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Mstaten

1. 184-~inch Cyclotron Program§£;

The performance of the cyclotron during the month has been very
satisfactory with only five per cent of the time required for correcting
mechanical or electrical troubles. Seventy-six per cent of the time was
spent on operation for research purposes and eleven per cent on the
installation of an evacuated tube and associated parts for carrying the
deflected deuteron beam through Tive feet of the neutron shielding wall
into a Ycave® in which deuteron bombardments can be made without excessive
neutron background. Over 10-9 amperes i8 obtained at the end of the tube.
This marks the practical completion of the project for deflecting the
deuteron beam which has been under way throughout the year.

Deliveries of the remaining concrete blocks to complete the second
five feet of shielding wall began during the month. Design and fabrication
are proceeding on the proton conversion apparatus.

A
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2. 60~inch Cyclotron Program e i O s e 3D

&

The 60~inch cyclotron operated very satisfactorily during the month of
December. Major bombardments for this interval included alpha particle
irradiation of plutonium for Professor Seaborg; the deuteron bombardment of
lithium, and the deuteron bombardment of iron for the Clinton Laboratories
at Oak Ridge; +the deuteron bombardment of ionium for the Argonne National
Laboratories at Chicago; and the deuteron bombardment of cobalt for Doctor
J. I. Lawrence at Berkeley. There were a nwiber of alpha particle bombard-
ments of bismuth for Professor Segre and his colleagues.

A great deal of time, effort, and energy has been spent on the plan
and design of certain changes in the instrument in the over-zll improved .,
radiation protection program for the operating personnel as well as to in-
crease the erficiency of the cyclotron.

W

3. Synchretron Program«

TR e e e o

During the last test of the outer vacuum chamber ring a vacuum Was™
obtained that was very nearly, but not quite, satisfactory for synchrotron
operation. The remaining leaks consisted of some small pores which were not
closed by any of the impregnating processes. In order not to delay the
progress of the synchrotron it was decided to proceed with the design and
ordering of & ceramic or glass doughnut. This desizn has been completed and
requests for quotations are now outstanding. DMeanwhile, it is planned to
continue assembly of the synchrotron in order that the magnetic testg and
time consuming adjustments can be made. If after these are done it appears
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that there is a good chance of obtaining a satisfactory operating vacuum- .
with the existing vacuum chamber, additional effort will be devoted to
this work.

If the vacuum, however, continues to be poor at the time the ceramic
ring is delivered, the vacuum chamber will be disassembled and the ceramic
ring installed. A possible alternative in case the vacuum is nearly
satisfactory is the construction of another outer ring using the same
methods of fabrication which were used in constructing the inner ring.

Our experience with the inner ring indicates that this method of construc-
tion produces a satisfactory part and it now appears feasible to construct
such a ring in our own shops. :

Assembly of the upper yoke is now in progress and all parts for its
completion are on hand with the exception of one outer slab which is
en route. Six flux bars remain to be shipped and one spare outer slab
is expected in February.

4, Linear Accelerztor Program

Van de Graaff Generator. During the past month the primory effort has
been concerned with increasing the operational reliability of the machine.
To this end it has been found necessary to make ce¥tadn minor mechanical
and electrical changes. The machine has been closed and operating for
over a week with a total beam sufficient to heat a 1/8 inch thick quartz
plate to incandescence over an area of diameter sbout 3/16 inch. It will
hold 4.2 to 4.3 million volt indefinitely with no sparkinz and with a
large beam. After the 90 degree deflecting magnet is instalied it will

be possible to make a good measurement of the total proton current.

40 Foot Section. In order to improve the reliability and raiss the Q of
tThe accelerator, the drift tubes and stems have been electroplated and a
new set of vprlng fingers connecting the drift tube stems to tie liner have
been made. As a result of these changes it is now possible to operate at
will at rf levels satisfactorily high for reliable accelerator operation.

