tons had been pressed into three-inch diameter cylinders and the
construction of intermediate pile No. 9 was completed. Wigner reports

that most members of his theoretical group were engaged last week in
calculations concerning water—cooling of the planned production pile.

Young worked on the heat transfer aspects; Weinberg, Plass and Williamson
on the reproduction factor; and Christy and Wigner on the change in

neutron migration length and on the size of the production plant. Friedman
of his group had an interview with an M.D. about radiation dosage. He was
told that the usually guoted 0.1 roentgen per day for permanently permissible
dosage is probably very low and could be increased by a factor of 10.
Specifically, one r per day to the whole body is tolerable for at least

two months, 10 r per day can be taken for 3 or 4 weeks, and a dangerous
massive dose is probably several hundred r. It was also averred that no
effect of previous radiation will remain after three months and radiation
sickness from a massive dose has no permanent ill effects. Of course this
is one man's opinion. I think some definitive research should be done

- before this information can be trusted.

In this same report Doan summarized the uranium oxide and metal
situation. To date a total of about 28 tons of D-1 oxide (uranium oxide
specially purified, triply leached) have been received from the Port
Hope refinery of the Canadian Radium and Uranium Corporation. All 28
tons have been sent to Mallinckrodt in St. Louis for further purifi-
cation by their ether extraction method. We have received back about
five tons of black oxide and 3,200 pounds of extracted nitrate. Of
the oxide, 1,000 pounds has been sent to Alexander's in Beverly,
Massachusetts, for metal production (by reduction of uranium oxide with
calcium hydride), 7,000 pounds pressed into briquets here for the
exponential pile and the remainder held in stock. Of the nitrate, 1,000
pounds were sent to Westinghouse in Bloomfield, New Jersey, for metal
production and the remainder held in stock. Westinghouse metal is being
produced by the electrolysis of KUFg. which is obtained by a photo-
chemical reaction of uranyl nitrate and potassium fluoride carried out
in the presence of sunlight cn the roof of their building. The maximum
capacity for the production of KUF5 when there is a full quota of sun-
light is 400 pounds per day, which yields 100 pounds of metal. At the
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present time the production rate of uranium metal by electrolysis of the
molten KUF5 is about 60 pounds per day. Westinghouse now has on hand 750
pounds of metal, mostly in the form of hemispherical lumps two inches in
diameter. The greatest single problem to date is obtaining suitable
crucibles for induction casting of the metal. Beryllium oxide is the most
suitable material found thus far, but these beryllium oxide crucibles last
for only two or three melts and then have to be sent back to be made over
into new crucibles. The crucibles themselves are made by the McDanel
Porcelain Refinery Company of Beaver Falls, Pennsylvania, but their supply
of beryllium oxide is limited by the production rate and capacity of the
Brush Beryllium Company. The production rate of metal can be increased to
300 pounds per day by using UF, instead of KUF;, and arrangements are now
being made by Westinghouse with Harshaw Chemical Company to supply the
necessary UFy.

Around five o'clock Covey came into my office and asked me if I would
like to inspect our new facilities for the ether extraction and recrystal-
lization of neutron-bombarded UNH when we receive it from the St. Louis
cyclotron. (In the meantime we will use the equipment to purify some
unirradiated UNH from Mallinckrodt Chemical Works that we have on hand in
preparation for later neutron bombardment at one of the cyclotrons.) Our
labs and my office are on the west and south end of the fourth floor of L-
shaped Jones Laboratory and nearly east of us is the attic, a large barn
of & room presumably a space once intended to be sectioned off into
laboratories but used in the meantime as a storage room. A door opens
from this space onto the roof, the area where we can extend our work space
during clement weather if necessary. Covey had followed directiocns well.
I saw where he had pushed aside lots of old discarded equipment to make
elbow room and space for several tables and had cleared away many shelves.
Cn one of the tables was a tall lead shield, and there was a stack of lead
bricks on the floor as well as a pile of old newspapers. In scrounging
around, Covey had found some huge evaporating dishes two feet in diameter
and several one-, two— and three-liter separatory funnels in the stockroom,
evidently left behind by some faculty member formerly engaged in handling
large volumes of chemicals. In addition, I saw an accumulation of much
glassware, water buckets, empty five-gallon carboys and several hot
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plates. The plumbérs had run in a water line and tap, and the electricians
had put in the required electrical outlets. I hoped to see a laboratory
hood, but Covey said none was available; so he has set up some work

tables, a steam table and hot plates, along with the evaporating pans, on
the roof area in the open air. Here is where the reduced volumes of UNH

in the water phase will be recrystallized by evaporating over the steam
table and hot plates. Plenty of ventilation will be needed because of the
ether and acid fumes, plus all the water vapor liberated. It all looked
very primitive considering the sophisticated subsequent chemistry we will
carry out on the neutron-irradiated uranyl nitrate.

 Puesday, July 21, 1942

My weekly report this week is designated "Group V: Chemistry of 94."
Apparently as part of the reorganization of the Chemistry Division last
rmonth my group was given the designation "Group V," and I didn't catch up
with the change until the last few days. The group designations for
Spedding's people are: I, Boyd; II, Burton and T. W. Davis; III, McCoy;
IV, Coryell. 1In my "Report or Week Ending July 18, 1942" (No. CC-198), I
include the investigations of Perlman, Jaffey, Willard, English and Brown.
In addition to what I have already written in my daily accounts, their
further studies are reported. I report Jaffey's experiments on the
precipitation of 94 with rare earth iodates. In an experiment with Ce+3,
he finds that, as with La+3, 94 does not come down gquantitatively with
small amounts, but probably does to the extent of 75-80%. The use of ce’
as carrier and the effect of two or more La(IO3)3 precipitations will be

4

investigated next.

I also report that English, in addition to his investigation of the
ozone-argentic ion solution, has found that 94 bromide, like 94 chloride,
is non-volatile from either aqueous distillation or dry distillation at
high temperatures.

I report Willard and Turk's experiments on the Tswett columns, in
which aqueous solutions are passed through columns of one cm inside
diameter. They find that when the column is packed with three grams of
Hyflo Super Cel, 84% of the 94 is adsorbed and no uranium at all. Because
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it is necessary to recover the 94, a leaching experiment showed that 75%
of the 94 could be flushed out of a column by using 6 N HNO,.

I include the report of Latimer's Berkeley group, his first. This
consists of descriptions of a study by Hamaker of the oxidation of 94 by
K28208—Ag+, which demonstrates nearly complete oxidation in less than a
minute at room temperature, and a study by Wahl of the Wet Fluoride Method
for separating 94 from uranium and fission products by successive rare
earth fluoride precipitations from reducing and oxidizing media.

Brown came into the office this afternoon very excited about the
results of an experiment that Hill has just performed under his direction.
Until today, their research has shown that 94 cannot be volatilized in a
fluorine stream together with UF, if the 94 is introduced into the UF,
(used in preparing the UFg) by the so-called "wet" method. (In this
method the 94 is added to a solution of uranyl sulfate and the solution is
reduced with zinc. Hydrofluoric acid is added and the 94 precipitated
quantitatively with the UF,. The UF; is dried and then fluorinated.) When
this procedure is followed, the 94 remains gquantitatively behind and the
uranium disappears as a gaseous fluoride, UFg.

In today's experiment, 94 was introduced into the UF, prepared
by the "dry" method, i.e., by hydrofluorination of uranium oxide. Several
thousand counts/min of 50-year 94 was added to a solution containing
0.25 gm of uranyl nitrate. This was evaporated to dryness and converted
to the oxide (U308) by heating. The U30g was treated with hydrogen
at 500°c, giving U02. The 002 was in turn hydrofluorinated (treatment
with anhydrous HF) at 500° and thus converted to anhydrous UF,. Small
samples of this UF, were weighed to be fluorinated at various temperatures.
To their amazement, when they fluorinated the first sample at 500°c,
they discovered that both the uranium and 94 volatilized completely.

Then, when they fluorinated a sample at 250°C, they learned that element
94 fluoride is somewhat less volatile than the UFg. This changes the
entire aspect of the fluorination method but makes it no less applicable
as a potential way of separating 94 from uranium and fission products.

Tomorrow, Brown will start a long series of experiments on the
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neutron-bombarded dranyl nitrate that we received yesterday from Wahl.
The purpose is to identify the long-lived fission product elements. Some
of the work will be done in collaboration with Perlman. These elements,
especially, must be recognized in order to make the final purification of

94 from the pile feasible.

Some of the Project's uranium oxide comes from a mill at Port Hope,
where Canadian and Belgian ores are refined by a private company, the
Eldorado Gold Mines, Ltd., of Canada (represented by the Canadian Radium
and Uranium Corporation in New York City). This morning, Compton introduced
me to Bertrand L. Goldschmidt, a radiochemist who has been working for
Eldorado at Port Hope and will be part of my group for the next month
or so. Dr. Goldschmidt, like von Halban, was associated with Joliot
in the Curie laboratory in Paris until Germany occupied France two years
ago. While in New York he volunteered his services to the Fighting
French Scientific Group, and last week through the Free French Delegation
of New York, was hired by the Department of Scientific and Industrial
Research of Great Britain. The DSIR immediately assigned him to the
Met Lab for the next few weeks to become familiar with the chemistry
of 94 and other facets of research at the Lab. Compton, however, prefers
that the information he gathers be confined to chemistry under my guidance.

Goldschmidt, in talking to me, quoted Compton as saying that the
most preciocus secret he will learn here is that 94 fluoride is insoluble.
The Germans do not have a cyclotron powerful enough to produce 94, even
if they know about its existence, and so might be ignorant of its properties.
He also told me that DSIR reserves to itself complete control of all
his results and complete ownership of his inventions and discoveries
during the tenure of his appointment. Perlman took him in hand and
introduced him around to the other men in my group and explained what
each one is doing. Goldschmidt and I were born in the same year, and
although he is older than the others, we have a happy bunch; so he received
a cordial welcome. I will have him work at laboratory kench no. 2 in
Room 404, the same area where Perlman in working.

I am anxious to pursue the idea of using zirconium phosphate as a
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carrier for plutonium, and I think Goldschmidt is the right man to investigate
it. He was told by the DSIR that he may be transferred to Great Britain

in a few weeks. If he stays with me, I think I will ask him to help Brown
and Perlman in their work with long-lived fission products in view of his

radiochemical experience.

I attended a meeting of the Engineering Council, along with Allison,
Doan, Fermi, Hilberry, Leverétt, Lewis, Moore, Wheeler, Whitaker, Wigner,
Wilson and Wollan. Today we had the privilege of hearing the views
of Warren K. Lewis of M.I.T., who is considered to be the dean of U.S.
chemical ehgéneers. I have had a number of talks with him and shown
him much of the laboratory work on our extraction processes for 94.

Today designs for the fission power and chemical extraction plant were
reviewed. Lewis noted that, if a decision on an extraction method has

to be made at the present time, fluorination should be chosen, not because
it might prove the best, but because it is the one for which there is

the most experience. He thinks the peroxide method leads to bulky,

slimy precipitates that are difficult to handle and process of precipitating
small amounts of lanthanum fluoride also leads to difficulties., He

.agreed with our plan to provide for all three processes in our chemical
extraction pilot plant. He recommends putting each of these processes

into sustained operation on as large a scale as possible in the laboratory——
pick as soon as possible foremen, sub~foreman, operators and try to

go into a three shifts a day operation with dummy batches. Fermi emphasized
the need for a radiologist to help with our health protection problems

and Hilberry said it is hoped to get K. S. Cole to join the project.

I have decided that the time has come to hold research progress
meetings with the senior members of my group. I met this evening in my
office with Brown, Cefola, Cunningham, Jaffey, Magel, Perlman and Willard
to discuss this possibility, and they are enthusiastic about the idea. We
will meet on Tuesday evenings in my office in Room 403, Jones Laboratory.
This means that it will be somewhat crowded, but this is the most conven—

ient place for us to meet.
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Wednesday, July 22, 1942

In their continuing study of a suitable adsorption method for sepa-
rating 94, Willard and Turk are investigating today the effect of increasing
the length of a Tswett column using Hyflo Super Cel (HSC) adsorbent. They
find that a 1 cn diameter colurn packed with 6 gm (15.5 cm) of HSC is
capable of removing nearly 100% 94 from 50 cc of 10% UNH with only 7%
of the uranium. The 94 may then be guantitatively recovered by a 6 N
HNO3 wash.

These conclusions are the result of an experiment in which 50 cc of a
10% solution of the hexahydrate containing 50-year 94 tracer was introduced
at the top of a colum of HSC. The solution was allowed to flow by
gravity, until it reached the bottom of the HSC. A gentle suction was
then applied, and successive portions of the solution collected. The
volume of each portion and time required for its collection were recorded.
Aliguots of each portion were analyzed for 94, and uranium and the percentages
of each of these elements which were removed from the solution in its
passage through the column were determined. The amount of 94 removed
varied from 100% to 94%; the amount of uranium removed varied from 17% to
3%, with an average of 7% over the 50 cc of the solution.

I wrote a friendly letter to another UCLA classmate, Stanley G.
Thompson, in Berkeley. I told him of my marriage to Helen and reminded
him that last winter Helen and I had dinner with him and his wife Alice in
their house in Berkeley. Thompson, whom I have known since we were
freshmen in high school, got his A.B. in chemistry at UCLA eight years ago
and has been working for Standard Oil Company of California in Richmond,
California, ever since. I said to him: "wWould you care to accept a
position with me here, probably to work for the duration of the war? 1In
such a case you probably would want to take a leave of absence from
Standard. The work here is extremely important, perhaps the number one
war research project in the country, and it is of such a character that it
will almost certainly have post-war significance and develop into a large
industry. I mention the latter because it shows you there is some possibility
that you would find a more agreeable permanent position with this project
than your present position with Standard. Unfortunately I cannot divulge
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to you the nature of the work but, knowing the nature of my activities in
the past, you are in a fair position to guess. As I said above, it is
research work of the most interesting type; it is the most interesting

problem upon which I have ever worked."

Manley sent me an interdepartmental note verifying that he will
take care of circuit development for counting fissions over high alpha
emission rates, with assistance from me in supplying drawing of circuits
of English and Dunning, and will make fission measurements on samples
I am to supply, using thermal, Ra-BRe and D-D neutrons.,

Gofman will certainly be pleased to get the letter I wrote to him
today. I said that his one-gram radium-beryllium source was shipped to
him yesterday by Railway Express. I asked him to check with Hamilton what
to do with the old, leaky one-gram Ra-Be source. We brought this in
March, before I left Berkeley, from the Canadian Radium and Uranium
Corporation but immediately ran into trouble with a leak of radon gas,

rendering the source useless.

Thursday, July 23, 1942

Magel and Koshland continued their solvent partition experiments for
the separation of 94. Today they ended another experiment (their sixth)
with ether as the organic solvent, with the consistent result that less
than one percent of 94 is extracted by ether when the 94 is in its lower
oxidation state. LiNO3 was used as the "salting out" agent. When the 94
is in its upper state, about 75% is removed from the agueous solution by
ether. 1In the experiments with 94 in its upper state, oxidation was
carried out by passing Cl, into slightly alkaline aqueous solution of 94
plus salting-out material for 30 minutes at 80°C. They also tried nitromethane
and nitropropane, but these organic solvents were not as effective as the
ether. They will next investigate whether or not fission products can be
separated from 94 by a combination of oxidations and ether extractions.

Hamaker and I had an exchange of telegrams regarding his plans to
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visit Chicago. I suggested that he delay his trip for two weeks until our
microchemists are more completely set up. I think he will be better
informed if he can see the complete layout and observe our men in action.

Allison wants Latimer to send his weekly reports directly to me. 1In
this way the Berkeley and Chicago reports on "Chemistry of 94" can be sent
out together. I made this known in a letter to Latimer, and I reguested
him to use our section headings when possible. In regard to Hamaker's
visiting us, I suggested that Hamaker should buy a round-trip ticket to
New York, since he will undoubtedly want to go there to purchase equipment
after talking to Cefola, Cunningham and Werner here.

I finished writing up a report on our Berkeley fast neutron fission
measurements, which I dispatched to Gofman for his and Friedlander's
comments before publication as a Project report.

Manley and Coryell were responsible for the Research Associates

program tonight. We met for an hour and a half, as usual in Ryerson
Laboratory.

Friday, July 24, 1942

Hamilton called me from St. Louis this morning in regard to the UXy
concentrates that are coming up as a by-product of the Mallinckrodt UNH
purification plant, which will be sent to the Berkeley chemistry group.
Ruhoff has agreed to go through three ether extraction cycles on some of
this material. This will leave a concentration of small weight with
hundreds of millicuries of UX; in it and constitute material of the
highest specific activity received so far. Ruhoff will treat the final
concentrate with water so that there will be two fractions: (1) the water
insoluble part and (2) a fluoride precipitate from the water soluble part.

Hamilton also informed me that our neutron bombardment of the 300
pounds of UNH at the Washington University cyclotron ended day before

143



7/24/42

yesterday. It started June 17, 1942, and received 49,419 microampere-hours
bombardment. We should expect its arrival at the Met Lab in a few days.

Truman P. Kohman, who just completed his graduate work in chemistry
at the University of Wisconsin, arrived in Chicago from Madison on the
11:35 train this morning and went through the hiring rigamarole in the
afternoon to start with us as a Research Associate. As soon as we receive
the bombarded material from St. Louis, I will ask him to work with Jaffey
to direct the efforts on the 94239 extraction. This operation will
take place in the "attic" and adjoining roof area, which Covey and his
assistants have been putting into shape.

Hamilton will be back in Berkeley next week to give details of the
UX; concentrates shipment to the fellows there, but I thought it best to
tell Latimer about it in a letter that I sent off after the call. My
chief reason for writing, though, was to tell Latimér about a complete
table of precipitation reactions for 93 and 94 that I am preparing. In
making it, I was struck by the many gaps and how much work is facing us on
the precipitation reactions alone. I went on to say, "It would certainly
be useful to find an element that carried 94 in a precipitation which was
entirely unique to that element. For example, and this is mostly only to
illustrate what I mean, suppose 94 were carried by zirconium phosphate
from highly acid solutions. Zirconium (except for bismuth) has the only
phosphate which comes down from highly acid solution; and therefore, if 94
was carried by this precipitate, it could be separated from the total
mixture of uranium and fission products together with only one fission
product, namely zirconium, from which it could be easily separated. If
this unique carrier element were not a fission product, it would be even
better. Incidentally, we actually are investigating the possibility of
zirconium phosphate in this regard." I concluded my letter by remarking
that Mallinckrodt is going to charge him $1,000 for the UX, concentrates.

With regard to phosphate as a carrier, it seems to me that if zirconium

phosphate should not prove to be feasible, then perhaps bismuth phosphate
could be tried.
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Helen and I took a cruise on Lake Michigan in the evening. It was
cool on the boat but very crowded.

Saturday, July 25, 1942

Gofman sent me a telegram concerning the spontaneous fission rate
of UXy: he observed no counts in 18 hours of counting-time, using an
amount of UX, equivalent to 200 grams of uranium. I relayed this
information to Fermi by memo right away.

Hamaker showed up unexpectedly and was full of news about the group
back home in Berkeley. He did not receive my night letter advising him to
delay his trip and get a round trip to New York, which is unfortunate
because he will now have to return directly to Berkeley, after his visit
next week with Cefola, Cunningham and Werner. At 12:30 Hamaker and I went
to lunch in the Hutchinson Commons cafeteria on the University of Chicago
campus in the pleasant company of Goldschmidt, Cefola and Covey.

There was a meeting of the Technical Council, attended by Allison,
Compton, Doan, Fermi, Moore, Szilard, Wheeler, Whitaker and Wigner.
Fermi reported on a new value of k, the reproduction factor, of
1.004, from measurements made on Mallinckrodt-purified D-1 uranium
oxide. He hopes to gain 0.024 by using Speer Carbon Company graphite,
0.008 by removing nitrogen, and 0.005 by using UO, in the form of
pseudospheres, a total k estimated at 1.04. The value of k = 1.004
was Getermined from exponential pile No. 9 measurements. This pile
was assembled as a test of the reproduction factor that can be
obtained at present with the use of very pure U30g from Mallinckrodt.
It is believed that no significant impurities are left in this
product and so any increase in k must come about by substituting
0, for the U40g. This pile has the same geometry as pile No. 5,
that is, there are cylindrical lumps of pressed oxide in an eight-
inch cell-side cubic lattice. The graphite used is the same as
that used in No. 5, so that the only difference between the piles
No. 5 and No. 9 is the change from D-1 oxide to Mallinckrodt oxide.
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There was considerable discussion about the procurement of
uranium metal from Alexander and Westinghouse and the effects of
radiation on mice and men. Compton reported his visit of several
hours to the National Cancer Institute last Monday, studying their
work. There is no change in heredity in mice down to the fourth
generation when exposed to 0.1 roentgen per day. At 0.5 r/day,
there are some still births, and this leads to death after 1,000 r;
it takes 200 r to sterilize a female and twice that much to steri-
lize a male. A physician at the Chicago Tumor Institute estimates
that a concentrated dose of 100 r in man would not be seriously
harmful and that an irradiation of 10 r would lead to detectable
effects in a blood test. Whether the dosage is 1,000 r or ten
times that much, a mouse will die within a week. The other danger
to watch out for is leukemia, which can develop from large dosages
of radiation. Compton thought we might have similar problems with
personnel at the pilot plant if we don't know the tolerance dosages
for man, and Moore advised setting up hospital facilities there.

Sunday, July 26, 1942

Rostov, a city of a half million people and key to the oil-rich
Caucasus, is in grave danger of falling to the Germans.

Monday, July 27, 1942

It has previously been shown that when 94 is adsorbed on Hyflo Super
Cel colums, it may be quantitatively eluted with 6 N HNO3. In order to
determine whether or not more dilute solutions of acid might be used,
Willard and Turk, during the last couple of days, have washed columns
containing adsdrbed 84 with 20 cc of HNO solutions of different concen-
trations. The time of passage of 20 cc was in each case about an hour.
Their results indicate that solutions 1 Nor 2 N in HNO, elute about 70%
(compared to 100% for 6 N) of the 94 from HSC, whereas with 0.002 N HNO3
the elution drops to 12%.
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Willard and Turk have continued their experiments involving the use
of Hyflo Super Cell adsorbent for separating 94 from uranium. In today's
experiments, for example, they are using a 40% concentration of UNH
in a Tswett column and varying the amount of HSC to determine the optimum
amount for 94 adsorption. 1In the practical extraction of 94 from uranium
it is desirable to keep the volume of solution small, and therefore
the concentration of uranyl nitrate high, for convenience and speed
in handling. The results show that in working with concentrations varying
from 10% to 60%, the adsorption ability for 94 drops off sharply at
concentrations higher than 30%.

Thompson was prompt in answering my letter of last Wednesday. 1In
his salutation he said, "Your marriage is to some extent a surprise,
although I cannot say it is a complete one. When you and Helen visited
us, we felt her to be a very warm and attractive person. Our sincerest
congratulations!" He said he would be very happy to take a position
with us, and for the duration of the war. "Actually," he said, "I am
more than thrilled over this matter and you will understand that it is
very important to me that I would be doing something really worthwhile
in contributing to a worthy cause." He believes he can make arrangements
with his present employer, Standard 0Oil, in a week or so, but that if
I need him sooner, he will come and leave Alice behind to handle their

business affairs.

~ Lawrence wrote to me from the Radiation Lab in Berkeley. He needs
copies of my two letters written to Briggs of NBS concerning the discovery
of element 94 and measurement of the properties of 94239 and he asked if I
could oblige him.

I heard from Gofman regarding his intention to measure fast neutron

U233, U234, 0238 239. He received

cross sections for the isotopes and Pu
the stick of thorium I sent him July 15 but was disappointed that it was
not in sheet form so that it could be easily mounted on the steel target.
He wrote that, based on alpha-particle emission, a rough calculation shows
that the half-life of U232 is 50-years. In order for him to be sure the

alpha emitter is not 93232 or 94232 resulting from the beta decay of U232,
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he will make a chemical analysis. He said that I will soon receive a

report on the slow neutron fission of u234 and that he has already mailed
me the final report on the spontaneous fission of U234. He asked my
advice about what amount of U234 must be accumulated to start further

spontaneous fission measurements on this isotope.

This morning a truck pulled up to Jones Laboratory bearing the
300-pound shipment of neutron-irradiated UNH from the St. Louis cyclotron.
The UNH was surrounded by a layer of lead bricks. Kohman and Covey
were detailed to unload the shipment and carry it up to our lab on the
fourth floor for extraction of the 9423%, The UNH crystals came packaged
in small boxes of various sizes, made to fit into the various niches
around the cyclotron target. Some of the boxes were made of masonite,
but most of them were of quarter inch plywood. Unfortunately, some
of the seams and edges had cracked open, allowing crystals of hot UNH
to creep out. We could not get hold of any instrument to measure the
radioactivity. I told Kohman and Covey their best protection would be
to wear rubber gloves and a lab coat when coming in contact with the
crystals, and to stay far away from the boxes whenever they could.
Although they struggled for half the day to get all the boxes and lead
bricks upstairs into the storage area, I think they were conscientious
and kept their radiation exposure to a minimum.

Kohman, in his methodical way, wants to make some trial runs on the
separation and measurement of element 94. He is preparing himself for the
big job of extracting 94 from the neutron-irradiated UNH we received
today, which should start in about two weeks when the fission-product
activity has been appreciably reduced by decay. This afternoon he began
an experiment using cne ml of 50-year 94 tracer solution (350 counts/min)
and 100 mg of unirradiated UNH for his starting material; he will use the
oxidation-reduction procedure with lanthanum fluoride as carrier.

Tuesday, July 28, 1942

Kohman finished his trial isolation of element 94. After evaporating
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the final water-suspended lanthanum fluoride to dryness in the bottom tip
of a centrifuge tube, it was mounted in a cardboard ring with Scotch tape
and placed in one of our ionization chambers (which is connected to a
linear amplifier, scaling circuit and recorder). He had hoped to recover
all 350 counts per minute, but found a loss of about 12%. He will try
again, this time making sure to get the final precipitate spread uniformly
on the bottom of the tube, which he hopes will allow him to count all the
activity and indicate he has achieved 100% chemical recovery.

Perlman and Knox have been engaged off and on during the month in a
series of experiments using thorium as a carrier for plutonium in peroxide
solutions. 1In earlier experiments they have shown that the total précipitatiOn
of uranium peroxide from a solution of uranyl nitrate and fission products
renmoves 94 quantitatively; however, almost 20% of the fission activity
comes down with the uranium. Most of the activity appears to be associated
with fluoride insoluble substances, so non-active lanthanum was added as a
"hold-back carrier." Nevertheless, the amount of fission activity that
still comes down in the uranium peroxide is reduced by a factor of only
two or three. Rather than refine the method of total precipitation of
uranium, they decided to try another possibility, namely, the carrying of
94 with thorium peroxide.

In today's experiment, 1 mg of thorium was precipitated from a
5 cc solution containing 94 and which was about 0.1 N in nitric acid.

The solution was analyzed for 94 activity and found to contain 7% of

the original 94. The thorium peroxide precipitate showed that 74% of
the total 94 activity was present in it, leaving 19% of the added 94

unaccounted for. Similar experiments will be repeated.

Work on the solvent partition method is being continued by Magel and
Koshland. They have completed two separate experiments to separate 94
from a mixture of uranium and fission products using diethyl ether as the
solvent. They started with a solution containing 9.0 cc of saturated
LiNO3, 0.5 cc of 94 tracer in the lower oxidation state (328 counts/min of
alpha activity), and 0.5 cc of fission products (10,000 counts/min of beta
activity) plus uranium (about 3 mg UNH). According to the concept of the
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method, when this mixture is extracted with ether, the uranium goes into
the ether layer, leaving behind nearly all of the fission products plus
the 94 in its lower state. Next, since the aqueous layer is then slightly
alkaline, Cl, is passed into the solution, which oxidizes the 94 to the
higher state. This mixture of 94 in the higher state and fission products
is then extracted with ether, whereupon the 94 goes into the ether,
leaving behind the fission products. They find that there were only 40
counts/min of beta activity accompanying the 94, that is, virtually all of
the fission products are removed. It was shown that essentially all the
alpha activity in the ether solution is due to 94 by taking an aliquot
part and performing a lanthanum fluoride precipitation. The alpha count
on this when evaporated to dryness was almost the same as the count from
another aliquot part that had not been precipitated. In other words, the
final product was a nearly pure ether solution of 94. The duplicate
experiments did not give identical results in the amount of 94 in the
ether layers and for that reason they will repeat these experiments.
Similar experiments using nitroparaffins for the organic solvent are also

in progress.

Breslow dropped in to see me. He said that after leaving the Berkeley
project, he came to Chicago yesterday to join one of the groups engaged in
war research. He raised the question as to whether or not we should try
to make, by the Szilard—-Chambers method he and Hamaker have developed, a
strong y237 sample for A. Carl Helmholz at the Berkeley Rad Lab to measure
its radiations with his magnetic spectrometer; the problem here is the
heavy schedule of the Berkeley cyclotron. Connick is now a member of the
Berkeley 94 group and is taking over this part of the work. I indicated
that perhaps this should be his concern.

I replied to Lawrence today, sending him copies of letters that he is
seeking. I sent him a copy of the May 29, 1941, letter to Briggs describing
the first observation of the slow neutron fission of 94239, which was
published as an official Report No. A-33. I also sent copies of our
original two letters concerning the observation of 94 from deuteron
bombardment of uranium: the first to Abelson dated January 28, 1941 (with
a copy to Briggs), and the second to Briggs on March 7, 1941. (The work
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on 94 from deuteron bombardment of uranium was described more fully in a
later report, A-136, March of this year.) I took this opportunity to
request some cyclotron time, saying, "We are consuming 50-year 94 here at
a higher rate than I had anticipated, and we will need some more in about
three weeks. Since the yield at Berkeley is some five to ten times higher
than at St. Louis, it is more efficient to make it at Berkeley. I wonder
if you could squeeze a 3,000 microampere~hour deuteron-uranium bombardment
into your heavy schedule? Joe Hamilton made up the previous targets for
us, and he told me, during his last visit to the East, that he would
gladly take care of this part of it for us,"

Garner sent a letter from Berkeley, transmitting a preliminary report
on the work with ores, which he and Bonner finished about two weeks ago,
and commenting that the evidence suggests the presence of some isotope of
94 (presumably 94239) in the carnotite to the extent of 123 alpha particle
counts per hour. The definitely negative results (absence of alpha
particle activity) in the 94 fractions from fergusonite and hatchettolite,
he wrote, lend support to the supposition that the procedure and technique
satisfaétorily eliminated uranium and thorium isotopes originally present
in the ores. He and Bonner talked to Wahl about the possibility of making
rough alpha particle range measurements on the final carnotite precipitate
to attempt to establish whether the activity was due to 30,000-year 94 or
a much longer—lived isotope. Wahl replied that since the activity of
their sample is so slight (123 counts per hour in excess over the test
precipitate) it would be very difficult and too time-consuming to make the
experiment of any value. He said Gofman will make neutron tests of the 94
fractions within a week or two to establish if there are detectable
quantities of any other fissionable isotopes of 94 present in the 94
fractions; this is a much less sensitive test than alpha particle activity
in the case of 94232, Garner is of the opinion that continued work on the
ores by the present method is not worthwhile from a war-time point of view
and declared his personal preference for full-time studies of the oxidation
potential of 94.

In my "Report for the Week Ending July 25, 1942. Group C-V: Chemistry
of 94" (No. CC-199), I report on the work of Magel and Koshland on the
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Solvent Partition Method for Separating 94 and the work of Willard and
Turk on the Adsorption Method of Separating 94. Latimer's report for the
same period covers Garner's and Hamaker's work on Oxidation Reactions of
94, Duffield's work on Precipitation Reactions of 94 and Bonner's and
Wahl's work on the Wet Fluoride Method for Separating 94.

This evening we held a meeting in my office of the Research Associates
in my section. Attending the meeting were Brown, Cefola, Cunningham,
Jaffey, Kohman, Magel, Perlman and Willard. We have been so favorably
impressed with Goldschmidt, who has started to work so effectively and
fits in so well with our group, that I have decided to include him in
these Tuesday evening meetings. The purpose of the meetings is to go
over with each of the fellows the status of his research program and
to make plans for the next experiments in these programs. Tonight Cunningham
and Cefola made a review of the status of their ultramicrochemical program—
they plan to make an attempt soon to isolate a compound of pure 94.

Kohman and Jaffey described their plans for the ether extraction of

the 300 pounds of neutron-bombarded = UNH which arrived from St. Louis
yesterday. Perlman reviewed the status of his work on the peroxide
process, Willard the status of his work on the adsorption process, Brown
the status of his work on the fluoride method, and Magel the status

of his work on the solvent extraction method.

Wednesday, July 29, 1942

We now have on hand 300 pounds of neutron-irradiated UNH from St.
Louis that arrived day before yesterday. Our group not only needs exper-
ience in the ether extraction procedure for such huge amounts of material,
but we have to purify more UNH for another bombardment at the St. Louis
cyclotron. So today, while waiting for the UNH :shipment to cool down for the
next week or so, Jaffey, Kohman, Turk and Koshland, set to work in the
attic area on the 300 pounds of unirradiated, unpurified UNH from Port
Hope that we have been holding in storage. They will attempt to purify
this uranyl nitrate by the ether method, and Covey and his assistants will
be called in to help when necessary.
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The Port Hope UNH consists of large lumps and apparently ié not
immediately suitable for ether extraction. Fifty-pound batches, therefore,
were melted with a little water in the large glass and porcelain evaporating
dishes. An attempt was made to achieve a proper density (2.4 for crystal-
lization by evaporating or adding water. Porcelain chips have about
this density, and the proper concentration was arrived at when the chips
just floated. A batch was then cooled with constant stirring in order
to produce as small crystals as possible. Those that would not pass
through a 20-mesh screen were remelted in the next batch. After they
finish with recrystallization of the 300 pounds they will proceed to
ether-purify it.

Kirk, of the Division of Biochemistry, Berkeley, wants to develop an
ultramicrobalance for us and is trying to get financial assistance from
Lawrence to take a six-month leave-in-residence. He sent me a letter
today saying that his arrangements with Lawrence are going ahead satisfac-
torily and he expects to start work about the first of August. Cunningham
and Werner have been investigating the possibilities of a Salvioni balance
(the heart of which is a quartz fiber that deflects according to the
weight attached) and have made three prototypes already. In addition they
have collected a considerable body of data on such characteristics of the
Salvioni balance as stability, sensitivity and reproducibility. The
principal fault of the Salvioni balance is that it has a low total load
capacity—about 300 micrograms--which requires pans and weighing vessels
of sufficient lightness. It is for this reason we hope that Kirk will
come up with something superior on an improved magnetic or capacitance
principle; however we will go ahead and construct the best Salvioni
balance we can. An Emich (refined Angstrom) balance is also under construction,
but phis may take longer to complete.

Thursday, July 30, 1942

Rough chemical separations have been carried out by Brown, Goldschmidt
and Perlman on the fission product mixture associated with the neutron-
irradiated UNH sample received from Wahl last week. It is probable that
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this fission mixture will not be greatly different from that obtained from
the proposed chain-reacting pile.

The rare-earth-like fraction was found to represent the largest
contributing group of elements. Analysis showed it to contain approximately
65% of the total gamma activity (all measurements being carried out
through 11.5 grams of lead). Of this 65%, about 25% can be attributed
to yttrium, 40% to lanthanum and 2% or less to cerium. The lanthanum
activity is largely due to the daughter of 12-day barium, barium itself
containing no noticeable gamma-activity.

Approximately 30% of the total gamma-activity was found to be divided
almost equally between columbium and zirconium. Element 43 was found
to contain about 5% of the gamma activity. The other elements tested,
namely rubidium and cesium, bromine and iodine, krypton and xenon, antimony,
strontium, molybdenum, tellurium, as well as cerium and barium, were
found to contain little if any gamma-activity (~2% each).

The rare earths were precipitated as fluorides, the cerium removed
as iodate, and the lanthanum and yttrium were separated by potassium
carbonate precipitation of the lanthanum. A comparable figure for the
total rare-earth-like activity was found by measuring the residue after
- fluorinating the fission mixture. This residue also contained the alkaline
earths and alkali metals, which were later found to be be essentially
inactive. By volatilization methods, the rare gases and bromine and
iodine were found to contain negligible activities. The results on
the bromine and iodine were confirmed independently by silver halide
precipitation. Tellurium, antimony, 43 and molybdenum were precipitated
as sulfides and were later separated. Tellurium was separated by 50,
reduction, 43 and antimony by reduction with zinc (and tin), and molybdenum
reprecipitated as the sulfide. Antimony was separated from 43 by volatilization
as Sbij.

Zirconium and columbium were analyzed in two different ways with
essential agreement. First zirconium was precipitated as the phosphate
from strongly acid solution and columbium by fuming the EF solution
with HNO;. Secondly, the columbium and zirconium were volatilized from
the rest of the fission products by hydrofluorination (treatment with
anhydrous HF) at 500°C of the ignited activated uranyl nitrate. The
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volatile fluorides were collected and separated by carbonate fusion
which leaves columbium in a soluble form.

Hamilton informed me by telegram that Gofman and Duffield have
received the one-gram radium-beryllium source, and I replied by letter,
saying, "You inquired in your wire as to how you might help us within the
near future. We will need, within the next week or so, another uranium
plus deuteron bombardment. I have sent the powder to Wahl, and in a
letter to Ernest I mentioned the matter to him, Kamen is spending a day
or two in Chicago, so I took advantage of that opportunity to mention it
to him. In my letter to Ernest, I suggested that you probably would make
up the target for us. I suggested a bombardment of 3,000 microampere-—
hours; but, if the cyclotron is not too busy, it would probably be
more efficient to give us some 5,000 or 6,000 microampere-hours; then
we will not need to bother you again very soon. We will want the target
shipped to us so that we can do the chemical separation here.

"Perlman received a letter from Ruhoff today in which Ruhoff said
that the fluoride precipitation at St. Louis will be delayed pending the
arrival of a sufficient amount of potassium fluoride.

"As you probably know, Wahl is now working with Professor Latimer,
and they are now adding more members to the group working on the chemistry
of 94."

Next I wrote to Latimer and enclosed a carbon copy of a letter I just
sent to the FBI in an effort to expedite Friedlander's citizenship. Not
only is Friedlander having problems with the Immigration Board, but now he
is having trouble with his draft status. I said that we should make every
effort to save him for this work. "We were very interested in reading
your second weekly report," I went on. "I think the arrangement whereby
your group does the most fundamental work in this problem is a good one
since we are more or less forced to take more practical points of view in
our work here in Chicago."
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I also wrote to Ghiorso about the details of his travel arrangements
and reimbursement and asked him to confer with Friedlander about our
Rerkeley ionization chamber and FP-54 electrometer outfit so he will be
well equipped to construct such an outfit for us in Chicago.

I replied to Gofman's letter I received last Monday. I stressed the
importance of the fast neutron cross-section measurements he and Duffield
are making and said I am confident they will do a good job. I agreed with
him that U234 should be included in his measurements and that Manley
should work with an independent set of samples for his measurements. I
returned his report on spontaneous fission of 0234 with some changes that

I want him to check.

We had the usual Thursday evening meeting for Research Associates.
This time whitaker and Spedding were responsible for the program.

Friday, July 31, 1942

~ Urey wrote me the following note from OSRD in Washington, which I
received today, "I have been much interested in your reports on the
Hydrogen Peroxide Method for separating 94 and should like to suggest that
you add carriers for your radioactive material and precipitate. The final
plant will produce a considerable concentration of these radioactive
carriers and they may not be adsorbed on the precipitate, but if they are,
then an addition of practically all of the elements of the middle part of
the periodic table and subsequent precipitation would prevent the adsorption
of 94. I think that you have probably thought of this, and that the next
report will show that you have done it, but just in case you may overlook
it, I am sending this note."

I received a letter from Latimer expressing satisfaction with the
way things are moving in Berkeley. He thinks that Eastman will fit nicely
into some of the work and be able to act as a buffer on administrative
problems that might arise in his absence. There is a strong possibility,
he said, that he will spend a third or more of his time around Chicago
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this fall. I suppose he means with the Northwestern University project,
dealing with gas warfare.

Another letter received from the Berkeley Department of Chemistry
was from Mabel Kittredge, the departmental secretary. She said that
on the basis of the letter I wrote in June in behalf of Friedlander (and
which Professor Latimer says is pretty close to the borderline of being
a penitentiary offense), he was put into 2A draft (deferral) status until
December 1. She said that he isn't bothered by the imminence of induction
into the U.S. Army, but rather of finding a job after August 7, when
he is through teaching in Summer Session--Friedlander heard that a ruling
has just come through from Washington that no alien born in Germany can
work on any problem connected with the Army or Navy; so he went to the
FBI, where it was confirmed.

This afternoon I had a pleasant surprise when Compton brought Professor
Kasimir Fajans from the University of Michigan to my office and introduced
us to one another. My only other contact with this pioneer in the investigation
of radioactivity by chemical means has been through our correspondence.
Because of his security clearance I was able to show him our laboratory
and describe some of the work going on. He seemed to be impressed with
what we are doing. Compton has extended him an invitation to join us
at Chicago as a member of the Laboratory Council and general consultant

and supervisor of all chemistry groups.
At last there is a bit of good news from the Russian front. The

keds have driven the Nazis back on two sections of the Don River—--by

Voronezh and by Kletskaya.
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Saturday, August 1, 1942

Jaffey, Kohman, Turk and Koshland have finished with the recrystal-
lization of the Port Hope UNH and are now experimenting with its ether
ourification. ‘

Recrystallized UNH is measured out in one-liter amounts and placed in
three-liter separatory funnels, along with about 1.5 liters of ether, and
shaken vigorously until all the salt dissolves. (At this stage, most of
the uranium nitrate dissolves in the ether in the form of trihydrate,
leaving 3H,0 out of the hexahydrate to separate into the water phase along
with many impurities, which would include elements 93 and 94 and fission
products in the case of UNH that has been neutron-irradiated.) After the
ether and water layers are separated, the water layer is removed to be
combined with other water layers. The ether is rinsed with 15 ml of water,
which removes considerable amounts of insoluble matter. The purified
uranyl nitrate remaining in the ether layer in the funnel is then recovered
by extracting with several portions of water, usually in successive amounts
of 600, 600, 600 and 200 ml, when the ether becomes clear again. Several
hundred ml of fresh ether are then added to the funnel to bring the total
volume back to 1.5 liters and a new batch of UNH crystals added. Unfortu-
nately, after muwh use of the same ether, it takes on a yellow cast,
presumably due to stopcock grease and other impurities; so it becomes
difficult to ascertain the endpoint of the water extraction.

