UNIVERSITY " OF iCALIFORNIA

.Radiation Lakoratory

. pi
.Cover Sheet
Do not remove

« . INDEX NO.

DECLASSFFEEH; This document contains £/ pages

and /¢f plates: of figures.
This is copyé&of;&. Series_/49

‘Issued to: :é Lo ‘2‘;5.

-Classification

Fach person who received this' document must sign the cover sheet in the space below.

Foute to Noted by Cate

7 7 >

loute to Noted by Late

v




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, 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 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 product,
process, or service by its trade name, trademark, manufacturer, or otherwise, 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
California. 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.



P 22002 May 79
T ~2_@2LY DE LASSIFED

DECLASSIFIED

B rivatve Class.fier

Au*horiz-d by USDOE JK Bration

UNIVERSITY OF CALIFCRNIA

Special Review of Declassified Reports

Unciass.t o 1w L i
I3

2

PR RS

Radiation Laboratory

uthorized

i_—i.
| -

Contract No. W-7405-eng-48 and 48B

CHEMISTRY DIVISIONS

QUARTERLY REPORT

June - August, 1948

. Nat ional Defense of\ithe
Jts transmlssz.on or tﬁé\i

undel aﬁ?allcable Federal laws.
\

October 1, 1948

Berkeley, California

This ‘documen“c » contains\restrlct ed. daz
defined : 1n\’uhe Atomlc Energy Act of\l“g

\
N y

e ¥

\l‘esure of 1ts
NG

\m any -manner to an unauthom\zed\person is pro
hlblted and may result in semé\c‘x'\u)nwnal penaltl

CLASSIFICATION CANCELLED
BY AUTHORITY OF THE DECIASSIEICATION

BRANCH USAEC J /773
BY. —3-3.4%
SIGNATURE OF THE DATE
PERSON MAKING THE
CHANGE




NECLASSIFIED

UCRL 172
Chemistry-Transuranic Elements

-2-

STANDARD DISTRIBUTION: Series A Copy Numbers
Argonne National Laboratory , 1-10
Atomic Energy Commission, Washington 11-12
Brookhaven Naticnal Laboratory ) : - 13-20
General Electric Company 21-24
Hanford Directed Operations 25-31
Iowa State College 32
Kellex Corporation 33-34
Los Alamos 35-3"7
Naval Radiological Defense Laboratory 38
NEPA - 39
New York Direeted Operations 40-41
Oak Ridge National Laboratory 42-49
Patent Advisor, Washington , ' 50
Technical Information Division, ORDO 51-65
University of California Radiation Laboratory

Information Division 66-68

I. Perlman 89

B, Tolbert 70

W, Latimer 71

E. Segré 72

J. G. Hamilton 73

E. 0. Lawrence 74

Patent Department 75
University of Rochester 76-77
Office of Chicago Directed Operations 78

INFORMATION DIVISION
Radiation Laboratory
Univ., of California
Berkeley, California




DECLASSIFIED UGRL 172

. i o s (e Sl etz
Chemistry-Transuranic Eleggg&s,ﬂgﬂd' =

£ B AL
s cb b .

B

TABLE OF CONTENTS
Title . Page
I QUARTERLY REPORT. PROJECT 48

A, Chemistry of the Actinide and Lanthanide Elements.
Nuclear Properties and Nuclear Transformations

Oxidation-Reduction Eguilibria of the Lanthanide and 4
Actinide Elements.

X-Ray Diffraction Studies of Praseodymium Oxides and
of Solid Solutions of Ceric Oxide with Trivalent Rare

Barth Oxides. 10
Measurements on the Fluorides and Metals of Rare ﬁarth

and Actinide Elements. : 17
iProducts of‘the Dissolution of Thorium Metal in HCI. 18
Absorption Spectra of the Agueous Tripositive Ions of

the Lanthanide and Actinide Zlements. 19
Hafnium-Zirconium Separation. ' v 26
Ion Exchange Separation of Heavy Ilements. 27
Mass Spectrograph for Identification'of'Radéoactivit@es. 28