A number of bombardments have been made with the machinec among the
results of which were an activation curve for the carbon (p,pn) and the
observation of the reaction Blo(p,n)ClO

5. Exvnerimental Physics

Neutron-Proton Scattering -(Cloud Chamber). The number of proton tracks
measured was increased to 430; the distribution still favors non-exchange,
but not significantly so. The energy distribution of the neutrons, as
determined by the knock-on protons, has been mesnsured for 750 cases. The
distribution shows a maximum at about 90 Mev as expected, but shows an
excess over theory et high energies which is probably experimental, and a
greater excess at low energies.
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Considerable viork has been done in rechecking measurements and
determining sizes of errors. The conclusion reached wss that previous
results had little significance for scattering angles greater than 60°.
It is hoped that changes in technigue of measurement will permit accurate
measurements to be extended to 80°.

The iron core magnet For the new cloud chamber has been completed
and tested. It gives a field of 21,000 oersted, uniform to 10%, in the
area to be used. '

Counter Development. Tests have been made of napthalene counters following
reports of their successgful use in the east. The preliminary tests were
most encouraging and it appears that these can be developed into a useful
research tool,

Delayed Neutron Emission from Light Llements. At the end of the month,
observations were made indicative of delayed neutron emission from a
number of light elements in the neighborhood of aluminum under high
energy deuteron bombardment. Intensive investigations are in progress
to confirm the reality of this effect and to determine the mechanism,

Scattering of Deuterons. Exploratory runs have been made using particle
sensitive plates and ionization chambers to determine the scebtering of
deuterons in various materials.

Bismuth Fission Cross Section. he cross section for the fission of Bi
has been measured in the 90 Kev neutron beam using standard garbon disks
to determine the neutron flux. The result is 2 =0.05 x 107°% cmz, or
approximately the geometrical cross section of the thorium nucleus.

Neutron Scattering. The data on scattering of 90 Mev nzutrons by Pb,

Cu, and Al has been completed during this month. In each case the dis-
tribution followed that predicted by diffraction from an opaque nucleus

out to the vicinity of the first minimum of the diffraction pattern.

The minimum was not observed, probably due to contributions of inelastically
scattered neutrons, and to some extent due to ths wavelength spread in the
primary beam. The differential cross section velues were higher in the
vicinity of 0° than thosc expected from total cross scction measurements,
The reasons for this have not yot been clarified.

Neutron-proton Scattering. This month has been spent in studying the
instrumentation with which these experiments are done to insure proper
plateaus with respect to such variables as voltage, resolving time, count~
ing rate, and background of counts not due to fast protons. Causes of
systematic errors havs also been investigated. These investigations have
not altered the previous conclusions from the experiment.
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6. Theoretical Physics ;ielel & bu.4d § dwid

Good progress has been made in tho calculations of n-p scattering.
Angular dependence curves in good agreement with observation have been
obtained using spherically symmetric potentials. Corresponding curves
including tensor forces are nearly completed. These are being calculated
by a new method, which is much casier than the variation method previously
investigated, and which seems to give very reliable results. Some work
has been done on the theory of diffraction scattering. An investigation
of betatron and synchrotron injection problems has been started. Other
programs are continuing.

7. Isotope Research Program

A successful deposit of Cl4t was made which yielded observation of the
Cl4 lines in the hyperfine spectrum. A separation of isotopes 107 - 111 was
performed upon ions from a sample of Ag bombarded with & particles.
Identification of certain indium activities was sought, with partial success.

8. Chemistry

Part_;é

Radiocactive Rare darth Isotopes. A program is under way to identify the
neutron deficient isotopes of the rare earth elements. The activities are
produced by spallation rcattions on tantalum with high energy narticles and
of individual rare earths with lower energy projectiles. Several new
activities have been found but have not yet been assigned. O0Of some interest
is an 8.4-hour pesitron-emitter in the thulium fraction from the bombardment
of holmium with 40-lev helium ions. This is the heaviest positron-emitter
that has yet been established. A 36-hour K-capturing cerium has been
tentatively assignzd to 00137 as a result of its formation from 40-Mev
deuterons on lanthanum. 3ince it decayed essentially to background, with
no sign of s lanthanum dauvghter, Lal37 must have a half-life of >100 years
or the assignment of celd? is in error.