Hamilton wrote from Berkeley and asked me to send him all available
information to date about radioactive krypton and xenon from uranium and
thorium fission. He is interested in conducting some physiological
experiments and thinks these radioactive gases might be useful. He is
seeking rare-gas isotopes with half-lives greater than 36 hours that decay
by emission of gamma or annihilation radiation.
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Our supply of 50-year 94 tracer is running precariously low. I was
pleased, therefore, to learn fram Hamilton that my powdered uranium sample
will receive the 3,000 microampere-hour bombardment at the 60-inch
cyclotron I asked for, and within the next three weeks. 1In my letter to
him last Thursday I pointed out that a 5,000 or 6,000 microampere-hour
bombardment would be more efficient; because of the urgency, I repeated
this in my reply today. I also said that I had no good news regarding the
krypton and xenon, that the few experiments we have performed here, though
crude, show there are no very long-lived rare-gas activities. "The only
possibility at all for your purpose," I continued, "would be the 5.4-day
Xe133 of Wu and Segre, but there is nothing known about the gamma rays
from this. Incidentally, the particles are very soft, of range a mg or
so, indicating that it is a converted isomeric transition, and this might
indicate that the gamma rays, if any, would be very low energy unconverted
ones." 1In closing the letter I replied to Joe Kennedy's alleged concern
about my being forced to eat vegetables, as a result of my recent
marriage, by saying it is true—that every day at lunch I have potato
chips!

Yesterday the Met Lab received its first large shipment of UO, from
Mallinckrodt, and pressing of the material was begun immediately.
Intermediate pile No. 10, which is to compare U30g with UO,, will be
canpleted early next week in the West Stands.

The Planning Board meeting was held today, attended by Compton,
Doan, Fermi, Hilberry, Moore, Spedding, Szilard, Wheeler and Wigner.
There were discussions of cooling the experimental plant and the
possibility of using uranium carbide in the pilot plant and how the
carbide could be produced. Compton appointed a committee to take up
the problem of carbide production and asked Doan to confer with Union
Carbide Company in New York on Moﬁday. Toward the end of the meeting
he disclosed that the Army is taking over responsibility for clearance
and security, but that H. T. Wensel (Technical Aide, Section S-1)
will carry on as our agent in authority. Zinn raised the question as
to who is authorized to see the pile in the West Stands. Compartmenta-
lization of information will also continue. Although we must obtain
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authorization to.give information to visitors and the Navy, we may
talk with Urey and Lawrence about anything, and they, like Compton,
can authorize us to confide in any of their men. Compton also said
that all copies of "A" reports must go through Wensel's office to
Army, Executive Cammittee and British, six copies in toto, and it is
Conant who has the final authority on the distribution of
information. '

The front page of the newspaper is depressing today. The Reds are

retreating deeper into the Caucasus, and ten thousand Japanese troops are
reported to be in the Aleutian Island area.

Sunday, August 2, 1942

Today the Chicago Sun reports more grim news from Moscow. The
Soviets say that the Nazis are 112 miles into the Caucasus, "below fallen
Rostov." '

Monday, August 3, 1942

The target that English submitted to Snell for bombardment by the Uni
versity of Chicago cyclotron's 8 Mev deuteron beam consists of a 3-1/2
‘inch diameter, 1/8-inch thick steel plate with grooves into which uranium
metal was fused. It has been bombarded for a total of 288.1 microampere-
hours, beginning Wednesday, July 22, and continuing off and on for seven
non-consecutive days until yesterday afternoon. English received it this
morning and obviously from its appearance, ail of the beam was focused on
the uranium.

English and James set to work and dissolved off the uranium by
washing the target repeatedly with concentrated (16 N) HNO5 - The solution
was then evaporated down with HN33 nearly to dryness three times. Later
this week the solution will be divided into two parts: one part will be
treated to yield element 93 and the other will be treated to yield the 50-
year 94, if such were created by the 8 Mev beam.
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An interesting experiment was performed today by Willard and Turk.
Using a 1 cm in diameter Tswett column containing 12 grams of Hyflo Super
Cel, they took 3 gm of the St. Louis irradiated UNH, dissolved it in 7 cc
of water, adjusted the pH to 2.7 (increasing the volume of 9.5 cc) and allowed
the solution to flow into the column with the aid of suction; then 20 cc
of 30% UNH was added to wash the solution through. Their purpose was to
determine whether or not the fission products could be separated from 94 and
uranium by the adsorption method. To their delight they found, by counting
a sample of the solution that came through the column, that 80% of the beta
and gamma radiation originally in the sample passed through the HSC column.
Previously they showed that 95% of the 94, under similar conditions, would
be retained by the column. Thus it is tentatively concluded that an HSC
adsorption process will separate 95% of 94 from at least 80% of uranium
fission products (two weeks old), as well as from about 95% of the uranium

in a uranyl nitrate solution of suitable concentration and pH.

Since they began work early last month, Cunningham and Werner have
constructed and tested several Salvioni balances. They have now
constructed a satisfactory Salvioni balance and developed techniques for
quantitative weighing on the microgram scale. The Salvioni balance
Figure 8) consists essentially of a fine (<0.06 mm diameter) quartz
fiber, 12 cm in length, one end of which is rigidly mounted. The fiber is
protected from air currents by a suitable housing. The free end of the
fiber bears a hook, to which may be attached suitable weighing vessels
or pans. Deflections of the free end are measured by a micrometer slide
cathetometer, accurate to 0.002 mm over a range of several millimeters.
Under these conditions, a precision of weighing of approximately 0.01
microgram is attainable. An ionizing source (uranium or pitchblende) is
kept inside the balance case to prevent the accumulation of troublesome
static charges. An adjustable vertical stop, by means of which the free
end of the fiber may be maintained in any desired position, is essential
to the manipulations of weighing.

Because the total load capacity of such a balance is low (around 0.3
mg), weighing vessels and pans are necessarily very small. A suitable
weighing vessel was constructed from platinum foil 2.5 x 1073 mm in thick-
ness. The shape of the vessel is that of a shallow pan with a short handle.
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Fig. 8

(MU 13765)

Salvioni Balance. Top—schematic diagram. A: Quartz fiber;
B: adjustable stop used in loading; C: aluminum cradle for
weighing pan; D: platinum weighing pan; E: position of
fiber read by microscope. Bottom—photograph of balance.
The weighing pan and support (not shown) are attached to
the right end of the horizontal quartz fiber. (XBB 768-7445)
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Approximate dimensions are 1.0 x 1.5 rm. The weighing pan is hung from
the fiber by means of an aluminum carrier, the shape of the carrier being
that of an inverted U with a long (3-4 mm) tail attached to the bottom
part of the U. "The arms of the U are bent upward to form a cradle for the
weighing pan and the end of the tail forms a hook for attachment to the
fiber. The weight, cradle plus pan, is around 0.2 mg.

It was found impossible to manipulate these pieces by hand satisfac-
torily. A pair of simple micromanipulators therefore form part of the
equipment for weighing. One of these bears a glass rod, the end of which
is formed into a shallow trough in which the aluminum carrier rests. The
second is equipped with a screw-controlled forceps and is used for
removing the pan from the cradle. Manipulation of pan and cradle and
addition of substances to be weighed must be performed under the
microscope at about 30x magnification.

The first ultramicrochemical experiment of Cunningham and Werner will
be to try the co~precipitation of tracer amounts of 50-year 94 with
microgram amounts of lanthanum oxalate.

More ether separations of the Port Hope UNH took place today. It was
found that it is most efficient to dissolve four pounds of UNH in two
liters of ether. After withdrawing the water layer and washing the ether
layer with 20 milliliters of water, the uranyl nitrate can then be
recovered from the ether by successive extractions using 500, 700, 800 and
500 ml of water. Evaporation of the water layers was also continued.

Fifty pounds of Mallinckrodt purified UNH was obtained from West
Stands. Two 25-pound bottles were selected that contained salt having the
appearance of hexahydrate. The whole amount was placed in an evaporating
dish and heated overnight. The reason for using the Mallinckrodt UNH is
to campare its purity with the Port Hope UNH.

A good indication that the planning and construction of the chemical
separation plant is under way is that a man has been assigned to take
charge of the chemical engineering work on extraction problems. BHe is
Charles M. Cooper, a chemical engineer from du Pont Company, who reported
for duty at the Met Lab today. I am scheduled for a meeting with him on
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Thursday to discuss what equipment will be needed for the experimental

extraction plant.

A telegram arrived from Gofman, which I acknowledged, regarding the
spontaneous fission rate of UY (thorium-231). He observed zero counts in
10 hours, using an amount of UY equivalent to about 0.1 kg of uranium.
This is the measurement requested by Fermi, which I will relay to him. I
wired Gofman that his results are sufficient and extended our thanks to
him. A letter also arrived from Gofman in which he commented on some
corrections he and Friedlander made to our manuscript that I sent him July
23 on the fission of 94239, 0233, U235, U238 and Pa231 by fast Ra-Be

neutrons.

I received a letter from Garner in Rerkeley, who reported that Gofman
and Duffield have completed tests for fission with slow and fast neutrons
on the final ore fractions. Garner's conclusions are that the
measurements indicate an upper limit of a fission-capable 94 content of
one part in 1010 of carnotite, one part in 109 of fergusonite and one part
in 109 of hatchettolite. The aim of these experiments was to look for
94239 (or any other fissionable isotope of 94) through its fissionability
characteristics. However, the alpha particle activity is a much more
delicate test for 94239 and the presence of this isotope was established
in the carnotite at a concentration of one part in 1014. In pitchblende
Morris Perlman and I found alpha particle activity, attributed to 94239,
at about the same concentration, which results we described in our report,
A-146, dated April 13, 1942, "Search for Elements 94 and 93 in Nature.

Presence of 94239 in Pitchblende."

George Bowers concluded his service with us as a Laborétory Helper

today.

An uypturn in the news! The Soviets have smashed repeated tank drives
on the Don River, in the elbow northwest of Stalingrad.
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When the Mallinckrodt UNH was inspected this morning, it was found
not to have completely melted, even though heated overnight. A total of
about three liters of water had to be added over a period of time to get
it all to dissolve while heating continued. More water was added until a
porcelain chip would just float. The batch was then cooled while
stirring, but as in many times in the past, the crystals that evolved were
too wet. A quantity of the Port Hope UNH solution was evaporated to what
was thought the right density (determined by pipetting out five ml and ,
weighing), but the crystals from it, too, were not dry. Experiments and
tests are continuing.

In my "Report for Week Ending August 1, 1942, Group C-V: Chenmistry
of 94" (No. (C-216), submitted today, I summarize our research as follows.
Perlman and Knox have continued work on the peroxide method for separating
94 by exploring the possibility of carrying 94 with thorium peroxide, on
the basis that thorium might be preferentially precipitated with respect
to uranium. Conditions have been found where more than 80% of the 94 is
carried by the thorium peroxide, with 80%-90% of the uranium remaining
unprecipitated; fission activity in the precipitate is found to be about
1% of the total activity. Such a procedure eliminates the need to
precipitate all the uranium. Studies to identify the elements associated
with gamma radiation from long~lived fission products (with the help of
Brown and Goldschmidt) show the major contributors to be lanthanum (40-
45%) , yttrium (20-30%), zirconium (10-15%), columbium (10-15%), element 43
(5%) . Magel and Koshland, working on the solvent partition method for
separating 94, have performed preliminary experiments using ether whereby
some of the fission products and uranium are first extracted by the ether,
leaving the reduced state of 94 in the aqueous phase; the 94 is then
oxidized and extracted by a second ether extraction. Results are
encouraging in that the final product is nearly pure ether solution of 94;
however , the duplicate samples did not check well. Pending the
availability of microgram guantities of 94239, Cefola, Cunningham and
Werner have initiated ultramicrochemical investigations by carrying out
preliminary experiments with 50-year 94 as tracer and using microgram
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amounts of carriers. They show that quantitative transfers of 94 tracer
with lanthanum fluoride precipitates can be carried out on this scale.
Brown and Hill have continued their investigation of the fluorine method
for separating 94 by demonstrating that if steps are taken to ensure that
94 is in the form of an ordinary fluoride (e.g., PuF,) rather than an
oxyfluoride (e.g., PulF,), the 94 can be volatilized if fluorinated at
500°C but is not volatilized if fluorinated at 250°C. As the uranium is
volatilized at the lower temperature of 250°C, this leads to a separation
process simpler than previously visualized, whereby pure 94 can be
volatilized in a final fluorination after the volatile fission products
have been removed by hydrofluorination with anhydrous HF at 500°C and the
uranium by fluorination with F, at 250°C. Non-volatile fission products
would remain behind. Included is the report of Latimer's group covering
Oxidation Reactions of 94 by Garner and Precipitation Reactions of 94 by
Duffield.

I received a letter ffom Hamaker in Berkeley concerning 110
milligrams of rhenium he is sending me at my request. He removed it from
the Periodic Table box (our camplete collection of chemical elements
gathered by our chemistry group at Berkeley), as there was no other
rhenium to be had. He informed me that Latimer has sanctioned the
purchase of all the microchemical equipment needed to equip a new
microchemical lab at Berkeley, including an extra microscope. In another
vein he told me that Kennedy is to be married next week, and that I seem
to have started a new trend: there has been at least one wedding per week
since my own in June——Lipkin, Aebersold, Cooksey and John Lawrence among

others.

Gofman's data on the spontaneous fission rate of UY was written up
and sent to Fermi in the form of a memo.

We held our regular meeting of my group's Research Associates this

evening. Much of our talk had to do with the progress of our ultramicro—

chemists in building their successful Salvioni balance, etc.
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The Russians seem to be standing firm on their whole defense line—
both northwest of Stalingrad and in the western Caucasus--the latter only
138 miles from the o0il derricks of Maikop.

Wednesday, August 5, 1942

Using the standard procedure to isolate element 93, English and James
have now worked up half of the target material they got last Monday.
Their next task is to determine the yield of 93 and see if the 93 fraction
is pure, i.e, free of fission products. They will use a Lauritsen
electroscope to study decay of the activities and the energies of their
beta particles by means of absorption measurements, in order to establish
the ratio of 2.0-day 93 and 93239. When this work is completed they will
turn to the other half of the sample to isolate what little 94 is present,
if any.

"Fission of 94239 and 0233 by Fast Ra-Be Neutrons," by G.
Friedlander, J. W. Gofman and G. T. Seaborg, was issued today as Report

CF-221. This reports the comparative measurements at Berkeley of the
239

233

cross sections for fission with fast neutrons of 94 (using the 0.5~

microgram sample, sample B, isolated in May 1941, U (using the 3.8-
microgram sample J prepared by Gofman and Stoughton early this year),
Pa231 (using the 1.04-microgram sample prepared by Stoughton last spring),
and U238 and U235 (using a 200-microgram sample of natural uranium

238 235

containing 198.6 micrograms of U and 1.4 micrograms of U and an

enriched U235 sample containing 1.3 micrograms of 0235

and 5.2 micrograms
of U238). Our Berkeley one-gram Ra-Be neutron source was used, and the
ionization chamber was protected with cadmium and boron carbide in order
to eliminate slow neutrons. We find for the fast neutron fission cross
section for this spectrum of fast neutrohs, all relative to the cross
section for U235, the values 1.5 + 0.5 for Pu239, 1.8 + 0.5 for 0233, 0.9

+ 0.3 for Pa?3l, and 0.4 + 0.1 for u%38,

Wahl wrote to say that he has been very busy working up the 210
pounds of UNH that has been bombarded with neutrons at the 60-inch
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cyclotron to produce 94239. After several weeks setting up apparatus and
experimenting, he and his assistants finally ran the ether extraction on
it. They ran it in three batches, dissolving 70 pounds of UNH in 9
gallons of ether in a 12-gallon pyrex bottle. The mixture was stirred
with a glass stirrer attached to an induction motor (to avoid an
explosion), and solutions were blown from one bottle to another by
compressed air. The total time required to extract the 210 pounds of UNH
and to re-extract it from the ether was 12 hours. Eight percent of the
uwranium was left in the water phase from the first ether extraction. He
said that he is reserving his opinion until after the run is completed as
to the amount of 94239 that will be available to the microchemists in my
group. He indicated his work on the big neutron-bombarded UNH sample has
delayed his writing of the report concerning the half-life of 94239 but he
will prepare a draft in the near future and send it to me.

Reports from the Russian front today are bad again--the Nazis made a

50-mile advance in the Caucasus, threatening Tikhoretch, an important

junction on the Soviet railway system.

Thursday, August 6, 1942

Latimer arrived in Chicago this morning. He came to my office and we
had an interesting discussion regarding the work in general at Berkeley
and here. Later my secretary gave me a letter that just arrived from
Stoughton in Berkeley. He was perturbed that their project has no A-1-A
priority yet, although their secretary, Mrs. Moquin, expects the priority
in a week or so, and asked for my help in pushing it through. They are
finding it difficult to order equipment and electronic parts. I responded
that I would see that something is done about it immediately. My letter
also stated that I was pleased his y233 separation has gone so well and
noted how the U233 from this run will be used. (1) A sample of
approximately five micrograms will go to Manley here so that he and others
can determine the fast-neutron fission cross section of U233, and (2) as
large a sample as possible will go to Gofman so that he can measure the

spontaneous fission rate of U233. In regard to his problem of separating
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small amounts of uranium from large amounts of thorium, I suggested that
U232 might serve as the best tracer in practice experiments with

unirradiated thorium. I asked him to tell Gofman that Fermi extends him
his most cordial thanks for the fission measurements made on le and UY.

Cooper came to my office today for our scheduled meeting. He brought
Miles Leverett along and I asked Perlman to join us. The purpose of the
discussion was to begin planniﬁg for the chemical eguipment necessary for
the extraction of 94 from the experimental pile. We went on the assump-
tion that the experimental pile will first yield 94 in January of next
year, just five or six months hence. The first item on the agenda was the
problem of storing hot oxide and metal soon after it is removed from the
pile. According to present plans, this oxide and metal will be removed
from the pile over a 45-day period, that is, at the rate of one ton per
day. It was considered advisable, however, to make plans for the temporary
storage of as much as 50 tons of material, should it be necessary. Two
methods were considered: (1) storage in solution and (2) dry storage.

The amount of uranium in the experimental pile will be 40 tons, mostly as
the oxide and perhaps 10% as the metal. A 30% uranium solution in water,
i.e, five pounds per gallon, would amount to 16,000 gallons. This much
material might be dangerous to handle, especially if there are leaks in
the storage tanks, and dry storage might be the answer. Certainly it
would be better for the fluorine method if adopted, which requires dry
material. Methods of handling the dry material were then considered.

Next we discussed the preparation of uranyl nitrate solution, as most
of the proposed methods for extracting 94 will involve the prior
preparation of this solution. One of the questions that arose was how to
get the uranium into solution and how fast it can be done, a factor in the
plant capacity. BRecause the most favored process at the moment for the
extraction of 94 is oxidation-reduction with fluoride precipitation, we
proceeded to calculate the size and number of stainless steel tanks that
would be necessary. Starting with 1,350 gallons of 5% uranium solution,
the oxidation of 94 to the upper state will require 100-150 pounds of
K2Cr207, and one pound of lanthanum will be added as the carrier. After
oxidation, a maximum of 240 pounds of anhydrous HF would be employed.
Centrifugation or filtration was thought to be the best way of removing
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the pound or so of hot rare-earth fluoride. With the filtrate in a 1,500
gallon tank, reduction of the dichromate and 94 would be carried out by
adding 200 pounds of S0,. The resulting rare earth fluoride containing 94
would then be separated in a similar manner to that in which the first
rare earth fluoride was removed. From this point on, isolation would not
require plant-sized equipment. We also discussed the disposal of the
1,350 gallons of solution containing one-third ton of uranium and
concluded that it should be stored, crystallized and purified by ether
extraction. Other processes for the extraction of 94 were gone over
superficially, as was the matter of fluorine generators, large power
requirements and high pressure steam for heating tanks and evaporation of
solutions. |

Jaffey, Kohman, Turk and Koshland have continued to try to purify the
Port Hope and Mallinckrodt UNH by ether extraction but have run into one
problem after another. Since they will have to start to work on the St.
Louis neutron-bombarded UNH in a few days, we have decided to prepare the
next 300 pounds of UNH for neutron bombardment simply by recrystallizing
purified Mallinckrodt UNH. They have obtained 300 pounds of such purified
UNH and commenced the recrystallization process.

Anderson and Boyd were in charge of the evening program for the
Research Associates. As usual, we met between 7:45 and 9:15 in Room 251
of Ryerson Laboratory. Earlier in the week I gave Anderson five pounds of
the neutron—-irradiated UNH that came from St. Louis, and he reported that
he and Fermi have removed the uranium from the fission products by ether
exttaction to make a gamma-ray source, which in turn was used to generate
photo-neutrons from beryllium. Their measurements showed that the hard
gamma rays of the fission products give about the same neutron yield with
beryllium as does radium. He also discussed results of a heat transfer
study between graphite blocks and progress in some neutron cross section
measurements. Boyd talked about the activities of his group. At present
they are devoting their time to routine analyses and the development and
testing of analytical methods. He believes he and Ercole E. Motta now
have a way to determine the boron content of uranium oxide. One member of
his group, Herbert A. Potratz, is investigating a means of analyzing for
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cadmium in various materials of importance in cooling the pile.

More kad news! The German army has made a new push south and west
of Stalingrad, attempting to complete a pincer movement on the great

steel city.

Friday, August 7, 1942

Willard and Turk continued their study of the separation of 94 from
fission products using Hyflo Super Cel by performing further elutions on
their Tswett column following their experiment performed on Monday. This
same column was washed with distilled water, with saturated (NH4)2CO3 solu-
tion followed by distilled water, and with 6 N HNO3. Counts were made on
aliquots of these eluants, which indicate qualitatively that (1) distilled
water is ineffective in removing the remaining adsorbed fission products;
(2) saturated (NH4)2003 solution removes some of these fission species but
is quite ineffective in removing others; and (3) much of the active
material that is not eluted with saturated (NH4)2033 solution is removed
with 6 N HNO;. The results with (NH,),C03 are of interest since it was
found previously that 94 is only slightly adsorbed by the Hyflo Super Cel
from solutions of uranyl nitrate in saturated (NH,),CO;. Willard and Turk
conclude that there is a possibility that, if a column containing adsorbed
94 and fission products is washed with (NH4)2003 solution, the 94 will be
eluted and some species of fission products will remain in the column.

Saul Winstein's letter of July 14 was a disappointment to me because
of the news that he will not be joining my group here. In my reply today,
I took issue with his contention that he is not indispensable to our work
by saying, "There is not a single man in the country who is indispensable
to the war effort, in the true meaning of the word (unless it be Franklin
D. Roosevelt); but I would be willing to say that you are more
indispensable to our work here than are about 95% of the scientists in
their war work." I closed by saying that Helen and I are enjoying Chicago
much more than we had expected.
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Garner has written to me twice in the last two weeks or so about his
and Bonner's work on ores; so today I told him by letter that I will draw
up a report on their investigations as soon as time permits. I expressed
the opinion that the evidence for the presence of 94239
very good and I agreed with him that Connick will be a good man for
continuance of the work after he drops it.

I wrote, "In discussions on our experiments on the presence of 94239
in pitchblende, Professor Fermi has raised the question as to whether the
alpha particles might be due to elements 93 or 95 rather than 94239. of
course, this question could only be settled by working with larger amounts
of ore. However, I agree with you and the group there that the primary
objective in this work from a wartime point of view is to ascertain the

in carnotite is

neutron~induced fission rate per unit weight of the ores, and therefore
that the idea of adding 50-year 94 tracer in the experimehts from now on
is a good one.

"we have found your work on the oxidation potentials extremely
interesting," I went on to say, "and this work is contributing heavily to
our program here. We haven't enough time to do fundamental experiments of
this sort and are depending upon you for this sort of information from now
on. We will soon make a choice of oxidation agents for use in our experi-
mental extraction plant here, and therefore it will be important to have
data on concentrations, temperature and rate of oxidation."

"Search for Spontaneous Fission in ye34dn by John Gofman and me was
issued today in the form of a Chicago report, Report CF-220. The gist of
the paper is that the half-life for spontaneous fission of y234 is greater
than 1013 years. In performing the experiment, Gofman used a 0.4
microgram sample of u234 that Fontana and co-workers isolated from uranyl
nitrate hexahydrate. 1In this method the UX, is removed from the major
portion of UNH by ether extraction of the uranium and then precipitated as
the fluoride from the agueous phase with rare-earth carrier material,
after which the UXy is separated from the major portion of the rare earths
by a modified ceric iodate precipitation method. After the major portion
of the UX4 has decayed to U234, the UXq that has not decayed is separated,

234

together with rare earth fluoride, and the U is finally deposited onto

platinum in a thin layer by electrolysis.
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Gofman placed the sample of U234 in a cadmium-shielded ionization
chamber and used a linear amplifier system to count the fission impulses.
Every 24 hours the sample was replaced by an ordinary uranium sample to
demonstrate that the fissions induced in the ordinary uranium by a neutron
source were being recorded with the proper efficiency. The 0.4 microgram
sample of U234 was counted in this apparatus for a total of 420 hours, but
not a single spontaneous fission count was observed. With an overall effi-
ciency of 78%, this period corresponds to an effective counting interval
of 328 hours., For a half-life of 3 x 1013 years, the expected number of
counts is 0.9. Thus, we can claim that with a certainty of 0.41, the
half-life for spontaneous fission of U234 is even longer than 3 x 1013
years.

From the European front comes simultaneously news both heartening and
discouraging. The Russians reported capture of an "advantageous defense
line" on the Don River near Stalingrad but at the same time had to
withdraw their troops in the Caucasus to more eastern defense positions,

Saturday, August 8, 1942

Kohman, Turk, Jaffey and Koshland, who started work on the 300-plus
pounds of Mallinckrodt purified UNH on Thursday, have now recrystallized
it. All original bottles of UNH were selected on the basis of appearance,
those having an orangish tinge being rejected. The recrystallized
material was then replaced in the 12 glass jars and packed for shipment to
the St. Louis cyclotron for neutron irradiation. The Port Hope UNH was
set aside for possible future use, some of it in agueous solution and some
in the solid state; the attempts to purify it by ether extraction have
been unsuccessful.

One of the problems encountered so far in the recrystallization
process is when to stop "cooking." We have found that, if evaporation
stops too soon, too much water is left in and the crystals come out wet,
thus causing too much water phase for the next ether extraction. On the
other hand, if evaporation continues too long, that is, if the amount of

water left is less than the stoichiometric amount of 6H20 per uranium
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nitrate, then part of the uranium will come down as trihydrate, which will

be difficult to dissolve in ether. This plaguing matter was cured, however,

by performing a few simple experiments in the laboratory. Now the test for
proper stoichiometry is to break up a small porcelain evaporating dish into
fragments ranging in size from a dime to a nickel and toss them into the heated
solution. The speed with which a chip falls in the solution decreases as

the density increases. The concentration is just right when a chip at the
surface takes about ten seconds to fall to the bottom.

Lawrence wrote to me. He thanked me for my letter of July 28 with
its enclosures, which he said cleared up a mystery. Then he added, "I
will put in a bid for the 3,000 microampere bombardment and I think the
boys will handle it very soon."

The plan now is to helium—cool the chain-reacting pilot plant that is
to be erected in the Argonne Forest Preserve. I met with the Engineering
Council, along with Moore, Leverett, Steinbach, Fermi, Spedding, Wheeler,
Wigner and Wilson, to discuss the steel shell that will surround the pile
and contain the helium under pressure. Representatives of the Chicago
Bridge and Iron Works say that two—inch thick steel will be required if
the tank is cylindrical, but only 1-1/4 inch if composed of spherical
elements. Wheeler suggested that the pile be designed big enough to take
care of the effects of temperature and poisons on the reproduction factor
k. Moore talked about having the safety rods inserted in the top so that
gravity could be utilized and control rods inserted in the sides for
convenience. Fermi thought that the capped-sphere design proposed by
Wilson has certain advantages. He was concerned about neutrons activating
the iron in the shell to produce the 47-Gay half-life activity (Fe59) with
its 1 Mev gamma ray. He would use as much dirt as possible for neutron
shielding.

Depressing news from the Soviet front! Nazis have driven deeper into
the Caucasus and are within 60 miles of the Maikop oil fields,
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Sunday, August 9, 1942

Helen and I visited the Field Museum of Natural History near the Lake
Michigan waterfront just south of downtown Chicago. We enjoyed in
particular seeing the exhibits of American Indians of the Northwest.

\

Monday, August 10, 1942

Kohman, Jaffey and Koshland started work today on the 300 pounds of
UNH that has been neutron-bombarded in the Washington University cyclotron
at St. Louis. Five pounds of crystals were given to Fermi and Anderson
last week to do some independent experiments. We also removed four pounds
for use in the work of a number of members of my group on extraction
procedures for 94.

Before the bulk of the 291 pounds that remain are worked on to
extract element 94, it was thought discretionary to spend the next few
days running a small sample through the proposed procedure. Conseguently,
four pounds of the irradiated UNH were dissolved in two liters of ether
and shaken in a separator funnel. The somewhat milky water layer
containing the 93 and 94 was removed, aerated, concentrated by evaporation
and recrystallized. These crystals were treated with ether a second time
and another milky water layer was obtained. This layer was set aside.
Tomorrow the three of them will inguire into the distribution of the 94
(plus 93) in this second aqueous concentrate.

Cefola received a letter fram Hamaker in Berkeley regarding micro-—
chemical equipment. Hamaker complained that without a priority number the
orders will be slow in coming, and he asked Cefola to point out this
situation to me. He also stated that Kirk of Biochemistry and Craig of
Entomology have been hired by the project; they are working together full
time on the new microchemical balance, designing an Emich balance from
scratch.

A letter came to me from Ghiorso in Berkeley. He believes that he
and Wilma will be able to leave for Chicago in about two weeks. He has
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had a discussion with Stanley Abrams'in regard to the special linear
anplifier and offered, in order to save time, to start constructing at
Berkeley a duplicate for us here at the Met Lab if that is my wish. He
plans to see Friedlander in a day or so concerning the ionization chamber
and the FP-54 electrometer outfit and will familiarize himself with these
new circuits.

I wrote a letter to Fontana in Berkeley, proposing that he write up
for submission as a report a camplete description of his work on the
preparation of p234 by the UX; extraction method, beginning with the ether
extraction and carrying the process through to the final y234
electroplate, including a description of his method for combining samples.
I suggested that his co-workers, Sheline and Prestwood, assist in the
write-up and that I would have it turned out as a Chicago report.

"There is another industrial procedure," I wrote, "besides the ones
that Joe Hamilton has been concerned with;_from which concentrates with
large amounts of UX; might be available. This is the procedure wherein
U308 is treated with gaseous HF to convert it to UF4, and then, upon
treatment with fluorine gas, the uranium is removed as UF,. The UX,
presumably will remain in the non-volatile residue. I am sending you such
a residue, which is the result of such a procedure by the Harshaw Chemical
Company (Cleveland) on July 11. This residue amounts to 1% of the
original crude U3O8 and contains as fluorides 28% Ni, 24% Cu, 15% Fe and
8% Mg. The remaining 24% of the impurities are distributed among a large
number of elements. I thought you might determine the Ulespecific activ-
ity of this material and give it consideration as a possible future source
of UX;.... Perhaps you will call this industrial procedure to the
attention of Dr. Hamilton and Professor Latimer (when Professor Latimer
returns) . I don't know yet how much U305 will be treated industrially in

this manner." :
The Battle of the Coral Sea in the Pacific has shoved the European

War from the front page of the newspaper today. The United States is in
its third day of attack on the Japanese-occupied Solomon Islands.
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Tuesday, August 11, 1942

"Report for Week Ending August 8, 1942, Group C-V: Chemistry of 94"
(No. CC-22) was submitted today. I report that Willard and Turk have done
further work on the use of Hyflo Super Cel in the adsorption method for
separating 94 and show that this adsorbent is able to separate 94 from at
least 80% of fission products present in irradiated uranyl nitrate two
weeks after an intermittent six weeks bombardment with neutrons.
Cunningham, Cefola and Werner have continued the development of
ultramicrochemical techniques by weighing microgram samples of sodium oxa-
late with a Salvioni-type balance and checking the weights by ultramicro
titration with ceric sulfate. Brown and Hill have conducted experiments
using a long-lived fission product sample (Berkeley Sample #1) to see where
the fission product activities go using the fluorine method for separating 94.
It is found that the main fraction of the activity is in two portions:
(a) the water solution of the volatile products resulting from treatment
of the 002 with anhydrous HF at red heat or (b) the residue resulting from
the fluorination (and volatilization) of the uranium at 250°C and the 94
at 500°C. Included is a summary of the work of Latimer's group—
"Transference Experiments on 94 and 93" by Connick and Gofman,
"Precipitation Reactions of 94 and 93" by Duffield, and "Oxidation
Reactions of 94" by Garner.

Work continued on the second concentrate from the trial ether
extraction process. The concentrate was centrifuged, and a clear yellow
solution and a yellowish solid were obtained. The solution was decanted
and the residue was suspended in water and recentrifuged twice. The first
wash was yellow, and the second was clear. The solutions and washings
were made up into 100 ml, of which 75 ml were given to James for the
isolation of 9323% to be used in tracer exper iments preparatory to a
determination of the half-life of 94239 via the decay 93239 .87, 94239
The remaining 25 ml was made up to 50 ml and designated AS. The residue
was evaporated with HNO4 and then with HZSO4 to fumes, treated with more
HNO, heated, diluted with H,O and heated. Most of the solid dissolved
with the original HNO 3, giving a yellowish solution, but a good amount
resisted all attempts to dissolve. The mixture was made to 50 ml and
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labeled AR. Samples AS and AR were divided into aliquot parts, which
are now being investigated as to the distribution of 93239 ang 94239,

Cunningham and Werner have had difficulty precipitating 50-year 94
tracer with lanthanum oxalate in the experiments they started early last
week. They have decided to try thorium because it is much like 94 in
its reduced state. Today they successfully precipitated 50-year 94 tracer
with thorium oxalate from a solution about 0.1-0.2 N HCI.

Hamilton sent me a telegram from Berkeley to the effect that my
uranium metal sample has received a deuteron bombardment of 5,000 microcurie-
hours and asked if it should be cooled for two weeks before shipping to
me. I was also informed that he has found 600 microcuries of UX, in the
Mallinckrodt concentrate, or "mess" as he put it. I responded with another
wire, asking that he ship the bombarded uranium by Railway Express on
Saturday. I expressed my reaction to the news of the UX1 yield by using
an impromptu code, "Hurrah for you ex."

At the meeting of my group's Research Associates this evening we
discussed my meeting with Charles Cooper and the obvious trend of our
extraction work toward increasing practical cooperation with chemical

engineers.
Battle is still raging in the Solomons. In Russia the Soviets are

fighting with their backs to the Black Sea. It looks as though the Germans
will succeed in taking over the devastated Maikop area.

Wednesday, August 12, 1942

On July 21 I wrote ‘here that Brown and Hill have discovered that
the higher fluoride(s) of element 94 can be completely volatilized in
a fluorine stream of about 500°C. This volatilization takes place if
the lower fluoride is prepared by the anhydrous ("dry") method. At that
time they worked with a sample of uranyl nitrate to which 50-year 94 had
been added. In an experiment today to confirm more fully the volatility
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of the higher fluoride of 94, they worked with 0.8 gram of UF, that they
prepared last week by hydrofluorination from the Berkeley neutron-
bombarded UNH that we received from Wahl on July 20. This sample was
fluorinated at 500°C, and all of the volatile material was collected in a
cold trap. As they hoped and expected, all of the 94239 present in the
original sample was found to have volatilized and condensed in the trap,
together with the UFg formed.

Thus, they have shown that the higher fluoride of element 94 can be
volatilized completely at about 500°C, this volatilization taking place if
the lower fluoride is prepared by the anhydrous method. Uranium can be
completely separated from element 94, as the very volatile UFg will be
quantitatively formed at about 250°-300°C, leaving the 94 behind. When
the temperature is raised to 500°C, the 94 will volatilize quantitatively .
upon fluorination.

Covey's role in my department has been a "jack-of-all-trades." He
assists the chemists in the laboratory whenever he can; he orders and
receives equipment, acts as a carpenter and handyman, runs errands, scouts
out and borrows apparatus and materials, takes unofficial photographs and
makes himself generally useful. There is so much for him to do that I
have hired a Laboratory Assistant to work with him. He is Roy C.
Schroeder, a student from DePaul University and Wright University. Covey
also has Walter Jilek and Wallace Vogwill with him as Laboratory Helpers.
Jilek, Schroeder and Vogwill are also available to help the chemists in my
group as needed. Covey and Schroeder, and Jilek and Vogwill to the extent
they need it, have their headquarters in Room 411.

I am hopeful of having Stanley Thompson join my group, and we have
had an exchange of several letters. His letter today was of especial
interest because of the news from back home. He said that Standard 0il
Company of California, at Richmond, for whom he works as a chemist, has
increased its production of 100 octane gasoline by 40% and the company
will be able to produce fuel of 110-120 octane if necessary. Also, a
large toluene plant is under construction with a capacity of over
1,000,000 barrels per year, which can be converted after the war to
produce aviation fuel. Standard 0il is having a C.I.O. scare, and wages
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have been raised again as the El Segundo plant has been unionized. C.I.O.
placards and papers are being distributed to the workers every day.
Because of the manpower shortage, the chemical laboratory now has about 50
women operators, which is 20% of the total.

"I don't have to mention the shipyards to you," he went on, "but it
is worth one's life to drive to work in the mornings. In fact the
shipyard traffic should be a match for the German army. The propaganda
is finally getting us to the point where we are almost believing that our
war program is run with moderate efficiency and intelligence, although
that excludes the synthetic rubber program.”

Tonight at precisely 9:54 the air raid sirens will start warbling, so
it has been announced, and 12,000,000 souls will be involved in a blackout
that will extend over a wide section of the Middle West, centering on
Chicago. The street lights and illuminated signs will be extinguished at
10:00, the elevated trains will stop; all cars are supposed to pull over
to the side of the road and their headlights turned off; and all home
"lighting made invisible from outside. It is hoped that an inky pall will
descend over the area for one-half hour. Civilian defense officials say
that the object of the test is to see how effectively this area——indus-
trially one of the most vital to the country--can make itself invisible to
Axis bombers, should our foe be able to send airblanes so far inland.

It is now 10:15 p.m. and I can say that the blackout is not a
success; an unacceptable amount of light is still shining.

Thursday, August 13, 1942

Experiments by Perlman and Knox the last few days show that thorium
will precipitate from neutral or slightly acid solutions in the presence
of ammonium ion upon the addition of peroxide. The principle of the
procedure couples this property with the fact that uranium can be
maintained in peroxide solutions through complex ion formation with vari-
ous cations. Among these negative ions are fluoride, sulfate, acetate and
tartrate. The addition of a salt such as ammonium fluoride would thus aid
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the precipitation of thorium and at the same time prevent the precipitation
of uranium. Fluoride was not tried because of the possibility of
precipitating rare earth fission products. Ammonium acetate worked very
well at pH 7, effecting a quantitative yield of 94 (>90%) but at this pH
approximately 50% of the fission products came down with the thorium
peroxide. This would naturally occur, since zirconium and rare earth
peroxides are insoluble in neutral or alkaline solutions. When the pH was
brought down to approximately 3, uranium precipitated, apparently due to
the presence of free acetic acid and H50,.

The best results so far obtained were from (NH,),SO, solution. The
most unsatisfactory condition in this procedure is that precipitation must
be carried out from very dilute uranyl nitrate solution. It was found
that the concentration of uranyl nitrate hexahydrate must be less than 2%,
otherwise thorium would not precipitate. Below this critical
concentration the precipitation has in most cases been guantitative. The
best solution is at pH = 2.8. This solution was heated for a few minutes,
after which the thorium peroxide precipitated. Analysis showed that
approximately 90% of the 94 could be isolated in this manner, indicating a
practically quantitative precipitation. Less than 1% of the uranium came
down with the thorium peroxide.

English and James have completed the separation of element 93 from
uranium that was bombarded by deuterons in the Chicago cyclotron. They
measured 4.58 x 107 disintegrations per minute of 93239, which, for a
total of 288 microampere-hours, gives 0.072 millicuries per 1,000
microampere~hours for the Chicago cyclotron. (Really 0.036, because about
half the count comes from the conversion electrons of 93239.) This is a
very poor production of 93 indeed, compared with the 60 millicuries and 90
millicuries per 1,000 microampere-hours, respectively, for the St. Louis
cyclotron and the Berkeley cyclotron.  The amount of 94 to be expected,
therefore, should be insignificant. Nevertheless, English and James will
try to isolate 94 from the other half of the bombardment and will start
their procedure in a day or so. The yield of 94, of course, will help us
determine the isotopic assignment of the 50-year 94.
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Latimer sent me a note saying that he is in Washington, D.C., for a
couple of days and hopes to see me again when he returns to Chicago Friday
or Saturday.

Harlan Baumbach, who works for Paramount Studios in Los Angeles, and
I are still corresponding about the possibility of his coming to Chicago
to join my group. He asked about living conditions in Chicago and I said,
among other things, "The rents, to be sure, may be somewhat higher than in
Los Angeles, but the food costs do not seem to be appreciably higher,
Chicago is a very interesting city, and Helen and I are enjoying it much
more than we had expected to. The travelling and moving expenses of you
and Nathalie to Chicago and back to Los Angeles would be paid. The
position would offer draft deferment, with a certainty, but we do not get
tires. I am afraid that practically no one is getting the latter at
present; gasoline, of course, is not being rationed in Chicago as yet.
A number of the people in my group brought their cars to Chicago, and a
number chose to leave them back home."

The regular Thursday evening meeting of the Research Associates was
held, with Wollan and Wilson in charge. Wollan has been studying the
diffusion of fission products from uranium metal into a cooling gas of he-
lium, and he told us about experiments in progress to test various
coatings on uranium plates to confine the fission products. Wilson, who
heads up Physics Group V, is in charge of instrumentation for the Met Lab.
The laboratory has on hand 52 scaling circuits, 52 stabilized power
supplies, and 19 amplifiers for proportional counters and alpha and fis-
sion chambers. In his discussion of his group's activities, he told us
about proposed controls for the first chain-reacting pile, which include
control circuits, means of driving safety rods and regulating rods,
detecting devices such as proportional counters and BF3 chambers and an
alarm system in case helium pressure is lost from the shell that will
enclose the pile.

The battle in the Solomons continues for the seventh day.
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Friday, August 14, 1942

7/

Kohman, Jaffey and Koshland find that nearly all of the 94239 ang
93239 jis in the soluble fraction (AS) in their trial chemical separation
from the four pounds of St. Louis neutron-bombarded UNH. They find an
amount of 94239 corresponding to about 20,000,000 alpha disintegrations
per minute in the total 300 pounds; assuming a half-life of 30,000 years
for 94239, this corresponds to a total of about 180 micrograms. They are
now ready to start soon the extraction of 94239 from the bulk of the neu-
tron-irradiated UNH.

Wahl wrote on Wednesday, saying he has written a rough draft of a
report on the half-life of 94239 and would mail it the next day
(yesterday) . He, too, is complaining that they cannot get vital equipment
because of the lack of priorities. At Mrs. Moquin's suggestion, he asked
if I could procure for them four centrifuges, two Lauritsen electroscopes,
two eight-inch fans, six Sunbeam hot plates and 50 square inches of two-
mil platinum. He mentioned receiving the enlarged photograph we have made
of the Berkeley isotope chart. "It is really beautifully done and large
enough to be very useful. I had a hard time keeping it as Prof. Eastman
was so envious when I showed it to him." He read about the fluorination
experiments in our last week's report and commented that the fluorine meth—
od now looks to be the most promising method of separation proposed.

I received a telegram from Hamilton in Berkeley to the effect that
the deuteron-bombarded uranium metal (about which he wired me earlier this
week) is on its way and the other material (UX;) is at the final stage of

purification.