New Artificial Collateral Decay Chains of the Heavy

Elements.. 31
Neuﬁron Deficient Heavy Isctopes. 56
Preparation of Light Neptuniﬁm Isotopes. . 37
The Isotope Om~<o, | 38 ‘
Long-Lived Isotopes of Bismuth and Lead. 39
Neutron Deficient Bismuth Alpha-Emitiers. 40

High Energy Spallation and Fission Products of Uranium. 41



TECLASSIFIEL  wms

Table of Contents (Cont'd)

Title . Page
The Fission of Bismuth with High Energy Particles. : 43
Radioactive Propértiés of the Heavy Rare Barths and
Neighboring Elements. 45
Nuclear Reactions of Arsenic with 190 Mév Deuterons. 48

| High‘Energy Spallation Products of Copper. ' 51

Relative Yields of Mn®% and Mm5® from 190 Mev Deuterons
on Elements 25 to 38. 54
Abnormal Inerease in Atomic Number in Nuclear Reactions. 56

B, - Chemistry of Astatine and the Preparation of Certain Compounds.
Chemistry of Asbtatine. : 58

C. Bio-Orgenic Chemistry.

Synthetic and Experimental Chemistry. 62
Biological Chemistry. 67
Photosynthetic Chemistry. _ 69

IT QUARTERLY PROGRESS REPORT. PROJECT 48B.
A. MNetals and High Temperature Thermodynamics. ‘ 72
B. Basic Chemistry, Including lMetal Chelates. 75

C. ZHEngineering Development of Plutonium Separation. 78



TR

DECLASSIFIED - vomre

Y/

I QUARTERLY PROGRESS REPORT. PROJECT 48

A, Chemistry of the Actinide and Lanthanide Elements.

Huclear Properties and Nuclear Transformations.

I, Pérlman

Oxidation-Reduction Bquilibria of the Lanthanide and Actinide Elements.

B, B. Cunningham and Co-workers*

The work described below has been carried out primarily for the purpose of
investigating oxidation-reduction equilibria between the tripositive and higher or
lower oxidation states of various members of the lanthanide and actinide series of
elements. Aside from the géneral scientific interest of such studies the data may
be expected to be of value in the prediction of the relative stability of the vari-
ous oxidation states of the elements beyond curiul.

In these investigations data of three kinds have been sought:

1. Bracketing data from experiments in which it is observed that the oxida-
tion-reduction reaction proceeds quantitatively in one case and does not proceed
appreciably in the second case, the conditions being chosen so that the equilibrium
constant for the reaction is clearly defined as being between a maximum and a mini-
mum value.

2. Thermochemical data to establish AH values for given oxidation-reduction
reactions, and from which A F values may be approximated by additional ca’ culations.

3. Measurements of equilibrium constants, from which AF values may be cal-
culated, directly.

Chemistry of Americium~--Stability of the Dipositive State. R. Lohr,

The stability of the dipositive state of americium is of exceptional interest
in that this state may be assumed to be isoelectronic with the tripositive state of
curium and the tetrapositive state of element 97. The stability of the dipositive
state of americium is therefore a rough measure of the stability of the half completed
7f subshell.

. It has been reported previously by S. Friedl of the Argonne National Lab-
oratory that the reaction:

AmQO, + H, = AmC + H20

2 2

*ThHe co-author of each section is indicated after the title of the section.
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proceeds substantially to the right at temperatures in the neighborhood of'SOOOC.
In Fried®s experiment the AmO was obtained in the form of a black sublimate and
its identification was based upon x-ray diffraction investigation by Dr. W. H.
Zachariasen. L., B. Asprey and Cunningham were unable to find evidence for the
reduction of 10-4 M solutions of Am(III) in the presence of 0.1 M KCl supporting
~electrolyte and 10-4 M H*, using a dropping mercury electrode and the Sargent
model X1 polarograph. They concluded that the formal oxidation-reduction potential
for the Am(II) = Am(III) + e~ couple is more positive than +0.9 v.