Fission of Bismuth with 200-ev Deuterons. Over 25 fission products have
been identified and in most casces yields have been determined. The fission
yield curve is characterized by a single peak with the maximum at mass
mimber 97-99. 1In general the light fragments have neutron excess and the
heaviest fragments are neutron dcficient. By inference the most promincnt
primary fission products in an intermediate region are stable. A mechanism
which conforms with the observations has been advanced. It is postulated that
the.nucleil responsible for most of the fissions arc light bismuth or
polonium isotopes of mass number 197-199, which result from the ejsction
of 10-14 necutrons from the compound nucleus. In order to account for the
neutron-proton distribution in ths fission fragments it is necessary to
assume that the parent nucleus undergoes cleavage, preserving the same

e MW



UCRL 30

-

neutron/proton ratio in both fragments. By mcans of this theory it is
possible to prediect the most abundant primary fission product for each

mass number. A fission yield curve has been constructed with these consider-
ations and 1ntcbr§t10n of the curve gives a rough cross scection for fluolon
of 0.2 x 107 24 o=,

The {ission products which havs been %dehtlfled are; ca%S 7ed? T
cub? zn72 ps74 RpB6, 5189 vO 77 %099, RulO3 Rule)6 Agill,
pall® calls (44l days), pelld Sb142 Ti24 125 1126 52135 o133, Tne
vields for several of these isotopes fell below the smooth curve but in
almost every case the result is as expected since the calculations show
such isotopes to be other than those whieh should be formed in greatest
yield.

Chemistry of Astatine. The chomical studies of astatine have continusd &
wWith results which may be summarized as follows: ferric or mercuric: \;253*‘
compounds are sufficient to rapidly oxidize 10~12 molar astatine in the ™™g
zero state. Cold persulfate is a slow oxidizing agent. Astatinc strongly
oxidized by persulfate failed to deposit at the cnthode under the conditions
previously described., Ab the same time deposition at the anode was normal,
The critical deposition potential at the anode was - 1i45 « .02 v with
respect to a nermal Hs electrode.

Chemistry. Part B.

Synthetic and Experimental Organic Chomistry. Plgh yle+d '

synthetic procedures have bscn or are being developed for tha:

of the following compounds: 1) formlc acid, HCl4O?h 2} ethyl alcohol
CHzCl4H,0H; 3) tmil aleohol, CH4H,CHoCH; 4) ethyl bromide, CHaCl4Br;

5) ethyl bromlde ﬂSCHoBr 6) eth*l iodide, CH3014I?I 7) ethyl iodide,

Cl4h50HgI 8,9) an improved synthesis of methyl or carboxyl labeled glycine;

and 10) lactic acid, CHRCLAT,OHCOMH.

Biological Chemistry. The conversion of cl4- 1=beled tyrosinz, dihydroxy-
phenylalanine and tryptophane to melanin has boen studied by in vitro
incubation experiments with melanosarccma tissue. 2411 three compounds are
converted actively to melanin under these conditions bub only tryptophane
and tyrosine appear in the melanin when these compounds are administered
intravenously to living mice.

Studies are in progress on the metabolism of Cl4-labeled dibenzanthra-
cene and tyrosine in micc and on the nature of the labeled compounds found
in the feces and urine. Ths rate of metabolic oxidation to carbon dioxide
of labcled acetic acid in tumox and non-tumor bearing mice is being deter-
mined.

Photosynthbtic Chemistry. Work has continucd with oxperiments on the growth
and decay of the reducing power of algae with illumination by measuremont

of up-take of radioactive carbon dioxidc in the dark. The distribution of
activity in algne under varying conditions of illumination is being deter-
mined with particular interest dirseted toward the plant acids, amine acids
and plant sugars.
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A study is in progress on the function of chlorophyll in photosynthesis
to determine if chlorophyll ccts as a light scasitizZer, a hydrogen donor,
or both. Deuterium is used @3 a tool in this work.