I also received an amusing letter from Kamen, dated yesterday,
regarding our deuteron-bombarded uranium, which I will quote: "Because of
the urgency of your telegram we are shipping the stuff today by Railway
Express. We had to pack it in approximately a hundred pounds of lead to
cut the activity down to a point where the tender susceptibilities of our
stevedores would not be impaired. The sample is the result of 5,000
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nnicroampere~hours of bombardment which was finished on the 8th. It should
be in your hands in a few days. The lead container is composed of nine
octagonal pieces of lead of a beauty which is indescribable and we would
like to have them back as they make a convenient box for our particular
disc~shaped targets. Hoping this letter finds you and after finding you
discovers you in good health, and regards to Helen and all."

Latimer was in town today and had lunch with Helen and me in our

apartment. We had a thorough discussion of the status of the work of our
groups at Chicago and Rerkeley.

Saturday, August 15, 1942

with the objective of isolating 94 as a pure compound, Cunningham and
Werner commenced work on a Berkeley sample of 94239 (part of the neutron-
bombarded UNH received by us from Wahl on July 20). They started with a
15-milliliter solution containing 5 mg Ce+4, 5 mg La+3 and 2-1/2 ml of 6 N
HyS0, . Presumably, it also contains close to one microgram of 94239.
After partial evaporation, the 94 and rare earths present were
precipitated as fluorides and the precipitate was dissolved in a few drops
of sulfuric acid and the solution was evaporated to a volume of about one
milliliter. The supernatant liquid was found to contain essentially no
alpha particle activity. Further work on the precipitate will be
continued Monday.

A report, "The Present Status of Fluorine Production," by Harrison S.
Brown, was issued today. - Earlier this month Brown visited several
installations where fluorine cells are being used in production. His
report covers the du Pont's two cells, the Harshaw cell, Johns Hopkins'
three cells and Columbia's two cells. He also went to the Hooker plant in
Niagara Falls to see the large Hooker type "S" cell used extensively for
the production of chlorine. The objective of his visits is to prepare for
the eventual design and construction of fluorine generators to be used in
the chemical separation of 94.
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It is appropriate here for me to give an accounting of exéeriments on
the distribution of long-lived fission products that were conducted by
Brown and Hill during the time since they first got a sample of the
irradiated UNH on July 20. The advantage of using this particular sample
is that it should closely approximate the fission condition of the
material from an operating chain-reacting pile one month after shutdown.
The beta particle and gamma ray activity losses on performing each of the
following five steps between July 20 and July 31 were determined:

(1) Convert UNH to U308
0, (N03) 2°6H,0 —Z00°C. U404

(2) Convert to 002 with Hz
[+
Uy0g + 2H, —600°C 30, + 2H,0

(3) Treat with HF (anhydrous)
W, + 4HF —600°C UF, + 28,0

(4) Remove uranium with Fy
[+
UF, + F, 300°C_ uUF,
(5) Remove 94 with For i.e., volatilization of the higher
flouride of 94 at 600°C

(1) The loss in fission product activity in step (1) was found to be
less than l%; thus indicating that the activity contributions of krypton
and xenon are quite small.

(2) A small but detectable loss in activity of about 1% was found in
step (2). This is probably due to the iodine and bromine volatilization
as HI and HBr.

(3) A marked decrease of both beta and gamma activity was observed on
treatment with anhydrous HF. The gamma ray activity loss as measured
through 11.5 grams of lead was about 25-30%. The beta particle activity
losses were about 36% using absorbers from 7.3 to 117 mg/cmz. The elements
that volatilize are probably columbium, zirconium, antimony and possibly 43
and tellurium.

(4) On fluorinating the UF , formed in step (3) at 300°C the uranium
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volatilized away completely. No detectable amount (<1%) of the beta parti-
cle activity, however, passed over with it.

(5) On raising the temperature to 600° and refluorinating the
reaction vessel, no detectable loss of beta particle activity was
observed. It should be noted that this is the step in which one would
volatilize element 94.

The residue contained the balance of the beta particle activity
(about 60%) and the gamma ray activity (about 70%). This residue consists
of rubidium, strontium, yttrium, barium, lanthanum, cerium and cesium.

The same series of runs was made again (ending this week) on another
portion of the Berkeley sample. It was found that in the
hydrofluorination step (3) the amount of volatilization of beta particle
activity decreased to about 15% of the total, but that the volatilization
of the gamma ray activity increased to about 60-70% of the total. 1In all
other steps the beta and gamma activity losses were less than 1%.

The Navy announces it is making satisfactory gains in the Solomons,

but news from the Russian front remains bleak as the Germans broke through

the Soviet lines in two places.

Sunday, August 16, 1942

Helen and I visited the aguarium and planetarium, located on Lake
Michigan. Later we went for a long walk along the shoreline.

Monday, August 17, 1942

The ether extraction of the bulk of the 300-pound shipment of neu-
tron-irradiated uranyl nitrate hexahydrate started today in earnest.
Jaffey, Kohman, Koshland and Turk, plus two research assistants borrowed
from Coryell's group, Donald W. Engelkemeir and George W. Campbell, Jr.,
were assembled in the attic laboratory to start the tedious and lengthy
procedure.
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Because of the huge amount of UNH to contend with, eight two-liter
and three-liter separatory funnels were employed. In this operation,
about 90% of the original uranium will go into the ether phase and 10%
will go into the water phase, the latter phase including all of elements
93 and 94 and essentially all of the fission products. Hence about 30
pounds of UNH should be expected to crystallize out of the water phase
from this first ether concentration. A subsequent ether extraction will
reduce the 30 pounds to three pounds, at which time the isolation
procedure can be continued on the laboratory bench. Each time, of course,
all the original 93 and 94 go into the much smaller water phase, destined
for ultimate isolation of 94 in the pure form.

The six men, working in the big attic room and adjoining roof area,
were attired in lab coats and rubber gloves. Nearby were some opened
boxes of the neutron-bombarded UNH crystals thét had been shipped from St.
Louis. The person making the separation would scoop up some crystals and
place them into a separatory funnel. The funnel was then filled with
ether and additional crystals would be added until no more would dissolve.
He would stand on one side of a lead shield resting on a table and grasp
the funnel in both hands on the other side. In this way he was protected
somewhat from body exposure to the radiation. One hand was at the
stopcock, with fingers braced to keep it from falling out; the other hand
was at the top, with fingers on the glass stopper to keep it from popping
out. He would shake the funnel vigorously for awhile and then set it
aside to wait until the two phases separated. After the water layer had
clearly separated from the ether layer that floated above it, he would
extract the water layer (containing all the 94 and 10% of the uranium)
through the stopcock and divert the ether layer to storage in one of the
empty carboys. We don't know yet if we will attempt to recover the urani-
um nitrate from these ether layers. They are very dark in color, due to
dirt and other impurities. _

Upon opening some of the boxes of crystals it was found that the
material was caked. So while the ether extraction was in progress, a
screening of almost all the UNH was carried on. From the radiological
point of view, I think the screening operation could be the most dangerous
of all. The amount of dust was slight, and no one was wearing a mask;
nevertheless, there was the potential danger of inhaling radiocactive dust.
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In this manner, four batches of approximately 115 pounds of raw UNH
were sieved and ether-extracted today. That portion of the UNH that did
not pass through the screen was mixed with a little water and poured into
a large dish to heat overnight on the steam table.

The determination of the volatility of the higher fluoride of element
43 is of considerable interest, not only from the point of view of knowing
its involvement in fluorine treatment of pile uranium, but for the purpose
of correlating the chemical properties of elements 92, 93 and 94. Brown
and Hill began their experiments this week by doing just this—investigating
the volatility of the higher fluoride of element 93.

To a solution containing 105 mg of unirradiated UNH, they added about
10,000 beta-counts (counted through a 7.56 mg/cm2 absorber) of 2.3 day
93232, This was ignited to U30g and then converted to U0, by
hydrogenation.

Small samples of this were weighed into smaller copper discs and
converted to UF, by hydrofluorination'(treatment with anhydrous HF). No
loss of 93 was observed in this step. The UF, samples were then fluorinated
at 250°-300°C for half an hour. 1In all cases, the 93 volatilized with
the uranium. This indicates that the higher fluoride of element 93 is more
volatile than that of element 94. 1Its behavior thus resembles more closely
that of uranium.

After many attempts, Cunningham and Werner finally succeeded today in
making a weighing calibration test of the Salvioni balance using microgram
quantities of thorium oxide. They proceeded as follows: From a standard
solution of thorium nitrate, known quantities of thorium were measured out
and precipitated as the hydroxide. The washed hydroxide was dissolved in
a little HNO3, transferred to a platinum weighing boat, and ignited to the
oxide, which was weighed on the ultramicrobalance. The quantity of ThO,,
calculated from the known volume of standard solution, was 2.92
micrograms. The quantity found by weighing was 2.94 micrograms. This
demonstrates to our satisfaction that the precipitation, washing, ignition
and weighing techniques now being employed are reliable for quantitative
work.
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Cunningham and Werner also continued their work on isolating 94 from
the Berkeley sample. After repeated oxidations (with K,S,0g and Ag+) they
succeeded in precipitating the bulk of rare earths as fluorides, leaving
the oxidized 94 in several supernatant solutions, which were then combined
and concentrated by evaporation to the point where SO3 fumes were evolved.
To this was added 0.5 mg Ce*> and 0.5 mg La™>. Next, HF was added to
precipitate the reduced form of the 94 along with the cerium and lanthanum
fluoride carriers. The precipitate was fumed with H,SO, to eliminate flu-
oride, dissolved in water, the solution oxidized with peroxydisulfate plus
silver ion, and the rare-earth carriers precipitated away from the 94 as
fluorides; then the 94 was reduced by heating until S04 fumes were evolved
and co-precipitated with 20 micrograms of La+3 as the fluoride. The fluo-
ride precipitate was transferred to a small shallow platinum dish and the
fluoride expelled by heating with HZSO4. Some spattering occurred during
this process. The 94 was again oxidized with peroxydisulfate plus silver
ion, the lanthanum removed as the fluoride and the silver as silver chlo-
ride. The resultant product supernatant contains approximately 57,000
counts of alpha activity per minute (presumably due to 94239) and was
placed on a steam bath to concentrate. More work will be done on the
concentrate tomorrow.

The deuteron-bombarded sample of uranium arrived from Berkeley ih the
afternoon. It was packed in a hundred-pound cask of lead and was really
hot, having had a 5,000 microampere-hour bombardment.

In a continuation of the work begun last Thursday, English and James
completed the chemical isolation procedure for 94 from the uranium that
received a deuteron bombardment in the Chicago cyclotron; and, to no one's
surprise, they were unable to discern any counts that could be attributed
to the 50-year 94. This result is strong evidence that this isotope of 94
is formed in the Berkeley and St. Louis cyclotrons by the d,2n reaction of
U238 and is, without much doubt, 94238. They will now isolate the 94238
from the Berkeley deuteron-bombarded uranium.
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The Soviets announced the fall of Maikop but said that they had
rendered the o0il establishment campletely unusable. Meanwhile, the United
States Marines are fighting on in the Solomons.

Tuesday, August 18, 1942

The six attic chemists continued with their ether extractions. The
non-screenable batch that had heated overnight was taken to the roof,
mixed with water and evaporated so that it would recrystallize. These
crystals were again screened, which required some lumps to be ground up
first., By the end of the day, five batches of neutron-irradiated UNH—the
remainder of the 291 pounds—were put through the extraction process. all
the aqueous extracts were cloudy, and toward the end, as the dirtier,
drier and recrystallized materials were used, the extracts were quite
milky. Each time, the ether phase was washed with two 15-20 ml portions
of water to campletely recover the active products. Then the ether phase,
which contained large amounts of insoluble dirt, was removed and was set
aside. Even material blown out of the stopcocks was saved; all such resi-
dues were combined into a separatory funnel for an ether extraction. The
combined water layers collected today were poured into four jars, which
will be aerated during the whole night. Tomorrow, the concentrates will
be evaporated and crystallized.

Cunningham and Werner transferred the Berkeley concentrate to a
platinum dish for further concentration. When they saw that it was
creeping over the sides, they transferred it to a larger dish.
Unfortunately, the dish contained some lanthanum and it was necessary to

perform another oxidation and fluoride cycle.

Brown and Hill had a more successful day. As a check on the results
of the experiment they performed yesterday, they took about 15 mg of the
UO2 containing 93 tracer and fluorinated it at 250°C for a half hour,
meanwhile collecting the volatile products in a trap maintained at dry
ice-acetone temperature. The volatile products were then dissolved in
water, and the 93 was extracted, after reduction, by co-precipitation with
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LaFy carrier. It was found that all of the 93 that had volatilized had
collected in the trap.

Perlman and Knox, working on the thorium peroxide precipitation meth-
od, find that fission products can be effectively held in solution by the
addition of small amounts of zirconium, lanthanum and cerium. When this
is done, less than one percent of the fission activity appears in the
washed thorium peroxide. If the hold-back carriers are not added, then 9-
12 percent of the fission beta particle activity and a larger amount of

" the gamma ray activity comes down with the thorium.

At the meeting of my group's Research Associates this evening, there
was much discussion of our large ether extraction effort on the neutron-
irradiated UNH from St. Louis and how to keep the radiation exposure down—
this in addition to the usual review of work in progress and plans for the

future.

Today's newspaper carries the story of the defeat of the Japanese
fleet.

wednesday, August 19, 1942

Aeration of the concentrates in the four jars was discontinued this
morning. The concentrates were combined and mixed together thoroughly.
We have decided from now on "not to put all our eggs in one basket." The
mixed solution was poured back into the four jars in roughly equal
portions. The average net weight of each solution was 13 1lbs., 5 oz. The
next step will be to recrystallize all the UNH out of the aqueous
solutions, and this was commenced today.

Cunningham and Werner were back at work this morning with their
Berkeley concentrate. The concentrated solution obtained by evaporation
contained much K,80, (reduction product of KZSZOB) and Ag+. It was
diluted and the silver precipitated as the chloride. About five
micrograms of La’3 were added ané the 94 and lanthanum were precipitated
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as the hydroxide. The hydroxides were dissolved in a little HNO5 the 94
was oxidized and the lanthanum was precipitated out as the fluoride,
Tomorrow they hope to precipitate the pure 94 as a fluoride, the end
product. '

Albert Ghiorso is finally with us as a team member. It has been six
weeks since we first started negotiating. I am happy that he joined us as
a Research Associate; he will be able to play a key role planning and
building in our electronics and counter program. He will make his head-
quarters in Room 402 with English and Jarrett. Helen is helping Wilma gét
settled and showing her the sights of Chicago.

The news from the Soviet Union today is still bad. The Soviets have
fallen back in two sectors at Stalingrad.

Thursday, August 20, 1942

Perhaps today was the most exciting and thrilling day I have
experienced since coming to the Met Lab. Our microchemists isolated pure
element 94 for the first time! This morning Cunningham and Werner set
about fuming (with evolution of so3) yesterday's 94 solution containing
about one microgram of 94239, added hydrofluoric acid whereupon the
reduced 94 precipitated as the fluoride, or perhaps a double fluoride,
free of carrier material, from a total solution volume of 15A.

This precipitate of 94, whiph was viewed under the microscope and
which was also visible to the naked eye, did not differ visibly from the
rare-earth fluorides. (Shortly after the 94 was precipitated, a
considerable amount of KZSiF6 was observed to separate, as a result of the
fact that precipitation had been performed in glass vessels. This will be
avoidable in future work because we have ndw developed suitable fluoride-
resistant micro vessels.)

From the alpha-activity remaining in the supernatant liquid after the
final precipitation as a fluoride, it can be calculated, using 30,000
years as the half-life of 94239, that this salt of 94 has a solubility of

192



8/20/42

the order of magnitude of 10 mg of the element per liter of 6 N HF solution.
This value is necessarily somewhat tentative.

It is the first time that element 94 (or any synthetic element, for
that matter) has been beheld by the eye of man. I'm sure my feelings were
akin to those of a new father who has been engrossed in the development of
his offspring since conception. Counting from the time that uranium oxide
was first bombarded by deuterons on December 14, 1940, to produce the 50-
year 94 isotope, the gestation period has been 20 months. Not everyone
shares Fermi's confidence that the pile will chain-react and produce 94.
Without a working pile, we will never be able to produce 94 in much
greater yields than with the cyclotron, and it would probably remain a
novelty for years to come. Without the pile, the dream of atomic power
plants will come to naught. And without 94, the only possibility of
producing a bomb will be to use an isotope of uranium.

By afternoon a holiday spirit prevailed in our group. Covey brought
in photo floodlamps and his 35mm camera and photographed everything in
sight (Figures 9, 10, 11 and 12). By this time the precipitated 94 fluo-
ride had taken on a pinkish hue. Perlman, Cefola and I, and many others,
including Kohman, Jaffey and their helpers, who were working in the attic
laboratory on the extraction of 94239 from neutron-bombarded UNH, came
into Room 405 to peer through the microscope at the tiny speck.

All this while, Kohman, Jaffey and their assistants were
recrystallizing the UNH from the first ether extraction, which they have
been doing for the last two days. 1In this step, the four separate solu-
tions were taken to the roof and transferred into l4-inch evaporating
dishes, set over hot plates, and heated to almost boiling. Each
concentrate was kept simmering; and, as it thickened from evaporation, it
was vigorously stirred. When it was evident that there remained a ratio
of 6H,0 to one uranium nitrate by the porcelain chip test, the heating was
stopped. Stirring continued, however, until the mass cooled down and
hexahydrate crystals appeared. Each dish was weighed before and after
emptying. The total net weight of the reconstituted UNH crystals
containing the 93 and 94 is 31 1b., 10.5 oz.
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Fig. 9 Room 405, Jones Laboratory, August 20, 1942. (XBB 768-7455)
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Fig. 10 L. B. Werner and B. B. Cunningham,
Room 405, Jones Laboratory, August
20, 1942. (XBB 768-7456)

185



8/20/42

FPigs 11 Ts ‘Perlman and M. Cefola, Room 405,
Jones Laboratory, August 20, 1942.
(XBB 768-7457)
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Fig. 12 G. T. Seaborg, Room 405, Jones Laboratory,
August 20, 1942. (XBB 768-7458)
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This afternoon we started the second ether concentration of these crys-
tals. By the time it is campleted we should have, in the four aqueous phases,
a total of approximately three pounds of UNH out of the otiginal 291 pounds.

I have asked Perlman, Goldschmidt, Hill, James and Knox to relieve
some of the men for the time being, as I don't think it wise to expose any
one person to too much radiation, especially since we don't have any good
equipment for measuring the amount Bf exposure. The lead shield was
disposed of because it proved too awkward and tiring to hold and shake
those large separatory funnels at arm's length. As a radiological con—-
trol, we rely entirely on Dr. James Nickson, the medical doctor in charge
of health problems of Met Lab employees. Every day, the men who are
working on the extraction line up, and a pretty technician takes blood
samples. If she should find that the concentration of white blood cells
has dropped or the cells have changed shape, then we will have a good
indication of overexposure to radiation. I should note, however, that
blood counts have been discontinued at Berkeley because no correlation
with cyclotron exposure has been observed. So far, everyone appears
healthy and normal, and I will therefore use the men on a rotating basis.
Kohman and Jaffey need special attention because they are involved one way
or another almost every day. ’

I wrote Baumbach saying I have learned he has written Moulton saying
he will join me at the Met Lab if a leave of absence can be arranged for
him; I said we will exert great efforts to arrange this.

In the evening I attended the Thursday evening meeting of Research
Associates and felt like passing out cigars. I think my announcement of
the first isolation of a carrier-free 94 campound was like a catalyst to
those present. Wigner, Fermi and Allison were in charge of the program,
but for awhile the attention of all the people there was centered on the
work of my group. The fact that there is now visible evidence of 94 made
all of them, I am sure, more confident of their own contributions at the
Met Lab. Without exception, all of them are here to either produce 94 or
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to work with it directly or indirectly. In response to Teller's question
as to the identity of the 94 campound, I was evasive due to the extra se-
crecy (i.e., compartmentalization of information) surrounding the chemis-

try of this element.
In today's newspapers heavy losses on both sides were reported at

Dieppe on the coast of France after Americans, Canadians, British and
Free French assaulted the coast. Allied objectives were, however, achieved.

Friday, August 21, 1942

Cunningham and Werner continued their work on the 1 microgram of
94 which they precipitated in carrier-free form as the fluoride yesterday,
with the aim of converting the 94 to iodate in carrier-free form. The
mixed precipitate of 94 fluoride and KZSiF6 was treated with H,50, and
heated to the appearance of fumes of S0;. Because of the large volume
- of water required to dissolve the residue, 20 micrograms of La+3 were
added as carrier and mixed La(OH) 3 and 94 hydroxide were precipitated.
This was dissolved in a minimum volume of 6 N H,S0,. 1In this operation
some of the La'3 as La2(804)3 failed to dissolve, and this was centrifuged
off. Excess potassium iodate was added to the filtrate and mixed iodates
of 94 and Ag+ (the silver coming from traces of silver oxide which had
precipitated with the hydroxides) were obtained.

The work with the second ether extraction is still going on. At
times since starting the purification of the Port Hope UNH, there might
have been as many as six or eight men working together, such as shaking
up the ether solutions, pouring off the layers, stirring solutions in
the evaporating pans, opening fresh boxes of crystals, and shaking the
screens. The whole operation has been carried out in a spirit of boisterous
fun, with considerable kidding and joshing. The men not only work as
a team but behave as though they are a close-knit family. Most of the
men are single, under 30; many of them eat together and continue their
friendsnips off the job.
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A few members of the group working on the neutron-irradiated UNH
ether extraction process are careless about wearing gloves, although I
have admonished them from time to time about their need to observe
radioactive safeguards. One of these persons is Goldschmidt, whom I would
expect to be the most careful of all, but he tells me that he and the
other chemists at the Curie Lab in Paris were rather negligent in
protecting themselves from radioactive contaminants. Since we have no
instrument for counting radioactivity of the hands to see if they are
contaminated, Goldschmidt volunteered to contribute a piece of skin from
his own hand, which came from a blister. Because of its appearance it was
promptly dubbed "pig's skin." Sure enough, when it was placed in the
counter it proved to be quite active. We intend to follow its radioactive
decay in the days to come.

Fermi came to me with a request for a list of fission chains. He has
just been in a meeting with Cantril, Moore, Steinbach and Whitaker, the
purpose of which was to initiate discussions on the problem of handling
radioactive gases that will be present in both the experimental pile and
the pilot-plant pile. At the meeting, Fermi had given his estimate that
there might be 102 curies of activity in the experimental pile in gaseous
form. He pointed out that the dangers involved in handling this material
essentially are of two different kinds—general radiation dangers and
dangers due to the inhalation of these radioactive gases. He said he has
some figures on the various fission chains that are known at the present
time and said that he would like me to give him an up-to-date list of
these chains for the use of people involved in these situations. In the
case of the experimental pile, he told the others that he believes the
only dangerous gaseous substance will be the five-day xenon. Dr. Cantril
expressed the opinion, on being questioned by Fermi, that the time
necessary for recovery from radiation exposure has a minimum value of
about four weeks and a maximum value that could be greater than one year.
He also stated as a tentative value that general body radiation of one
roentgen per day could not be permitted over as much as one month's time.
He seemed to prefer to keep this down fairly close to 0.1 r per day, or to
3 r per month. It was agreed by all present that if they design the plant
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assuming that the active gas liberated has the radiation properties of radon
gas, then we shall have a considerable margin of safety.

I received a letter from James T. Grady, the managing editor of the
American Chemical Society News Service, asking for a paper or abstract of
my talk "Review of Artificial Radioactive Isotopes Useful as Tracers” that
I am to present before the Division of Physical and Inorganic Chemistry at
the meeting of the American Chemical Society in Buffalo in September.

During the last week we have ordered over $3,000 worth of equipment
and supplies for our new chemistry building. Although we have the highest
purchasing priority, it is often the case that the supplier is out of
stock or the manufacturer is now producing war material. Since we don't
want to be caught short when we move into the new chemistry building, it
behooves us to look ahead. Ground-breaking for construction of the new
building is scheduled to start tomorrow. The present plan is for
Spedding's and my groups to occupy it as the building progresses. The
entire building will be one story high and cover a rectangular area
approximately 100 feet by 300 feet and will be located on grounds formerly
used as tennis courts. It will face west along Ingleside Avenue from 56th
Street on the north to half-way to 57th Street on the south. We will be
surrounded by apartment buildings but will not be too far from the center
of the campus.

Saturday, August 22, 1942

Today, Kohman and Jaffey proudly showed me four batches of murky
yellow water. They contain our precious 94 and represent the agueous
phases from the second ether extraction of the 300 pounds of St. Louis neu-
tron-bombarded uranyl nitrate hexahydrate. Each batch is about 600 ml in
volume and will be worked on individually to extract the 94239. Perlman,
Kohman, Jaffey and Goldschmidt will each take a batch, numbers 1, 2, 3 and
4 respectively. I have decided to divide the final isolation procedure in
four batches in this manner in order to have insurance against major
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losses due to unavoidable accidents during the somewhat difficult
procedures that must now be carried out on these highly radioactive
fractions. Each of the four will use our well-established oxidation-
reduction procedure using rare-earth fluoride as carrier for 94 and will
reduce the volume and amount of carrier in successive oxidation-reduction
cycles. Much of this work will take place in Room 401 which has two fine
fume hoods.
In this second ether extraction, which took place over the last two
days, each of the four fractions of crystallized UNH was separately
extracted with ether in the usual manner, except that the ether layer was
washed with portions of water totalling 100 ml, more or less. The
combined water extracts of each separate fraction was aerated overnight in
a one-liter Erlenmeyer flask. So today we have the results of the last
two weeks' work—four flasks of yellow water containing uranium, fission
products and elements 93 and 94.

Continuing their work on the isolation of pure 94 iodate, Cunningham
and Werner dissolved the silver iodate away from their impure 94 iodate
precipitate by using 6 N NH,OH, which was subsequently removed. A small
amount of brownish crystalline precipitate remained, which may contain

some cerium impurity.

In an experiment today, Knox continued his and Perlman's
investigation of thorium as a carrier for 94. Yesterday he performed an
experiment to determine how quantitatively 94 will follow thorium in
precipitation as the peroxide from (NH4)ZSO4, UN"6H,0 solutions with the
hold-back carriers, zirconium, lanthanum and cerium, present to prevent
the precipitation of fission product radioactivity. He found that some of
the thorium and 94 were left behind, which he attributed to the fact that
insufficient peroxide was used. In today's experiments he increased and
varied the amount of H,0, and concludes that the higher concentration of
peroxide the more the thorium and 94 will come down quantitatively.

Perlman and Goldschmidt, in addition to their involvement in the
ether extraction of the St. Louis UNH, are busy with their experimental
survey of long-lived fission products. They are working with samples from
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neutron-bombarded WNH from both the Berkeley and St. Louis cyclotrons.

The former sample, of course, had a 40,000 microampere-hour bombardment of
neutrons from 16 Mev deuterons-on-beryllium from April 24 to June 20,
1942, and the latter a 50,000 microampere-hour bombardment of neutrons
from 12 Mev deuterons-on-beryllium from June 10 to July 20.

After replying to Grady's letter and sending him an abstract of my
upcoming Buffalo talk, I wrote a letter to my friend, Stan Thompson,
saying that an offer of a position with us is being sent to him through
official channels. Coming from industry (The Standard Oil Company), his
surprisingly high salary rating created somewhat of a problem in our
personnel office because it is even higher than the starting salary of
some Ph.D.'s. If he accepts, he will be the highest paid A.B. man on the
project. Knowing Stan and his immense capacity for good work, I think he
will be worth every penny to the project as a whole. "I believe you and
Alice will enjoy Chicago very much," I wrote. "Helen and I are finding it
a very interesting place. We have not frequented any of the places that
have hot colored bands (which Stan is keen to hear), but we have spent an
evening in the BEmpire Room of the Palmer House and one in the Marine Room
of the Edgewater Beach Hotel. The museums here also are very interesting;
although I wouldn't have classed myself as a museum enthusiast, I must
admit that I have enjoyed visiting the Field Museum of Natural History and
the Museum of Science and Industry several times."

Construction started today on our new chemistry building.

Monday, August 24, 1942

Cunningham and Werner continued their program to prepare some pure %4
iodate. 1In order to remove the ceric iodate impurity, they treated their
precipitate with a little H,0, in approximately 3 N HNO5 and 1/4-
saturated KFD3. The color of the precipitate changed to white without
any other visible change in its characteristics. This remaining
precipitate presumably is the iodate of pure element 94. From the alpha-
activity remaining in the supernatant liquid in equilibrium with the 94
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‘iodate, it appears that 94 iodate in 1/4-saturated KIO, solution in
approximately 3 N HNO3 has a solubility of the same order of magnitude as
" the fluoride or somewhat less (approximately 10 mg per liter). This value
also is a tentative one.

Brown and Hill started a series of experiments today to compare the
volatilization of uranium and 94 fluorides as a function of temperature.
In their first run they had difficulty in transferring volatilized 94 flu-
oride to a cold trap with UFe: a substantial fraction of 94 was retained
in the outlet tube of the fluorination reactor. They hope to complete
these studies in about a week.

In addition to the pictures he took last Thursday, Covey has taken a
couple of pictures of Room 404 and some of its occupants (Figures 13 and
14).

The Cunningham baby, Susan, was born today.

Helen and I had dinner with Latimer at the Blackhawk Restaurant
(Randolph and Wabash Streets). He plans to return to Berkeley next Monday
and then come back to the East. As usual, I brought him up to date on the
work at the Met Lab and our collaboration with the Berkeley group.

More bad news from the Russian front! The Germans are driving closer

to Stalingrad.

Tuesday, August 25, 1942

I have never seen Perlman more upset and disturbed than he was
today. When he came to the attic this morning to work with his batch (one
of the four) of water layer from the ether extraction, he found the beaker
smashed and all the contents dispersed. Last night he and Goldschmidt
placed the precious material on a wooden shelf for safekeeping and went
away. Someone else, who was aware of its high radiation content, then
surrounded it with lead bricks but did so carelessly, because in the night
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Fig. 13 John E. Willard, at desk, and Elton Turk, Room 404, Jones
Laboratory, August 1942. Turk working at laboratory bench
4; photograph taken facing east. (XBB 761-7422)
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Fig. 14

Room 404, Jones Laboratory, August 1942. In near background
are Ralph James and William Knox; far background, Isadore
Perlman and Bertrand Goldschmidt. Photograph taken from
between laboratory benches 4 and 5, facing east. (CHEM 1840)
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one of the bricks fell over, breaking the glass beaker. It so happened
that the beaker had been placed on a Sunday edition of the Chicago
Tribune. Thus, when Perlman first became aware of the accident, he was
staring at a soggy newspaper containing a good fraction of the world's
supply of 94239. His first action was to put the wet material into the
largest evaporating dish he could find. Working in Room 401, he flooded
it with nitric acid and is now waiting for the newspaper to digest.

Because element 94 has been considered by some to be a homologue of
osmium and ruthenium, it might be predicted that it would have a readily
volatile tetroxide similar to the tetroxides of these elements. English
and James, however, have shown that it is not possible to volatilize 94
from aqueous ozone-ceric ion or ozone-argentic ion solutions at 90°c,
or from boiling concentrated perchloric acid solutions. With this in
mind, Willard tried an experiment to determine whether or not 94 can be
volatilized with molten sodium peroxide, an extremely powerful oxidizing
medium, at 500°C.

He first evaporated a sulfuric acid solution of 50-year 94 tracer to
dryness on a square of sheet iron with the aid of a hot plate. It gave
956 alpha particle counts per minute after evaporation and before heating
to about 450°C, and about the same after heating. About 20 mg of sodium
peroxide was then placed on the iron sguare and the latter was placed on
an iron block which was heated with a blast lamp to a temperature above
498°C (m.p. of PKCl,) and below 652°C (m.p. of Al). The Na,0, melted and
then changed to a solid (presumably Na20). (The fact that the melt was
alkaline probably would not prevent the volatilization of a tetroxide
under these conditions because osmium and ruthenium tetroxides are
volatile even from alkaline media.) Further portions of Nay0, were
sprinkled on the spot containing the 94 during a 10-minute period of
heating. The iron square was then cooled and leached with acid. The solu-
tion obtained was precipitated in a lusteroid tube (after evaporating the

excess acid) by means of HF, using 0.3 mg of Lat3

as carrier, The
precipitate gave 750 counts per minute, which probably represents a
complete recovery of the initial 94 added. (About 20% loss in counting
efficiency may be expected when the count is made on lusteroid, and a
small loss would be expected because of self-absorption by the lanthanum

flouride carrier.)
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It can be concluded that under the conditions of this experiment, 94
does not readily volatilize from molten Na202 at 500°C.

In order to test whether or not the negative results obtained could
be credited to slowness of diffusion of PuO4 through the molten Na202, a
further experiment may be tried. Such an experiment might consist of
sprinkling tracer 94 mixed with osmium or ruthenium carrier on the surface
of molten Na202. The temperature might be lower or the oxygen pressure
higher than in their experiment today in order to prevent decomposition of

the sodium peroxide.

Cooper, Lewis, Moore, Spedding, Steinbach, Whitaker and I held a
oonference to discuss the problem of handling the 5-1/2 day xenon that
would be liberated during the chemical processing of uranium oxide from a
working pile. I opened the meeting by stating that the total activity of
the xenon would be from one to three percent of the total activity at the
end of one week. Calculations were then made of the number of curies of
xenon liberated per hour during the pile operation and chemistry
operation. They were based on the assumption that, if each oxide lump has
an activity of 5 curies equivalent and if 3% of this is in the xenon form
at the end of a week, then this would amount to 60 curies per ton. If all
of this is liberated during the solution process and one plans on
dissolving one ton in 24 hours, the radioactive xenon liberated would be
2.5 curies per hour.

On the other hand, 50% of the xenon may come out in the helium during
the pumping operation of the pile, leaving only 30 curies per ton for re-
moval during the chemical operation. In that case, for a pile using 40
tons of uranium oxide, one must arrange for disposal in the air of 50
curies of radioactive xenon per hour. If one considers 10714 curies per
cc as a safe concentration of this radioactive gas and if one takes 4 cc
of 50 curies per hour as the rate at which the gas must be dispersed, then
one can calculate just what dilution is necessary in order to get a safe
concentration. _

Cooper used a stack design formula and a dilution factor of 4 x 109
cu ft/min, arriving at a stack height of 81 feet, which seemed reasonable

to us.
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Instead of my usual weekly report, "Group C-V: Chemistry of 94,"
Latirmer and I issued a joint report for the month, July 15-August 15,
1942, on the "Chemistry of 94. University of Chicago and University of
California Groups." This is being given the report no. CN-239, the "CN"
being a new designation to describe our reports on the chemistry of 94
which have limited distribution; it is a week late because of its size,
running about 60 pages, and difficulty in assembling (due to delay in
receipt of manuscripts) and editing sc much material.

I now have six separate groups working for me, and Latimer has four.
We reported on the work of each group, namely: At Chicago, I. Peroxide
Method for Separating 94 (I. Perlman and W. J. Knox); II. Fluorine Method
of Separating 94 (H. S. Brown and O. F. Hill); III. Solvent Partition
Method for Separating 94 (T. T. Magel and D. E. Koshland, Jr.); 1IV.
Adsorption Method for Separating 94 (J. E. Willard and E. H. Turk); V.
Volatility of 94 Compounds (S. G. English and R. A. James); and VI.
Ultramicrochemical Investigations on 94 (M. Cefola, B. B. Cunningham and
L. B. Werner). At Berkeley, I. Transference Experiments on 94 and 93 (J.
W. Gofman and R. E. Connick); II. Precipitation Reactions of 94 and 93
(R. B. Duffield and R. W. Stoughton); III. Oxidation Reactions of 94 and
93 (C. S. Garner, J. W. Gofman and J. W. Hamaker); and IV. Wet Fluoride
lMethod for Separating 94 (A. C. Wahl and N. A. Bonner). This illustrates
the redistribution of effort among the people who were working with me at
Berkeley; R. E. Connick is an outstanding addition to this group.

In partial summary of the Chicago work, Perlman and Knox report their
continuing work on the peroxide method for separating 94 in which they
find that the thorium precipitation method (precipitation of thorium
peroxide and 94 from a uranyl nitrate solution) gives the best results
from (NH,),SO, solution of pH 2.8. Analysis indicates about 90% of the 94
could be isolated with less than 1% of the fission product activity (in
the presence of zirconium, lanthanum and cerium hold-back carriers) under
these conditions. The most unsatisfactory condition in this procedure is
that the concentration of uranyl nitrate hexahydrate must be less than 2%,
otherwise thorium will not precipitate. Willard and Turk report their
further tests to determine the most efficient operating conditions for the
use of Hyflo Super Cel (HSC) in an adsorption method for separation of 94.
They find that adsorption of 94 on HSC is high in pH range 3.7-2.3 and
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that the efficiency of adsorption falls off rapidly with increasing
concentrations of uranyl nitrate above 30%. Cefola, Cunningham and Werner
give a complete description of the volumetric and gravimetric operations

as they are carried out on the ultramicro scale.

At the meeting of my group's Research Associates this evening there
was much discussion of the ultramicrochemical program of investigation and
its future prospects—now more optimistic than we have anticipated.
Ghiorso attended the meeting for the first time.

News from the Soviet front is bad again! The Germans have made a 50~

mile advance.

Wednesday, August 26, 1942

Jaffey has been working up, since yesterday, his one-quarter, so-called
"batch no. 3," of the second ether extraction on the St. Louis neutron-
irradiated UNH in Room 401. His batch was a murkily yellow water layer
and amounted to about 600 ml. It was repeatedly centrifuged, diluted and
washed until he arrived at a clear solution of 1,300-1,500 ml volume. His
assay showed that he has a total of 3.5 x 106 alpha-particle counts per
minute. Working at his laboratory bench (where he performs what he calls
"table~top" chemistry in contrast to the extraction operations in the
attic and on the roof), the solution was evaporated until porcelain chips
just barely float. As it approached this point, the hitherto clear solu-
tion started to form a yellow precipitate. It was removed from the hot
plate and stirred until cool. Magnificent dry UNH crystals appeared,
which weighed out to 700 grams, or one pound, nine ounces.

I wrote a long letter to Wahl about a number of topics. The first
one concerned his contribution to the monthly report on "The Chemistry of
94," which appeared yesterday as a joint report of the Berkeley and
Chicago groups. I said that I have eliminated his statement that the "wWet
Fluoride Method" might not be as useful as some of the other methods for
isolating 94 for the reason that this is by no means certain yet. I agree
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with his deductions as to the oxidation numbers of the lower states of 94
and 93 (i.e., +4) and noted that his experiments were "fine experiments."
I suggested that he try to reduce 94 to an ion with an even lower oxida-
tion state than the +4, using a strong reducing agent such as zinc. I
also suggested that we try to write a little more briefly in the future
because this report turned out too long and hence was quite late in
appearing. 1

My letter continued: "I don't know whether I agree with your
decision to refer to the 50-year 94 activity as 94238 1t might be better
to leave this question open until all the evidence is in, so that |
confusion could be avoided by eliminating a number of changes in the
assignment. I suspect, however, that yield argument based on Gofman's
thorium plus deuteron bombardment will go a long way toward settling the
problem. I am almost convinced that the 50-year 94 is formed in the 4,2n
reaction, since it is not formed in the Chicago cyclotron (8 Mev
deuterons) while the 2.3 day 93239 is formed in appreciable amounts (more
than to be expected from stray neutrons) ."

Then I elaborated on our thoughts regarding the possibility of
substituting iodate for fluoride in the "Wet Fluoride Method" to avoid
corrosion problems with HF-nitrate mixtures in stainless steel vessels,
which I think might be horrendous. |

We are publishing a joint paper on the half-life of 94239, and I
enclosed a draft of it with a few comments and changes. I was also happy
to inform Wahl that we were able to send him a centrifuge and that the
other items he asked for on August 14 will be shipped as soon as they

arrive here.

I submitted a report today, "Search for Elements 94 and 93 in Nature.
Presence of 94239 in Carnotite (CN-246) under the joint authorship of
C. S. Garner, N. A, Bonner and me. This report describes our attempts to
find a long-lived isotope of element 94 (as well as 93) in nature. Earli-
er, Morris Perlman and I in a report (Report A-146, "Search for Elements
94 and 93 in Nature. Presence of 94239 in Pitchblende," dated April 13,
1942) announced the discovery of 94239 in a pitchblende concentrate from

Great Bear Lakes region, Canada, at a concentration of one part in 1014,
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and that there was not present as much as one part in 109 of any other
isotope of 94 or 93.

The abstract of the report submitted today reads as follows: "Samples
of carnotite, fergusonite and hatchettolite were subjected to chemical
treatment designed to isolate elements 94 and 93. No evidence for the
presence of appreciable amounts of Y4 or 93 was found, and the tests with
slow neutrons and with fast neutrons established the upper limits of the
concentrations of these elements as one part in 1010 of carnotite, one
part in 109 of fergusonite and one part in 102 of hatchettolite. A small
alpha-counting rate in the final sample from the carnotite indicates the
presence of 94239 in the carnotite at a concentration of about one part in
1014, The probable preéence of 94239 in pitchblende had previously been
established, and the 94239 in both carnotite and pitchblende is probably

238

formed as a result of the absorption by U of some of the neutrons emitted

in the uranium spontaneous fission process."
War news in Europe and the Pacific continues! 1In the Pacific there

is a new batt;e in the Solomons. In the Soviet Union a million Nazis
move on Stalingrad.

Thursday, August 27, 1942

Brown and Hill performed an experiment today on the volatility of the
higher anhydrous chloride of 94. Some 94 tracer (50-year) was added to a
uranyl nitrate solution and the whole was ignited to U30g. This was
thoroughly mixed with charcoal and the mixture in a boat was treated with
chlorine at 350-450°C* The reaction that took place was as follows:
| 2U;0g + 8C + 15CL, —> 6UCLg + 800, -

The UCl5 left the boat and condensed in the cooler portions of the
reaction vessel. At the end of the reaction, the boat was weighed and
analyzed for element 94. The UClg in the cool portion of the vessel was
dissolved in water and also analyzed for 94. It was found that 92% of the
uranium had volatilized, but at the most only 7% of the 94 had volatilized
with it. Thus this preliminary experiment indicates that 94 does not have
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a very volatile higher chloride. Further experiments, however, should be
undertaken in order to test the volatility under various other conditions.

Fontana sent me a letter from Berkeley about his work with extraction
of U234 from residues. He informed me that, after checking the sample of
residue from Harshaw Chemical Company in Cleveland, he finds that it is
ten times less concentrated in UX; at the time of its actual recovery in
Cleveland than the Mallinckrodt Chemical Company's residue at the time of
its recovery in St. Louis.

The St. Louis residues that he and his co-workers have completely
worked up, he said, have yielded a sample of about 390 millicuries, which
is equivalent to about 16 micrograms of u234, mis activity is contained
in about one gram of naturally-occurring thorium. The opinion of his
group is to allow this sample to decay rather completely, say for at least
two months, before attempting to work it up for U234. At present they are
recovering about two additional micrograms of y234 from various samples,
which represents the last of the U234 that is available, aside from the
St. Iouis sample. He ended his letter by saying, "As you probably already
know, in view of the relatively large amount of 0234 now available through
the working of the St. Louis residue, Prof. Latimer has ordered our group
to disband. Prestwood and Reed have already shifted over to work with
Wahl and Friedlander, and in a few days Sheline and I are to start work on
other problems. Of course in about two months I shall return to the recov-
ery of the 0234 grown from the St. Louis sample." He questioned my
suggestion that he write a report on his work on the preparation of UXy,
on the basis that much of the information would be a repetition of
information given in Report A-172 by Perlman and Fontana, "Preparation of
y234 Through UX;," issued April 13, 1942.