. Recent attempts by H. Lohr of this laboratory to repeat Fried's observation
have yielded no positive evidence for the formation of AmO under the conditions
given by Fried.

The apparatus used by Lohr is shown schematically in Fig.l.
The experiments were carried out as follows,

A 10 microgram sample of americium, in the form of a pellet of the hydrous
oxide (AmpO3°XHp0) was introduced into a small (2 mm I.D.) beryllia crucible which
was placed inside a 5 mm I.D. quartz tube, and this, in turn, put inside a 12 mm I.D.
gquartz tube connected to a supply of dry hydrogen and/or ammonia. A resistance
. furnace outside the larger quartz tube was used to heat the sample to the desired
temperature. Attempts to reduce the oxide to AmO were then carried out by passing
hydrogen or an NHz-Hg mixture over the hot sample.

Runs were made at various temperatures from 500° to 950°C. At the end of
each run the inside wall of the inner quartz tubing (which projected well beyond
the end of the furnace) was examined for alpha-activity. In no case was any
significant amount of alpha-activity found in the tube, )

It was concluded that a volatile compound of americium is not formed by the
action either of ammonia or Hp on americium oxide in the temperature range of
500°-950°¢ .,

' /

The black americium compound remaining in the crucible was submitted to
Dr. D. H, Templeton for identification by x-ray diffraction analysis. The patterns
obtained were so poor, however, that they did not permit 1dent1f1catlon of the
material,

Chemistry of Samarium--Microchemical Scale Preparation of Samarous Chloride. H.R.Lohr.

A standard method of preparing the more difficultly obtainable dipositive
compounds of the rare earths is that of reduction of the anhydrous trihalides with
Ho or NH502»5 Because of the great stability of the oxychloride the preparation of
pure samarium trichloride demands rigorous exclusion of water vapor and oxygen from
the system. The reaction, even on the macro-scale, is recognized as being one of
great technical difficulty. By suitable design of apparatus, however, it has been
possible to obtain fair yields of SmClg by this method on the fifty microgram
scale, and hence, to demonstrate that the present apparatus is suitable for a
reliable 1nvest1gatlon of the reagtion of AmCl, with Hp or NiHz, using amounts of
~americium currently available.
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The apparatus used is illustrated in Fig. 2. The procedures used to
prepare anhydrous SmClz and to reduce this to SmClp were as follows:

A. Preparation of SmClz, Fifty micrograms of Smg0Oz was introduced into
a small gold boat and dissolved in about 20 microliters of 12 I HC1l, The solution
was heated to dryness under a heat lamp to yield hydrated samarium trichloride.
This material was then placed in the quartz tube of the apparatus shown in Fig. 2.
A slow stream of anhydrous HCl was then passed over the sample which was heated
according to the following schedule: room temperature to 90°, ten minutes; 90°, one
hour; 90° - 130°, ten minutes; 130°, one hour; 130° - 2500, twenty minutes; 250°,
five minutes,

The end of the capillary was then sealed off, the system evacuated, and the
magnetic pusher manipulated o push the gold boat into the vertical section of the
guartz tube, thus spilling the contents of the boat into the capillary tube. The
quartz capillary was then sealed off aboubt one cm. above the sample,

Material prepared in this way was submitted to Dr. D, H., Templeton for
identification by x~ray diffraction analysis., The sample was found to be pure
SmClz with the hexagonal UClS structure and 1attlce constants:

.a

o 7,377  + 0,006 A

(Cuk, = 1.542 A)
loce® ¢y = 4,159  + 0,004 A

It is interesting to note that although the color of SmClz is reported in the
literature to be yellow-green all samples prepared in this laboratory have appeared
to be either white or gray° R

B. Preparation of SmClo. A sample of SmClg was prepared according to the
procedure outlined above except that the product was left in place in the gold boat,

The system was then flushed with pure dry argon and evacuated to remove the
last traces of HCl. The sample was heated to 500°C and anhydrous ammonia admitted
to the system, (At temperatures below 500°C ammoniates are formed.) The end of the
quartz,capillary was reopened and a slow stream of anhydrous NHz {one atmosphere
pressure) passed over the sample for a period of 13 hours. Finally the temperature
was raised rapidly to 600°C and maintained at this level for 80 minutes. Observation
with a low power microscope showed the contents of the boat to be of a uniform gray
color at this point in the procedure.