Chemistry. Part C.

Subproject 48B

Metals and High Temperature Thermodynamics. A report has been cgmpleted
summarizing the thermodynamics of plutonium. The work on high tcmperature
equilibria and absorption spectra cof CN has given a value for the heat of
formation of this important molecule. ‘Jork continues on the carbide
refractories and on the liguild metal systems contalning uranium. Progress
has been made in the rescarch dealing with high temperature molecular
species.

Basic Chomistry. Including Chelates. The following research programs are
in progress:

The hydrolysis and complexing of Zr(IV) as determined by extraction
studies using TTA in benzenc.

The rate of exchange of 12 and 105, using radioactive iodine tracer.

The solvent extraction of U(VI). ZEquipment is being set up for an HBO
analysis on the organic phase by Fishor reagent.

The comploxing of Pu(IV) by TTA, involving a study of the solubility
of PuK, at high TTA concentrations.

The extraction of La{III) into benzene with TTA. The question of
complexing will be studied.

The hydrolysis of U(VI) using benzene TTA extraction ecuilibria.

9. lledical Physics

Part A. Projoct 48A - T

Tracer studies are now under way with carrier-free preparations
of the radioactive isotopes of zirconium, technetium, silver, cadmium,
indium, tin, antimony, elemcnt 61, actinium, uranium. Tho most significant
observations to be made during the month are as follows. Technetium hes
been observed to be excreted, following intramuscular administration, with
an extraordinary degree of rapidity, thore being approximately 95 perccnt
climinated within 24 hours and th2 kidncys acting as thce principle channcl
of elimination. Cczdmium is observed to be sliminated very slowly, principally
by way of the digestive tract. A significont dogree of selacted localiza-
tion has boen observed in the liver, kidnay, and pancroas. Approximately
0.2 percent has been noted to be absorbed foilowing oral administration by
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stomach tube. Actinium, as predicted, follows a metabolic pattern qui
similar to that observed for the lanthanidce rare earths and americium and
curium.

et

The radiocautographic studies with zirconium, columbium, cerium,
element 61, plutonium, americium and curium are being continuocd.

The study of thc possible methods of ths treatmont of plutonium
poisoning is also continuing.

Methods for the radio-chemical isolation of carricr-free molybdepum are
becing investigated and a small amount of carrier-free calcium has been
preparad for the purpose of comparing, on a rather precise quantitative
basis, thc possible differesnccs boetween the metabolism of this clement and
strontium. A preparation of rodio-europium, while not carrier~frce but of a
high specific activity, has becn ordered from thce Clinton Laboratories at
Oalk Ridge and ncgotiations are in progress for thc acquisition of a carrier-
frece preparztiion of the 47 hour radio-samarium that ariscs from fission.

Medical Physics

Part B. Project 48A - II

The first biological experiment with the direct beam of the 184-inch
eyclotron was performed in cn effort to dotormine the lothal offect on mice.
It was dosigned tc demonstrate thoe time of death with o wide ronge of dosage.

Within ten doys after bombardment all cnimals in the groups thnt received

1000 rep and 3000 rep died while no animals.in the groups receiving 100 rep
and 330 rep have yet succumbed. The white blood cell count of all groups
showed a very marked drop- in tho Tirst twenty-four hours, but the red blood
cell count wos not affected in any group. Observations were olso made of the
weight variations with time after exposure.

An unsxpected result from an exporiment conductsd sixtoen months ago
Was revealed when some mice were sacrificed which had received intravenen+
ously 0.5 mg of colloidal UQO, cnrichsd 87 percent in UR35, Subsequently
onc-half of the animgls had %eon bombarded with neutrons from the 60-inch
cyclotron. At the time of autopsy seven out of ninc bomberded mice showed
tumorous growths in liver and kidney while none of the animals that were
not bombarded showed such changes.