John Wheeler talked at the Research Associates meeting tonight and
gave an account of some problems he is working on. I always find these
meetings stimulating; not only do they serve as progress meetings, but we
get a chance to meet some of the newer members of the Laboratory.
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News today is the reverse of yesterday-—news from Moscow good and from
the Pacific bad. The Russians advanced on the Moscow front and slew 45,000
Germans. But in the Pacific the Japanese invaded Guinea again.

Friday, August 28, 1942

I replied to Fontana's letter, thanking him for the information on
the Harshaw-Cleveland residues, expressing my pleasure that he has on hand
the equivalent of 16 micrograms of U234, and agreeing that he should wait
at least two months to allow the parent UXl to decay to U234. I agreed
that for the present we can forget about a report of his recent work on
the preparation of X, and said that I am sure that he, Sheline, Prestwood

and Reed will find their new commitments extremely interesting.

I have learned that the new chemistry building will be ready about
October 1.

Last week Helen and I went nightclubbing in the Chicago Loop with the
Ghiorsos. Tonight the four of us, along with 101,096 others, went to
Soldiers Field and saw the Chicago Bears beat the College All Stars 21-0.
Unfortunately, we sat through a typical lake-front fog.

The Planning Roard met today, and in attendance were Allison,
Compton, Hilberry, Moore, Spedding, Steinbach, Szilard, wheeler,
Whitaker and Wigner. Compton talked about production of U235 by the
electromagnetic separation and the centrifuge methods. He said that
the development of the calutron has been significant in the last
month or so. Lawrence has installed at Berkeley a second tank,
back-to-back with the first, in the gap of the 184-inch magnet (using
the magnet originally intended for a cyclotron) and his teanm is
studying multiple sources and improved uranium-beam receivers. As
for the centrifuge method, it is estimated that 15,000 kw of power

will be required to produce one kilogram of pure U235

per day. The
first material enriched by a factor of about 20% is scheduled to come to

us from the centrifuge around February 1 of next year, in quantities of
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a few kilograms per day. Thus, it would be necessary to wait until
next year if we plan to construct a pile using uranium enriched
in the U235 isotope.

Compton also reviewed the progress of heavy water production. If
all the hydrogen-producing plants in the country were used, one might
be able to produce 15 tons of heavy water per month; so 3 reasonable
aim is to get five tons per month, which means that a heavy water
pile could not be constructed for another year. In fact, it will
not be until August of next year before the Trail plant in Canada
can produce 400 kg of heavy water per month.

There was bad news that the program for building the pilot-pile
plant at Argonne Forest is over three months behind in schedule,
Stone and Webster Company can't promise the completion of buildings
at Argonne Forest until January 1. Hence it will be necessary to
get a chain reaction going at some other site, such as the armory
or the West Stands. It was reported that the theoretical work at
Berkeley by Oppenheimer and his group on fast fission reactions makes
our work here at the Met Lab even more important than previously
from a military point of view. For this reason we cannot wait for
the Argonne buildings before setting up a demonstration pile. The
purposes of the plant at Argonne Forest were enumerated: (1) demonstration
of chain reaction; (2) measurement of pile temperature sensitivity;
(3) experience with radiation; (4) experience in chemical extraction;
and (5) development of control devices.

Saturday, August 29, 1942

Priscilla Greene, Lawrence's secretary, sent me a note that I thought
amusing. "Professor Lawrence," she wrote, "has just received a carbon copy
of a letter to you from Mr. Underhill dated August 15. He was afraid that
you would be disturbed by this misunderstanding and asked me to tell you
that we have informed the Regents Office that your check for $89.25 was a
reimbursement for a travel advance and not a gift to the University."

215



8/29/42

In Campton's "Bulletin for Week Ending August 29, 1942," Whitaker
describes the facilities to be provided at Palos Park at the Argonne
Forest site. The experimental plant (which we are now supposed to call
the Pilot Plant) will be housed in eight principal buildings plus several
service buildings, such as.the heating plant and water supply plant. The
eight buildings are to be called the Main, Engineering Development,
Chemistry-Biology Laboratory, Shop, Sintering, Chemical Storehouse, Pile
and Separation Plant buildings. They will be fenced in and carefully
guarded.

The plan calls for building two active piles at the site, but it was
conceived, and Whitaker's report was written, before the Planning Board
met yesterday, after which it was announced that construction is more than
three months behind schedule and that the first working pile should be
erected in the Armory or West Stands. According to Whitaker's report,
pile No. 1 would not be built inside a radiation shield but would be
assembled as quickly as possible to get a reaction going. The activity
would be kept low so that some preliminary studies could be made. Then
the material would be transferred to the Pile Building where pile No. 2
would be assembled with radiation shielding so that it could be operated
at considerable power. There would be two sliding sections into the pile,
from which material could be taken for chemical study. In addition there
would be a four-by-four inch port for inserting samples to be irradiated.
A study is being made on how to cover pile No. 2 with a gas-tight cover so
that it can be evacuated before operation and filled with an inert gas
such as helium. A major effort is being put into designing mechanical han-
dling devices for taking down a pile once it has operated and transferring
active materials to the Separation Plant Building.

The measurements of the reproduction factor k in graphite-uranium
oxide systems have been made so far by measurements of intensity in the
exponential (intermediate) piles. Fermi reported on experiments performed
on exponential piles No. 10 and No. 11. Up to now the sizes of the expo-
nential piles have not varied between wide limits. 1Indeed, the sides have
ranged from 90 to 96 inches. As a check on the reliability of the theoret-
ical interpretation of the measurements, it appeared worthwhile to perform

a measurement at least once using the same internal lattice geometry on
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two piles of widely different dimensions. The two piles compared in this
way were No. 10 and No. 1l. The lattice was the same in both piles,
namely, a cubic lattice of eight-inch cell side with cylindrical lumps of
pressed U0, having a diameter and height of about three inches and a total
mass of about two kilograms. The side of the pile used in pile No. 10 was
92 inches. Pile No. 11 had the same internal structure but a side of 132
inches. Fermi and his group found that the most probable value for the
reproduction factor in pile No. 10 was k = 1.014, and for pile No. 11, k
was between 1.012 and 1.013, slightly lower.

Two other reports were included in Compton's'"Bulletin." Wollan
reported on a study of diffusion as a means of bringing fission products
from the uranium metal into the cooling gas. Snell reported on the work
of R. G. Wilkinson and S. J. Levinger of his group, who have been
studying the neutron-induced radioactivity of commercial iron.

Sunday, August 30, 1942

Newspaper headlines this morning say that the U.S. Marines are
holding six islands—meaning Guadalcanal—and that the Nazis are repelled
at Stalingrad.

Monday, August 31, 1942

Today Cunningham and Werner are beginning to work on Perlman's one-
fourth portion of 94239 fraction isolated from the large St. Louis
cyclotron bombardment. The solution contains an amount of 94239
corresponding to about 5 x 108 alpha disintegrations per minute (about 45
micrograms on the basis of a half-life of 30,000 years and 45% alpha-
particle counting efficiency) in a volume of 40 cc; and, although it is
free of Lat3 carrier, it contains considerable Ag+ and K,S0, and presumably
some other inorganic substances and considerable quantities of impurities
because of the problems of recovering the material from the spill. Their
aim is to isolate pure samples of 94239 to determine its specific alpha
activity by weighing such samples and to produce a number of compounds of
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94 in order to observe their properties. They ran through an oxidation-
reduction cycle to reduce the total volume to a few cc, returned about
one~-third of the 94 to Perlman and divided the other two-thirds equally
between themselves and Cefola.

Cefola also started to work today on his portion of this source of
94239, starting with a one ml solution containing about 15 micrograms,
which also contains 8208‘2, 804’2 and Ag+ ion. His purpose also is to try
to isolate pure samples of 94 using oxidation-reduction cycles and lantha-

num fluoride as carrier.

.Brown and Hill concluded their experiments started last Monday on the
volatilization of fluorides of uranium and 94 as a function of tempera-
ture. Several samples of UF4vcontaining 94 tracer incorporated by the an-
hydrous method were fluorinated at various temperatures for an arbitrary
interval of 30 minutes and the percent of element 94 volatilizing at a
given temperature was measured. They find they can remove the uranium as
UFe and leave the 94 behind at fluorination temperatures up to about
300°C, then remove the 94 as a volatile higher fluoride by fluorination at
a higher temperature. Their experiments, however, do not indicate whether
the higher temperature is required for the 94 fluoride in order to
volatilize it or merely in order to syﬁthesize it. Experiments on passing
the 94 higher fluoride through copper tubing (175°C) show that it '
condenses; this might be due either to low volatility or to instability.

I wrote to Latimer, who has returned to Berkeley, concerning a letter
to be written to William G. Paden, Superintendent of Schools, Alameda,
California, thanking him for his generosity in releasing Charles Blanchard
from his teaching contract for the coming year so that he can work full-

time on the Berkeley project.

Coryell has finished his notes on my lecture series on nuclear
chemistry and, together with an index prepared by Ralph James, it is being
published as a 71-page document for Metallurgical Project use under the
title "An Introduction to Nuclear Chemistry."
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Tuesday, September 1, 1942

Kohman, Jaffey and Goldschmidt are continuing the process of
isolating 94 from their batches (numbers 2, 3 and 4) following the ether
extraction procedure on UNH bombarded by neutrons in the Washington Univer-
sity cyclotron; much of their work is being done in Room 401.

Today we sent by truck to Washington University in St. Louis the 300
pounds of purified Mallinckrodt UNH, which we recrystallized early last
month, for bombardment with neutrons at the 45-inch cyclotron. We have:
asked for a bombardment of 100,000 microampere-hours this time, which is
scheduled to begin September 5. It is called the Chicago II sample.
Portions of this UNH will be sent to us as the irradiation proceeds in
order to monitor its progress. We also are inaugurating a program of
irradiating 200-gram samples of UNH on a bi-weekly schedule, each for

3239

about 5,000 microampere-hours, to serve as a source of 9 and short-

lived fission products.

Several new men from the du Pont organization arrived at the Lab to
join Charles M. Cooper in his chemical engineering group. They are:
Richard S. Apple, Luther C. Peery, Donald S. Webster, Frank B. Vaughan and
P. S. Vincent. They will form the nucleus of the Engineering Extraction
Group personnel.

I met with the Research Associates of my group in my office this
evening. We talked about the role that the newly arrived chemical
engineers might play in working with our fellows on the 94 extraction
processes. Progress on the extraction of 94 from the 300 pounds of neu-
tron-bombarded UNH was also discussed, in addition to the regular progress
reports on the individual research efforts.

The war in Africa is back in the news today. The Nazis under Field
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Marshall Erwin Rommel have reopened a drive in Egypt after a two-month lull.

wWednesday, September 2, 1942

Last week Gofman phoned to tell me that he is having trouble with the
resolving power of his counting circuitry. After talking the problem over
with English and Ghiorso, I wrote to Gofman today and gave him some hints
as to how to modify his amplifier. I also enclosed a circuit diagram and
invited him to phone either English or Ghiorso if he needs further
counseling. In a second letter to Gofman, in answer to his question wheth-
er or not to use the old 3.5-microgram sample of 94239 (sample M) in his
fast neutron measurements, I advised him to get a new five or ten
microgram sample, either from Wahl or from us.

The headlines today say that U.S. air and land troops are fighting
Ronmel.

Thursday, September 3, 1942

Knox is continuing the studies of the behavior of 94 and fission
products upon precipitation from peroxide solutions. Today he is starting
a series of experiments to determine the completeness of thorium peroxide
precipitation from (NH4)ZSO4-UN solutions with hold-back carriers.

Perlman and Goldschmidt are industriously pursuing their experimental
survey of long-lived fission products. Before long (we hope) we will be
confronted with the separation of 94239 from uranium and fission products
in vast amounts, and so it is imperative to know the composition of fis-
sion mixtures at different times after production has ceased. There are
two aspects of the problem that demand consideration: (1) the
identification and yield of beta-particle emitters, which is important
because of the energy liberated, and (2) the identification and yield of
gamma-ray emitters which is important because of their hazard to the work-

ers concerned.
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From a literature survey that I made in 1940 [and published in Chem.
Rev., 27, 199 (1940)], we can deduce that of the isotopes formed in urani-
um fission, namely, those of atomic number 35-44 and 51-58, inclusive,
those with half-lives greater than three days have atomic numbers 38 (Sr,
55 d), 39 (y, 57 d), 40 (2r, 26 4), 51 (sb, 80 hr), 52 (Te, 77 hr, 32 4,
90 d), 53 (1, 8 4), 54 (Xe, 5.4 @), 55 (Cs, many yr), 56 (Ba, 300 hr), 57
(La, 44 hr), 58 (Ce, 20 d, 200 d). These isotopes are not genetically
related except the 44-hr La, which is the daughter of the 300-hr BRa, and
the 90-day Te, which is the daughter of the 80-hr Sb. None of the others
is known to have radioactive daughters.

All these isotopes were identified initially by the beta activity.
Nothing much is known about their gamma-ray activity, except for the 8~day
iodine and 44-hour lanthanum. It is the intention of Perlman and
Goldschmidt in their present experiments to find and characterize (by
their beta and gamma radiations) all radioactive fission product isotopes,
presently known and unknown, so we can devise a chemical procedure to
separate 94232 from them; the fission product activity that exists some 90
days after production is important to have information about because this
is the anticipated cooling time for pile-irradiated uranium before the
chemical separation of the 94239 They obtain the fission product mix-
tures from the two samples of UNH that were irradiated with neutrons, the
bombardment of Berkeley ending June 20 and the other at St. Louis ending
July 20. Their experiments should be concluded in about two weeks from
now. Their study is being carried out with two objectives: (1) to estab-
lish suitable methods for rapid analysis of fission mixtures for their
beta- and gamma-radiating components, and (2) to obtain approximate abun-
dances of the fission products.

Two methods of analysis are being employed by Perlman and Goldschmidt
in their current experiments: (1) analysis for a single element or a
small group of elements when this is the only information desired, and (2)
complete analysis for all active elements with a minimum number of
operations. In (1), the procedure for isolation of individual elements,
sometimes they first precipitate some of the other radioactive fission
products in order to eliminate them as completely as possible before
precipitating the element they are seeking. Then the radiocactive element
being sought is brought down and measured for both its beta and gamma
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“activity. In (2), the procedure for complete chemical analysis, carriers
plus concentrated HCl1 are added at the beginning to a solution of uranyl
nitrate containing the fission products, and then a series of
precipitations and filtrations are used to isolate each radioactive
element in turn. Perlman and Goldschmidt are making good progress with
their analyses, and they assure me that they will get enough data so that
we can develop our large-scale chemical procedures with confidence.

Hamilton is here at the Laboratory to confer with Whitaker and Fermi
about the hazards of personnel exposure to fission products. It is his

133 per liter of air

opinion that a concentration of 7 x 10'6 curie of Xe
is approximately the maximum safe concentration for breathing 24 hours per
day (using 0.1 r per day as the maximum dose for tissue). Furthermore,
107> curie of barium active deposit per liter of air would perhaps be
fatal in one day. He also believes that a dose of 500 roentgens over the
entire body is perhaps a fatal amount, but that 10 r in one day would not
be troublesome if the integrated radiation over several months is kept
within an accepted safe value. There is some evidence that approximately
100 millicurie-years is the order of magnitude of the amount of radiation

from deposited radium which is fatal.

The Allied defense of Egypt held fast for the third day, but the real
battle has not yet been joined.

Friday, September 4, 1942

Steinbach called me on the phone and asked if I could send someone
over to review the drawings for our floor plan in the new chemistry
building. I sent Covey, who is familiar with the layout of our future
laboratory and who has been ordering furniture and equipment in
preparation for our move. The erection of the building is well under way,
and it is just possible it will be completed by the October 1 deadline.

As I mentioned earlier, the Planning Board last Friday decided to
erect pile No. 1 in the Armory or West Stands on the campus and pile No. 2
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at the Palos Park Site (Argonne Forest Preserve). Now I have learned that
pile No. 1 will be built under Zinn's direction and that either Compton

or Fermi has proposed that a special group be set up to take over the
experimental work on the technological features of pile No. 2. This has
engendered some strong feelings because it is thought that the men in this
group are most urgently needed in carrying out the increased program at
the campus pile. Whitaker and Fermi met on Wednesday to resolve the
situation. So it is proposed that this group work in both places,
assisted by several new Research Associates. Fermi and Whitaker also
discussed the problems of radiation doses from radioactive gases and
radiation doses in general and decided to explore this further with the
Medical Group.

N. P. Heydenburg, at Manley's request, sent me a letter from his
laboratory in the Department of Terrestrial Magnetism, Carnegie Institu-
tion of Washington, suggesting that we send him ten micrograms of 94239
deposited on thin platinum foil. He intends to use it for fast-neutron
fission cross section measurements. He said, "Ten micrograms of the
material should be satisfactory if the cross-section is similar to that of
25." I think we will be able to oblige him in a few weeks.

I received a letter from Wahl in Berkeley, enclosing a copy of our
draft report on the half-life of 94239, with comments and suggestions. He
wrote about a number of other topics, the most important being that
covered in his paragraph, "I believe the assignment of the mass number 238
to the 50-year 94 activity is nearly certain. Deuteron bombardments of
alloy and Al give the same yields of the 50-year 94 making it certain that
the 50-year isotope is made from Al. This work was reported over a month
ago." By "alloy" and "Al," Wahl meant normal uranium and y238 depleted in
U235, respectively. English and I have come to the same conclusion about
the isotopic assignment of 50-year 94, based on English's recent work; I
shall ask him to prepare a report on it.

Wahl was pleased that his group has finally received an AA-3 priority
rating. He thanked me for the centrifuge and will have Latimer sign a
receipt for it when he returns to Berkeley. Regarding his current work,

he said that they are studying a possible iodate method for the separation
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of 94239 from fission products and uranium because he is worried about the
chemical reaction of HF and HF-HNO3 mixtures on stainless steel. He also
noted, "We have not looked for pu™3 as yet, but it is on our program.
There are more jobs than there are hands to do them." He said they now
plan to write reports at two-week intervals.

I sent the New York Central Railroad Company a personal check for
$38.59. This is to cover round-trip fare and Pullman to Buffalo, New
York, where I will be presenting a paper at the American Chemical Society
meeting on September 8. While I am in Buffalo, I would like to see the
chlorine production facilities at the Hooker Electrochemical Company in
Niagara Falls, which was visited by Brown last month. In an exchange of
telegrams today, I have been invited to visit them the morning of Septem-
ber 9.

The British have forced the Axis army back on the Egyptian front. 1In
addition, there is renewed fighting in the Pacific in the Solomon Islands.

There was a meeting of the Technical Council, attended by
Allison, Boyd, Compton, Doan, Fermi, Grafton, Hilberry, Moore,
Nichols, Spedding, Steinbach, Szilard, Wheeler and Wigner. There
were discussions regarding the pilot plant (pile No. 2) planned for
the Argonne Forest Preserve. Compton remarked that Wigner's idea for
cooling the pile by means of water, as an alternate to the use of he-
lium, justifies further planning. Allison told the group about our
isolation of 94 by microchemists and that the quantity is sufficient
to be seen. Spedding reported that the present yield of uranium
metal by the reaction of UF; with calcium is 82%. Doan added that in
a few weeks there will be no bottleneck in obtaining UFy. Wheeler
reviewed the problems of radiation protection. He also remarked that
the chain reaction in a uranium graphite pile will be thermally
unstable if the lattice spacing is too great.
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Saturday, September 5, 1942

Knox is finding that something is inhibiting the thorium peroxide
precipitation. After conducting a number of experiments yesterday and
today, he finds that zirconium, which is present as hold-back carrier in
the original solution, inhibits thorium from gquantitatively precipitating——
it seems to hold back an equivalent amount of thorium. He has learned
that La*3 and Ce+3, on the other hand, do not inhibit thorium
precipitation. He also has experimented with titanium and concludes that
7i*4 is not a good hold-back carrier for fission product zirconium in this

process.

Willard and Turk are still exploring the use of columns of diato-
maceous earth, Hyflo Super Cel, in isolating 94 by the adsorption method.
So far they have found that the HSC has the ability to selectively adsorb
tracer guantities of 94238 (50-year half-life) from solutions of uranyl
nitrate and fission products, and thus may be a potential means of
concentrating the 94239 that will be produced in operating piles. Their
past experiments show that (1) more than 90 percent of the 94238 g
adsorbed from 10% solutions of U0, (NO3),°6H,O at their natural pH of about
2.5, while less than five percent of the uranium and less than 20 percent
of the fission products are adsorbed; and (2) the efficiency of adsorption
falls off with increasing uranyl nitrate concentration and decreasing pH.

It is obvious that their success with tracer amounts of 94238

may not

be applicable when weighable amounts of the element are placed in the col-
umn. Experiments have been conducted the last few days to determine the
efficiency of the Hyflo Super Cel in adsorbing high concentrations of 94239
that will result from operation of the experimental pile (estimated at one
gram of 94 to one ton of uranium, roughly one part in 106). Pecause weighable
amounts of 94 were not available to them, they resorted to an artifice. They
compared the adsorption of thorium (1) when present in a 10% solution of UNH
in only tracer quantities as UX; and (2) when present in higher concentrations
as ordinary Th232 (labeled with UXy). The percent of thorium adsorbed in the
process was determined by measuring UXl beta activity of aliguots of the input
and output liquids. They were pleased to find that, using 10% UNH solution,

99 percent of thorium as UXy is adsorbed for tracer quantities of thorium
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(1.5 x 10711 ratio by weight of UX; to uranium metal), which only drops

to 98 percent when the ratio of thorium to uranium rose to 2.8 x 10'7, the

latter concentration being the order of magnitude of 94239 present in the
experimental pile products. Earlier work has shown, however, that the adsorption
of UX; falls off dramatically when the ratio of thorium to uranium reaches

the level expected for the 94 to uranium ratio in production pile material.

The 300-pound sample of Mallinckrodt UNH that we recrystallized last
month and shipped to the Washington University cyclotron in St. Louis last
Tuesday commenced its neutron irradiation today. I have asked for a neu-
tron bombardment corresponding to 100,000 microampere~hours of deuterons
on beryllium. If all goes well, the irradiation should be completed in

seven or eight weeks.

We finished preparing "Report for August 16-31, 1942. Chemistry of
94. University of California and University of Chicago Groups" (No. CN-
250) . In our part this includes a section by Cunningham, Cefola and
Werner on “"Ultra Microchemical Investigations on 94" in which they
describe the first isolation of compounds of pure element 94; a section by
Willard and Brown, "Volatility of 94 Compounds," in which they describe
their unsuccessful attempts to produce a volatile 94 oxide or chloride;
and a section by Brown and Hill, "Fluorine Method for Separating 94," in
which they describe their experiments on volatilization of UFg and non-
volatilization of 94 higher fluoride below 300°C and the volatilization of
94 higher fluoride at 500°C. 1In the California part there are sections on
"Precipitation Reactions of 94 and 93" by Duffield, "Reduction Reactions of
94 (O} m by Hamaker, and "Oxidation Reactions of 94" by Garner and Gofman.

Doan issued a bulletin on the state of production of materials
involved in the pile technology. A total of about 55 tons of D-1 grade of
uranium oxide has been received from the Port Hope Refinery of the Canadi-
an Radium and Uranium Corporation to date, and all this has been sent to
Mallinckrodt for purification., In addition, about 20 tons of commerical
grade oxide, including the old Columbia University oxide and oxide
received at Chicago prior to the beginning of the D-1 grade shipments,
have been sent to Mallinckrodt, and apparently the purified product from
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this material is about as good as that which results from the purification
of the purer D-1 grade. Present plans are to continue the shipments of
D-1 oxide from Canada until the end of September and then shift over
entirely to the commercial grade.

Mallinckrodt is now set up to produce the purified dioxide at a maxi-
mum rate of about 9 tons per week on a seven-day basis, provided they can
be supplied continuously with enough oxide to keep their process in full
operation. So far the amount of oxide received from Canada has not quite
been sufficient to accomplish this. A recent shipment of about 12 tons of
commercial oxide has been made direct to Mallinckrodt in St. Louis, and
this should help to fill in the intervals when D-1 oxide is unavailable.
The purity of the Mallinckrodt production has been exceptionally good and
shows negligible absorption on the neutron test.

A total of one ton of uranium metal in the form of pressed and
sintered cubes 1" x 1" x 1/2" has been shipped to Chicago by Metal
Hydrides up to the end of last week. Analyses recently completed on this
material show that it contains a number of objectionable impurities in
quantities too high to be acceptable. This applies particularly to tita-
nium, nitrogen and chlorine. Steps are being taken to improve the content
of the Metal Hydrides product but it is not certain to what extent this
can be done.

Westinghouse has shipped about 600 pounds of high—-quality fused metal
cubes 1" x 1" x 1" and are continuing the shipments at the rate of 100
pounds per day. Analyses so far made on this material show it to be of
acceptable purity. Westinghouse is continuing to produce metal at a rate
of about 125 pounds per day, using both the green salt (uranium
tetrafluoride) made in limited quantities by photochemical reaction on the
roof, and also the uranium tetrafluoride which is now beginning to come in
from du Pont. There appears to be no possibility of a substantial
increase in production beyond perhaps 150 to 175 pounds per day from
Westinghouse within the next several months. Uranium tetrafluoride is now
being produced at the rate of about 200 pounds per day by du Pont and
between 50 and 100 pounds per day by Harshaw.

On the European war front the Soviets have halted the Nazis at the
gates of Stalingrad.
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Sunday, September 6, 1942

The Chicago Sun has a mixture of headlines this morning. The impor-
tant war news is that the Soviets have repulsed Nazi assaults at
Stalingrad. Other items include recommendations of Bernard M. Baruch's
rubber committee and sensational spy stories. -

Monday, September 7, 1942

The purpose of the two neutron bombardments of uranyl nitrate hexa-
hydrate, one of 210 pounds that was irradiated at the Berkeley cyclotron
from April 24 to June 20, and the other of 300 pounds that was irradiated
at the St. Louis cyclotron from June 17 to July 22, is to provide pure,
carrier-free 94239 in sufficient amounts for some planned chemical and
physical experiments. Wahl, with the help of others, is using ether
extraction and the oxidation-reduction process to separate the 94239 from
the Berkeley UNH sample, and here, Jaffey and Kohman have supervised a
first and second ether extraction of the St. Louis sample and along with
Perlman and Goldschmidt (one-fourth portion each), have been concentrating
the 94239 using the oxidation-reduction process. Perlman has already fin-
ished concentrating his portion (batch no. 1) and turned it over to
Cunningham, Werner and Cefola. Approximately 200 micrograms of pure 9
are expected from each of the bombarded samples.

4239

Last month on the 20th, Cunningham and Werner isolated for the first
time a campound of pure 94, free of any contaminants, but in an amount
(about a microgram) only sufficient to be seen under a microscope. Now
their immediate goal is to isolate a weighable amount of pure 94 compound.
They have spent the last week attempting to isolate pure 94239 from their
share of Perlman's one-fourth portion containing about 15 micrograms.
Their starting solution was contaminated with considerable extraneous
material as a result of the recovery of this material following the spill.
They have attempted to isolate pure 94 through the application of a number
of oxidation and reduction cycles using 8208‘2 + Ag+3 as oxidizing agent,
H202 as reducing agent, and diminishing amounts of La*3 carrier, and have
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precipitated what appears to be relatively pure 94 fluoride in the form of
a gelatinous pale yellow precipitate. From measurements of the alpha par-
ticle activity from the supernatant solution of 94 fluoride in 6 M HF to
be of the order of magnitude of 10 milligrams 94 per liter of solution.
They dissolved this precipitate in concentrated sulfuric acid and then
precipitated the hydroxide by the addition of NH,OH, which they observed
as a yellow-brown flocculent precipitate with a solubility of about 4
milligrams of 94 per liter. When they dissolved the hydroxide in nitric
acid and evaporated it to dryness, they observed a yellowish crystalline
precipitate, presumably 94 nitrate. However, when attempts were made to
dissolve this, there were indications that it was not pure; and, when it
was placed on a platinum weighing boat and ignited, the resultant weight
was apparently too large indicating the presence of some\impurity like
(NH4)ZSO4. They then dissolved the material, presumably a 94 oxide,
finding that the presence of ceric ion in the H,SO, aided this solution
process. 1In order to try to improve the purity they put the material
through another oxidation-reduction cyle, converted the isolated 94
fraction to the nitrate, then precipitated the 94 as the iodate by adding
saturated KIO; to the HNO, solution. This was then converted to the hy-
droxide, by treatment with concentrated ammonium hydroxide, which was
dissolved in acid, converted to the nitrate by addition of concentrated
HNO3, again transferred to a platinum weighing boat previously weighed on
their Salvioni balance and ignited at about 600°C. The platinum weighing
boat plus 94 oxide residue was then weighed, indicating that the residue
weighed 2.27 micrograms. A rough measurement of the total alpha particle
activity indicated about 76,000 alpha disintegrations per minute. There
are indications, however, that this 94 oxide is impure.

The personnel director of Paramount Pictures in Hollywood wrote a
letter to C. R. Moulton, our Met Lab director of personnel, regarding his
objections to releasing Baumbach to us on a leave-of-absence basis. He
stated that many of their men have left for research projects at M.I.T.,
New London (Columbia University's project), University of California, Cal
Tech and Point Loma; and in none of these cases has the man been promised
reinstatement. He went on to say the the U.S. Government expects
Paramount Pictures to continue making training films for the Army and
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Navy, propaganda films for the American public and entertainment films for
the armed forces and the public to keep up morale. It is essential,
therefore, that their studios retain some of their key personnel who
cannot be replaced by a short period of training.

I wrote to Baumbach and expressed my disappointment in his
administration's attitude. I said the next move in the negotiations would
be up to him as there are no recommendations I can think of.

I sent a letter to Kamen in Berkeley to ask him to estimate how much
neutron irradiation the three small packages that I sent him July 17 have
received in the 60-inch cyclotron.

Robert G. Sproul, President of the University of California at Berkeley,
sent me a letter that I consider sufficiently interesting to quote in full:
"Dear Professor Seaborg:

"Dean Hildebrand has shown me your letter of July 17, expressing
surprise and disappointment at the salary named in the contract which
was mailed to you by the Secretary of the Regents.

"I can well understand your feeling, and because we have a high
opinion of you here and want not only to keep you in the University
of California, but to keep you as an enthusiastic member of our compa-
ny, I wanted you to know that the failure to grant you an increase in
salary at this time represented a purely technical situation and not
our opinion of your quality. The Regents have a rule that neither
promotions nor increases in salary shall be granted to men who are
going on leave of a year or more. The question of the salary to be
received by such men on their return is, of course, considered,
without prejudice, in the light of their previous record in the Uni-
versity and the work that they have done while they are away. I am
glad to be able to say to you that, if you had not taken a leave, I
should have recommended to the Regents that your salary for this year
be increased, and that I believe that my recommendation would have
been accepted.
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"I hope that the work that you are now doing, which I understand
is of the greatest importance, is going along well, and that you are
happy in it. However, on all grounds, I trust that you may soon be
back with us and that I may be able to give to you concrete evidence
of the good will which I am expressing toward you in this letter."
Today's news says that Rommel was hurled back to his starting point

in Africa. But on the Russian front the Germans claim capture of the last

big port on the Black Sea.

when I boarded my New York Central train a little after 8:00 p.m. at
Woodlawn Station to take off for Buffalo, where I am giving a talk to the
American Chemical Society, my Pullman, Lower 11, was already made up.
This forced early retirement for the night is sometimes welcome, as it
gives a person time for introspection and a chance to review and evaluate

future plans.

Tuesday, September 8, 1942

I spent most of my day in Buffalo at the meeting of the American
Chemical Society (the Division of Physical and Inorganic Chemistry). I
saw several pre-Met Lab friends and acquaintances and heard some
interesting talks. Mine was entitled "Review of Artificial Radioactive
Isotopes," and I was pleased to find the audience so attentive. I
confined my remarks to radioactive isctopes of the first 92 elements,
saying that on the average there are about four radioactivities for each
one. I said that those most useful in atom-tagging experiments are
radioactive hydrogen, with a half-life of 30 years, and two forms of
radicactive carbon, the first having a half-life of 20 minutes and the
second a very long half-life, namely, thousands of years, and 1 described
experiments done with these. I also discussed chemical and biological
experiments done with phosphorous of 14 days' half-life, sulfur of 88
days' half-life, plus chlorine, bromine and iodine, which have half-lives
of 37 minutes, four hours, and eight days, respectively.
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wednesday, September 9, 1942

The city of Niagara Falls is only a short ride from Buffalo. It is
my first trip here, and I am impressed at the spectacular view of the
Falls. The people at the Hooker Electro-Chemical Company were especially
generous with their time, and they took me on a complete tour of
inspection of their facilities. They are set up for the production of
chlorine on a large scale, and the purpose of my visit is to assess the
possible application of similar equipment for the production of fluorine
in vast quantities to be used in the dry fluoride separation process.

Thursday, September 10, 1942

During the last couple of days Cunningham and Werner have been
working to establish the degree of purity of the precipitate of 94 oxide
that they weighed on Monday. When the 94 oxide was dissolved off the
platinum weighing boat with H,S0,, they oxidized with 5208'2 + agte,
followed by the addition of HF; unfortunately a precipitate appeared which
must be caused by unremoved La*t3. This indicated that something has been
holding back some Lat3 during the LaFj precipitations; this led Cunningham
and Werner to make an investigation of this phenomenon through the use of
tracer experiments with radioactive lanthanum fission product. From these
experiments they were able to conclude that the concentration of HNOy must
be about 1 M (the concentration had been higher in their experiments) in
order to insure the complete precipitation of the lanthanum fluoride from
the S208‘2 + Ag+2 solution. They also concluded this oxidizing agent is
perhéps the best to use in the oxidation-reduction cycles. Although they
have been unsuccessful so far in isolating pure 94, they feel that they
have now established the procedures for doing so.

Thus prepared, today Cunningham and Werner are tackling experiments
with Kohman's cleaner one-fourth portion (batch no. 2) of 94239 isolated
from the large St. Louis bombardment of UNH with cyclotron neutrons.
According to Kohman's analysis, this solution contains about 8 x 10° alpha
particle disintegrations per minute, corresponding to about 70 micrograms

of 94239, in a volume of about 18 cc, together with a few inorganic (such
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as AgNO3 and KZSO4) and other contaminants. They began by removing the 94
as the insoluble fluoride by co-precipitation with a milligram of rat3,
This precipitate was dissolved in a volume of 1 ml with the help of H,SO4,
oxidized with 5,057% + Ag*? 3
precipitated as the fluoride by the addition of HF. After removal of the

precipitate, two drops of 30% hydrogen peroxide were added to reduce the 94
+3
a

in the presence of 1 M HNO3, and the Lat

(no visible precipitate appeared), 100 micrograms of L were added as
carrier, and the lanthanum fluoride precipitate incorporating the reduced
94 was removed by centrifugation. This precipitate was dissolved in 250 A
of H,O with the help of H,S0,, and the solution again oxidized in the same
manner. The La'> was precipitated as the fluoride, and after its removal
the 94 was reduced by fuming with H,S0, in a platinum microcrucible and
precipitated as the hydroxide in carrier-free form by the addition of five
drops of concentrated NH,OH. The hydroxide was packed by centrifugation
in a microcone, dissolved in concentrated HNO3 solution to which KIO3 was
added to precipitate carrier-free form plutonous iodate. This appeared as
a white bulky crystalline material. After washing with HNO3 and KIO; solu-
tion, the iodate was transformed into a pale yellowish green flocculent 94
hydroxide by the addition of concentrated NH,OH. Measurements on the
alpha activity in the supernatant solutions indicated a solubility of
about 0.020 grams 94 per liter for the plutonous iodate [whose formula
is presumably Pu(IO3),4] and about 0.004 grams 94 per liter for the
plutonous hydroxide [whose formula is presumably Pu(OH)4‘XH20], using the
name "plutonium" for element 94 as suggested by Wahl and me in our Report
A-135 ("The Chemical Properties of Elements 94 and 94") issued last March.
The pure hydroxide was dissolved in concentrated HNO4 and upon evaporation
to dryness, the lemon-yellow crystalline plutonous nitrate [presumably of
formula Pu(NO3)4'XHZO] appeared. This was dissolved in a small volume of
water resulting in a solution of pale yellow-green color. A portion of
this solution was delivered onto a platinum weighing boat which had been
weighed on our Salvioni balance. The sample was dried and ignited to form
the plutonium oxide and the boat was again weighed. By subtraction the
weight of the oxide was found to be 2.77 micrograms.

This is the first weighing of pure plutonium, in fact the first
weighing of any synthetic element, making this a historic day. I intend
to preserve this sample, for posterity, even though it means removing a
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precious quantity of plutonium from our experimental program.* I am glad
that I was present to keep in touch with today's dramatic events. The
alpha activity of the sample was roughly determined to be abdut 263,000
disintegrations per minute, which corresponds to a disintegration rate of
about 110,000 alpha particle disintegrations per minute per microgram of
plutonium element, assuming the formula of the oxide to be Pu,O; and the
molecular weight of plutonium to be 239. (We assume the counting
efficiency of our "inside" alpha-particle counter, used to measure the
alpha-particle emission rate of an aliguot sample, is 45%.)

We have now seen pure compounds of 94 (plutonium) and weighed a
compound of plutonium, results which should give great impetus to the Met
Lab's program of producing and separating gram and kilogram guantities of
this treasured element.

War front reports are all depressing today. The Nazis claim they have
driven to the edge of Stalingrad. At the same time the Japanese have bro-
ken through a mountain range on Guinea and are only 44 miles from Port
Moresby, keystone of New Guinea defenses.

Friday, September 11, 1942

Today Cunningham and Werner worked on the remaining plutonous ni-
trate solution of yesterday. They converted the plutonium to the hydrox-
ide by the addition of NH,OH, dissolved this in HNO3 and precipitated the
iodate by the addition of saturated KIO3 solution. After washing, this
precipitate was converted to the hydroxide by the addition of concentrated
ammonium hydroxide, washed, dissolved in acid and then reprecipitated as
the hydroxide. As Cunningham and Werner's notebook states at this time,
this hydroxide precipitation was made "for the purpose of displaying the
pure material to certain interested persons. After this material was

returned..." You can imagine how interested we were in showing off and

* This sample was later photographed by Covey (see Figure 15). It has
been preserved and is now on display in the Lawrence Hall of Science
on the Berkeley campus of the University of California.
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Fig. 15 Plutonium oxide (2.77 micrograms) weighed on September 10, 1942.
It is shown on a platinum weighing boat magnified approximately
40-fold. The plutonium oxide appears as a crusty deposit (indi-
cated by the arrow) near the end of the platinum weighing
boat, which is held with forceps that grip a small handle
(upper part of photograph). (CHEM 1145)
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photographing this pure plutonium compound (see Figure 16). After this
digression for the benefit of display purposes, the hydroxide was
converted to the nitrate by solution in nitric acid and evaporation to
dryness. An aqueous solution of this was placed on a weighed platinum
boat, evaporated and ignited and found to weigh 4.45 micrograms,
corresponding to 4.02 micrograms of plutonium on the more reasonable
assumption that the formula of the oxide is PuO,. The oxide dissolved
fairly readily in hot concentrated H,S0,, presumably due to the forma-
tion of the stable soluble complex of putt
have previous evidence. An albha particle count on an aliguot of this
indicates that the total alpha activity in the sample is 672,000 alpha
disintegrations per minute. This corresponds to a specific activity of

with sulfate ion for which we

167,000 alpha disintegrations per minute per microgram, which leads to a
half-life value of 20,000 + 2,000 years for 94237,

In the original report on 94239 (G. T. Seaborg, E. Segre, J. W.
Kennedy and E. O. Lawrence, Report A-33, "Properties of 94239"), the
value for its half-life was given as 30,000 years. This determination was
based on the ratio of the beta-disintegration rate of 2.3-day 93239 o
the alpha-disintegration rate of its daughter 94239 yithout allowance
for the large proportion of conversion electrons present in the decay of
93239. In a more recent study ("Determination of the Half-Life of
94239," a report by wahl and me that will be issued soon) another value
of the half-life (23,000 years) has been determined, which should be more
accurate. This determination is based on the measurement of the ratio of
" the 23-minute U239 beta-disintegration rate to the alpha-disintegration
rate of its 94239 granddaughter with the assumption that no conversion

239

electrons from U were measured in the experiments, which seems to be

239 radiation.

supported by the absorption measurements on the U
Most of our knowledge to date on the chemical properties of 94 has
been based upon experiments in which tracer quantities were used, and usu-
ally the tracer isotope has been the 50-year 94. The 50-year 94 activity
is formed in the deuteron bombardment of uranium, and its immediate parent
is a 93 isotope of 2.0 days half-life. The isotopic assignment of the 50-
year 94 activity has not been certain, and yield arguments (G. T. Seaborg,
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Fig. 16

Plutonium hydroxide (about 20
micrograms) isolated on September
11, 1942. It appears in the
picture as a cloud-like mass of
material at the base of the glass
microcone (test tube). Magnifica-
tion about 40-fold. Outer wall
of test tube is indicated by
black line from top of photo.

The tube wall widens at the sides
and forms a broad base. The
circular spots (three white and
one black) are imperfections

and should not be confused with
the cloud-like mass of 20 micro-
grams of pure plutonium hydroxide
at the base inside the test tube.
Above the plutonium compound is
empty space. (CHEM 2515)
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A. C. Wahl, J. W. Kennedy, Report A-136, "Production and Properties of 50—-
year 94") indicate that the activity should be assigned either to 94238 of
to 94235, formed from 2.0-day 93238 or 93235, which in turn are formed in
a d,2n reaction. Subsequent experiments (J. W. Kennedy, M. L. Perlman,
E.'Segré and A. C. Wahl, Report A-207, "Formation of 50-year 94 from Deuteron
Bombardment of U238," have shown that the 14 Mev deuteron bombardment of
separated U238, of high isotopic purity, gives the 50-year 94 with the
same yield as that obtained when the natural mixture of uranium isotopes
is the target. This makes it practically certain that the 50-year 94 is
to be assigned to 94238 The bnly other alternative is an extremely
improbable one, namely, that the 50-year 94 is isomeric with the long-
lived 94239, its 2.0-day 93 parent being formed from uranium in a d,n
reaction. Now, the yield experiments of English, for which he finished
his calculations today, make it certain that the 50-year 94 and its parent
2.0-day 93 are formed as the result of a d,2n reaction; so it can be
established that the isotopic assignment must be 94238.

English's study, with the assistance of James, is based on the varia-
tion of yield with energy when deuterons impinge on uranium. Since the
deuteron bombardment of uranium also forms the 2.3-day 93239 (and daughter
94239) and since these isotopes are formed by either a d,p or d,n initial
reaction or by both reactions on uranium, a basis for differentiation from
the d,2n reaction is available in the same deuteron-bombarded sample. The
yield of the d,2n reaction would vary differently with deuteron energy
from that of the d,p or d,n reaction, the 4,2n reaction having a higher
energy threshold and the yield increasing more rapidly with deuteron
energy in the energy region investigated.