2tes of motabolism to CO2 of administered radioactive carbon labeled
acctate, glycine, glucose, and tyrosine have buen studicd. Following
intravenous administration . eacch substancc hos its charzcteristic rate of
oxidation. The COg production has a rapid phaose, which is belioved to coin-
gide with oxidation of the substance administered, and & slow phasc result-
ing from the oxidation of othor substances that have been derived from the
labsled compound administered. The time constants of oxidation are tndicative
of the rate of utilization of the pool of subsbtances which arc in metabolic
cquilibrium with the labelad substzonec. Tho rates of oxidation arpear to
be characteristic for cach of tho above mentioncd substanccs and thorce is no
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obvious or significant differconcos in the metabolism of these substances
in normal and ncoplastic animals.

10. Health Physics

Radiation Measurements. The concrete enclosure at the deuteron beam exit
tube was carcfully surveyed immediately after its crection. The shiclding

"is adequate oxcept for regions which look down into the enclosurc at close
- range. Only the cranc operator is apt to be in such locations and he is

not allowed to operate the cranc during external usc of the beam.

Thorough surveys of the lincar accelerator radiation fizld have been
made during its inercased operation this month. ILocations of certain offices,
facilitics and work areas must be changed when moyre continuous coperation
begins. Crew mcmbers and experimenters arce equipped with pocket dosimeters,

_film badges, and pockot clactroscopes.

Monitoring Storage, and Dispesal. During the month routine monitoring was
carrizd out as usual. The usé of slow ncutron dosimeters has boeen extended
to cover both the 6G-inch and 184-inch cyclotron crews and associated person-
nel. Two hundred and three film badges were progessed and recorded none

of which showed an over tolcrance to exposurc. (The analysis of routine air
sampling and of hand counting revecaled no over tolerarce contaminations.

A number of routine collections of radiocactive waste was made and dispogal

of the material carcd for. The storage tubes for storing radioactive
materials were put into placc in the pit in the chemistry annox and are now
recady for use.

Roscarch and Devclopment. The lcad glass viewer for the bota-gamma dry
box is now ready to be mounted. ‘The mechanism for the manipulators is
complete while the shell design is near completion. Other items upon which
research and development work is being done include the preparation of
platinum capsulces for pile bombardments, furthcr work on the Conway spark
box and air rilters, and the erection of the spinner column®that was
received from QOak Ridge.

IMB/1-14-48
Information Division
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7.
8.

Isotope Research

Chemistry. Part A

Ch?mistry. Part B

Chemistry. Part C

iedical Physics.

Part A

SUBDIVISION
General

Chemistry of Transuranic Elements
Nuclear Properties of Transuranium
Elements

Transmutations with the 18/-inch
Uyclotron

Transmutations with the 60-inch
Cyclotron

Analytical and Service

Chemistry of Astatine

Synthetic and fxperimental Organic
Chemistry

Biological Chemistry

Photosynt hetic Chemistry

lletals and High Temperature Thermo-
dynarics

Basic Chemistry, Including kietal
Chelates

General

Evaluation of Metabolic Properties
Plutonium and Allied Materials in
Animal and Man

Decontamination Studies
Radiochemistry

Radioautography

of

MAN-MONTHS EFFORT

COMMENTS

1.5

5.0
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PROGRAM SUBDIVISION MAN-MONTHS EFFORT COMMENTS

Medical Physics. Part B Uranium Research 3.0 2.5 Consultant
(Project LBA-ITI) Man-Month
Tumor metabolism 0.5 0.5 n

Special x-ray Studies, Radioactive

lieasurements, etc. - - 0.5 "

Radioactive Carbon Studies 0.5 0.5 "

Fundament al ledical Research 0.5 1.5 "
10. Health Physics and Monitoring and Special Problems 6.3
Chemistry Salvage, Decontamination, Disposal, etc, 3.6
Research and Development 7.3
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