Bombardments of thick uranium metal targets have now been made with
14 Mev deuterons at Berkeley, 12 Mev deuterons at St. Louis and 8 Mev deu-
terons at Chicago. The chemical separations on the uranium bombarded at
Chicago were made by English and James in the usual manner, with the
oxidation-reduction cycles repeated several times to insure clean
separations of 93 and 94. The yields were determined with calibrated
beta- and alpha-particle measuring instruments and were corrected back to
the time at the end of the short bombardments. The 93 yields (mainly
93239) in millicuries per 1,000 microampere-hours for deuteron energies of
14 Mev (Berkeley), 12 Mev (St. Louis) and 8 Mev (Chicago) are, respectively,
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90, 60 and 0.04. The 94 (50-year) yields in microcuries per 1,000
microampere-hours for the same deuteron energies are, respeqtively, 0.89,
0.13 and <1072,

It is apparent that, although there is a factor of approximately
seven between the yields of 50-year 94 with 14 and 12 Mev deuterons, the
93239 yields are nearly equal. There is 1,500 times as much 93239 formed
with 12 Mev deuterons as with 8 Mev deuterons, whereas the corresponding
ratio of 50-year 94 yields is more than 10 times as great. (There was no
discernible yield of 50-year 94 in the 8 Mev bombardment, which had an
intensity of about 300 microampere hours.) It appears certain, therefore,
that the 50-year 94 yields is produced as a result of a different initial
reaction from that which results in the production of the 93239 ang 94232
and must be produced in a d,2n reaction, agreeing with the assignment of
50-year 94 to 94238,

The S-1 Executive Committee, composed of Conant, who is Chairman,
Murphree, who is Vice-Chairman; Briggs, Compton, Lawrence and Urey will
meet in California Sunday and Monday to make some big decisions, including
the future locations of pile No. 1 and pile No. 2 and the chemical
separation plant. There was a preliminary meeting here today, with all
members present except Lawrence. One of their objectives in coming here
was to inspect the Cook County Argonne Forest Preserve as a possible site
for the pilot pile plant. I was invited to accompany them and give my
advice if needed.

When we arrived, we were able to take a new access road leading into
the property from State Highway 4A, also known as Archer Avenue. Much
surveying, grading and the taking of soil samples were going on. Building
materials were being brought in and the construction of the pile building
looked impending. Conant was not impressed with the location because of
its proximity to downtown Chicago, which is roughly twenty miles away. He
is of the opinion that the pilot plant should be built in Tennessee.
Indeed, he and Compton suggested that I go to the Tennessee Valley myself
in another week or so and inspect the proposed site as a possibility for
the 94239 chemical separation plant.
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After yesterday's news, it is a relief to read that the Allies have
checked the Japanese drive on Port Moresby.

Saturday, September 12, 1942

On Thursday I received a note from Gofman saying that he would appre-
ciate receiving a uniform sample of 94232 from us, as I offered in my
letter of September 2. He said that any sample more than five micrograms
might interfere with the proper amplifier operation and asked that we keep
it to four micrograms or less. Today I replied that we are sending him a
sample of pure 94 iodate, which was prepared by evaporating a water
suspension of the iodate on a platinum sheet, and then gluing the sheet to
a oopper disc with Glyptal cement. As a precaution against fléiing, the
platinum sheet was covered by a copper dish. I gave a few directions
about handling it. Gofman has been writing up his work on 0232, and I
requested that he send it to me fairly soon. I also advised him to write
a report on the slow neutron fission of 0234 as soon as possible.

I also notified Gofman of the S-1 Executive Committee's visit to
Berkeley. I said, "Although the primary purpose of their visit is in
connection with Doctor Lawrence's project, some of them may come over to
visit you people in Gilman Hall. All of these men are probably eligible
to learn about everything you are doing; but if you are ever in doubt as
to what to tell them, you might contact Dr. Compton. Compton, of course,
is eligible to know everything, and I had some rather long discussions
here with him about the work; he is very interested in the chemical
properties of 94. I am counting on you people to make it clear that you
are taking adeguate precautions with regard to secrecy requirements, and I
am sure that you will make a good impression scientifically. The
possibility exists, of course, that these men may not find time to have

much discussion with Latimer's group."
After posting my letter to Gofman, I received information from him and

Duffield on their measurements of the slow neutron fission cross section
of y234 using the older 1.6 microgram sample; they haven't started to use
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the newer, thinner, one-microgram sample. It was isolated as part of the
Berkeley program of extracting UX; from UNH. The UX; was combined from a
nunber of extractions, allowed to decay to U234, and this was then
separated and electroplated onto platinum. In their measurements the slow
neutron induced fission rate of this U234 ywas compared with that of a 1.4
microgram sample of p234 (in 200 micrograms of ordinary uranium) using the
Berkeley one-gram Ra-Be neutron source. Their results indicate that p234
does not undergo fission with slow neutrons. The y234 sample did exhibit
a very small but definite slow neutron induced fission rate, a few percent
of that of 0235, but this is probably to be ascribed to the presence of

some ordinary uranium impurity in the 235 sample.

Kamen, in reply to my last Monday's query about the bombardment of
our samples in the 60-inch cyclotron, said that the samples have received
the equivalent of 3,000 microampere-hours of irradiation. "The
cyclotron,” he wrote, "has been adorned with festoons of various samples
contributed by hopeful customers, but your sample is in a preferred spot
and may be more active than you might infer from my estimate. You know
me—I always prefer to look at things with a jaundiced eye. Regards to
Helen and all.”

From the Russian front comes the good word that the Soviets have
stopped the German drive on Stalingrad.

Sunday, September 13, 1942

Working in our apartment this afternoon, I dictated to Helen a
memorandum on the possible U233 in our project, something that has been on
my mind for some time. I have the feeling that insufficient attention is
being given to the potential of this isotope as a back-up product should

94239 ang U235 pe deficient in some respect. I

the nuclear. properties of
feel that if I prepare and circulate a memorandum pointing out this
possibility it will attract the required attention. In my memorandum I
describe the production of y233 by the slow neutron bombardment of Th 232

and also review its radioactive and fission properties. I point out that
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the 633 will have to be produced in conjunction with a chain-reacting
pile operating on uranium and that the intensity of fission products can
be kept relatively low because Th232 jg not fissionable with slow
neutrons. I also describe a number of possible methods for the chemical
separation of u33 from the large masses of thorium, including the
volatility process in which the volatile uranium hexafluoride is
separated, the peroxide process in which the thorium and uranium are
precipitated as peroxides with the subsequent separation of uranium by
dissolving its peroxide in sodium hydroxide solution, and the fluoride
method in which the thorium is precipitated as the fluoride leaving the
soluble uranyl in solution. I emphasize that we have worked on all of
these methods and that our research program on extraction processes for
the separation of 94232 from neutron-bombarded uranium also gives us a

background of relevant experience.

Perlman and I left around midnight on the train to St. Louis.

Monday, September 14, 1942

Perlman and I arrived in St. Louis at 7:20 a.m. and spent the day at
Washington University conferring with Alex Langsdorf and others on the ar-
rangements for our forthcoming neutron bombardments of large amounts of
UNH to produce 94239 jp quantity for our microchemists and for other parts
of our research program.

Cunningham, Cefola and Werner are continuing their work with 94239
and so far have prepared plutonous nitrate, plutonous oxide, plutonous hy-
droxide, plutonous iodate, plutonous fluoride and plutonous peroxide.

They expect to investigate further the properties of these compounds in
the near future.

Today Cefola started to work with Jaffey's final concentrate of batch

no. 3 of the St. Louis neutron bombardment, containing about 7 x lO6 alpha
disintegrations per minute of 94239 in a volume of 12 cc, with the aim of
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isolating pure 94239 through the application of oxidation-reduction cycles
and carrying by rare earth fluoride.

Our report "Determination of the Half-Life of 94239 by Wahl and me
is being issued as Report CN-266. This describes two experiments at
Berkeley last year in which the half-life of 94239 was related to that of
the 23.2-minute U239 through observation on the U239_2§‘gm 93239 Z;E?d
94239 decay chain. Because of the presence of conversion electrons in the

239 yhich

beta radiation of 93239, it is necessary to relate to U
apparently emits no conversion electrons in its decay process. Relating
the intensity of the U239 beta radiation (samples, U,n-1l1-1 and U,n-12-1),
with the help of the measurements on intermediate 93239 (samples 93-19-1
and U hn-6-1), to the intensity of the 94239 alpha particles, we can
calculate from the known half-life of y23? (23.2 minutes) the half-life
for the 94239, our two experiments give values of 2.0 x 10 years and 2.5
x 104 years, for an average value of 2.3 x 104 years which, along with the
value determined by Cunningham and Werner last Friday (20,000 years),
should be a better value for the half-life of 94239 than the 3 x 10% years

now in current use.

Tuesday, September 15, 1942

Perlman and I returned by train from St. Louis around 7:00 this morn-

ing.

English and James have been working on a project to make another
determination of the half-life of 94239 through measurements on the
93239 __, 94239 decay chain as has been done by Wahl in Berkeley. James
has extracted the 93239 from some of the UNH bombarded with neutrons at
the cyclotron of Washington University in St. Louis by our well-
established oxidation-reduction cycles using rare earth fluoride as
carrier. James finished his isolation of the 93239 fraction from the most
recently neutron-bombarded UNH at 8:00 p.m. this evening; i.e., this is
the time of the final separation of the daughter 94239 from the 93239 and

represents the zero time for growth of daughter 94239 in this sample of
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93239, pe gissolved the final 93239 fraction and made up a total volume
of 100.C cc and put this aside for decay to daughter 94239. The plan is
for English to determine the intensity of 93239 peta particles in this so-
lution by measuring a number of aliquot samples; and, after the total
decay of the 93239, he will isolate aliquot samples of dauchter 94239 to
determine their alpha particle activity.

Koshland and Magel have completed an experiment as part of their
study of separating element 94 from uranium and the fission products by
the solvent partition method. 1In their experiments with neutron-bombarded
UNH, using material from the large bombardment at St. Louis, they have
used the 94239 and fission products as tracers for these elements. 1In a
typicalvexperiment the UNH was melted to give an aqueous solution and the
94 was oxidized to its higher oxidation state by the addition of
dichromate ion and nitric acid. After cooling, this solution was
extracted with diethyl ether, as a result of which they found about 90% of
the 94 and only about 1% of the fission products in the ether layer when
aliguot samples were isolated for alpha counting (to detect 94239) and
beta and gamma counting (to detect fission products). The ether layer,
which contains about 90% of the uranium, then was shaken with two small
portions of water saturated with 802 in order to reduce and extract the
94. These combined agueous layers, which now have only a small fraction
of the original uranium, contained the 90% of the 94 and the 1% of the fis-
sion products. The significance of these experiments is that the uranyl
nitrate itself can act as the "salting out" agent making it unnecessary to
use another salt such as LiNO3 as was used in earlier experiments.

Covey and his helpers are busy in the attic and on the roof
recrystallizing Mallinckrodt UNH for use in our next St. Louis neutron
bombardment. This operation has been perfected to the point where it no
longer needs to be carried out by our chemists. This is being done in
large pots on the roof area of Jones Laboratory adjoining the "attic"
(Figure 17). |

Laitinen of the University of Illinois informed me by letter that
their first local University of Illinois Section meeting of the American
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Fig. 17 Recrystallization of UNH in pot on roof
area of Jones Laboratory. (XBB 768-7459)
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Chemical Society has been set for 7:30 p.m. on Thursday, October 1. He
inquired if this time will be satisfactory for the presentation of my
talk. A small informal dinner has been planned before the meeting and I

will be escorted there from the train station.

Stan Thompson sent a letter from Berkeley saying that Moulton has now
made him a formal offer of employment with my group, but that his company,
Standard 0il, has not yet consented to giving him a leave of absence.

The Research Associates of my group met with me in my office this
evening. We talked about the assignment of the chemical engineers R. S.
Apple to work with Perlman and Knox and D. S. Webster to work witﬁ Brown
and Hill. We discussed the Perlman-Goldschmidt write—up'on their survey
of long-lived fission products in order to determine whether this should
be published as a Project Report. Cunningham's report on this weighing of
plutonium oxide and observation of a number of compounds of pure 94 was of

especial interest to the group.

Wednesday, September 16, 1942

English has spent the last several weeks working with Ghiorso on
improving the ionization chambers and attendant apparatus for counting
alpha particles. He has devoted time to the "low geometry" ionization
chamber, which is being set up for the direct counting of samples with
high alpha emission rates and with the help of James has been calibrating
a number of screens which are used to further reduce the alpha counting
rate on high intensity samples by interposing them between the sample and
the screen-windowed ionization chamber. They have been using standard
polonium alpha sources for these calibrations and have calibrated three
screens which transmit 28.0%, 7.2% and 2.0% of the alpha particles.

We are now reporting the progress of my C-V Group and the Berkeley
group, Chemistry of 94, on a bi-weekly basis, and the Report for September
1-15, 1942 (No. CN-261), was completed today. 1In this report I summarize
the work of each group and am fortunate in being able to include a
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reproduction of a photomicrograph made by Covey and the ultramicrochemists
of 0.5 microgram of pure plutonium hydroxide.

In summary the report says: English and James have determined that
the isotopic assignment of 50-year 94 is 94238, by conducting experiments
involving bombardment of uranium targets with deuterons of different ener-
gies which show that the 50-year 94 is formed as a result of the 4,2n
reaction. Cunningham, Cefola and Werner have purified additional amounts
of 94239 and have prepared and investigated the properties of plutonous
nitrate, plutonous oxide, plutonous iodate, plutonous hydroxide, plutonous
fluoride and plutonous peroxide. They have also performed an independent
determination of the half-life of 94239 by measuring the alpha activity
of 4.45 micrograms of PuO, which has been weighed on the Salvioni balance;
the figures obtained correspond to a half-life of 20,000 + 2,000 years.
Brown and Hill have studied the volatility of uranium and 94 fluorides
as a function of temperature and find that for 94 the onset of volatility
is about 320°C, with volatilization at 520°C; the corresponding figures
for uranium are 150°C and 270°C. Preliminary experiments have also been
conducted which show that either the volatile fluoride of 94 is not formed
at temperatures below 320°C or that it decomposes if heated in an atmos-
phere other than fluorine. In other experiments it has been shown that
U30g can be rapidly reduced by hydrogen to U0,. Willard and Turk have
performed additional experiments on the adsorption method for separating 94
using Hyflo Super Cel and find that (1) observations made on the adsorption
of tracer guantities of an element may be indicative of the efficiency of
adsorption of the same element from solutions of concentration eguivalent
to that of 94239 in the material from the experimental pile, (2) adsorbed
fission products are concentrated most strongly at the top of an HSC column,
(3) the efficiency of an HSC column in adsorbing 94 decreases continuously
as the volume of uranyl nitrate—94238 solution which has passed through is
increased, and (4) two of the fission products which are adsorbed on HSC
from 10% uranyl nitrate solution are zirconium and columbium. Koshland
and Magel have performed experiments which show that, in the presence of
a high concentration of uranyl nitrate in the aqueous phase, the oxidized
state of 94 passes nearly quantitatively into the ether phase with only 1%
of the fission products, thus indicating that the solvent partition method
for extracting 94 offers good hope as a separation process. In the Berkeley
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part of the report, Garner and Gofman report on "Oxidation Reactions of
94(r) ,» Garner on "volatility of 94 Compounds" (in which he reports that

94 oxide does not volatilize from molten Najy0, in an oxygen atmosphere

at 500°C), Connick and Gofman on "Transference Experiments with 94 and 93,"
Duffield on "Precipitation Reactions of 94 and 93," and Hamaker on
"Reduction and Oxidation Reactions of 94 and 93."

Compton has returned from California, where he and the other members
of the S~1 Executive Committee, Conant, Murphree, Briggs, Lawrence and
Urey, held a meeeting on Sunday and Monday at Berkeley and the Bohemian
Grove, near San Francisco. Others present were Oppenheimer, Cooksey and
R. L. Thornton (who are associated with Lawrence's project) as advisers
from the University of California, and Colonel Nichols and Major Crenshaw.

On the basis of their visit to the Argonne Forest Preserve last
Friday, September 11, and a full discussion afterwards (Conant told
Compton, "You are after elephants with a pea-shooter."), the Committee
voted to abandon plans to erect pile No. 2 in Palos Park and to set it up
instead in the Tennessee Valley at the earliest possible moment. As for
pile No. 1, it is to be moved from the Stands at the campus to the Argonne
Forest next month, after it has been used to demonstrate the nuclear chain
reaétion. It was the understanding in accordance with this vote that (1)
the development of chemical engineering equipment to handle the separation
of material from pile No. 2 to be erected in the Tennessee Valley, is to
proceed at once, and (2) the Met Lab will operate pile No. 1 in order to
obtain evidence of a self-sustaining chain reaction as measured not only
by observation of neutrons but also in one instance by allowing the temper-
ature to rise, thus demonstrating the development of power.

A second vote was taken to recommend strongly to the Army that Stone
and Webster enter into a subcontract with a chemical company for the
development and operation of the chemical engineering equipment needed for
the separation of 94 from the pile material. Companies suggested were Dow
Chemical Company of Midland, Michigan, Monsanto Chemical Company of St.
Louis and Tennessee Eastman Company of Memphis, It was felt that unless a
subcontractor is used, there will be serious delays in the development of
the chemical éngineering operation. Furthermore, a subcontractor would
already have a large staff of experienced chemical engineers.
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The Committee, after having visited the Radiation Laboratory at Berkeley
and seeing work in progress on the electromagnetic process for separating
0235, voted to recommend to the Army that commitments be now entered into
for the construction of a 100-gram per day y23d electromagnetic separation
plant, such a plant to be erected on the Tennessee Valley site. It was
estimated that this plant will consist of between 100 and 400 calutron
units and cost approximately $30,000,000.

A careful consideration was given to the importance of the production
of heavy water at Trail in Canada. After discussion it was voted to
notify the Army it is the Committee's opinion that construction of the
plant should be completed by May 1 of next year, it being of utmost impor-
tance that this date be met, whatever priorities might be required.

I assured Laitinen by letter that the October 1 date for my talk at
the American Chemical Society is satisfactory for me. By taking the
Panama Limited, I expect to arrive in Urbana at 5:20 p.m., which will fit
in with his plan to have me to dinner.

Official announcement comes today that there will be o0il rationing in
30 states.

Thursday, September 17, 1942

Knox and Perlman are working with Apple, one of the du Pont chemical
engineers assigned to our program. They are considering, in cooperation
with the chemical engineers, the equipment problems attendant with the
large-scale operation of the "wet fluoride method" for the extraction of
94 from uranium and fission products in neutron bombarded uranium. They
are considering such questions as equipment and chemical reagents,
operating procedure and safety factors. 1In this connection they are begin-

4239 to help determine the choice of oxidizing

ning experiments using 9
agent, the minimum time and temperature reqguired for the oxidizing step,
the choice of reducing agent, the minimum time and for the reducing step,
the effect of air agitation on the completeness of reduction and the degree

of precipitation of 94 on a preformed LaF; precipitate. They use the usual
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methods of testing for the upper oxidation state (observation that the 94
doesn't precipitate with LaF;) and for the lower oxidation state (observation
that 94 does precipitate with LaFj3).

Black news today from the Soviet front--the Nazis have rammed their
way into the outskirts of Stalingrad.

Friday, September 18, 1942

Willard and Turk have completed experiments to determine the
behavior of 94 and 93 in their low oxidation state in solutions of 8-
hydroxyguinoline (oxine). The experiments were carried out by adding in
excess of 2% solution of oxine in acetic acid to dilute UNH solutions
containing 94238 ang 93232 in tracer quantities. Solid uranyl quinolate
precipitates and their results indicate that 94 is carried guantitatively
at pH's above 3.2, while the 93 is not carried. The purpose of these
experiments is to try to determine whether an organic precipitant might be
useful for the separation of 94 from uranium and fission products in neu-
tron-irradiated uranium from the pile.

Completing an experiment started yesterday, Perlman, Knox and Apple
demonstrated that 0.1 N Cr,0;72 in 0.5 M HNOy and 10% UNH solution
oxidizes 94 completely when the reaction takes place for 15 minutes at
95°C, They then demonstrated that H202 will reduce the 94 completely when
a solution is held at 50°C for one hour.

I took the information received from Duffield and Gofman last Satur-

day and prepared a report entitled "Test for Slow Neutron Fission of

U234,“ which is being issued as Report No. CF-272 under the authorship of

y234

Gofman, Duffield and me. 1In this we report that apparently does not

undergo fission with slow neutrons and that the small slow neutron induced

234

fission rate observed in our 1.6 microgram U sample is probably due to

the presence of a few micrograms of ordinary uranium impurity.
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My other report, "Proposal for the Production and Use of 0233,“ which

I dictated to Helen last Sunday, is being issued as Report CF-268.

A Western Union message delivered to my office pleased me in the ex-
treme. It was from my friend, Stan Thompson, saying that he now has a
leave of absence from his company and will arrive in Chicago on October 2.

Heydenburg's letter dated September 2 was answered with a promise to
send him ten micrograms of 9423? within a few weeks when we finish
isolating it. I explained that the sample will be in the form of an
essentially pure compound of 94, without any carrier material. In view of
the fact that this small sample must be spread over the 1l-mm diameter
platinum foil, it will be difficult to give it a uniform distribution over
the area. I asked Heydenburg to advise me about his reguirements.

Goldschmidt and Perlman (Figure 18) completed their research on long-
lived fission products. Although initially I had asked them for a write-up
to be used internally in our group, their investigations proved so thor-
ough and tremendously important that I decided, with the concurrence of
Allison, to issue it as a Project report. So today it is available in
manuscript form to come out as Report CC-295 under the title, "Survey of
Long-Lived Fission Products," authored by B. L. Goldschmidt and I.
Perlman. Noteworthy is the fact that they discovered and reported on
moderately long-lived radioisotopes of columbium, zirconium and ruthenium,
hitherto unobserved in slow neutron-induced fission. This information is
of enormous importance to our program of devising procedures for the
separation of 94 from uranium and fission products. The paper is divided
into four parts and is accompanied by eight related tables.

The four parts are entitled, I. Introduction; II. Procedures for
Isolation of Individual Elements from Fission Product Mixtures; III.
Procedure for Complete Chemical Analysis of Long-Lived Fission Products
Using a Single Sample; and IV. Relative Yields and Radioactive Character-
istics of Long-Lived Fission Products. Under part II, the following chemi-
cal elements are discussed in their own section: A, Xenon; B. Cesium and
rubidium; C. Barium (44-hour lanthanum); D. Strontium and barium;

E. Zirconium and columbium; F. Iodine; G. Tellurium, antimony,
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Fig. 18 Bertrand Goldschmidt and Isadore
Perlman, fall 1942, Lake Michigan.
(XBB 761-850)
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molybdenum, 43 and ruthenium; H. Tellurium; I. Molybdenum; J. Antimony;
K. Ruthenium and 43; and L. Lanthanum, yttrium and cerium. Under part IV
there are separate discussions of the chemical and radioactive character—
istics of cesium, barium, lanthanum (44-hour), strontium, zirconium,
columbium, yttrium, cerium, tellurium, iodine, ruthenium and molybdenum-
antimony-43. Part IV also includes, with tables, results on relative
yields as a function of time after the end of a bombardment and energies
of the radiations associated with long-lived fission products.

At 4:30 ﬁ.m. Helen and I, and some of our friends, attended the wedding

of Spof English and Muriel Kathryn Frodin in the Thorndike Hilton Chapel
on the campus of the University of Chicago.

There was a meeting of the Technical Council (a reconstituted
group replacing the Planning Board) attended by Allison, Compton,
Fermi, Moore, Spedding, Szilard and Wheeler. After a discussion on
the production and procurement of materials, such as magnesium,
calcium, graphite, uranium metal and so on, and after Spedding left
the meeting, talk continued at great length concerning the role of
the Met Lab at the new site in the Tennessee Valley, which for the
sake of security, is being called "Site X."

Compton confided in the group that he was disappointed that
Colonel Marshall had not selected the site a month ago, as the Army
had previously considered it. The environs of Mt. Shasta had also
been considered as a possibility but lost out in favor of Tennessee
because of the Mt. Shasta region's inadequate power supply. Colonel
Kenneth D. Nichols is now getting condemnation proceedings against
the farmers who occupy land at Site X, and we should expect new
buildings there by January of next year. Compton said that he agreed
with Steinbach and Captain Grafton yesterday to go ahead at Site X
with those buildings previously planned for the Argonne Forest site,
i.e, triple chemical extraction plant, shops, water supply,
engineering laboratory with space for a health group — all of which
are associated with the pile production unit as well. He went on to
say that Lawrence's experiments at Berkeley are at the stage in
which U235 can be produced in 40-fold concentration, that his pilot
plant is designed so much like a production plant that it permits
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indefinite expansion. As for Urey, he will transfer the centrifuge
problem to Site X at a later date, but not now.

Fermi wondered whether the Met Lab research could be organized
under an independent corporation, which led into a discussion of the
role of private corporations versus government-owned corporations in
controlling the whole nuclear energy program. Compton has suggested .
to Colonel Marshall that Union Carbide, Stone and Webster; du Pont,
and Standard 0il are the best firms for our purpose. Wheeler
observed that we should be concerned about what will happen in the
next twenty years, rather than in just the first five years, and, to
avoid having some arbitrary executive arrangement, final authority
should be vested in the U.S. Congress or the United Nations. Another
possibility suggested was the National Academy of Sciences.

After some controversy about possible advantﬁges of having an
experimental laboratory at Argonne Forest rather than at Site X,
Wheeler thought that if we are to produce the necessary gquantity of
material (the order of 500 kg) by fall of 1945 or spring of 1946,
then a sizable laboratory will be necessary for the work at Site X.
Compton replied that a decision is not possible now, but that Briggs
will be here tomorrow, followed by Murphree, Urey and Conant later to
settle such matters. Wheeler's response was that the problem is
really how much material has to be produced, and Compton said that
Bush has proposed another committee to determine how material is to
be used in the design and production of bombs.

Wheeler asked when a decision will be made on the building of
the pile production plant; and if a decision is not forthcoming until
after a chain reaction is achieved, say February 1, then engineers
should have time to work on schemes for cooling a working pile that
is an alternative to cooling by helium. Fermi agreed with him and
thought that we should be prepared to switch to a completely water—
cooled plant if that is indicated. This conversation about watei
cooling led into a debate about the work in my group. It came
about this way: In order to give the chemical engineers something
to work on, according to Compton, a water—cooled pile could be
assembled in January or February, with delivery of 94239 to the
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chemical engineers by April or May. Then Fermi wanted to know whether
this need is vital and whether it is only based on a suspicion that
there might be a difference between tracer behavior and bulk chemis-
try. Allison spoke up in my behalf and assured him that I feel it is
necessary to check results of tracer work with microchemical
experiments because there can be important differences between tracer
and bulk chemistry. When Compton said that what he really has in mind
about the chemical engineers is that he foresees there will be
problems with hazardous radiations and mechanical handling devices,
Fermi had the good grace to withdraw his objections.

The remainder of the meeting was related to administration, such
as who will administrate the Site X project. Allison proposed that he
himself, being a physicist, should be replaced by a new director of
the Chemical Division who can inspire and stimulate the staff
chemists., Szilard suggested W. K. Lewis as a candidate, and Moore
responded that he already has several jobs, including development of
methods to make explosives.

Saturday, September 19, 1942

Several Metallurgical Project Reports for the month ending
September 15, 1942, became available today. Steinbach reports that
construction of the pile No. 2 building in the Argonne Forest Preserve is
under way, and it is hoped to be sufficiently completed by October 12 —
only a month away — to permit the assembly of pile No. 2. (Events of the
last few days have overtaken this plan — pile No. 2 is now scheduled to be
built at Site X.)

Steinbach also says that good progress is being made on the
construction at Argonne of the laboratory for experimental purposes, and
that it should be completed by October 1. Contracts for laboratory benches
and work tables and the various services have been negbtiated. The actual
transfer of working groups into the new building may not begin until after
the middle of the month.

Moore and Leverett each report on the status of the 100,000 kw helium-
cooled pile. During the past month, most of the equipment necessary for
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certain tests on the operation of the pile has been assembled in the North
Stands. The principal features of such a pile have been worked out and are
the subject of a report to be issued within the next few days.

The design calls for circulation of helium by compressors at a
pressure level of approximately seven atmospheres. The heat is to be
removed from the gas by heat exchangers through which water circulates.
Although the helium-cooled system has reached the stage described, alter-
native plans of removing heat from a nuclear power plant have been under
study. These schemes are cooling by water, by liquid bismuth, by graphite
powder, by wet helium and by uranium metal shot. Of all the alternatives,
the water-cooling system has received the most thorough study short of
preparation of an actual engineering design.

It is also reported that an exceptionally well qualified group has
been set up under the direction of Dr. Robert S. Stone, who has been
associated with the 60-inch cyclotron at Berkeley, to deal exclusively
with problems of radiation and protection of personnel. Stone will now
divide his time between Berkeley and Chicago.

Manley reports on fast neutron work at Chicago and affiliated
laboratories. Some of the investigations being carried on are as follows:
Segre and Kennedy (Berkeley), radiative capture and thermal fission cross
sections; Manley (Chicago), fast fission and fast fission detection; R. F.
Bacher (Cornell), delayed neutrons, fast neutron detection; fission spec-
trum, and energy dependence of slow neutron fission; J. H. Williams
(Minnesota), scattering cross section of deuterium; H. A. Wilson, W. E.
Bennett and H. T. Richards (Rice), fission energy spectrum; F. Bloch
(Stanford), no report; J. L. McKibben (Wisconsin), scattering, fission
cross sections and fast neutron detection; and N. P. Heydenburg
(Washington DTM), isotopic assignment of fissions.

One section of the report states that any remaining doubts about the
accuracy of the exponential pile as a means to measure the multiplication
factor of a uranium carbon lattice have been dispelled by experiments
carried out during the past month on a pile of size considerably larger
than any on which measurements have previously been made. The multiplica-
tion factor for the best available uranium oxide has been found to be
1.012. Improved graphite and the exhaustion of the nitrogen from the pile
is estimated to be capable of raising the multiplication factor to 1.03 or
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1.04. Still further improvements should result when the oxide is replaced
by uranium metal.

One paragraph in particular of the report bears quoting: "Removal
of the 94 produced in either a pilot power plant or a full scale neutron
multiplier will present large scale problems of chemical engineering. Methods
for handling these problems are well in hand. The chemical properties of
element 94 have been studied in considerable detail. The most dramatic
moment in this study came on the afternoon of Thursday, August 20, 1942,
when a minute speck of white fluoride of 94 was seen for the first time.

The chemical methods developed on a small scale in these investigations
are now being translated into intermediate and large scale operations of
a chemical separation plant."

The report goes on to say, "The possibility that the first attack from
Germany, if one comes; would come in the form of radioactive fission products
rather than in the form of fissionable material has led to the study of
possible counter measures against such radioactive materials. In case an
air raid is made on any city of the United States, plans have been made
so that a cooperating scientist nearest the city attacked will go immediately
to the site, taking with him a sufficient number of instruments and co-workers
to make a radioactive survey of the bombed areas."

Experiments today by Perlman, Knox and Apple indicate that 94 is com-
pletely oxidized by 0.1 N Cr207”2 in 0.5 M HNO3 and 10% UNH solution in
30 minutes at 80°C.

I was glad to receive a letter from Stoughton today, but the contents
were somewhat disturbing. His draft board in Bryan, Texas, referred him
to Berkeley Local Board #70 for a physical examination, which he took last
Wednesday night. It was announced during the exam that all who passed would
be reclassified into 1A within ten days and then be inducted thereafter.
Hamaker, he said, who had a similar experience a week earlier, received
a notice on Thursday, the day the letter was mailed, that his draft board
is going to leave him in 2A status until November 21, at which time it will
consider his case for another six month's deferment.
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Helen and I left today for my visit to Site X and a week-long
vacation for us in the Smoky Mountains of Tennessee. Our farewell was
marred somewhat by the following incident: Coryell and his group have had
a chance to read the Goldschmidt-Perlman manuscript "Survey of Long-Lived
Fission Products" and sleep on it; apparently they are very upset because
Coryell asked for a meeting this morning to vent their displeasure. The
meeting was attended by Allison, Coryell, Goldschmidt, Perlman, Spedding
and me. Coryell's complaint was that we have skimmed off the cream of the
investigations they are planning to do. We defended ourselves by saying
that we haven't set ourselves up as rivals — we need the information in
order to devise a chemical separation process for 94 on a time scale to be
useful to the chemical engineers. The meeting was stormy, and Spedding,
who is Coryell's supervisor, read his newspaper throughout. But he also
grumbled and finally said, "If Seaborg minded his own business, such
disagreeable incidents would never occur."

Later, Helen and I took a train to Cincinnati, where in the evening

we changed to another train for Knoxville, Tennessee. Gatlinburg (and the
Smokies) is only a short but scenic bus ride from there.

Sunday, September 20, 1942

Helen and I arrived in Knoxville and immediately transferred to a
Greyhound bus that took us over a winding road up into the Great Smoky
Mountains to a tiny village called Gatlinburg. We were amazed to find two
modern tourist hotels here, the Greystone and the Mountain View, with
broad expanses of lawn. We checked into Room 211 of the latter, where we
had a reservation. The standard fare in the dining room, we learned, is
southern fried chicken, mashed potatoes and gravy, hot biscuits, and an
assortment of honeys made from local wildflowers. The few gift shops in
the village specialize in local products, such as pottery, chenille bed-
spreads, hand weaving and maple furniture. In contrast there is a general
store, Oglethorpe's, the typical cracker-barrel variety that caters to the
farmers and sells such items as sunbonnets and kerosene lamps. We were
told that a road was put through Gatlinburg only thirty years ago, and
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that this store at one time traded with Indians who came from the Cherokee
village about sixty miles away on the other side of the mountain.

Monday, September 21, 1942

Our first venture out of Gatlinburg was to take a hike to Cherokee
Orchard. We are most fortunate to be taking our vacation at this time of
the year because of the fall colors.

Tuesday, September 22, 1942

Helen and I took a long hike into the back country where we saw a
nunber of mountain people and their picturesgue cabins. They speak an
unusual dialect, reputed to be unchanged from that used by the pioneer
stock of the 1700's.

Wednesday, September 23, 1942

Helen and I left Gatlinburg for a hike to the top of Mt. Le Conte, on
the way eating a bag lunch put up by the hotel. Tonight we had dinner at
the Lodge of Mt. Le Conte and spent the extremely cold night there.

Dinner was prepared from canned goods, in contrast to the delicious fare

of the Mountain View Inn.

Thursday, September 24, 1942

After eating a hearty breakfast at the Lodge we hiked to Newfound
Gap with another couple and rode with them from the Gap to the Mountain
View Hotel.
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Friday, September 25, 1942

The hotel put through a long distance call for me to Chicago and I
talked to Iz about laboratory matters. He told me that it snowed in
Chicago today, our first of the year.

We took an early bus for Knoxville, dropped our bags at the Andrew
Johnson Hotel and boarded another bus for Clinton, a small town that lies
within a few miles of the farmlands that will be converted into Site X.
Here we got off for a visit to Norris Dam and sightseeing until another
bus came along to take us back to Knoxville where we spent the night in
the Andrew Johnson Hotel.

Saturday, September 26, 1942

Helen and I were up early in order to catch the 7:00 a.m. train for
Cincinnati. Our sleep at the hotel was not restful because of all the
raucous pecple who swarmed into town to celebrate today's University of
Tennessee football game. Our train was crowded with servicemen and their
families, and we stopped at many small towns in Kentucky. The high point
was eating a box lunch en route. We arrived in Cincinnati at six in the
evening and went dancing at the Netherlands Plaza Hotel. Our vacation now

having come to an end, we caught a night train for Chicago and home.

Sunday, September 27, 1942

When we arrived at our apartment this morning, we found a telegram
from Melvin Calvin in Berkeley. He wants me to be his best man when he
gets married October 4. For some time I have wanted to return to Berkeley
to get a fresh perspective of the work going on there, especially to
confer with Latimer and his group, to see what progress Kirk is making
with his ultramicrochemical balance, to visit the 60-inch cyclotron, and
to have a talk with Lawrence about his program. I can seize this opportu-
nity and accept Calvin's invitation also.
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Monday, September 28, 1942

Upon returning to Jones Laboratory this morning, I found that my
group has been extremely active all week during my absence.

Cunningham, Werner and Cefola have spent the last two weeks doing
experiments and recovering the 94 from the various fractions and residues
following their experiments using 94 from Perlman's, Kohman's and Jaffey's
batches. Cunningham and Werner have prepared a "stock solution" of pure
94 nitrate containing about 2 Y (micrograms) of 94 per A (cubic
millimeter) of solution. This they plan to use to test the solubilities
of a number of 94 compounds to give information that might be useful in
developing a procedure for the separation of 94 from uranium and fission
products in neutron-bombarded uranium from a pile., They have perfected
methods for the determination of solubility of 94 compounds.

In their experiments a small amount of 94 nitrate (containing
approximately 0.1 7Y 94) is placed in 2 A of solution, the appropriate
precipitating agent added, the mixture centrifuged, the supernatant liquid
removed and replaced by about 5 A of the medium in which the solubility of
the compound is to be measured. The two phases are mixed by vigorous
stirring, allowed to stand overnight or longer at room temperature (25°C4i
5°C). Then a measured volume of the supernatant is withdrawn and its
alpha activity determined. Solubilities of 94 (plutonium) are calculated
in terms of the concentration of the element, assuming the specific activ-
ity to be 167,000 alpha disintegrations per microgram of plutonium per
minute (half-life of 20,000 years).

On Saturday, upon measuring the supernatants of the various
precipitations performed the day before, Cunningham and Werner found the
following solubilities:
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Solubility
Precipitant Compound Medium (mg Pu/liter)
KIO, plutonous iodate sat'd KIO3 soln 2.1
" " " 1/2-sat'd KIOg 1.8
" " " sat'd K104 4.8
3 M HNOg
" " " sat'd KIOg 6.2
6 M HNO,
HF plutonous fluoride H,0 10.8
" " " 3 MHF 12.3
" " " 6M HF 44.8
NH,4OH plutonous hydroxide H,0 1.8
" " " conc. NH,OH 0.24

Also on Saturday Cunningham and Werner received Goldschmidt's one-
fourth portion of 94239 (batch No. 4) from the large St. Louis neutron
bombardment of uranium. This consists of about 8 x 106 alpha-particle
disintegrations per minute, corresponding to about 70 micrograms of 94239
in a volume of 25 cc. To this they added about 3 x 10° alpha-particle
disintegrations per minute that they have recovered from the residues of
Kohman's and Jaffey's portions during the last couple of weeks.

Brown and Hill have been working with Donald S. Webster, one of the
du Pont chemical engineers assigned to our program, to test the possible
practical application of their volatility separation process. Last week,
using a vertical column, they worked on the production of UF, through
hydrogen reduction of U3O8 to uo, and subsequent hydrofluorination. They
encountered considerable "caking" of the UF, produced in this manner. The
technique they finally developed is one in which the gases are actually
bubbled through the solid uranium oxide powder, and this seems to work
quite well.

They also performed a series of experiments to test the volatility of
element 93 in the form of the higher fluoride. A known gquantity of 93239
tracer was added to some uranium nitrate, and this was then converted to

hydrofluorination. Samples of this were then heated in a fluorine stream
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for a half-hour at various temperatures between about 140°C and 300°C and
higher. Their experiments showed that the volatilization of element 93 in
fluorine is much like that of uranium and unlike that of element 94, whose
fluoride volatilizes at higher temperatures. These experiments indicate
that 93 would be readily separated from 94 in the fluoride volatility
separation process.

Since the first of the month Cefola has been working on the isolation
of pure 94232 using his portion of Perlman's batch. On September 14 he
received the final concentrate of Jaffey's batch (no. 3), which had a
total of nearly 7 x 106
about 12 cc. He has performed oxidation-reduction cycles similar to those

alpha disintegrations per minute in a volume of

that Cunningham and Werner have been using and has succeeded in isolating
the 94 in a moderately pure form. I learned that last Monday he took a
sample of the nitrate, put it on a platinum weighing boat, ignited it to
the oxide and found a weight of 4.69 Y. The corresponding alpha activity
was 194,000 alpha particle counts per minute, indicating a specific activ=-
ity of 104,000 alpha disintegrations per minute per microgram of 94. This
would indicate that Cefola's sample was somewhat impure when compared with
the value of the specific alpha activity obtained by Cunningham and Werner
on Friday, September 11 (167,000 alpha disintegrations per minute per
microgram) .

On Saturday Cefola used the stock 94 nitrate solution to make
observations on some precipitation reactions of insoluble 94 compounds. He
evaporated to dryness approximately 0.1 ) of 94 nitrate solution, added an
excess of half-saturated solution of NaH,PO, and observed a white gelati-
nous precipitate which was soluble in concentrated HCl. In another
exper iment, after evaporating to dryness a few tenths of a A of the 94 ni-
trate solution, he added an excess of saturated KZSO4 and observed a white
precipitate which may be due to a double salt.

Today, continuing his experiments on the precipitation of 94
compounds commenced on Saturday, Cefola evaporated a few tenths of a A of
the stock 94 nitrate solution to dryness, then added an almost saturated
solution of Na,C0; and observed a white gelatinous precipitate.
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Early last week Perlman, Knox and Apple demonstrated that 94 is about
80% oxidized by 0.1 N Cr;0,72 in 0.5 N HNOy and 10% UNH solution in 30
minutes at 50°C and completely oxidized in 30 minutes at 65°C. On Satur-
day they demonstrated that 0.1 N Cr207‘2 in 0.5 N HN03 and 10% UNH solu-
tion oxidizes 94 in 15 minutes at 65°C. Continuing today, they find that
0.1 N Cr207'2 in 0.5 N HNO; and 10% UNH solution oxidizes 94 in 15 minutes
at 50°C. As they were conducting their experiments on the oxidation of 9%
with 0.1 N Cr207'2 during the last ten days, Perlman, Knox and Apple have
also interspersed a number of experiments testing the reduction of .
oxidized 94 with H,0,. They find that by using 0.3% H;0, in 1.0 N HNO4
and 10% UNH solution at 50°C, the 94 is about 50% reduced in 15 minutes
and is completely reduced in 30 minutes and one hour. In similar
expérinents conducted at 27°C they find about 50% reduction in one hour
and essentially complete reduction in two hours and 18 hours.

The experiments by Perlman, Knox and Apple during the last ten days
indicate that Cr207°2 should be a good oxidizing agent and H,0, a good
reducing agent for use in the oxidation-reduction cycles of the "Wet Fluo-
ride Method" for separating 94 on a large-scale production scale. In the
course of these experiments they have also shown that 94 in its lower oxi-
dation state is precipitated by the addition of rare earth carriers to a
solution already containing HF, i.e., 94 is precipitated upon a preformed
rare earth fluoride precipitate. Previous experiments by Wahl at Berkeley
and English here using the 50-year 94238 as tracer have given the same
results. The present experiments, however, differ in that 94239 has been
used; hence, the ratio of weight of lanthanum carrier to the weight of 94,
which is about lO7
Wahl's and English's experiments. In the extraction of 94 produced by the
chain reaction in the production pile, it is contemplated that the ratio
of lanthanum to 94 will be of the order of magnitude of 100. We plan to
check whether or not 94 will precipitate quantitatively under these

, i1s much closer to plant operating conditions than in

conditions by performing experiments on the ultramicroscale with the aid
239
of 94 .

Jaffey, having completed his work on the extraction of 94239 from the
bombardment of UNH at St. Louis, started a program last Thursday to
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investigate whether Y4 can be separated from uranium and the fission products
in a separation process that utilizes the volatility and non-volatility of
the chlorides. He is adding 50-year 94 tracer to UNH, converting by

heating to Uj0g, and then treating this with chlorine to volatilize UCls.

For this effort he is working in the fume hood just outside Room 403.

Covey and his boys have continued their UNH recrystallization and
have nearly finished an amount suitable for the next neutron bombardment

at St. Louis.

Beydenburg in the Department of Terrestrial Magnetism, Washington,
D.C., answered my letter of September 18 and explained that he plans to
compare the fission yield of our 94 sample with an ordinary uranium sample
that has been uniformly deposited. Because his ionization chamber might
have a different counting efficiency for a nonuniform sample, he states
that he prefers to receive the 94 sample as uniform as possible.

One of the first steps that Compton is taking to expand the Met Lab's
program to Site X is to compile short descriptions of all the facilities
that will be needed there. My contribution, which concerns thevchemical
extraction plant, went to Stearns in the form of a memorandum:

"One of the buildings at the plant site will be devoted to the chemi-
cal extraction of the 94239 from the mixture of uranium and fission
products. This building or group of buildings will be designated as the
chemical extraction plant. The 94239 is uniformly distributed, in small
concentration, throughout the entire mass of the uranium, and can only be
extracted by subjecting the uranium mixture to chemical operations on a
‘rather large scale. This building will contain the industrial-sized chemi-
cal equipment to be used in the chemical extraction operations, which have
been developed in the Metallurgical .Laboratory here. These chemical
processes will be complicated over ordinary industrial chemical processes
in that the strong radiation from the fission products will be present and
therefore there will be included within the chemical extraction plant
radiation shields made out of concrete and heavier materials such as steel
or lead. Also, the plant will contain special equipment to make possible
remote control operations in carrying out the chemical separations.”
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A letter from Kennedy was waiting on my desk. One matter concerned a
message that Lawrence has received from Wensel, the technical aide to the
S-1 Section, requesting a final report on contract OEM-206, which closed
last July 31 and covered some of the work in Gilman Hall and the cost of
the large neutron irradiations of UNH, including the one from which Wahl
is isolating his large sample of 94239, and the thorium irradiations of
Gofman and Stoughton. I immediately responded with a telegram saying I
shall take care of it.

The second paragraph of his letter reads as follows: "A somewhat
more complicated matter is this business of Kirk and the ultramicro-
balance. Kirk and company are working like demons down in Life Sciences
Building, and I have been asked to supply them with what information
and advice I could. So far as I know, they have not been told just
what the balance is for or even what element is involved. Obviously,
such a balance is so complicated that some knowledge of the required
manipulation technigue is necessary for its proper construction, or at
least for the proper design of its case. This will all have to be looked
into later; in the meantime I would like to know just what you expect of
Kirk and his group. Are they to finish the balance and then begin a study
of the chemistry with it? At present, the idea at this end seems to be
that they are, if possible, to ship a finished balance to Chicago and call
that the end of their project, or perhaps only of one phase of it. And
one other thing. The secrecy angle has been emphasized quite a bit here
recently. Kirk feels that his program is entirely secret and has been
considerably alarmed to find that several people, both on campus and off,
know what he is building."

He added a postscript that S. H. Babcock, an assistant professor of
organic chemistry at Davis, wants to get into defense work, and that my
old friend, Don Hull, who is in Berkeley for a visit, "will look for you
in Chicago on his way back to New York."

Indeed, there is a letter from Hull announcing his arrival on the
Union Pacific's "City of San Francisco" today. The reason for his stop-
over, he says, is that Dunning (with whom he works at Columbia University)
thinks I might be able to impart some ideas on the chemical and
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radioactive purification of uranium. After phoning from the station, he
came out to see me and we spent a pleasant hour together.

Fighting continues in Guinea, and the Allies have swept the Japanese

back for two days in a row. The seesaw fighting in Stalingrad favors the
Soviets today; they are beating off the Nazis.

Tuesday, September 29, 1942

Jaffey finds in his chloride volatilization experiments commenced
last Thursday that an appreciable fraction of the tracer 94 is carried
over with the volatile UClg.

I replied to Kennedy's letter and explained how I could provide
Wensel with the information needed to close out contract OEM-206. With
regard to Kirk, I said: "In the matter of Kirk and co-workers, I might
say that since I plan to visit Berkeley, arriving about this weekend, I
shall take this occasion to talk to Kirk at that time. However, I hope to
be able to talk to you and Latimer about it before I see Kirk. ‘The
combination of Kirk, Craig and Gullberg is rather larger and more high-
powered than I had anticipated; however, I suppose this is to our
advantage. They have not been told just what the balance is for or what
element is involved. I am sure that Compton would not authorize their
undertaking a study of the chemistry, and I believe that Latimer does not
favor it. However, there are a number of problems of complicated ultra-
microchemical technique in which they can contribute heavily to the
general program, and I should like to discuss this with you when we have
our talk.

"The question of secrecy is a very serious one, and I am trying to
look into the problem which you raised in your letter. It may involve
Latimer and the Gilman Hall crew, most of whom know about Kirk's program.
I don't remember that I have ever mentioned much to Kirk about the
existence of Latimer's program and his relation to this proéram, which of
course I should have done." Also, I remarked that I know Babcock and agree
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that he must be a good man that possibly there might be a place for him
here later.

Others to whom I dictated letters were Kirk, Baumbach and Winstein.
I told Kirk of my visit to Berkeley next week and that I planned to confer
with him on his future program. Kennedy, I said, had told me about his
(Kirk's) concern over the secrecy of his project and that I would be
looking into the matter. My letter to Baumbach was shott: "I am going to
Berkeley via Los Angeles this weekend and will be home in South Gate
dur ing Saturday afternoon. If you will phone me early Saturday afternoocn,
perhaps we can arrange a meeting out in South Gate since I certainly would
like to see you and talk to you about the matter which is of so much
interest to both of us." I wrote to Winstein in the same vein. I still
would, like to add both of these men to my staff.

Thompson wired that he will be arriving on the Santa Fe, El Capitan,
this Thursday at 7:15 a.m., and I responded with another telegram telling
him to take a taxi to my home at 6128 South Woodlawn, or, if an hour late,
to come to my office, Room 403 in Jones Laboratory. A second telegram
went to Latimer, now back in Berkeley, informing him of my impending
visit, and a third telegram went to Wahl, asking if he can get his input
to our joint bi-weekly report here by Thursday.

I received a copy of a memo from Allison pointing out that the Techni-
cal Council, consisting of Compton, Fermi, Wigner, Szilard, Allison, Wheel-
er and Moore (a smaller group than the previous Technical Council), with
Oppenheimer as a visiting member, will take a more active part in
reviewing the problems of the Project. Allison says in this memo that a
group of Research Associates will be informed, before the meetings, of the
problems confronting the Council and, after the meetings, of the decisions
reached so we can express our ideas to the members of the Council. A
meeting of the Council will be held today.

At the meeting of my group's Research Associates in my office this
evening I was brought further up to date on the many exciting experimental
results obtained during my absence last week.
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The Technical Council, with Compton, Fermi, Wigner, Allison,
Wheeler, Moore and Oppenheimer present, met to review some of the
major problems of the Project. Compton brought the Council up to date
on the matter of Site X and the new organization of the nation-wide
S-1 project. On Wednesday of last week, in Secretary Stimson's
office, there came into existence a policy committee which will
represent the S-1 (OSRD Section on Uranium) scientists and the
military. Bush, with Conant acting as his alternate, was appointed
Chairman; General Styer will represent the Army and Admiral William
R. Purnell will represent the Navy. The commanding officer is
Brigadier General Leslie R. Groves of the Quartermaster Corps. The
committee has been likened to a corporation, with Groves as president
and Bush, Styer and Purnell as directors. The committee will
determine all policy matters but will lean heavily on the S-1
Executive Committee for advice. FResearch and development will still
be a function of the S-1 Section, both for our work here at Chicago
and for the isotope-separation projects. The pilot plant for the
Metallurgical Laboratory will be the responsibility of the OSRD while
under development and of the Army when used for production. Du Pont
Caompany is now being considered as the operating company. Two weeks
ago the S-1 Executive Committee recommended the selection of Site X,
and on September 19, two days after getting his appointment, Groves
issued a directive taking over the site, which has an area of
roughly 100 sguare miles.

Because the discussion at the meeting was so long and rambling,
I will paraphrase and condense the remainder of the minutes that
were written up.

Oppenheimer: Of Lawrence's laboratory staff, probably about
half will go to Site X. Fast neutron work has no home, may need one.
Compton: General Groves requests that two weeks from last

Saturday we have sketch drawings of our installation in hands of
Stone and Webster. What should be location of buildings at Site X
that were originally planned for Argonne Forest? Fast neutron work
should trend to Site X. Cooper's work should be there in perhaps
six months. Question about Seaborg's work. Get some laboratory
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space prepared in three or four months. Army would like to have all
work in one enclosure. '

Oppenheimer: Transition from research to development easier if
not separated by 500 miles.

Compton: Stone and Webster have contract for construction. If
du Pont accepts operation, some of their engineers will probably take
a part in the construction.

Wigner: Hand over in this way an immensely valuable store of
knowledge to a private concern.

Compton: Problem considered by Army and Executive Committee, the
responsible groups. All patent rights will belong to the Government;
how engineering and technical knowledge are to be shared with the
British is a problem not yet solved. Du Pont will probably be a sub-
contractor under Stone and Webster, responsible for chemical separation
process. Possibly General Electric or Westinghouse may have similar
subcontracts for work of isotope separation. 2

Allison: If cyclotron is to be set up at Site X, move Fermi there.

Wheeler: Factors in location of research work—--library, purchase
of scientific equipment, secrecy. Chemical engineering work of Cooper
will evidently go to Site X. No sharp boundary between test tube,
dishpan and full-scale separation work. Seaborg feels his work should
go where Cooper goes.

Compton: Stone and Webster need indication of what we need. Use
Whitaker 's drawings of Argonne Forest. Oppenheimer has plans in mind
for fast neutron work. Cooper needs accommodation. Seaborg's move at
same time is questionable. We will be going strong on research here
six months from now.

Cppenheimer: Plans for fast neutron laboratory include 40 labora-
tories and offices, but not all this space needed for the time being.

Compton: Some individual needed to collect ideas as to what is
needed in the immediate future at Site X. Whitaker? Mitchell?
Dempster?

Allison: It would simplify problem to eliminate long-range gques-
tions and say what we want at Site X in the next six months.

Moore: Put in during next two weeks request for constructing at
Site X what we need on an absolute minimum basis for a pilot plant.
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Oppenheimer: If main physics work is not to be at Site X, ques-
tion of placing fast neutron work at that site should be reconsidered.

Compton: Laboratory plans under discussion now are not for con-
struction at same date as pilot plant buildings.

Fermi: Laboratory in small town?

Wigner: Knoxville is to Site X as Trenton is to Princeton.

Compton: Cooper and Seaborg will eventually go to new site.
Coalesce Fermi's work with fast neutron work.

Fermi: Exponential pile work should go with planning, as source
of engineering data. Personal feeling against moving. Feel it a mis-
take to shift fast neutron work to Site X. Of a more unexpected character
than work so far; should be nearer sources of supply than Site X; diffi-
culty to set up cyclotron.

Compton: Cooper has to be at pilot plant. Gas and all such faci-
lities should be ready in six months.

Moore: Move chairman appoint subcommittee to make preliminary
estimate of space required to house chemical engineering and Seaborg's
work.

Compton: After six to twelve months slow neutron workers might
be shifted to fast neutron work. Reason for moving fast neutron work
to Site X: concentration of that work desirable. Memo by fast neutron
workers on requisites of site: No Army control, freedom from radio-
active contamination. Possibly Cincinnati. Estimate at least 12 months,
probably 18 months, to have cyclotron and high voltage machine in opera-
tion. Use facilities elsewhere until that time. Certainly 1944 before
significant tests on ultimate product.

Moore: Engineering development work more immediate than fast
neutron work. Feel this should be close to physics work--either to
cyclotron or pilot plant. General facilities at Site X more important
than laboratories for Cooper's and Seaborg's groups.

Wigner: Rewording of Moore's motion. HMove chairman appoint sub-
committee to draw up tentative plans for construction of absolute minimum
of buildings at Site X necessary for operation.

Allison: Appoint Whitaker as Chairman, Steinbach, Cooper, Moore.
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Wednesday, September 30, 1942

Stoughton wrote a four-page letter. He is sending me 250 microcuries
of Pa233, and later some U232, that Gofman said I requested. He reports on
his difficulty in working up the target from a 500 microampere-hour run of
deuterons on thorium (to produce Pa232 and dauchter U232). The big run on
thorium plus neutrons (to produce Pa233 and daughter 0233) apparently has
a lower yield than expected; but the chemistry, which he describes in detail,
went satisfactorily; he expects to find about 8 to 10 micrograms of U233.

"As I told you," he wrote, "Fontana is now working on the uranium-thorium

separation with me. Since he wants to get as close to organic chemistry

as possible, he is now working on the ether extraction and will later work
on organic compounds of uranium and thorium as a means of separation. I am
putting all available time on inorganic methods and any other methods which
can be found. I believe several methods will work all right, but they all
so far involve removing the thorium from the uranium, except for the ether
extraction which does look somewhat promising. If any work has been done
that you know of on the effect of radiation on organic material (especially
ether), I would like to know about it, since the Pa233 will make the thorium

very active."

Helen and I moved from our small first floor apartment to a larger,
front apartment on the fourth floor of our building (6128 Woodlawn Avenue).
The Ghiorsos have moved from their temporary hotel quarters to a second
story, front apartment in the same building.
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Thursday, October 1, 1942

Stanley Thompson showed up at the apartment at about eight o'clock
this morning--he came from the railway station by taxi as I suggested.
After eating breakfast with us while Helen and I reminisced about our
vacation in the Great Smoky Mountains, Stan and I walked to the campus,
where I got him started on his "processing" through employment as a
Research Associate and through the security procedure. Later he came to
Jones Laboratory. I introduced him around to the group and showed him his
laboratory bench (no. 5) in Room 404 that Covey will clear for him before
he starts work. He will have his desk in the space between his laboratory
bench and the west wall of the room.

I sent a letter to Hamilton in Berkeley, telling him I expect to be
there next week and hope to see him.

One of the surprises today was to see my old friend Ed McMillan, who
is here to visit Manley. He has finished his work with the U.S. Navy
San Diego and will now join Oppenheimer to conduct fast neutron studies,
which has for its ultimate goal, of course, the design of nuclear bombs.

My trip to Urbana, Illinois, went smoothly. I was met at the station
at 5:20, had dinner with some of the officials of the University of
Illinois Section of the American Chemical Society and later presented my
talk, "Applications of Artificial Radioactivity to Chemistry, Biology and
Medicine." I plan to return home tomorrow morning.

The Technical Council met at 1:30 this afternoon, with Allison,
Compton, Cooper, Doan, Fermi, Manley, Moore, Szilard, Wheeler,
Whitaker and Wigner in attendance. McMillan was a guest. Allison
brought up the subject of a bismuth-cooled plant and a subcommittee
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of Cooper and Young was formed to report back in two weeks on the
practicability and possible time-schedule for the construction of
such a pile. Compton showed a memo from Groves concerning the
building plans at Site X. Groves wants to have sketch layouts for
those buildings immediately needed in Steinbach's hands by Saturday,
October 10, and more detailed plans by October 24, These buildings
are to include general and specialized shops and a laboratory for 200
persons.' When McMillan presented the reguirements for a fast neutron
laboratory to the Council, a general discussion was precipitated as
to where it should be located. His plans include 21 offices and four
computation rooms, 18 laboratory rooms, a library and conference
room, special facilities such as a cyclotron, Van der Graaff and D-D
source, a glass shop and a metal shop. Allison quoted Oppenheimer as
saying that fast neutron work should not be isolated from other
physics, and to be under the Army or a contractor would only hamper
it. Compton replied that all research at Site X will be under an
independent institution and not under Army or an industrial organiza-
tion. The question was raised as to what alternatives there are to
placing a fast neutron laboratory at Site X. McMillan said that an
existing laboratory could be used; Wheeler thought that wooden
buildings on the midway might be constructed; and Szilard wondered
about using the Museum of Science and Industry. Nothing was settled.
Compton told the group that Groves notified him this morning
that du Pont will take over the development and initial operation
of the pilot plant for 94 chemical separation. Another long discussion
ensued as to the advisability of having a united laboratory at Site
X. Whitaker said minimum facilities regquired at Site X are:
administration building, developmental laboratory, health building,
analytical chemistry service and physics buildings, shops and
warehouses, No. 2 and No. 3 piles, and a 94 chemical separation
plant. Wheeler quoted me as saying that a 94 chemistry laboratory
would be required, with space like that of the new chemistry building
being erected at Ingleside Avenue. Cooper pointed to everyone at the
table and said they all will be going to Site X, that it will be
necessary for me and my group to be there in case of trouble. A poll

was then taken in response to Szilard's question: Should a research
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laboratory, as distinct from a plant laboratory, be at Site X?
Allison summed up the answers by saying, it is the opinion of the
Council that research should be not concentrated at Site X if it can
be concentrated at Chicago with a saving in time. Thus it can be
said that the Council did come to one decision today. Also, the need
for a very early decision on the type of cooling for pile No. 2 was
stressed.

Friday, October 2, 1942

I spent a comfortable night in my hotel room and early this morning
departed by train for Chicago. My talk last night cost the Society one
dinner, $9.31 for round-trip train fare and $2.75 for the hotel bill—I
bought my own breakfast! '

English, during the last couple of weeks, has been setting up, with
the help of Ghiorso, an ionization chamber connected to a linear amplifi-
er, similar to those that we used in Berkeley, in order to make another
determination of the cross section of 94237 relative to that of U23° for
fission with slow neutrons. We have a one-gram Ra-Be neutron source for
this purpose. The 94239 sample, mounted on a copper disc, is placed on
one electrode of the ionization chamber and measurement will be made in
the presence of paraffin to produce the slow neutrons, with and without a
cadmium shield, in order to correct for the effect of fast neutrons. The
94239 samples will be furnished by Cunningham from the material he has
isolated, and comparisons will be made with 200-microgram samples of
natural uranium, prepared by electroplating onto copper from alcoholic so-

lutions of uranyl nitrate.

I wired Baumbach and Winstein that I have changed my plans and am
going directly from Chicago to Berkeley and will notify them before I go
to Los Angeles.

It was with some confidence that I was able to write to Heydenburg at
the Department of Terrestrial Magnetism in Washington and say that we will
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be shipping him a ten-microgram sample of 94 within a week. Such a state-
ment just a month ago would have been unthinkable.

I sent a letter to I. Lyon Chaikoff in the Department of Physiology
at Berkeley saying that I hoped to clear up a misunderstanding regarding
our contacting his students about possible employment at the Met Lab.

I said that Isadore Perlman was the only one I have taken the initiative
to contact; the others approached us on their own, e.g., Glenn Sheline,
who came to work with me at Berkeley, and Bernard Fries who is currently
under consideration. I expressed my belief that the opportunity to work
on our project could not be exceeded by any other position that might

be offered, that the project undoubtedly will have post-war significance,
and that the importance the project is apparently attaining is such that
it should be a source of pride to him that his men may fill important
positions as radiochemists and radiobiologists. I mentioned that I would
be in Berkeley the week of October 5 and perhaps we could discuss these
matters.

Before leaving for California this evening I managed to put together
our joint Chicago-Berkeley "Report for September 16-30, 1942. Chemistry
of 94. University of California and University of Chicago Groups" (No.
CN-282). In our part of the report Cefola, Cunningham and Werner describe
their work, using ultramicrochemical techniques, on the preparation and
measurement of the solubility of pure element 94 iodate, fluoride and
hydroxide, and other compounds. On the fluorine method for separating
element 94, Brown, Hill and Webster report on their measurement of the
volatility of element 93 fluoride as a function of temperature and its
behavior, which is much like uranium; this indicates that any element
93 present in the pile material will go wherever the uranium goes in the
fluorine method of separating element 94. Their work on the use of bubble
agitation techniques for the conversion of oxide powder to the tetra-
fluoride is also discussed. Willard and Turk describe their experiments
indicating that precipitation with 8-hydroxyquinoline (oxine) may be a
useful method for separating 94 and 93. Apple, Knox and Perlman cover
their program to study the problems of transferring the Wet Fluoride Method

for separating 94 to commercial-size scale. They have carried out
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preliminary experiments on the choice of an oxidizing agent (dichromate
studied), the choice of a reducing agent (peroxide studied), effect of air
agitation on reduction, and the precipitation of 94 on a preformed
precipitate of lanthanum fluoride. In the Berkeley part Garner reports on
"Wolatility of 94 and 93 Compounds" (the separation of volatile 93 and 94
chlorides is described), Garner on "Oxidation Reactions of 94 and 93," and
Duffield on "Precipitation Reactions of 94 and 93."

Cunningham prepared on a platinum plate, using some of his pure
94239, a sample containing about 10 micrograms of 94239 (by rough
estimate) for me to take to Berkeley when I leave this afternoon for use
in their experiments to measure the neutron fission properties of 94239.

I am also taking with me a sample of natural uranium mounted on
copper, weighing about 200 micrograms, in order to have its actual weight
determined by measurements of slow neutron-induced fissions by Gofman and
others at Berkeley using their setup. This is one of the samples being
used by English in his measurements of the slow neutron fission cross
section of 94239 relative to that of U233,

At a little before 8:00 p.m. I boarded the streamliner "City of San
Francisco" for Berkeley. One of the drawbacks in visiting my colleagues
in Berkeley is the time lost in travelling by train--nearly two days each
way. This time, however, I have the companionship of E. O. Lawrence's
brother, John, who is associated with the University of California School
of Medicine, and Bob Stone, our new head of radiological safety on the
Metallurgical Project.

Saturday, October 3, 1942

Most of my day was spent talking. Lawrence, Stone and I finished
breakfast on the way into Cheyenne, ate lunch near Rawlins, Wyoming, and
dined in Ogden, Utah. Many hours were spent with Stone in his roomette
discussing present and future programs concerning the safe handling of 94

and fission products. I am happy that Stone is now in charge of
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radiological safety for the Metallurgical Project and that the importance
of this has finally been recognized.

Sunday, October 4, 1942

Our train arrived in Berkeley shortly before nine in the morning. It
was not yet noon when I served as best man at Melvin Calvin's wedding to
Genevieve Jemtegaard. The ceremony was followed by a lunch for all the
guests at the Claremont Hotel in Berkeley. Many of us then went with
the Calvins to their apartment for a few hours until they left on their
honeymoon. I am sleeping at the Faculty Club tonight and plan to make
it my quarters while in Berkeley.

Monday, October 5, 1942

After a long talk with Latimer and reviewing his Berkeley program, I
visited Wahl in his laboratory. He very proudly showed me a visible
sample of plutonium (IV) hydroxide, the end product of his extraction of
the uranyl nitrate hexahydrate that was bombarded for two months in the
60-inch cyclotron. It weighs 200 micrograms and was finally isolated last
Tuesday. On that momentous day, Wahl showed the 94239 sample to E. O.
Lawrence. I am sorry that I wasn't there to hear his remarks and to see
the expression on his face.

Tuesday, October 6, 1942

I paid a visit to Kennedy and Gofman in their work areas and they
both invited me to dinner later this week. Gofman was particularly
pleased to get the sample of 94239 that I brought with me from Chicago.
Later I flew to Los Angeles to spend the night with my parents at 9237 San
Antonio Avenue, South Gate. I was also able to see Harlan and Nathalie
Baumbach and Saul Winstein. Baumbach told me he is interested in joining
me at the Met Lab but to obtain a release from his employer at Paramount
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Pictures will probably require a letter from some high official in
Washington; I promised him to look into this. Winstein told me the
chances of his joining me are very slim,

Wednesday, October 7, 1942

This morning I flew back here to Berkeley and then went to see
Hamilton, Lawrence and Cooksey in turn; each seemed pleased with my visit.
I was given a tour of the ever—expanding Radiation Laboratory on the hill
above the Berkeley campus. Here I saw the 184-inch cyclotron magnet with
its two giant calutron tanks. One of the calutrons was in operation;
peering through a large porthole, I saw the spectacular blue glow of a

235 into another.

beam that carried y238 into one receiver and the rare U
Lawrence, as ever, is optimistic about the electromagnetic separation
process and spoke with enthusiasm about his plans to install thousands of

calutron units at Site X.

I received a letter from Perlman about our move to Site X. He wrote,
"As usually happens when you leave, something comes up that could better.
be handled by you. Whitaker called me Saturday, and we had quite a dis-
cussion regarding the pros and cons of moving this group to the plant
site. This matter is to be settled probably before you return, and the
recommendation is to be made by the Project Technical Council. Apparently
the tentative plan had been reached that a control lab (quite small) would
be set up there, but no research faciliites. I gave him all the arguments
I could think of as to why this group should be moved, and although he
seemed to agree with them, I don't think this will bear much weight with
the Technical Council. He told me that should any decision be made, he
would let me know and perhaps reach you by phone.

"It seems pretty well settled that after the material received its
first concentration, our group will carry out final purification. They
probably reason that this is a one- or two-man job at the plant site, or
that the material could be shipped to our present place. I pointed out
that it would be a mistake to turn the entire extraction process over to
inexperienced people, that is inexperienced in radio-chemistry. I will
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probably hear from you soon after you receive this letter, and would
appreciate your giving some thought to this matter with respect to how I
might forestall an adverse decision in this matter. I will also try to
see Whitaker again before you call.”

Perlman also wrote on another matter. Chaikoff of Berkeley has
written to him, asking for some advice in getting a war project going in
his laboratory. Apparently, according to Iz, there is a terrific amount
of red tape that the medical people have to go through in order to get a
contract. Perlman's view is that Chaikoff has much better facilities for
doing project-related medical work than most places and he has several
experienced men on his staff; so Hamilton should farm out some of his work
to him.

In order to allay any further worry on Perlman's part about our move
to Site X, I put through a telephone call to him, and we discussed the
best course of action and the strategy we would employ with Whitaker.

Oppenheimer and I had a talk about 94 production and its availability
to the fast neutron workers. In discussing the spontaneous fission of
94239, he was of the opinion that if the half-life is of the order of 1012
years there is no cause for alarm. In such case, neutrons would be
emitted so infrequently that none would be emitted to prematurely trigger
a chain reaction in the bomb.

I had dinner at the Gofman's and then returned to the Faculty Club.

Thursday, October 8, 1942

Besides visiting some of the other chemistry groups today, I visited
the Life Sciences Building and inspected the superb work Kirk and his
colleagues are doing on their new microbalance, briefed them on the role
of their work in the overall Metallurgical Project, and invited Kirk to
join our group in Chicago when he is finished. I also saw Chaikoff and
settled amicably the matter about what appeared to be our pirating of his
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workers. I followed up on Perlman's idea and suggested to Chaikoff that
he get in touch with Hamilton about taking over one or more of his
investigations.

I had an enjoyable dinner at the Kennedy's and again spent the night
at the Faculty Club.

Friday, October 9, 1942

After having breakfast at the Faculty Club, I went to the Chemistry
Department and talked to Mrs. Lois Moquin about some contractual and
administrative matters. The rest of the day was spent in revisiting some
of the 94 chemistry projects. I had an early dinner in Berkeley and took
a taxi down University Avenue to the Berkeley railroad station, where I
met the "Overland" which departed San Francisco an hour earlier. I will
not arrive in Chicago until Monday morning.

Monday, October 12, 1942

We rolled into the Chicago and Northwest Railway Station at 8:30 this
morning and Helen and Iz were there to greet me. The weather was warm and
clear, already in the 70's. When I asked Iz what action Whitaker has
taken with the Technical Council about our move to Site X, he told me to
relax. As far as he can tell, Whitaker was swayed by his arguments and
has dropped the matter of setting up only a small chemistry control unit
at Site X and thus keeping our research group in Chicago so far from the
chemical separation plant. My first task of the day was to review the
work going on in my group and to read some reports on Met Lab activities.

During the last couple of weeks, since Saturday, September 26,
Cunningham and Werner have been involved in the isolation of a large
sample of 94239 using as their source Goldschmidt's one-fourth portion,
augmented by additional residues from Kohman's and Jaffey's batches, from
the large St. Louis neutron bombardment. They have carried out a very
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exhaustive procedure of purification and have come up with a partial recov-
ery of about 80 micrograms of relatively pure material as the nitrate in
HNO3 solution.

Last Thursday, they took a small sample of this stock of plutonium
nitrate and transferred it to a platinum weighing boat, ignited it at
700°C for 20 minutes and weighed it with the Salvioni balance. The
ensuing plutonium oxide was found to weigh 2.20 micrograms, corresponding
to 1.94 micrograms of plutonium on the assumption that the formula of the
oxide is PuO,. The oxide was dissolved in concentrated H,S0, and an ali-
guot taken for alpha counting leading to the determination that the total
alpha-particle disintegration rate is 320,500 per minute corresponding to
a specific activity of 163,000 alpha-particle disintegrations per minute
per microgram of plutonium. Again an alpha-particle counting efficiency
of 45% is assumed.

On Saturday they took some of their stock solution of plutonium ni-
trate to prepare a sample for Heydenburg to use in his measurements of the
fast neutron fission cross section of 94239; they transferred the solution
to a platinum disc and transformed it to iodate by adding a solution 0.4 M
in iodic acid and 4 M in HNO3. The iodate was dried and ignited. From
the volume and specific activity of the stock plutonium nitrate solution,
as determined by measuring the alpha emission rate of an aliquot fraction,
it was calculated that there should be a 1.19 x 10° alpha disintegrations
per minute present on the disc. When English counted this directly on our
low geometry alpha counter, however, he found a value of 7.69 x 10° alpha
disintegrations per minute. This discrepancy indicates that there may be
something wrong with our calibration of the efficiency for counting alpha
particles on our low geometry ionization chamber, and perhaps something
wrong with the assumed geometrical efficiency (45%) of the "inside" ioni-
zation chamber used by Cunningham and Werner to determine the total alpha-
particle intensity of the sample by the counting of the aliquot fraction,

Using the sample of 94239 prepared for Heydenburg, English and James
made adsorption measurements in a search for gamma rays using a Geiger-
Muller counter. The plutonium sample mounted on a platinum sheet, has
an alpha disintegration rate of about 100 per minute and gives a counting
rate of 5 per minute or less through 3 gm/cm2 of lead. Taking into
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account the geometrical arrangement and the efficiency of the counter for
gamma rays, we estimate that the 94239 sample emits about 103 gamma rays
or less per minute; that is, roughly 0.1% as many gamma rays as alpha
particles. There is also an electron counting rate corresponding to about
103 particles per minute through a thickness of 10 mg/cm2 (cellophane and
mica counter window). There may be some contribution due to fission
product impurity.

Last week Willard and Turk measured the effect of concentration of
94239 on its adsorption by Hyflo Super Cel. Using some 94239 fyrnished by
Cunningham and working on the semi-microscale in order to effect high
ratios of 94239 to uranium in 10% UNH solution, they found that up to 40%
of 94 is still adsorbed on Hyflo Super Cel at concentrations as high as
one part of 94 in 7,800 parts of uranium. Since the 94 present in the
uranium after the operation of a pile may have as high a concentration as
one part in 103-104 of uranium, these experiments indicate that Hyflo
Super Cel may have sufficient capacity at actual extraction plant
operating conditions.

I had a talk with Stan Thompson about his research plans and he told
me he has a number of ideas for the use of precipitants to carry 94 and
organic complexing agents to purify it after it has been removed from the
bulk of uranium and fission products. He has already started experiments
with diphenylthiocarbazone (dithizone) in chloroform.

Jaffey told me he is modifying his method of chloride volatilization
through the use of CCl, as the chlorinating agent to see whether he can
prevent the carry-over of tracer 94.

During the last few days Cefola has been testing the carrying of
94239, working on the ultramicroscale, on preformed precipitants of
lanthanum fluoride when the ratio of lanthanum to 94 is about 100 as it
will be in the application of the "Wet Fluoride Process" to the extraction
and separation of 94239 from uranium and fission products. Working in a
solution of volume 12-14 X containing approximately 0.01 Y (microgram), he

added sufficient HF to make the solution 6 N in HF concentration, then
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added 1 X of La™3 solution and found after separating the lanthanum
fluoride precipitate that it carries 80-95% of the 94. He finds that the
addition of a second 1 X portion of La™3 leads to a combined removal of
97-99% of the 94. These and other similar experiments that he has
performed indicate that removal of 94232 yith lanthanum fluoride
precipitates at the concentrations of 94239 that will exist in chemical
extraction plant operation will be feasible.,

I learned that the Technical Council held two meetings while I was in
Berkeley. The plan is to meet every Monday at 1:30 p.m. with extra
meetings in between if needed. At the first meeting last Monday, Groves
made his initial appearance. This was Groves' first visit to the Met Lab,
the purpose of inspecting the facilities and meeting the personnel., The
Council meeting started out with Allison, Fermi, Szilard, Moore, Wigner,
Whitaker, Wheeler and Steinbach present. Allison asked that a decision be
made about pile No. 2 as soon as possible in order to design a proper
building. Steinbach said that he assumed the building would be a 20' x
20' x 20' structure. The conveyors and unloading equipment have already
been designed but the cooling systems are incomplete. Fermi urged that
details of the pile be decided on as soon as possible, which was followed
by Moore's subcommittee report on the design of a 10,000 kw reactor. The
three schemes investigated were: by Wigner (1) uranium rods, water pipes
and graphite; by Fermi (2) uranium lumps imbedded in graphite and cooled
by water pipes; and by Cooper (3) metal pipe with graphite and uranium
shot as coolant. Another scheme, (4) only 300 kw, employing external
cooling, is the one being designed by Stone and Webster.

After considerable debate over the merits of the four schemes,
Compton and Groves walked in and took seats at the table., Allison
continued the meeting by saying that in order to have an operating pile at
Site X by March 15, 1943, plans for the pile must be ready by Saturday,
October 10. Groves spoke up and said now is the time to put the plans
into the hands of Stone and Webster, to which Steinbach replied that some
pile plans that now exist are based on scheme #2 and there is some
difficulty of how to arrange 850 pipes inside the pile. After much dis-
cussion over the subject of cooling by recirculating distilled water,

Groves made a pronouncement: The War Department considers the project
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important. There is no objection to a wrong decision with quick results.
If there is a choice between two methods, one of which is good and the
other looks promising, then build both. Get the decision into Compton's
hands by Saturday night. Moore recommended construction of scheme #4

as planned at present by Stone and Webster. Steinbach said that although
General Groves has emphasized a building, the real problem-is what goes
inside it.

This set off another round of discussions about the relative merits
of the four plans. Wigner championed his scheme #1, saying that such a
pile could later be converted to a helium~cooled, high-power plant.
Indeed, air or CO, could be used instead of helium for cooling. Fermi was
not impressed, saying Wigner's pile could not be safely enclosed in
balloon cloth and that fittings for a steel shell would be difficult.
Allison agreed and said that such a pile might give a big output, but it
needs to be engineered. Fermi then spoke for the simple 300 kw,
externally cooled, pile indicating he thinks this could be built at the
Argonne Forest site. After further controversy, Allison summarized the
talk by saying, the question has sharpened down to: do we accept the 300
kw scheme or do we redesign? The meeting adjourned without a decision
being made.

Two days later, on Wednesday at 1:30 p.m., the Council met again.
Kirkpatrick of Stone and Webster was a guest, and this time Groves was
absent. Allison opened the meeting by saying that on Monday someone
suggested that the materials scheduled for use in the Argonne Forest pile
(No. 1) be employed in the construction of pile No. 2 at Site X, which has
a deadline of March 15 next year. Simultaneously, another pile of higher
output could be built. Compton then gave several cogent arguments why
pile No. 2 should be the exterior~cooled, 300 kw variety. He said that
for military reasons Groves believes that a plant operating by June 15
would meet the deadline for a few grams of the explosive product, and
probably after June 15 several more piles would be required. The pile
building at the new site will be completed by February 1, and it would be
possible to have a 300 kw pile operating six weeks later. Such a pile
would provide engineering experience and be useful for studies related to
chemical processing of 94, radioactive gases and protection against

radiation. Also, there would be a few grams of 94 for physical tests.
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Moreover, an operating pile would give a great boost to morale, because
right now the Army is discouraged that the project hasn't achieved more
than it has so far. A motion was made and passed without dissent that the
Technical Council recommends the construction of a 300 kw pile at Site X
by March 15, 1943, Another motion was carried that the council approves
the expansion of the engineering staff at the Met Lab so that designs for
water- and bismuth-cooled systems can be studied.

Cooper, a member of the subcommittee on space allocation at Site X,
reported that plans call for a chemical separation plant there to handle
the output of any pile up to 100,000 kw. The plans include facilities for
three separate processes in one building, any one of which should handle
one ton per day. When Fermi objected that a leak in one process might
make the building uninhabitable, Cooper replied that there will be a
receiving building to dispose of radioactive gases before the material
goes to a second building. Here every tank will be in a separate room
with its own ventilation. ,

With regard to laboratory buildings at Site X, Compton told the
Council that Groves wants production, chemical extraction and fast neutron
work at Site X. Research that is less immediate and the study of utiliza-
tion of a chain reaction for power should not go to Site X. Fermi brought
up the question, what should the program be at the Argonne Forest labora-
tory? Originally, his group was to prove that a chain reaction can take
place, and then the pile would be flashed for a brief time. A dugout
would be required in the latter case. He was of the opinion that the pile
could be heated by one degree C, but the materials cculd not be dis-
assembled and moved to Site X for several weeks thereafter. Compton
said that Oppenheimer had telegraphed him Monday and urged the concentra-
tion of fast neutron work at Site X in order to speed action. It is also
Groves's decision. Allison and Wheeler agreed that slow neutron work
should eventually move there also, but Fermi said "no comment" when asked.
Compton quoted Groves as saying to Hutchins, President of the University
of Chicago, that part of the Met Lab work will be transferred elsewhere,
but it is impossible to predict whether the extent of the project
will increase or decrease at the University in a year's time.

I wrote Baumbach, as a follow-up to my meeting with him in South Gate

286



10/12/42

last Tuesday, to tell him that I have found the mechanism for getting a
letter from Washington sent to his employer; I asked him to let me know if
and when he wants such a letter sent to arrange for his release to join me
at the Met Lab.

A third meeting of the Technical Council took place today. It
was attended by Allison, Fermi, Moore, Szilard, Wheeler and Wigner.
At first the meeting was devoted to a discussion of machines and
materials. Fermi stated that the Council could not estimate dates
for fulfillment of the stages in the pile program. There followed
this exchange of words:

Szilard: Let's adopt a policy of utter frankness toward the

Army.

Moore: I don't think we should say anything in case of doubt.

Allison: You know Conant; he will press for time estimates.

Fermi: In light of our past experiences, we may underestimate
the amount of uranium required because of the impurities that will
be found in it. Surely it is not unfair to expect a loss of one
percent in k due to these impurities. I think it is a grave mistake
to wait any time at all to produce a chain reaction. Now, it is
possible that we can put the material into the form of a sphere at
Argonne Forest. Let us use some AGR (an inferior form of graphite,
single fired and of low density) to support the sphere. 1In fact, it
may be possible to use ordinary brick or wood for the same purpose.
It would be possible to build up a structure to which we can add
and yet maintain a roughly spherical shape at the bottom. For
speed, we can use uranium metal as it is produced.

Wigner: It seems to me that working up a time schedule while we
are so uncertain about the value of k is a waste of time.

Szilard, Allison and Fermi agreed to Wigner's comment. Fermi
then estimated the value of multiplication constant k as presently
attainable. By adding 1.026 already measured for Westinghouse metal,
0.021 by going to pure graphite and 0.007 by exhausting nitrogen from
the structure, he obtained a total for k of 1.054.

Before adjournment the question came up again about moving to
Site X. Allison said another telegram came today from Oppenheimer
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asking that there be no delay in the construction of a fast neutron .
laboratory at Site X but that he, Allison, is even opposed to the
erection of a building there for the slow neutron group until the
situation as to k is cleared up. Fermi said, "All this matter of
Site X appears to arise from the mistaken impression that our experi-

. mental work here is finished;" to which Allison replied, "Compton
said that our project, rather than Urey's or Lawrence's, has the
power of recommending the location of the fast neutron work."

Tuesday, October 13, 1942

Cunningham and Werner prepared a sample of plutonium iodate from a
small portion of their stock plutonium nitrate solution by the addition of
excess HIO3 in 4 M HNO;. The precipitate was removed by centrifugation,
washed with HZO' transferred to a platinum weighing boat, dried for four
hours at 100°C, then weighed with the Salvioni balance. The precipitate
was then dissolved and the dried platinum boat was weighed again giving a
weight of 1.70 micrograms for the plutonium iodate. The alpha-particle
activity of the dissolved iodate was determined and found to be 73,000
alpha disintegrations per minute. Using a specific activity for plutonium
of 165,000 alpha disintegrations per minute per microgram, this corres-
ponds to 0.44 micrograms of plutonium element. From this we can calculate
the mole ratio of iodate to plutonium to be 3.89, pointing strongly to
to a valence charge of +4 for the plutonium in plutonous iodate. This
is the first instance in which the formula for a plutonium compound has
been established. The formula, Pu(IO3),, agrees with our expectations.

Willard and Turk have continued their study of the adsorption of 94
and fission products on silica gel using neutron-bombarded UHN from the
St. Louis sample. They find that the 94 is rather completely adsorbed and
can be eluted with 6 N HNO3. This suggests that it is the silica rather
than the silicates in the Hyflo Super Cel (which is 93% silica gel) that
is primarily responsible for the adsorption observed. These experiments
indicate a rather substantial separation of the 94 from fission product
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activities. They also performed an experiment with alumina using neutron-
bombarded UNH from the same source which shows that a high fraction of the
fission products are adsorbed and that this is therefore not a
satisfactory adsorbent for our purposes.

I held my regular meeting with the Research Associates of my group in
my office this evening. I have asked Thompson to join us in these Tuesday
evening meetings. Much of the time was spent on further review of the
research work that went on during my absence last week. We also discussed
the big review session that will take place at the meeting of the Techni-
cal Council on Thursday and in which I am scheduled to participate.

Only one day has elapsed and the Technical Council met again. 1In
attendance were Allison, Compton, Cooper, Fermi, Moore, Szilard,
Wheeler and Wigner. Wigner opened the meeting by announcing that the
situation on k is rather bad. 1In the discussion that took place,
Fermi pointed the expected gain in k should be 4.9%; but the observed
increase is 3%, and allowing for 1% due to impurities, this leaves
discrepancy of almost 1% for which he cannot account. According to
Szilard, Fermi's measurements did not exclude the possibility of a 2%
gain by using beryllium, which he advocates using anyway. He then
proposed that Cooper contact Brush Beryllium Company to see if beryl-
lium can be produced without interfering with uranium production. Fermi
said that he is proceeding with plans for a spherical pile at Argonne
Forest. With all materials on hand, a sphere of 4.4-meter radius is
possible and will chain-react if the average multiplication factor is
1.044. A sphere of 5-meter radius will chain-react with k = 1.03.

Allison then asked the Council members for their reaction to
pressure for setting dates. Cooper responded by saying that the
design for pile No. 2 must be frozen now, but enough will not be
known until the middle of December. Fermi agreed, saying that no one
knows the effect of temperature on the center of the pile. Compton
gave what he thought is a reasonable schedule. A condensed version
of what he said is as follows: Suppose we don't freeze No. 2 pile
until the results of No. 1 are known. Suppose No. 1 is ready to go
the middle of December, results understood by middle of January.
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Set dimensions and freeze design of No. 2. Five months. Hence

No. 2 not operating till middle of June. First real opportunity to
test effect of temperature, important for helium-cooled production
(pile No. 3) plant, which must be run hot. From June 15, eight
months to get helium~cooled production plant operating, six months
more for operation, autumn of 1944 first useful amounts of material.
Lucky on such a program to get anything before January 1, 1945.
Question whether we want step-ty-step development or parallel
development of piles No. 1, No. 2 and No. 3. This was the tenor of
the . discussion that followed, and it was even suggested by Fermi that
external cooling be applied to the pile No. 3 for low power runs,
which would thus serve the purpose of pile No. 2. Fermi declared
that he has the impression Groves and Conant do not realize the ex-
perimental nature of the project, and Compton answered that he told
Groves last week that we don't know whether we have a 90 percent or a
10 percent chance of coming through.

The question of providing buildings at Site X for Chicago
research was raised once more by Wheeler. He said there is an appar-
ent inconsistency in our attitude. Wwhen goal of high production of
94 looks close at hand, we oppose moving to Site X because of
proportionately high loss of time; when we are discouraged, as we are
at present, then we do not want to look ahead and see that those
facilities are provided at Site % which would be necessary in case of
a move.

Allison: Council not prepared for decision.

Cooper: If catastrophe in operation of the pile plant,
neighboring chemical separation plant would be endangered. Consider
the possibility of separation of the two plants.

Compton: We could use a ridge or hill to separate them.

Cooper: Convert material to a transportable form from a
pretreating station at each pile and then pipe to the chemical
separation plants. (General approval.)

Compton: All division leaders in Council are autonomous actors,
to proceed within limits of budget and concurrence of project leader.
More delegation of authority and autonomy than in an industrial
laboratory. Whitaker at present responsible for our work at Site X,
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apart from fast neutron work. Deal through him on pile No. 2.
Fermi: We will need more graphite for pile No. 1.
Compton: I leave that to your discretion. Ruhoff is now our
agent for placing orders for uranium metal, oxide and graphite.
Hilberry has details in mind on graphite, Doan on metal.

Wednesday, October 14, 1942

Cunningham and Werner planned today for the measurement of the solu-
bility of a number of plutonium compounds, such as the iodate, fluoride,
hydroxide, carbonate, phosphate, peroxide, sulfate and oxalate. The plan
is to take small samples of the precipitates and let them stand for at
least 16 hours in the solutions in which the solubilities are to be deter-
mined.

Thompson's experiment on extracting reduced 94 into a chloroform solu-
tion of dithizone was completed today, and he finds that no appreciable 94
is extracted into the chloroform. Thus this is not a useful method of
purification.

During the last couple of weeks Koshland and Magel have continued
their work on an ether extraction methods for isolating 94239 from uranium
and fission products using UNH which has been bombarded with neutrons at
St. Louis. They have studied the effect of HNO3 concentration on the
extraction of oxidized 94 into the ether phase and the accompanying
extraction of a small gquantity of fission products into the ether phase.
They find that the 94 can be removed from the ether by shaking the ether
layer with several small volumes of water saturated with SO, which reduces
94 to its lower oxidation state. The behavior of the fission products in
this step will be investigated.

Our secretary, Mrs. Kvidera, is leaving us because of pregnancy, so
we are in the process of looking for a replacement. Today Perlman and I
interviewed an attractive 22-year-old girl, Edrey Smith, who graduated
from Oberlin College this spring and will soon finish a secretarial course
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at Moser Business College here in Chicago. She lives with her parents in
the Beverly Hills section (9514 Damen Avenue), a few miles from the Labora-
tory in a southwesterly direction. We are very favorably impressed and
immediately decided to offer Miss Smith the position. Although she seems
interested, it is clear that she is somewhat non-plussed by the guard
arrangement, our unusual looking laboratory with its strange odors and
unfamiliar looking equipment and perhaps by the appearance of the people
she saw. This is indeed a strange environment to her, far from the busi-
ness-type atmosphere that she imagined she would work in now that she has
prepared herself as a secretary. She will finish her secretarial course
in a week or two and then plans to take a short vacation before starting
to work. We are hopeful that she will decide to come with us, despite our
unusual work atmosphere, because she will obviously add so much to the

place.

My last letter to Heydenburg at the Department of Terrestrial Magnet-
ism, dated October 2, carried the promise of sending him some pure 94239
in compound form; and today I wrote him that the sample is on the way. It
is the sample that Cunningham and Werner deposited on a platinum sheet for
him last Saturday. I said that there are between five and seven micrograms
of 94239 in the sample, an amount which has been determined by taking a
rough measurement of the alpha-counting rate.

I wrote to Hamaker in Berkeley, saying that I am sending him
Breslow's notebook at Hamilton's request. From it Hamilton hopes to glean
some details of how to concentrate radioactive isotopes by the Szilard-

Chalmers process.

Robert Lee Wells and Albert Foster York, the two attorneys associated
with the Met Lab, are seeking to file a patent, in my name on 94239. I
informed Kennedy in Berkeley by letter, with copies to Wahl and Latimer,
that the patent, according to them, is entirely a "chemical patent" based
upon the discovery of the oxidation and reduction principle for separating
94; that in their opinion there is nothing basically patentable in the
discovery of the radioactive and fission properties of 94239, 1 concluded
my letter by writing, "I raised with York and Wells the guestion of your
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name being included on the chemical patent and they decided to leave this
Gecision to you. If you feel that you contributed to the chemical ideas
and/or operations in the development of the oxidation and reduction
separation principle, then let me know and they will include your name.
This seems fair enough to me."

Our laboratory space on the fourth floor of Jones Laboratory is now
fully occupied with my group of about 20 scientists working on a broad
spectrum of problems involving the chemistry of element 94 (Figure 19).

Thursday, October 15, 1942

Thompson commenced experiments today to investigate further the
separation of 94(F) (94 in the reduced state) from 93(f) (93 in the
reduced state) by precipitation with 8-hydroxyquinoline (oxine), a method
that was investigated by Willard and Turk last month.

Today was an exciting day for me. 1In the afternoon I participated in
the last part of an all-day conference, held in Room 209 Eckhart Hall, in
which the Technical Council summarized for General Groves, Colonel
Nichols, Colonel Marshall, Murphree, Oppenheimer and some outside
reviewers from the du Pont Company and Stone and Webster, the whole
planned Project program for piles, chemical extraction plants, etc. A
number of other Project leaders were also present. I shall describe here
what went on during the whole day meeting, relying on the minutes (which
were available later) for information on what went on in my absence. The
last four meetings of the Technical Council were, in a sense, held in
order to decide on the future program to be presented today; it is for
this reason that they were held on such a frequent time schedule.

The morning session was attended by Allison, Cantril, Compton,
Cooper, Doan, Fermi, Hilberry, Moore, Spedding, Stearns, Steinbach,
Szilard, wheeler, Whitaker, Wigner, Wilson and Zinn from the Met Lab.
Outsiders were Chilton, Cole, Gary, Grafton, Groves, Klein, LaCrosse,
Marshall, Murphree, Nichols, Oppenheimer and Pardee. Unlike many of the
Technical Council meetings that preceded it, the conference was controlled
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and not so many controversies erupted. Council members and other Project

people presented concise summaries of present situations and plans for the
future. Although the conference was intended to be an information meeting
for the outsiders, it also had the salutary effect in uniting the thinking
of the Council members.

Fermi was the first to speak. He stated his case for Pile I (No. 1)
to be erected in the laboratory at Argonne Forest. I will repeat the
secretary's minutes of his talk because of their significance: Argonne
Forest experiment to get first sustaining chain reaction. Experiment on
uranium metal in last few days at Chicago gives value of the multiplica-
tion factor k lower than expected, hence it will be necessary to increase
size of pile 10% to 15%, which will require 50% more material. In order
to economize on material, the pile will be built into a spherical shape to
a diameter of 26 feet. If the available material runs short and the
critical diameter cannot be achieved, then more material must be procured.
It will be wise to have this additional material on hand to avoid a
possible delay. The intention is to assemble the structure by the end of
December and to draw the first conclusions then. At this time we will be
in a position to determine the critical dimensions if they fall short of
the actual dimensions. Test critical size—-that chain reaction will go.
Test controls; get reliable information as to temperature effect on k. A
10°C rise in temperature will be sufficient to detect change in the multi-
plication factor of 0.1 percent per 100°C; a smaller change than this is
unimportant. Then test power production by flashing the pile perhaps to
1,000 kw for a time short enough not to make materials too radioactive.

Compton displayed a photograph of the Argonne Forest building that
would contain Pile I and was followed by Volney C. Wilson to explain how
this first pile is to be controlled. According to theory, a chain
reaction will continue to build as long as k is greater than unity.

Before completing the erection of Pile I, four cadmium or boron strips
will be inserted, three for safety and one for control. At the time of
operation, three strips will be withdrawn all the way. The fourth strip
will be pulled out beyond the zero point (k = 1.0000) until the reaction
builds up to the desired level, at which time it will be pushed back in
to the zero point to maintain the chain reaction at a constant level.
The controls will be managed by an operator at first when starting a run
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in order to secure the desired operating level; thereafter an automatic
electronic device will maintain stable conditions.

There was a question or two about flashing and temperature rises, and
then Whitaker took the floor to outline the plans for a pilot plant (Pile
II) at Site X. The pilot plant, as conceived, will be cooled on the
surface and run at several hundred kilowatts. Its purpose is to provide
experience in operation, use of controls and temperature stability tests
at several power levels, It is estimated that thirty days of operation
- will produce enough 94 to test chemical separation methods. As for the
structure of the pile, it will be filled with helium, be 25 feet on a
side, and be composed of 40 tons of uranium metal and 800 tons of machined
graphite. It will be operated for a month at maximum energy (250 to 500
kw). At the conclusion of this period, the safety rods will go into place
and the uranium material will be removed. If the 40 tons of metal are
available by March 15, then the structure will go into operation April 15,
operate to May 15, cool to June 1 and be disassembled. "Those of us," he
said, "who are accustomed to work with small budgets have proposed the
elimination of a pilot plant, building a full-scale production pile
instead, and to operate it for a time as a pilot plant. The purpose of
the pilot plant is to gain experience in the operation of a plant at a tem-
perature much higher than that to be reached in the Argonne Forest
experiment." There followed a discussion of the maximum size a pile might
be in order to have a building to accommodate it. Fermi quoted a figure
of 25 feet diameter for an all-oxide pile and 20 feet for an all-metal
pile.

Compton then reviewed the schedule proposed so far: Argonne Forest
pile (No. I) to be built December 15, pilot plant (No. II) in operation
April 15, and October 1 as the earliest estimate for the operation of a
helium-cooled pile (No. III). Wheeler got up and described the main
features of the helium-cooled, production pile called Pile III. By way of
introduction he said that there are two alternatives for cooling Pile III:
either cool from outside and remove uranium periodically from the pile, or
send cooling medium into pile to cool metal in situ. Little consideration
has been given to the first alternative because of mechanical difficulties
For the second alternative, the choice of cooling fluids is much limited.
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Helium gives no chemical reactions and is only substance that does not
absorb neutrons.

He described Pile III as consisting of lumps of uranium sliced into
plates with space between for the circulation of helium. A series of
lurmps would be placed along a channel in graphite, there being about 400
of these channels running vertically. The hot helium would go to a heat
exchanger, then to compressors, then to an after-cooler, then back to the
pile at room temperature. The major problem is that uranium would eject
fission products into the helium; and, therefore, up to ten feet of water
would be required for shielding. To run the pile at a lower rate than
that for which it is intended requires much less external power. For
instance, reducing the heat output of the pile by a factor of 10 would
reduce the pumping power by a factor of 100 to 1,000, Thus it is
possible to run a pile as a pilot plant before the arrival of auxiliary
equipment. The approximate amounts of material required for the pile were
given as 70 tons of uranium metal, 800 tons of graphite and 560 cubic feet
of helium, to be encased in a spherical steel shell 30 feet in diameter.

Wheeler, in discussing the problem of erecting Pile III, likened it
to the problem of racing the Germans to the North Pole. A too-lightly
laden sledge (insufficient uranium in the pile, insufficient protection
against radiation) will lead to breakdown on the way; whereas a too-
heavily laden sledge (too much time taken in applying large and complex
auxiliary equipment) will slow down progress and result in loss of the
race. "The problem’of constructing the helium~cooled plant as we see it
now can be compared with a sledge journey for which there is a
considerable safety margin between the minimum requirements for safety
needed for operation and the maximum requirements for practicability.”

In the discussion that followed, Wigner pointed out that a liguid-
cooled plant for Pile III is speculative, but it has the advantage of
giving big production and probably could be ready before a helium~cooled
plant. Compton commented that there has not been an adequate opportunity
for the engineering development of either the water-cooled plant or the
bismuth-cooled plant. Szilard replied that one cannot say whether or not
bismuth would be a proper cooling agent and that tests are needed. But if
it will work, a bismuth-cooled pile can be built quickly, as a minimum
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amount of equipment is needed. It depends on how much 94 one wants. He
said, "Fifty kg of 94 is enough to astonish, and perhaps even irritate,
the Germans; but, if we want to win the war, I would personally estimate
that we shall have to produce a ton of 94. We can produce one kg of 94
per day for every 40 tons of uranium and 300 tons of graphite; for a
bismuth-cooled pile it might be necessary to have 1,000 tons of graphite.”
He went on to describe the merits of the system and had a ready answer for
every question. The meeting adjourned until after lunch.

There were two sessions of the conference in the afternoon, and the
composition of the attendees was somewhat different from the morning.
Those attending the first session were Allison, Chilton, Compton, Cooper,
Doan, Fermi, Gary, Graftén, Groves, Hilberry, Klein, LaCrosse, Marshall,
Moore, Murphree, Nichols, Pardee, Steinbach and Wheeler. Compton opened
the meeting by saying he would present time-schedules as now contemplated,
assuming that ample uranium and graphite are on hand when required. Pile
I will be built by December 15, with testing January 1 and power flash
January 15. When Groves asked why the delay until December 15, Fermi
said, "The oxide will not be on hand until December 1. We also must
transport 500 tons 20 miles." Groves said, "We can move 500 tons in a day
if necessary," and Fermi replied, "Offer accepted." Pile I requires 6 tons
of uranium metal and 60 tons of uranium oxide.

Pile II will be built and operating by April 15, and then torn down
June 1 for extraction of 94. The requirements are 40 tons each of uranium
and uranium oxide. The chemical extraction plant will be tested between
April 15 and June 1, with operations cormencing June 1. Pile II will be
rebuilt for further testing using some of the previous materials.

Allowing time for radioactive decay, it should be ready August 1.

Pile III, the helium-cooled plant, will be completed about November
1943 and operated one month as pilot plant. It will then go into full
operation for 90 days until March 1, 1944, producing 100 grams of Pu239
per day, rather than 40 grams per day, giving approximately ten kilograms.
The ten kilograms of 94 will then be separated in the chemical separation
plant, completing the job by May 1, 1944. Pile III will then be reloaded
with its second batch.

Pile IV, cooled by water, diphenyl or possibly bismuth, would be con-
structed by November 1, 1943, using 2,000 tons of graphite and 200 tons of
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uranium, and would have a daily output of 400 grams of 94.

Compton's scheduling evoked many remarks about the availability of
materials and the possibility of eliminating Pile II if Pile III can be
built in a hurry. Fermi, concerned about his responsibility in getting
Pile I to operate by January 1, said, "The schedule is one which we may be
able to keep if we are lucky. There is a 40 percent chance it will go and
a 60 percent chance it won't go. If it doesn't, then additional material
will have to be added——perhaps as much as 50 percent more material—with a
consequent delay.

Groves brought up the subject of secrecy. He emphasized the need for
compar tmentalization of knowledge and said we have no need to know about
the Urey and Lawrence projects. We are to preserve notes, watch our
briefcases and guard our conversations on telephones, which may be tapped.
Toward the end of the session, LaCrosse started an argument by saying that
no good will come of putting one engineer with each "doctor" but that all
engineers should be put into one room, with the information funnelled in
to them. Compton was not happy with this arrangement, saying, "Men in a
laboratory are not content to have developmental work taken out of their
hands——they want to control the direction of the work. There is no
possibility of satisfactory design without intimate contact between
engineers and scientific men. Therefore we want to arrange to have the
engineering design work and men at Chicago."

LaCrosse: You seem to feel that chemical engineers are what you need
for this development work. I am inclined to feel that your present needs
are more along the lines of mechanical engineering.

Groves: Process engineers should go between physicists and final
engineers,

Murphree: It is more than a question of engineers simply taking over
a completed idea. There has to be intimate contact, that is, both
engineering and physical phases must be worked out together.

Fermi: It is necessary for physicists to work with process
engineers—and in same room.

Murphree: Rather different rooms, going back and forth.

LaCrosse: Let the boss take responsibility for the design and let
him consult with a physicist, but don't have both groups of people in the
same room. Let the engineers keep their doors open.
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Groves had the last word. He said, "The same problem of collabora-
tion has come up on every project we have undertaken. There should be
no barriers to collaboration between the two groups.”

I cite the above controversy because it exemplifies the strong
feeling that now exists in the physicist, chemist and engineer. Each of
us wants to be able to contribute to our fullest measure without being
circumscribed by others, especially by those we feel do not have the
knowledge, competency or vision of what ought to be.

The second session of the afternoon was attended, in addition, by
Boyd and me. I was the first speaker on the program; and, after I fin-
ished, Cole, Coryell and Cantril came in. In sumary, I had this to say
after describing how tracers are used to study chemical reactions: There
are three or four methods that have been devised for the separation of 94
from uranium and fission products. Microchemical work indicates that the
processes will work at the concentrations to be used in the actual separa-
tion plant. Element 94 resembles uranium in that there are two oxidation
states. The lower state is probably 94*4 and the upper state 94%6,
Insoluble compounds are like those of rare earths and are characteristic
of the lower state, whereas soluble compounds are generally characteristic
of the upper state.

One method of separation, I said, is based on the principle of oxida-
tion and reduction, using a wet process with HF. A second method, based
on the same method, uses the ether extraction of nitrate. There is the
possibility of continuous extraction employing this process. Method 3,
the dry fluoride method, consists of (1) treatment with HF, (2) treatment
with F, at low temperature to remove uranium and 93, and (3) treatment
with F, at high temperature to remove 94. Method 4 utilizes peroxide
(H)0,) with 92, 93 and 94 precipitating. All four methods seem to be capa-
ble of effecting separation. The question is, what choice should we make
at this time? There is the possibility of combining one procedure with
another. In many ways, dry fluoride is the neatest method: there is
good separation and one can work at a safe distance from radioactivity,
but there is a problem of adequate material and equipment. '

The next speaker was Cooper, who discussed the engineering aspects of
a chemical extraction plant. He said that the job would be quite simple
if it were not for the problem of radioactivity. "But we have to make
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ecuipment so it will work without maintenance behind six to eight feet of
concrete., There are three divisions to the problem. Presumably we will
receive the active material in the form of metal, possibly coated,
probably encumbered with graphite. The volatile radioactive fission
products will be tied up in the metal. After a month to allow for
radioactive decay, the material that has volatilized must be diluted with
air to a point where it is safe for workmen to breathe in the vicinity.
The uranium in the pile would be dissolved or burned to a powder at the
site of the pile and then sent through a pipe to the chemical separation
plant some distance away. Here the material would be concentrated in the
second phase of the operation to a relatively small volume. The plan is
to handle one ton per day (or perhaps more in view of the recent upward
revision of tonnage of uranium required for the pile). The largest tank
employed will have a capacity of 3,000 gallons, with a height and diameter
of about five to eight feet. Tanks and associated equipment will be in
barriers of concrete, or lead and concrete. The third step of completing
the separation would be almost a laboratory type of procedure.”

Cooper went on to talk about the philosophy of design: Line of tanks
and filter. Tanks for non-radioactive materials outside barrier. Gravity
flow as much as possible to cut down problem of pump maintenance. Scheme
in process of being drawn. Probably will be able to start operations in
June. Perhaps a month of trial with non-radioactive materials. Start
with 2,000 tons of uranium, each ton in something like 3,000 gallons of
solution. Amounts of precipitate so small that carriers will be added
to co-precipitate. By November 1 preparations for detailed design should
be in hand.

Groves: Material problems? Fluorine?

Cooper: Fluorine supply not serious, but hydrogen peroxide may be a
greater problem. Might need as much as ton of fluorine per ton of urani-
um.

Compton: What is the amount of peroxide used at Port Hope?

Seaborg: The problem is more that of obtaining material for tanks in
which to put the hydrogen peroxide than it is a problem of securing the
hydrogen peroxide itself.

Groves: I approve of gravity flow. Excavation and fill much more
satisfactory than pumps.
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Compton: Eventually, it is a problem of turning 94 into metal.

Seaborg: Development proceeding along that line. We feel that any
process that works for uranium will work for 94.

LaCrosse: How far between reactor and separation plant?

Cooper: Separation plant big enough to handle several production
plants. Problem of protection. Possibly a mile separation.

LaCrosse: Gravity flow? _

Cooper: Not a serious problem; air pressure will maintain a flow to
the chemical separation plant.

Cole: Many radiation hazards. There will be a greater concentration
of radioactivity than ever before experienced.

The remainder of the session was devoted to a discussion of safety
from the hazards of radioactivity. Klein was disturbed that he has been
asked to put the chemical separation plant eight miles away from the other
areas, and yet Site X is not big enough for such separation, and farm
houses are within that radius. He also questioned Cooper's estimate of
using a separation of one mile with a ridge in between. The eight-mile
limit, according to Hilberry, was chosen because it includes a health
factor and a factor of protecting the laboratory from radioactive
substances in the wind, the latter being the more important.

Groves asked about the effect of the ridges, as they are 200-300 feet
high. 1In Cantril's opinion, they would help to protect against radiation
but not gases. Klein then drew a sketch of the proposed Site X. The pile
would be situated in the valley between two ridges and five miles away
from laboratory and administration buildings and village, which would
occupy other valleys. The whole working area would be bounded by a river
on one side and an artificial barrier on the other, with the village being
on the outside of the barrier. wWhen Marshall pointed out that the
prevailing wind is from the pile toward the laboratory and village, there
was a suggestion that their locations be interchanged, but this was
quashed by Groves who said that if this were done the L&N Railroad right-
of-way would have to be purchased.

It is interesting to note that some of the engineers now refer to the
pile as a "reactor." Heretofore they have favored "power plant." I don't
think I have heard Fermi or the other physicists use the term.
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Today the newspapers state that the Japanese have landed heavy
reinforcements on Guadalcanal Island, and it looks as though there will be

another big battle there.

Friday, October 16, 1942

Cunningham and Werner today set up a number of solutions (each with
suspended plutonium precipitates) in order to measure the solubilities.
In each case the precipitate was formed by adding the proper reagent to a
solution containing about 0.1 microgram of plutonium. In each case the
precipitate and solution in the microcone was placed inside a 2 mm
diameter and 6 mm long sealed glass tubing in order to prevent water
evaporation, and the experiments were set up to stand overnight or longer.
The plutonium compounds included the oxalate, peroxide and carbonate and
the solutions included various concentrations of oxalate, water, acid,
carbonate and so forth.

Now ready to test his chloride volatility method with active
material, Jaffey is starting an experiment with U30g prepared from some
neutron—-bombarded UNH, a part of the large neutron bombardment at St.
Louis. He plans to measure the distribution of beta and gamma activity
from the fission products following chlorination with Cl,-CCl,. He
treated the mixture with these gases at 400°C for about an hour and finds
to his surprise that most of the fission product beta and gamma activity
has passed over with the volatile UClS. It appears that this method of
separation is not successful because even non-volatile tracer activity is
being swept over with the volatile UClg.

Bob Stone, in discussing with me his new department dealing with
health problems at the Met Lab, has mentioned that he is trying to recruit
Waldo E. Cohn, a mutual friend we knew at BRerkeley who received his Ph.D.
in biochemistry there in 1938. I wrote to Waldo today at the Huntington
Memorial Hospital, Boston, where he is working at present, and encouraged
him to switch jobs, saying that I consider our work here to be the most
interesting and important I have ever engaged in.
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The siege of Stalingrad took a reverse, and the Nazis pushed the
Soviets back a bit.

Saturday, October 17, 1942

The "Report for October 1-15, 1942, Chemistry of 94, University of
California and University of Chicago" (No. CN-299) is ready today. In sum-
mary, the report says that Cunningham and Werner, using ultramicrochemical
techniques, have made a check determination of the half-life of 94239 by
weighing the oxide, assumed to be Pu0,. The value for the specific activ-
ity, 163,000 alpha disintegrations/min/microgram is in good agreement with
that previously reported, that is, 167,000 disintegrations/min/microgram.
A plus-4 value for the lower oxidation number of 94 has been determined by
weighing plutcnous iodate. English reports his and James' search for
ganma rays from 94239 using high purity material and a Geiger-Miller
counter; the finding of roughly 0.1 percent as many gamma rays as alpha
particles indicates there is no appreciable amount of fine structure in
the alpha emission. Cefola, using ultramicrochemical methods, reports
that he has verified that a preformed lanthanum fluoride precipitate sat-
isfactorily removes plutonium in the concentrations anticipated in large-
scale separations by the Wet Fluoride Method for separating 94.

Koshland and Magel report that in studying the solvent partition meth-
od for separating 94, they find that the presence of free nitric acid is
necessary to obtain yields of oxidized 94 of 90 percent in the ether
layer. Since increasing acidity increases the amount of fission products
in the ether layer, experiments have been conducted to determine the opti-
mum acid concentration for separating 94 from fission products. Willard
and Turk say in their report that they have conducted further experiments
on the adsorption method for separating 94 and find that an appreciable
fraction of 94239 is adsorbed from 10 percent uranyl nitrate solution by
Hyflo Super Cel (HSC) for a concentration of 94 as high as one part in
7,800 parts of uranium, that HSC adsorbs columbium much more efficiently
than it does zirconium, that columns of silica gel are similar to HSC col-
umns in their ability to selectively absorb 94 from solutions of uranyl
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nitrate and fission products, and that activated alumina is not as effec-
tive as HSC in this respect. »

In the Berkeley part of the report there is a section by Garner on
"Volatilify of 94 Compounds,” a section by Sheline and Garner on
"Oxidation Reactions of 94" and a section by Sheline on "Wet Fluoride
Method for Separating 94."

Today was beautifully clear and warm. I walked over to Ingleside
Avenue to explore our new chemistry building (Figures 20 and 21) and
inspect the layout for our office and laboratory rooms. At the rate the
interior is being completed, it will not be long before the laboratory
fixtures and furniture are moved in and we can occupy the premises.

Sunday, October 18, 1942

Today's headlines in the Sun tell about the R.A.F.'s biggest daylight
raid. In the U.S. the House voted to draft 18 and 19-year-olds, lowering
the draft age from 20.

Monday, October 19, 1942

Cunningham and Werner made alpha counting measurements on the
supernatant solutions in the experiments set up last Friday and find for
plutonium carbonate a solubility of 43 mg of plutonium per liter in water,
72 mg of plutonium per liter in 1 M Na;C05, and 140 mg per liter in 2.5 M
Na,Q05.

Today Jaffey tried a volatilization experiment using Cl,-CCl, on 10
mg unirradiated U30g and he finds that about 40% of the non-volatile UXq
is swept over with the volatile UClg. He tried another experiment with a
sample of U30g containing the fission products (prepared from UNH from the
St. Louis bombardment) in which glass wool was interposed between the fur-
nace and the receiver of the volatile UClg. He again used Cl,CCl, at
400°C, jn this case for about a half-hour, and finds that fission products
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Fig. 20 New Chemistry Building under construction,
October 1942. Facing east from Ingleside
Avenue. Main entrance in view beyond top
of car. (XBB 768-7460)

Fig. 21 New Chemistry Building under construction,
October 1942. Facing southeast from corner
of 56th Street (left) and Ingleside Avenue
(right). (XBB 768-7461)
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are in large part volatilized and an appreciable fraction captured'by the
glass wool. These experiments do not seem too hopeful as an indication of
a chemical separation method.

During the last few days Perlman has completed a series of
experiments to determine the amount of fission product activity that
accompanies the 94239 extracted by the Wet Fluoride Method. He used neu-
tron-irradiated UNH from the St. Louis bombardment and hence this is
equivalent to three months after the shutdown of a chain-reacting pile.
His experiments show that the precipitation of lanthanum fluoride from 5%
uranium solution should be carried out in the presence of zirconium, co-
lumbium and strontium holdback carriers to minimize the precipitation of
these fission product activities. This is particularly important for the
second fluoride precipitation because, as the process is now envisaged,
the first fluoride precipitation will be carried out when the 94 is in the
oxidized state, a form in which it does not co-precipitate; after the
first fluoride precipitation, the 94 is to be reduced and then co-
precipitated with a second lanthanum fluoride and the holdback carriers
aid in preventing the co-precipitation of zirconium, columbium and strontium
at this step. Perlman's experiments indicate that the amount of fission

4239 fraction in this second

product gamma activity accompanying the crude 9
lanthanum fluoride precipitation is only about 0.5% of the total fission
fission product gamma activity present in the initial uranium solution,

I received a note from Gofman about the 94239

cample I gave him during
my trip to Berkeley. It said: "Perhaps we can throw some light on the
discrepancy you have observed between amplifier weighing of samples and
dilution weighing. The sample which you gave us labelled 10 micrograms
really has only 4.6 micrograms. Either your microchemists are kidding you

or they are very thrifty.”

The Technical Council met this afternoon as usual, but only six
were present: Cooper, Fermi, Moore, Szilard, Wheeler and Wigner.
Fermi and Wigner engaged in a discussion of the multiplication
factor. They agreed that for an eight-inch lattice the value of k
continues to improve as the amount of metal is increased. For a
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given lattice spacing the optimum arrangement of the metal may very
well be a plant type of structure; but the optimum lattice probably
is one with a smaller spacing in which lumps are employed; and the
best value for k is probably 1.07 or 1.075.

Considerable attention was paid to the coating of uranium, the
investigation of which is going on in several outside laboratories;
it was recommended that John Howe of Burton's group be given the
responsibility for coordinating this work. Szilard expressed the
opinion that work should be done on plating for both the helium- and
water-cooled systems. This was followed by a general discussion of
the use of cyclotrons: where bombardments for the fast neutron and
other work could be made and who would be in charge. Szilard said
that the Illinois cyclotron could not be used because there is a man
there with a German wife, and Wigner wondered about the two Nazi
workmen at the Ann Arbor cyclotron, to which Fermi replied that we
should take over the Ann Arbor cyclotron in a big way or not at all.
The council agreed to recommend that Burton and Coryell be sent to
Ann Arbor with their groups, under the general supervision of'James
Franck. Wheeler brought up the subject of secrecy at the Thursday
night meetings of the Research Associates. Fermi questionéd how much
information is leaking outside the Project and Wheeler agreed to
contact physicists off the Project to learn the extent of it, if any.

In the siege of Stalingrad the Soviets are holding firm.

Tuesday, October 20, 1942

Cunningham and Werner, continuing their measurements on the superna-
tants of the solutions set up last Friday, find a solubility for plutonium
oxalate in 1 M K,C,04 of 700 mg plutonium per liter. Today they also set
up experiments like those of last Friday to test the solubilities of
plutonium hydroxide in various solutions.

I wrote to Gofman, in part responding to the note I received from him

232

yesterday: "I am enclosing my write-up of the U work, which I would
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like to have you read and make any suggestions or corrections which appear
to you. Be especially careful to check all the yield figures, which I
calculated rather hastily. Has Kennedy measured the range of the alpha-
particles yet? If he has, we might include this information, stating that
it is Kennedy's, of course.

"We now apparently have an agreement between the amplifier weighing
and the dilution weighing of samples. The microchemists cannot explain
why your sample was so small, but this is probably not surprising in view
of the haste with which they prepared the sample for me before my depar-—
ture. We could probably supply you with some more material if you needed
it, but this would take some time, since our material is now spread
throughout the lab in some few dozen fractions. Perhaps Wahl can spare
you a little material, or perhaps the 4.6 micrograms will be sufficient
for your purposes.

"I would be interested in learning what you obtain for the ratio of
the slow neutron fission cross section of 49 relative to that of 25, so
that I could see how it checks with the work of the fellows here."

At the regular meeting with my group's Research Associates in my
office this evening I described the review session of the Technical
Council last Thursday. We discussed research progress, including the
interesting results from the experiments of the ultramicrochemists. There
was also discussion of the discrepancy between Berkeley's and our
measurements of the 94 content of the sample we gave them.

Today's news indicates that U.S. warships have joined the battle of
the Solomons and destroyed Japanese ammunition dumps.

Wednesday, October 21, 1942

Continuing their measurements of plutonium solubilities in the solu-
tions set up last Friday and yesterday, Cunningham finds the following
solubilities of plutonium compounds in terms of mg plutonium per liter:
oxalate in water, 2 mg per liter; peroxide in water, 16 mg per liter; hy-
droxide in water, 1.8 mg per liter; hydroxide in G.4 M KZSO4, 1.7 mg per
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liter; hydroxide in 1 M (NH4)2SO4, 1.1 mg per liter.

Thompson's experiments during the last week with oxine as precipitant
employing 94238 and 93239 as tracers show that when Ce+3, Ce+4 and UOZ+2
are used as carriers, precipitates formed by the addition of oxine (which
precipitates U02+2) at approximately pH 4.0 will contain at least 95% of
the 94 present, while only about 15% of the 93 will be carried down.
Evidence was obtained indicating that the holdback carrier cet3 is
necessary in order to obtain good separations.

Thompson is beginning experiments to investigate the co-precipitation
of 94(r) with zirconium phosphate. The fact that zirconium phosphate is
insoluble in acid solution might make it a suitable carrier for 94(r),
whose phosphate has been shown by Cunningham and Werner to be insoluble;
separation from acid solution is particularly attractive because many of
the fission product phosphates would be soluble.

Laitinen sent me a letter in behalf of the American Chemical Society,
thanking me for speaking before the University of Illinois Section on
October 1. He also enclosed a check to cover my expenses.

Goldschmidt is leaving the Met Lab this week, and we are all sad to
see him go. Besides being a first-rate scientist, his ebullient spirit
has been a great morale booster for our group. He told me that the
Canadian National Research Council is establishing a nuclear laboratory
somewhere in Canada, and he will be going there soon to join his old
French colleagues, Hans Halban and Lew Kowarski. We wish him success in
his new assignment. Our group plans to have a small going-away luncheon

for him tomorrow.

Thursday, October 22, 1942

Cunningham and Werner set up solubility experiments for plutonium
phosphate and plutonium iodate in a number of solutions. They are making
the measurements on plutonous phosphate because of Thompson's growing
interest in co-precipitating plutonium with an insoluble phosphate as a
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potential method for separating plutonium from uranium and fission
products.

Thompson is starting to investigate the possibility of co-
precipitating 94 () from slightly acid solution with the insoluble
precipitates of ions like Th+4, zr*4 and cet? formed with meta nitro-
benzoic acid. Today he has co-precipitated 94(r) with lanthanum phosphate,
using concentrated NaH,PO, solution under conditions where zirconium phos-
phate does not precipitate.

About one o'clock this afternoon, all the members of my group,
including the du pPont men, R. S. Apple, Donald Webster, L. C. Peery and
P. S. Vincent, as well as Covey and our three laboratory assistants and
helpers Roy Schroeder, Walter Jilek and Wallace Vogwill, and my secretary
Myrtle Kvidera, accompanied Goldschmidt, Iz and me to the banquet room of
the Hutchinson Commons. This afforded an opportuniy for all of the scien-
tists in my group to assemble——Research Associates Perlman, Brown, Willard,
Cunningham, Cefola, English, Ghiorso, Kohman, Magel, Jaffey and Thompson,
and Research Assistants Knox, James, Koshland, Hill, Turk, Werner and
Jarrett. There were 29 of us in all, including Goldschmidt, quite an
increase since the two of us, Perlman and I, arrived in Chicago just six
months ago; I believe we will need to continue to add many more before we
can successfully carry out the difficult assignment that we face. We sat
at a large table already set up for us, where food was then served. After
lunch, I gave a little speech and presented Goldschmidt with a leather
brief case, which had been purchased (for $17) with contributions from all
of us, as a token of our esteem and friendship. I also presented him, as
a gag, with a small replica of a pig feeding trough to suggest he has
worked in our laboratory like a pig. He gave a warm response and then we
all drifted back to Jones Laboratory.

The U.S. Navy lost two destoyers at Guadalcanal, but it is believed
that all personnel were saved.
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Friday, October 23, 1942

There was a sudden drop in temperature today to 30°F. The morning
was overcast, but then it cleared and there was a light snow.

Covey, with the help of lab helpers Vogwill and Jilek and lab assist-
ant Schroeder, have finished recrystallizing and purifying the
Mallinckrodt UNH and are packing it into bottles for storage. We are
still using the attic and the roof of Jones Laboratory for this operation.
We expect to ship another 300 pounds of the purified crystals to St.

Louis next month for neutron irradiation in the cyclotron there.

Harrison Brown and I signed papers for patent case S-58 entitled
"Fluorine Process for Separation of Materials" covering the Dry Fluoride
Vélatility Process for separating element 94 from uranium and fission
products. '

Saturday, October 24, 1942

Another du Pont man, W. Q. Smith, is joining Charles Cooper's chemi-
cal engineering group. He will probably serve in a group leader capacity
and will be involved in a lot of liaison work with my group.

Bombers supporting U.S. forces in the Solomons sank a cruiser, a de-

stroyer and eight transports or cargo ships.

Sunday, October 25, 1942

At my suggestion Magel has shifted his research emphasis. He and
Cefola are now trying to develop methods for the production of plutonium
metal, a form in which it will have to be ultimately produced to make it
suitable for use in a nuclear weapon. Using some of Cunningham and
Werner's pure stock solution of plutonous (94239) nitrate, they evaporated
a quantity containing about one microgram of plutonium on a small quartz
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disk and heated this until the yellowish-brown oxide was produced. When
this oxide was treated with hydrogen at 450°C, a black product was formed
which was stable in air at room temperature. When this black reduced
material was treated with 2 N HCl, observations under the microscope
showed that there was no evolution of gas, indicating that this cannot be
metallic plutonium. Treatment of the black material with oxygen gas at
450°C changed the color back to the yellowish-brown and they find that
this cycle of reduction and oxidation can be repeated at will. In another
experiment using essentially pure plutonous (94239) sulfate, they carried
on electrolysis using a mercury cathode. Although appreciable plutonium
passed into the mercury, it is doubtful that this indicates the production
of metallic plutonium.

Completed today was the bombardment of our 300 pounds (136 kg) of UNH
with the neutrons produced by the irradiation of a beryllium target with
deuterons for a total exposure of 100,000 microampere-hours at the
cyclotron at Washington University in St. Louis. This second large
bombardment started on September 5, 1942, and we are giving it the
designation Chicago II.

Monday, October 26, 1942

Thompson has found that 94(x) co-precipitates and 93(I) does not at a
pH of about 5.5 (adjusted by the addition of NH,Ac) with zirconium carrier
when meta nitrobenzoic acid is added to the solution. The presence of
La*3 in solution as holdback carrier apparently aids in preventing the co-
precipitation of 93(r)_

Two of the organic reagents that Thompson would like to use for
investigation of the precipitation reactions of 94, including possible use
for separation from element 93, are phenylarsonic acid and sebacic acid.
Unfortunately, Eastman Kodak Company cannot supply us with these reagents
at this time; so I appealed to Henry Gilman, professor of chemistry at
Iowa State College where Spedding has his chemistry and metallurgical

group, to synthesize some small samples. I expressed my appreciation and
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assured him that the problem for which the reagents will be used is a very
important one. In response to his request, I mailed Joe Hamilton at
Berkeley a copy of the Goldschmidt-Perlman report on fission products.

Baumbach knows for certain now that Paramount Studios will not give
him a leave of absence longer than three months to come with us. In my
letter to him today I said that it is barely possible the Met Lab might
extend an offer for this period because about a dozen persons have come on
short leaves of absence and at the expiration of their leaves have stayed
with us, to a man. I included Thompson among them saying he is now
certain that he is not returning to his former job with Standard Oil. I
also expressed my pleasure at seeing him and his wife Nathalie when I was
in Los Angeles early this month.

There was a meeting of the Technical Council today, with Allison,
Compton, Cooper, Fermi, Moore, Wheeler and Wigner attending. Cooper
announced that Crawford Greenewalt of du Pont will visit the Lab
tomorrow., Allison read two memoranda, one from Burton asking for a
4" by 4" hole sunk about a foot into the vacuum wall of Pile II, and
one from me. My request was somewhat more feasible. My memo said:

"(1) Space should be left adjoining Pile II in which to place

p233 y233

thorium for the production of . An amount of of the order

of milligrams to grams will be useful for the further study of the

U233. Likewise it is

neutron and spontaneous fission properties of
desirable to practice on the extraction of 0233 from larger amounts
of thorium than have been used so far. About one or two tons of tho-
rium compound should be sufficient for this purpose, and therefore a
sufficient amount of space to accommodate this amount of material
will be needed. It does not seem advisable at this time to try to
devise arrangements for placing the thorium within the pile; the
placement of the thorium near the edge of the pile should be
sufficient to meet the requirements of these experiments.

"(2) Readily accessible space should be left near the pile so
that small samples, say up to about ten pounds, can be irradiated with
neutrons. There are a number of experiments that can be best done

with these neutrons because of their high intensity, because there
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will be no very fast neutrons mixed with them and because they will
have exactly the energy distribution in which we are interested. One
such experiment is the important one of the determination of whether
or not y239 undergoes fission with slow neutrons. This experiment is
so difficult that a neutron source of this type may be the only one
with which the experiment can be performed. This neutron source
might be used both for the production of the U239 and for the test of
its fissionability with slow neutrons. For an experiment such as
this, it might be desirable to have an arrangement so that the
material might be introduced into the interior of the pile. Another
exper iment which might be done with these neutrons is the redetermi-
nation of the relative yield of the fission products. Having worked
out the procedures for this in experiments using cyclotron neutrons,
it should be relatively easy to do this. The relative fission product
yields from the neutrons in the pilé’might differ somewhat from the
relative yields by cyclotron neutrons. For this experiment there
would seem to be no great advantage gained by placing the material
within the pile except that the neutron energy distributions will
vary with the position somewhat.

"(3) For another type of experiment, namely, the test of our
chemical extraction procedures on the metal in the pile, it would be
worthwhile to have some of the material in a position so that it
could be readily removed before the cessation of the operation of the
pile. This, of course, would also make it possible to keep a check
on the yield of 94."

Fermi expressed his view that a hole might complicate the pile
structure; and it was agreed that general experiments could be done
just outside the pile, using a suitable geometry and a graphite
reflector. Moore questioned having a port or sample hole in Pile III,
but Fermi thought there would be more use of this than in Pile II
because of the greater specific intensity;

Allison pressed to have Spedding returned as a member of the

 Technical Council. Compton said he didn't want to return to the
composition of the previous Planning Board but finally ‘agreed.
Compton went on to report on the relationship of the pile project
to others, saying that Conant's Executive Committee has studied
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the progress of the centrifuge and diffusion plants and found them
slower than ours. Also, more "heat" is to be put on us.

Wheeler brought up the subject of temperature experiments and
their necessity in designing a helium-cooled pile that will run at
high temperature. He said that experiments at Argonne Forest with
Pile I will give temperature dependence in a range where the so—called
"thermal" neutrons do not have the same correspondence to the tem-
perature of the pile as they would have in a plant operating at higher
temperature. Fermi agreed that the temperature dependence measured ”
in Pile I may be misleading; there would be difficulties, however, in
performing an intermediate (exponential) experiment. Fermi estimated
that the work involved in'building a high-temperature pile would
delay us two months. Compton spoke up and "Let nothing further stand
in the way of Pile I. We are already limited by materials, space,
equipment and personnel."” He continued, saying that he was thinking of
using Jesse and Mitchell in connection with neutron temperature experi-
ments and Fermi replied that he preferred rather younger physicists,
just before or shortly after gettihg the Ph.D.'s.

There was more discussion of arranging to use the University of
Michigan cyclotron at Ann Arbor to carry on fast neutron work. Compton
said Franck has been cleared so that he could go to take charge of
the Ann Arbor program, but perhaps it would make more sense for him
to take on some responsibility at the Met Lab; the possibility of
his taking responsibility for Burton and Coryell was discussed.

Compton said that he is making plans to have Charles Cooper become
overall supervisor of the Met Lab chemistry program starting next
month. The remainder of the meeting was concerned with a further
discussion of manpower needs and such topics as helium purification

and procurement problems.
On two fronts the Allied news is good today-—the Allied drive gains

in Egypt and a Japanese tank attack was beaten on Guadalcanal. In Stalingrad,
however, the Nazis won two streets.
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Tuesday, October 27, 1942

Bertrand Goldschmidt sent a telegram from New York City addressed to
"Seaborg's Team." The message read as follows: "LONELY FAR FROM YOU I
REALIZE HOW HAPPY YOU MADE ME FEEL IN CHICAGO AND MISS YOU ALL HOPE BILL
IS OK THE BAG IS A BEAUTY AND SO USEFUL THANKS AGAIN SAD NOT TO BE WITH
YOU TONIGHT BEST OF LUCK." The reference to Bill concerns Bill Knox who
injured his kidney rather severely in a touch football game played on a
field in the Midway a few weeks ago. Fortunately he is recovering nicely.
The expressed regret that Bert will not be with us tonight refers to our
regular Tuesday evening meeting of my group's Research Associates which he
attended during his stay with us.

At the meeting this evening I read Bert Goldschmidt's telegram which
the fellows appreciated very much; it is clear that he won a place in the
hearts of all members of my group during his relatively short stay with
us—his scientific contributions were outstanding.

News from the Pacific is grim today. The Navy revealed that two of

our larger ships—the aircraft carrier "Wasp" and a destroyer—were sunk
and another carrier was damaged.

Wednesday, October 28, 1942

Cunningham and Werner finished their determination of the
solubilities of plutonium phosphate and iodate in various solutions with
the following results in terms of mg plutonium per liter: for the
phosphate in water, 10 mg per liter, in 1 M HMO3 25 mg per liter; in 1 M
NaH,PO,, 20 mg per liter; for the iodate in water, 0.45 mg per liter; in 6
M HNO3, 6.2 mg per liter; in 1 M HIO3, 24 mg per liter; in 5 M HIO;, 84 mg
per liter; in 1 M HyS0,4, 73 mg per liter; in 5 M HySO4, 103 mg per liter;
inlM (NH4) 2SO, , 34 mg per liter. The solubility data offer evidence for
the formation of complexes of plutonous plutonium (Pu+4) with oxalate,
iodate and sulfate and possibly with carbonate and phosphate, although the
latter two must be comparatively weak.
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Perlman and Knox are still investigating the version of the "Wet Fluo-
ride Method" in which the first lanthanum fluoride precipitate is made
from a 10% UNH solution with 0.5 M ENO3 in which the 94 is oxidized and
thus remains in solution, and then after reduction the 94 is co-
precipitated with the second lanthanum fluoride precipitate. They have
used neutron-irradiated UNE which has cooled only about five days (rather
than three months as before). Upon going through this procedure, it
appears that a much higher percentage of the fission product gamma activ-
ity is present with the 94 in the second precipitate——amounts of the order
of 10-25%--depending on the time of counting after precipitation (the
higher percentages coming from the later times of gamma counting). Since
the main gamma activity seems to be due to the Bal40 — La140 decay
sequence, they then added barium carrier and precipitated barium sulfate
with the first lanthanum fluoride precipitate. This reduced the amount of
fissioh product gamma activity with the 94 in the second lanthanum
precipitates to 3-5% of that originally present.

Perlman, Covey and I went over to West Stands to select some pieces
of uranium metal, as we wish to include uranium metal with the next batch
of UNH we will irradiate with neutrons at the Washington University cyclo-
tron. I delegated Covey to see that the metal is cut and wrapped to our
specifications; also to put the recrystallized UNH in boxes and load it all
onto a truck with suitable amounts of graphite (for slowing the neutrons)
and Masonite (to be used to contain the material) so that it can be hauled
down to St. Louis. Covey will supervise the bombardment preparations and
has already arranged for his train reservation to St. Louis for November 3.

Americans have beaten back an enemy thrust on Guadalcanal and sank two

and hit six warships.

Thursday, October 29, 1942

We are holding meetings of the Group Leaders et al. of the Chemistry
Division on Thursday mornings in Room 209, Eckhart Hall. The attendees,
besides myself, include Allison, Boyd, Brown, Burton, Coryell, Cunningham,
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Perlman, Spedding, Teller, Voigt and Wheeler. The meeting this morning

was devoted to the separation and properties of element 93; it started at
9:00 a.m. and ran for about an hour and a half, with reports by Coryell,
Perlman, Voigt and me. After a short report by Coryell on the properties
of 93239 peta and gamma radiation, Perlman and I summarized the chemical
properties of 93. We described its two oxidation states and how the oxi-
dation potential fits into the table of oxidation potentials. We summarized
the insoluble compounds (fluoride, iodate and so forth) of the lower oxida-
tion state and the carrying of oxidized 93 by sodium uranyl acetate.

We also described the volatile compounds (such as the higher fluoride) of
of 93. Emphasis was placed on the efficient carrying of reduced 93 on
lanthanum fluoride and non-carrying by thorium fluoride. Voigt described
his experiments at Ames Laboratory on the oxidation of 93 by such oxidizing
agents as peroxydisulfate ion plus silver ion and by chlorate ion.

Gofman wrote and returned the corrected U232 draft., I submitted it
today for publication as a Laboratory CN report. He assured me that the
amount of 94239 that I gave him early this month will be sufficient to |
complete their fast neutron measurements. He asked if I want an interim
report on these measurements or if I will be satisfied to wait until they
are completed. They hope to.complete these, as well as measurements on
the slow neutron cross section, within the next few days.

We received the samples of sebacic acid and phenylarsonic acid today
from Gilman at Ames. I sent him a letter thanking him for his prompt

assistance.

Mitchell in the Department of Physics at Indiana University sent a
request for more sources of 93239 and Pa233, 100-200 microcuries of the
former to measure the energy of the high-energy (which he thinks is about
600 Kev) gamma emission and 5 microcuries to repeat a beta-beta
coincidence measurement, and 10-20 microcuries of the latter to initiate
some experiments. He described some of the results that his group has
obtained already with the 93239. In two separate experiments, one on
beta-gamma coincidences and the other on beta-beta coincidences, they

have estimated that roughly 20 percent of the electrons are internal
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conversion electrons. I replied, saying, "The results which you described
in your letter are certainly very interesting. However, I am inclined to
think that your deduction that there are only altogether 20% as many
conversion electrons as there are disintegration beta particles may be
wrong. We have so much evidence that there are more conversion electrons
than this. I presume that you are being very careful to be sure that you
are counting quite low energy conversion electrons. Of course, we may be
wrong, and we will watch your experiments with great interest."

I also wrote, "We can have ready for you for mailing by Saturday the
10-20 microcuries of Pa233 and 5 microcuries of 39, so that you should
receive this by Monday. We shall have some heavily bombarded material com—
ing up from St. Louis early next week, so that we may be able to mail you
the 100-200 microcuries of 39 on about Thursday."

Friday, October 30, 1942

This morning I started to keep a notebook for patent purposes, of
ideas that occur to me concerning the chemistry of 94. My first entry
said, "It seems likely, in view of the similarity between the chemical
properties of uranium and element 94 (plutonium), that some of the methods
for the preparation of metallic uranium will also be suitable for the
preparation of metallic 94 (plutonium). Thus the high temperature
reduction of the oxides, carbides, chlorides, fluorides, etc., by highly
active metals such as sodium, calcium, magnesium, aluminum, etc., should
result in the production of metallic 94. Also the electrolysis of molten
plutonium salts, such as the chloride or fluoride, mixed or not mixed with
alkali or alkaline earth halides should result in the production of metal-
lic plutonium.”

To this I affixed the statement, "Disclosed to and understood by me,
this date, October 30, 1942," and had it signed by Perlman and Thompson
(Figure 22). This is standard procedure required by the Lab's patent
office and is carried out for all laboratory notebook entries.

During the last few weeks Kohman has performed experiments using

94238 a5 tracer to test the use of thorium peroxide as a carrier for
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Fig. 22 Notebook entry for patent disclosure, October 30, 1942.
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element 94——a method which Perlman and Knox have worked on earlier. The
aim of this method:is to separate element 94 from uranium and all fission
product elements by a single precipitation with hydrogen peroxide using
thorium as carrier. This method is distinguished from the uranium
peroxide precipitation method by the fact that ammonium sulfate is used to
hold uranium in solution. Kohman has found the optimum acidity for this
process to be pH 3.0-3;5 and the minimum H,0, concentration at which

both thorium and 94 can be completely precipitated is approximately 0.6%.
Indications in these tracer experiments are that 94 peroxide is more
insoluble than thorium peroxide. The contamination of the precipitate by
fission products is a serious problem, especially, since zirconium is
found to form an insoluble peroxide under certain conditions.

Newspapers report that the U.S. has retaken lost positions on
Guadalcanal.

Saturday, October 31, 1942

Joe Kennedy sent me a wire from Berkeley. He is leaving there next
Tuesday for Chicago to confer with me on the chemistry of 94 and to attend
to other business. '

Our report, "Production and Properties of y232n by Gofman and me,
was issued today as Report CN-332. This covers work that has been done at
Berkeley by Gofman during the last few months at my suggestion. He has
found that the bombardment of thorium with the 16 Mev deuterons in the
Berkeley 60-inch cyclotron produces, in addition to the 27.4-day Pa233,
the new isotope Pa232, The Pa23? ig produced by a d,2n reaction and
decays with a half-life of 1.6 days by the emission of beta particles and
gamma rays. The Pa232 decays to the alpha—-emitting daughter 0232
whose half-life of 30 years is estimated by measuring its yield of alpha
particles produced from the complete decay of a sample of Pa232 whose
absolute beta intensity was determined with the use of a calibrated

Lauritsen electroscope.
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Today Covey loaded the 300 pounds of recrystallized Mallinckrodt
UNH, uranium metal, graphite and Masonite construction material on a
truck and sent it all on its way to St. Louis. This bombardment will be
given the designation Chicago III.

» Secretary of the Navy Frank Knox announced today that the Japanese
have "retired from the scene" of the Solomons battle.
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Sunday, November 1, 1942

Headlines from the Solomon Islands say that the fourth U.S. carrier
was lost reducing the U.S. carrier fleet to three. The carrier was sunk

deliberately after it was damaged by Japanese air attacks.

Monday, November 2, 1942

To our delight, Miss Smith, whom Perlman and I interviewed a few
weeks ago, has decided to accept our offer and is beginning her first day
of work with us today as our secretary. She told us that a fellow working
in Eckhart Hall whom she knew in school urged her to accept the position
with us, indicating that she would find it to be a very worthwhile and
interesting experience. Obviously she is intrigued with the strange new
world she is entering, and it must be in this spirit of adventure that she
has decided to cast her lot with us. Illness last week prevented her from
starting to work earlier.

In my reply to Gofman's letter of October 27 today, I suggest that he
complete his fast neutron measurements without sending me the preliminary
results and that he can wait until then to go on with his slow neutron
measurements. I asked him to tell Wahl and Prestwood that we are
especially interested in their attempts to devise new methods for
dissolving lanthanum fluoride, that this is a practical problem that must
be solved as soon as possible. This is the first letter that I dictated

to my new secretary, Miss Smith.

The British have seized a new sector on the Egyptian front. The U.S.
afforded air support.
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Tuesday, November 3, 1942

During the last few weeks I have been worried about an aspect of a
nuclear weapon made of element 94 that might make it inoperable and have
discussed this thoroughly with Perlman. Suppose we purify 94239 for a
bomb, but there is a minute trace of boron or other light element in it.
Won't the alpha particles emitted by the 94 in its radioactive decay react
with such light elements to produce neutrons and thus trigger the bomb
prematurely? If so, what about the great concern that Oppenheimer and the
other theoreticians have about the possibility that 94239 has an
unacceptable rate of spontaneous fission? The more I have pondered the
matter the more I have become convinced of my conclusion. So I started
making rough calculations. My calculations are inescapable: if I am
right, then 49 for a working bomb would have to be purified from light
elements beyond anyone's imagination. I have checked my concern with Tell-
er and Manley, and they agree that the fate of the whole 49 project hangs
in the balance.

By the time I reached my office this morning I already had composed a
letter in my head to Oppenheimer which I dictated to Miss Smith (with a
copy to Arthur Compton):

"Dear Robert:

"There is one point that has been worrying me quite a good deal
since the discussion that we had in Berkeley the early part of last
month. This relates to the number of neutrons that it is permissible
to have present in the final 49 product in order not to cause
complications in its control. You have stated that it would be ideal
if the spontaneous fission rate were as long as 1019 years. If this
figure is a desirable limit, and if you cannot get around it any
other way, this creates a formidable chemical problem because of the
possibility of forming neutrons from the a,n reaction on light element
impurities. Since the alpha-emitting life of 49 is about lO4 years,
1015 alphas must not produce an undesirable neutron. Assuming that

an element like boron, for example, has a cross section for the o,n
reaction of about 1 in 104, this would mean that boron must be absent
in the final product to the extent of 1 part in 1011.
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"You can see why I am disturbed if this calculation is correct
and if you are actually limited by this reguirement. Even if you can
stand 10° times as many neutrons as this, making the limits of light
impurities which are permissible one part in about a million, the
final chemical purification is still a formidable problem. 1In fact,
if these requirements are going to be placed upon our chemical
procedures, I should like to know definitely about it as soon as
possible since this will require a great deal of development work
along lines which so far have never been attempted.

"I have discussed this matter somewhat with Dr. Manley and Dr.
Teller and I believe that they also consider it a rather serious
problem."

Our “"Report for October 16-31, 1942. Chemistry of 94. University of
California and University of Chicago Groups" (No. CN-328) was completed
today. The Report states that Perlman and Brown have commenced studies on
the problem of removing essentially all the fission product gamma activity
from the final purified 94 so that it can be handled without elaborate
shielding. Their measurements and calculations show that the amount of
penetrating fission product gamma radiation associated with 4 kilograms of
94 in a 10° kw pile operated for 40 days would be equivalent to six tons
of radium 6 days after removal from the pile, and to one ton of radium 40
days after removal from the pile. This would indicate there is little
point in delaying extraction of 94 beyond one week after shutdown.

The Report continues, saying that Cunningham and Werner, using
ultramicro (about 0.1 microgram) amounts of plutonium, have made solu-
bility determinations for the following compounds in various solutions—-—
iodate, hydroxide, peroxide, phosphate, oxalate and carbonate~—and the nu-~
merical values are listed. It says that Brown, Hill and Jaffey have gone
on to a study of other possible volatility methods since the fluorination
method has been turned over to the chemical engineers for investigation.
Experimental work has been done on the possibility of a combination pro-
cess which would use chlorine to remove the uranium (as the pentachloride)
followed by volatilization of 94 with fluorine. 1Initial chlorination
tests show a possible problem in that nonvolatile chlorides of fission

products and UX, are swept over with the volatile uranium, thus raising
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the possibility that the nonvolatile chloride of 94 might behave
similarly.

It is reported that Thompson has studied the organic reagents oxine,
dithizone and meta nitrobenzoic acid as possible means for purifying 94
after it has been removed from the bulk of the uranium and fission
products. The meta nitrobenzoic acid shows promise as a means of
separating 94 from 93 and also for separating 94 from the rare earths and
UDZ+2. He also has studied the behavior of 94 in concentrated phosphate
solution. Tracer experiments show that about 90 percent of the 94 is
precipitated with La+3
in which 2r3(POy) 4 is soluble, thus indicating that the use of phosphate

as the carrier in a concentrated NaH2PO4 solution

solutions offers a possible means of aiding in the separation of 94 from
fission products.

Our part of the Report concludes with summaries of the investigations
of Magel and Cefola and of Perlman. Magel and Cefola have studied methods
of producing metallic plutonium; preparation of cerium-sodium amalgam in
the presence of tracer 94 showed that only 20 percent of the 94 was
contained in the amalgam; an electrolysis experiment with pure plutonium
sulfate and a mercury electrode demonstrated the production of plutonium
amalgam but the yield was not complete. Hydrogen reduction experiments on
pure plutonium oxide have also been carried out, but the nature of the
black product formed has not been determined. Perlman has conducted
studies to determine the amount of fission activity that would appear with
crude 94 when first removed from the bulk of the uranium and fission activ-
ity in the Wet Fluoride Method for extracting 94. His results indicate
that the gamma activity accompanying the 94 would amount to about 0.5
percent of the total activity.

In the Berkeley part of the Report Duffield reports on "Precipitation
Reactions of 94 and 93," Gofman on "Oxidation and Reduction of 94 in
Alkaline Solution," Garner on "Volatility of 94 and 93 Compounds," and
Sheline and Prestwood on "Wet Fluoride Method."

Thompson has investigated the carrying of 94(Y) and 93(f) with thori-
um upon precipitation with sebacic acid and finds conditions under which
about 75 percent of the 94 is carried while only 25 percent of the 93 is
carried.
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Today he tested the precipitation of 94(F) and 93() with zr*4 as
carrier. Upon the addition of phenylarsonic acid, he finds under some
conditions (1.7 N HCl) the carrying of 95 percent of the 94 with only 30
percent of the 93, indicating that this is the most effective organic
reagent found to date for this separation.

I called Covey into the office, and Perlman and I gave him same last-
minute instructions on setting up the uranium samples for bombardment at
St. Louis before he leaves for there tonight. We are asking for 100,000
microampere-hours of bombardment, or possibly more.

Compton received a telegram from Kennedy, which he relayed to me. It
said that Kennedy is leaving from Berkeley today, accompanied by Wahl, and
they will arrive in Chicago Friday morning.

Goldschmidt sent me a cordial, four-page handwritten letter from the
Chateau Laurier hotel in Ottawa, apologizing for not writing sooner, saying
that he was paralyzed by the idea of writing in English and that any resem-
blance between his spelling and the English language would be purely coinci-
cidental. He should have put his fears to rest, however, because he wrote
and spelled as well as most educated Americans. He mentioned how sad he was
at leaving Chicago, knowing that everything would be continuing at full
speed, which he could not follow any more, adding, "I felt quite at hame,
everybody being nicer than I would have ever dreamed of, the maximum having
been reached with the farewell party and lovely present you all gave me."

He wrote that after returning to New York for a few days and visiting
family and friends, he left for Montreal last Wednesday evening, anxious
to see what the town looked like because there is a big probability that
he will live there for a long time. At the time that Goldschmidt left
Chicago, hardly more than a week ago, the Canadian National Research
Council had not decided where to establish the Anglo-Canadian research lab-
oratory. Evidently from his letter, the decision is to settle in
Montreal. He described Montreal as rather pleasant, like a small U.S.A.
town, with a few main streets with streetcars, nice shops, posters written
in English and French, and good-looking people. He expects to return
there from Ottawa in a few days, "to start everything except scientific
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work, probably looking for flats for the team members and other odd jobs
of the same type."

Eis letter was scattered with many personal observations and
cuestions. He said that he is grateful for all the technical knowledge he
learned in Jones 401. BEe asked me to tell all the fellows in my group
that he misses their companionship deeply. He ended his letter by saying,
"Tell the new secretary that I am longing to meet her, and advise her to be
careful with Magel and all the other hunting wolves around!" I am so sorry
that Goldschmidt is not here to grace us with his presence any longer.

The Metallurgical Laboratory issued a patent report by Greek Wells
and Foster York, ccvering the period between September 1 and Gctober 31,
1942, showing seven applications completed or prepared, of which six
originated with me and my co-inventors. They are:

"Masses and Compositions of Radicactive Elements and Preparation
Thereof" (an omnibus case disclosing basic ideas on 94, including broad
claims such as macroscopic masses of 94, compounds of 94 and methods of
separating 94 from fission products and uranium). Seaborg and wWahl (Case
§-1-52-P) .

"Methods for Separating Foreign Products from Radioactive Elements"
(extraction of element 94 with ether or other organic liquids). Seaborg
and Wahl (Case S~-1-53-P).

"Peroxide Process for Separation of Radioactive ifaterials." Seaborg
and Perlman (Case S-1-57-P).

"Masses and Compositions of Radioactive Isctope" (an omnibus case of
U233, including broad claims such as macroscopic masses of U233, its co-
pounds, method production and separation). Seaborg and Gofman (Case S~1-
-57-P) .

"Fluorine Process for Separation of Materials" (dry fluoride process
for 94). Seaborg and Brown (Case S-1-58-P).

"Adsorption Process for Separation of Materials" (specifically, the
adsorption of 94 by diatomaceous earth). Seaborg and Willard (Case S~1-
59-P) .

The seventh application on "Lattice System" (Case S-1-51-P), naming
Leo Szilard as the inventor, is in the process of preparation and relates
to the uranium-graphite lattice system for producing a chain reaction.
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Szilard's claim goes back as early as July 8, 1939, when he wrote to Fermi
from New York City suggesting that an experiment be performed using about
50 tons of carbon and 5 tons of uranium in the form of oxide, not mixed
but built up into alternating layers, as a first experiment. It is
interesting to note that Pile I at the Argonne Forest, the hoped-for first
chain-reacting pile, will require 6 tons of uranium metal, 60 tons of ura-
nium oxide and over 500 tons of graphite, which is scaled up considerably
from Szilard's original conception, but will have about the same
proportion of uranium to carbon. '

At the meeting of my group's Research Associates this evening was
much talk about my concern over the extreme purification of 94 that will
be reguired to prevent the generation of neutrons by the reaction of alpha
particles with light element impurities. Brown and Perlman are going to
make some more quantitative calculations on the limits of concentration of
light element impurities that can be tolerated in a nuclear explosive de-

vice.

Allied ground forces have recaptured Kokoda, chief inland base of the
Japanese in New Guinea.

Wednesday, November 4, 1942

I received a letter from Hamilton in Berkeley thanking me for the
Goldschmidt-Perlman report on fission products, which, he says, will be
helpful in determining which fission products he should emphasize in his
ingestion experiments. He said he has now built up a fairly complete
establishment with all the necessary equipment but lacks a few items which
he hopes I can help him supply, mentioning hafnium-free zirconium, colurmbi-
um metal and ruthenium. He informed me that our thorium target will
receive its full 5,000 microampere-hours of deuterons by the middle of
next week and will be shipped to me when the radiation level becomes low
enough; he asked for some of the produced U232 for tracer purpdses.

"There have been some changes around here," he said, "and one of them has
been that I am supposed to be responsible for the 60-inch cyclotron, its
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bombardment, the bills, etc., and so you may be sure that you will get
everything I can possikly prepare for you. However, I should like very
much to know what you would like to have prepared during the next few
months so that I can plan on the disposition of cyclotron time for you and
the various projects here in Berkeley to try to give everybody what they
need." He asked whether he should come to Chicago at the end of the month
to discuss his proposed program of biological work on fission products
with Perlman and me. He closed by asking that I tell Helen that he is
looking forward to more scrambled eggs the next time he comes to Chicago.

Wahl wrote a letter too, saying that he will not include his report
on the separation of the 200 micrograms of plutonium from UNH in our semi-
rmonthly report. He said that Latimer feels that it should be a separate
report because of its length and that it should be available to engineers
who might be considering the Wet Fluoride Method.

An eight-man investigative committee, appointed by the du Pont Compa-
ny Executive Committee, has arrived here at the Met Lab for a three-day
visit. They are reviewing the status and plans of the Project in order to
decide whether or not du Pont will take on the job of design and construc-
tion of the plutonium production and separation facilities as requested by
General Groves. The committee members are E. K. Bolton, T. H. Chilton,

T. C. Gary, C. BH. Greenewalt, C. R. Johnson, F. W. Pardee, Jr., C. M. A.
Stine, and Roger williams.

Reports of Allied'gains in Egypt were pushed'far Lback in the paper

today as the front pages were filled with election results. The Kepubli-

cans made gains in both Houses of Congress.

Thursday, November 5, 1942

Today, Cunningham and Werner, continuing to work on the ultramicro-
scale, determined the solubility of a number of compounds of plutonium.
Because of the growing interest in the co-precipitation of plutonium with

zirconium phosphate as a potential separation process, they made more
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measurements on the solubility of plutonous phosphate. They find a solu-
bility of 29 mg plutonium per liter in 5 M NaH,PO,. Since this value is
only about 1.5 times that for the solubility of plutonous phosphate in 1 M
Nali,PO, and only about three times that for its solubility in water, deter-
mined last Wednesday, there is no evidence for the formation of a strong
phosphate complex. The solubility of plutonium peroxide in acid solution
is also of interest in connection with the peroxide method of separating
plutonium from uranium and fission products. Cunningham and Werner
treated a solution containing about 0.1 A plutonium in 1/2 Xof 6 M HNO 5
with an equal volume of 30% H202. A precipitate formed at once. A sample
of the supernatant liquid was withdrawn for alpha counting. Activity
corresponding to 28 mg plutonium per liter was found, which is to be
compared with the solubility of the peroxide in water-—16 mg plutonium per
liter. The insolubility of plutonium peroxide in acid solution may make
possible a purification procedure based upon the precipitation and
reprecipitation of the peroxide from acid solution.

Kirk wrote to Cunningham that he is putting all his efforts into
putting finishing touches to the new ultra microbalance, making tests as
to its reproducibility and durability, etc., so the microchemists can
start using it without delay. He offered to bring it to Chicago
personally. Cunningham, Cefola and I talked the matter over and we
decided it would be best for Kirk to wait until next month when it can be
installed in our new chemistry building. Heavy slabs will have to be
brought in on which to mount the ultra microbalance, and it would be a
waste of time and effort to get set up in Jones Laboratory, especially
since I expect there will be something of a turmoil preparing to pack and
move within the next few weeks. So I wrote a letter to Kirk explaining
the situation, saying that this will give him a further reprieve in time,
and that we estimate he should visit us around the first of December. I
also enlisted his help in designing a special high-speed centrifuge capa-
ble of having the precipitate removed by remote control and in which the
centrifuge bowl can be used as a reaction vessel. I enclosed a rough
diagram and specifications of what we want. We hope that he will be able
to come up with an improved design that will permit the easy removal of

precipitates.
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Wahl is issuing his report "Separaticn of 0.2 mg Plutcnium from 45 kg
of Uranium and 0.25 curies of Fission Products," which describes in detail
his chemical procedure for isolating the 94239 from the 210 pounds of UNH
which was bombarded with neutrons at the Berkeley cyclotron from April 24
to June 20. Wahl began his separation after the sample had cooled about a
month, starting with an ether extraction, and then carried out a number of
oxidation-reduction cycles using rare earth fluoride as carrier and
measuring the yield of 94232 through each step. Last month, on September
29, he finally isolated the 0.2 mg of pure 94239, with an overall yield of
92%, in the form of the hydroxide. The actual weight of the 94239, as de-
termined by alpha particle counting, is 195 micrograms, calculated on the
basis 2 x 104 years for half-life of 94239

The Technical Council wmet, attended by Allison, Fermi,
Speading, Wheeler, and wWigner. They decided to meet on a regular
basis every Thursday. The main subjects of discussion were the
purity of helium available from Amarillo, Texas, the production of
uranium and the need for more knowledge of the metallurgical
properties of uranium. Allison reported that Edward C. Creutz has
paid a visit to Battelle Memorial Institute and finds it well-
equipped with trained people to undertake the study of semi-plant
scale metallurgical problems.

Fermi was pessimistic about conducting pile experiments at the
Argonne Forest laboratcry. The building originally planned for
completion on October 12 was postponed until October 20, and now it
appears that it will rnot be ready until the end of December, all
because of union trouble. He believes that it is best to do the
experiment demonstrating the nuclear chain reaction in the West
Stands as originally planned, even though flashing of the pile could
not be done there. Later, after critical dimensions for the pile
have been determined, the pile could be moved to Argonne Forest. A
decision on this should be made by Monday.

Allison said that Burton, Franck and Mulliken think that both
the Ann Arbor cyclotron and the Notre Dame Van de Graaff accelerator
should be used but the central office for this effort should remain
in Chicago.
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The Allies are chasing the Axis troops in Africa. Reports from
Greece say Germany is rushing troops from the Russian front to aid Rommel

in Africa.

Friday, November 6, 1942

Covey returned from St. Louis by train early this morning. He told
me that he has built a special table at the cyclotron to hold our 300
pounds of UNH and our uranium metal and has set these up in proper form
for our neutron irradiation, Chicago III. Our second neutron-irradiated
UNH from St. Louis (Chicago II) has been delivered to the North Stands on
campus where the first ether extraction cycle will be carried out under
the direction of Perlman and Jaffey. Because an adeguate working area,
readily accessible, is available here, we believe this is a better place
than the attic and roof area on the fourth floor of Jones Laboratory for
carrying on this operation. The product solution, after a second ether
extraction, of a few liters volume will then be turned over to Cunningham

and Werner for final isolation of the pure 94237,

Thompson is starting today to investigate the carrying of 94 (1) by
the precipitation of phosphates that are insoluble in acid solution. BHe
is beginning by investigating the use of bismuth phosphate and zirconium
phosphate. Cunningham and Werner have found plutonous phosphate to be
quite insoluble in H,0O (10 mg plutonium per liter), 1 M NaH,FC, (20 mg
plutonium per liter), 5 M NaH2P04 (29 mg plutonium per liter), and 1 M
HNO3 (25 mg plutonium per liter). Furthermore, Cefola has found that
94 (1) g co-precipitated with zirconium phosphate. All in all, this
information makes a method based on phosphate precipitation very attrac-
tive because the Wet Fluoride Process has corrosive gqualities and yields
precipitates with poor filtration qualities from the standpoint of the
engineering scale of work; thus an alternative precipitation method should
be developed to provide a choice.

Today Thompson investigated, using 94238 tracer, the carrying of 94

3

by bismuth phosphate using 0.3 mg Bit3 in 10 cc of solution. The carrying

of 94 was only about 22% and the fear is that this might be due to the
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fact that plutonous phosphate is not isomorphous with bismuth phosphate.
Thompson then performed an experiment in which he precipitated zirconium
phosphate using 0.3 ng 2rt3 and a small amount of phosghoric acid in order
to avoid the redissolving of zirconium phosphate that occurs in high
phosphate ion concentration. He finds that 54% of the 94 is carried. 1In
another experiment using bismuth phosphate as carrier he finds that 72% of
the 94 is carried. In view of the variation of the results with bismuth
phosphate, he has decided to try first to work out the conditions for
carrying of 94 by zirconium phosphate.

Today Brown and Hill performed an interesting experiment. The aim
was to see whether or not UFg when evaporated from its solid or liquid
state can be freed from tracer amounts of nonvolatile activity. A tank of
UFg, which is quite old (about seven months) so that it contains an egui-
librium amount of UXy (thorium) , was opened; and the UFg that distilled
out was dissolved in water. This was evaporated to dryness and then
weighed and counted. It was found that the UFg distilled was 100 times
less beta active (i.e., UX; activity) than the UFg present in the tank. In
view of the fact that the distillation method used was so simple, it would
appear that direct fractional distillation of neutron-bombarded UFg would
be a rapid way of separating element 94 and fission products from uranium.
It would also appear that UF¢ might be a feasible material for use in a
continuously operating pile, in which ligquid UFg could be circulated, and
then evaporated from the fission products and 94 in an evaporator on the
outside. Such a scheme might well offer definite advantages.

Kennedy and Wahl arrived in Chicago today as expected. Kennedy was
especially interested in discussing with me the problem of purifying the
final 94 product from light elements. This is Wahl's first visit to our
Jones Laboratory area, and I took pleasure in showing him our laboratory
facilities; we discussed the status of 54 extraction work, the purifica~
tion problem, etc.

The eight men of the du Pont investigative committee concluded their

visit today. Wednesday was spent in detailed and exhaustive discussion
with many people here at the Met Lab. The committee met with Compton and
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Hilberry yesterday and today. Chilton, Pardee and Johnson will remain
until tomorrow to discuss pile design mechanical problems. The following
comments were made to Compton by the du Pont delegation and in general
accepted by him: v

1. The production of uranium metal should be greatly expanded (by a
factor of 5-10) until the ore supply becomes a bottleneck.

2. An intensive study of uranium fabrication into shapes of various
sorts likely to be used in pile construction should be made.

3. Design and construction of D,0 plants should be undertaken
immediately (probably four 2-ton plants will be needed).

4. Physicists working with engineers should begin design of a D,0
pile.

5. In the present pile program (which should not be abated, but
increased if possible) engineering emphasis should be increased and
physicists should limit themselves to their own sphere of action.

6. The following critical points were noted in any pile design:

a. Control should be more positive.

b. More thought and experimental attention should be paid to
thermal stability.

c. More intensive activity on coatings for uranium should be
undertaken. -

d. Mechanisms for positive charging and discharging, barticularly
for Pile III, should be devéloped.

7. Emphasize Wet Fluoride Process for separation of 94239 and
develop a method for removing the residual fission products from spent
uranium liguors so that these will be safe for ordinary storage.

8. Continue work on the Dry Fluoride Process—consider abandoning

other wet methods.

The headline today says "'Complete Victory' in Egypt!"

Saturday, November 7, 1942

Pushing war front news into second position is news of strikes in war

plants in Detroit.
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Sunday, Movember 8, 1942

Big headline in the Sun today: "AEF Opens 2d Front." U.S. troops
have invaded French North Africa; they were backed by the British Navy and
the RAF, with British troops to follow later. President Roosevelt was on
the radio speaking in French, asking "Frenchmen everywhere not to obstruct
the action.”

londay, November 9, 1942

All last week I was in suspense wondering what Oppenheimer's response
to my letter would be. Today I received his reply. He also sent copies
to Manley, Teller and Compton. Because of its significance, I will guote
in full:

"Dear Glenn:

"Thanks for your fine letter. The problem you raise is not

a new one, nor is it limited to the 49. 1I've thought about it a

little in connection with the 25-24, and it is probably time to get

possibilities clear.
"Wwith the 25 alone matters would not be so bad: a concentration
of light impurities (B, Be, Al, C, N) of 10~4 would give us the more

than ideal 1012

almost all the 24 goes along with the 25, then things are about 25
17
0

years equivalent. If, as in our present set up,

times worse. I believe that we can probably get along with 1
years equivalent if we have to. Therefore I should say that the
chemical problem with the 24-25 mixture was hard but probably
soluble. Lo you agree in this?

"With the 49, even allowing a factor 10 in your estimate of
yield and a factor 100 in our reguirements, it still comes to a
purity of about 1078. 1s this hopeless?

"It would be a help to know what you think on these points
fairly soon, since if your answers are in the negative it will mean
not only rather radical and I am afraid rather inefficient redesign,
but also the immediate prospect of some new production problems for
other materials.
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"How bad is 23?
"Thanks again for your letter, and let me know what your ideas
re this chemistry are as soon as you can.
"with all gooé greetings,"
It is clear that we have a very serious proklem in the purification
of 49 and that this is going to receive intensive top~level attention in

the days imnediately ahead.

I replied to Hamilton's letter that I received on Wednesday, telling
him that I am airmailing him some of the chemicals that he has asked for,
but that so far I have been unable to locate hafnium-free zirconium.
After bringing up the matter of who should finance the BRerkeley
borbardments, I notified him that we will soon need another very heavy
deuteron bombardment of uranium metal, the order of 20,000 microampere-
hours, ana that I am trying hard to have prepared a good target for that
purpose. I indicated that it might be worthwhile for him to come to
Chicago to confer about his biological work on fission products.

The French surrendered Algiers to the Allies today.

Tuesday, November 10, 1942

Vihitaker has now returned from Site X in the Tennessee Valley, where
he went on an inspection tour last Thursday, in the company of Major
Warren George and Major Robert C. Blair of the U.S. Army, Barcourt C.
Vernon, who is a du Pont man representing the Columbia University groug,
ané T. C. williams, Frederick R. Conklin and August C. Klein of Stone and
Webster Company. After studying the plant layout prints in the Stone and
Webster office in Knoxville, they all went out to the location and walked
over the actual sites that have been staked out by the Stone and Webster
people. They located the town site and the following developments in the
upper area of the reservation: Administration Building, Cafeteria, Main
Laboratory Building, buildings in the Columbia University development and
buildings in the Chicago Area A development.
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The prints showing the relative locations of these buildings were
available at Site X at the time, but, as yet, copies have not been
received here at the Met Lab. The Chicago Area A developrent is shown to
be approximately half a mile from the Administration Building, and the
Main Laboratory Building is parallel to the Administration Building and
200 to 300 feet back of it. Whitaker and his companions travelled by
existing roads from Area A to Chicago Area B and measured the distance as
12.7 miles. Stone and Webster have made no detailed studies of Area B
where the pile and presumably the chemical separation plant will be built.
It is situated in a valley just below Bethel Church and in the widest
expanse of relatively level ground'which they saw in the entire area.
This valley is approximately 1,200 feet at its widest point, and is a mile
or rore in length.

Stone and Webster has requested a detailed estimate of the personnel
to be assigned to Site X with respect to number of men in a given salary
srange, number of single and married persons, numbers of families having
one, two and three children, etc. Housing will be provided for those who
know something about the work to be done at Site X, whereas laborers and
‘others will live outside the village in housing already available.

At the meeting of my group's Research Associates tonight, in addition
to the usual review of our research program and plans for the future, we
discussed the progress being made in preparing for work at Site X. We are
all very interested in what our role will be at the new installation

there.

Today U.S. troops are closing in on the Moroccan city of Casablanca.

Wednesday, November 11, 1942

Compton and Hilberry paid me a visit in my Jones Laboratory office
today to discuss the 49 purification problem whose severity has been
brought to their attention on the basis of my correspondence with
Oppenheimer. They are very worried about this new turn of events and
expect that this new information will have an adverse impact on Conant and
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the Review Committee that is considering the future of our entire Project.
I confirmed that the problem is very serious and said its solution will be
very difficult but not impossible if we attack it with a sufficient number
of capable chemists.

Cefola and Magel have continued their electrolysis experiments to
investigate whether the 94 can be reduced to the metal at a mercury cath-
ode. They are now working on the ultra-microscale using high
concentrations of 94 and find that they can deposit of the order of 20-30%
of the %4 in the mercury cathode from 94 sulfate solution over times of
about six hours.

News today tells about the U.S. forces in Algeria and their drive on
Libya; they hold 500 miles along the Mediterranean.

Thursday, November 12, 1942

At the meeting of the Chemistry Division Group Leaders this morning I
made a comprehensive report on the chemistry of 94. I described the
radiation of 94238 and 94239 and how these isotopes have been used to
determine the chemical properties. I described the "cold bromate method
for separating 93 and 94 and summarized the insoluble compounds of reduced
94 (Pur)) and the solubility properties of compounds of Puff) pased on
the work of Cunningham and Werner. I reported on the experiment by
Cunningham and Werner, proving the +4 oxidation state through the use of
Pu(IO3)4. I also described the volatility properties of the fluoride of
Pul®) and the volatility properties of Pu chlorides. Perlman described
the methods for separating 93 and 94 in more detail and also the
appliéation of its volatility properties to a method of separation of 9%,
and reported on progress on the peroxide method of separation of 94.

Johns described work at the Ames Laboratory on the oxidation of 93 and 94
and on the distillation of these elements from uranium metal. Burton
summarized past and proposed work on the effect of radiation on materials
used in separations processes.
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Hamilton sent a telegram from Berkeley that our deuteron bombardment
of thorium has been completed and the sample will be ready to ship in the

next few days at our convenience.

Captain Arthur V. Peterson, who is the Army's area engineer at the Met-
allurgical Laboratory, recently asked me to submit some figures on the amount
of fission-product radioactivity that might be available from a chain-reacting
pile for military purposes. Today I sent him a three-page memorandum, which
includes two tables that we were able to compile. Table I shows the total
gamma activity in megacuries from a 10° kw pile as a function of operating
tine and time after shutdown (in intervals of five days up to 50 days).
Table II gives the corresponding information for beta activity.

The tables show that the maximum gamma and beta activities (50 days
of operation, 2-1/2 days after shutdown) would be 34 megacuries and 190
megacuries, respectively. We state that in terms of war-use possibili-
ties, the medical group should be consulted, but in our opinion, (a) one
megacurie of gamma activity when spread uniformly over two square miles
will contaminate it to such an extent as to produce 100 r in a day through-
out the area—as we understand it, we say, 100 r in a day is a disabling
dosage, if not a lethal dosage; (b) for calculation purposes, the beta
radiation can be considered to have 1.0 Mev upper limit, or 1/3 Mev aver-
age energy, and that to be effective as a possible weapon the radioactive
material would have to be ingested. We state that all the activities
listed in the two tables are derived from small-experiments with cyclotron
neutrons, and the assumption is made (within a factor of two) that the
ratio of fission activity to 94239 is the same with such neutrons as with
the neutrons of an operating pile.

The U.S. troops are racing for Tunisia. I listened to Churchill speak
on how the British routed Rommel in Egypt.

Friday, November 13, 1942

Today I drew up a chart that I call "Status of Projected Program for
obtaining Final Product." It looks like this:
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Reaction mass

Research status:
More data needed
for engineers,
general processes
in hand.

\

Concentrated 94

Research status:

Very little done as
yet—involves
chemistry studies on
pure 94, design of
equipment. Must have
as much 94 as possible.

Y

Crude 94

Research status:

Has been considered but
little work done as yet.
Difficulty of problem

is apparent but can

only be started on micro-
gram scale. Demands gram
amounts of 94 for solution.

t

Step I1:

Step II:

Step III:
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1 ton uranium
100 gm 94
107 curies of gamma activity

Removal of 94 from uranium and

bulk of fission activity--plant
and radiochemists supervising.

All remote control.

100 gm 94
10°
10 1lbs of carrier (such as

curies of gamma activity
rare earths)

removal of 94 from fission
activity and bulk of carriers—
large laboratory scale, remote
control, carried out by chemists.

100 gm 94

little fission activit