The capillary was then sealed at the end, the contents of the boat dumped
into it, the system evacuated and the capillary sealed off above the sample.

When the sample fell into the capillary it broke into smaller fragments, the
inner portions of which were observed to be of a deep red color, The sample was
submitted to the x~-ray diffraction group working under Dr. D. H. Templeton. Diffrac-
tlon apnalysis showed that the sample consisted of two phases in about egual propor-
tions. One of these phases was identified as SmClo, orthorhombic and isomorphous

with PbClpy, The second phase was Sn%ocl Sivwi av To othev vave eavlh oxychfovides
Tagqina
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Chemistry of Europium--Preparation of BuCl,. H. R, Lohr,

Europous'ehloride was prepared by a procedure similar to that used for the
preparation of SmCls. Its structure was determined by the x-ray diffraction group
and found to be of the PbCly type.

Chemistry of PraSeodymgumo

: A. Preparation nf Pr,0_ and PrO, in a form suitable for measuring their
heats of solution. LeRoy Eyriﬁgo Existing thermochemical data on the rare earth
compounds isg fragmentary and much of it is of questionable accuracy. Exact data
are needed for a better understanding of the reactions of the rare earth compounds.
In particular, data on the non-tripositive compounds are needed for the estimation
of oxidation-reduction equilibria,

In this connection the praseodymium-oxygen system is of special interest in
that it appears to bear a rather close resemblance to the americium-oxygen system
and it may reasonably be expected that techniques developed for thermochemical
measurements on praseodymium oxides will be more or less directly applicable to
americium oxides,

The calorimeter available for these studies is of the adisbatic non-
differential type. Accurate values for heats of solution can be obtained only
on compounds which dissolve fairly rapidly (i.e. in about ten minutes or less).
Consequently material suitable for calorimetric runs must not only be of known
composition and crystal structure, but must also be readily soluble,

Samples of Prg0; and PrOs which appear to meet these requirements have been
prepared as indicated below. The apparatus is illustrated in Fig. 3. 1In these
studies particular attention has been paid to the purity of the praseodymium compounds
ussd. All results refer either to a sample of Johnson Matthey praseodymium oxide
which was shown by spectrographic analysis to contain no impurities other than 0.4%
Nd, or else to this same material after separstion of the neodymium by means of a
cation exchange column of Dowex 50.

B, Preparation of Pro0,. A summary of the methods of preparation and
solubility characteristics of samples of Przo3 prepared in different ways is given
in Table I.

Preparation No. 4, made by reduction of Prsol with H, (1/3 atm.) at 500°¢
yielded material most suitable for measurements of the heat of solution of the C
~type of Pro0z. It would appear to be possible to get fairly accurate measurements
on the A type sesquioxide also by using material obtained by vacuum decomposition
of Pr, 0,, at 1000°C.

C. Preparation of Pr0,. Ignition in air of Pr(Czoé)S, Pr,(C03)3, Pr(CH)3,
etc, at temperatures in the range of 600°-800°C yields a mixed oxidation state oxide
of praseodymium whose composition is represented rather accurately by the empirical
formula PTGOl « Treatment of this material or of Pr,0, with atomic oxygen or with
NOo at modera%e temperatures is reported to yield PrOg. ™ Experiments in this
laboratory indicate incomplete conversion of Pr6011 to Proz on treatment with ozone
at 200°C or with NOs at 450°C.
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Table I
Methods of Preparation and Solubility Characteristics of Various Samples of Przog
bre- Starting Reductant | Final Material Tgmp° Pressure| Time Solubility
paration| Material : c . (Min.)
1 Pr60ll Prglz, type A 5
(hexagonal) 1000 | ca.10” 60 Soluble
<10 min.
1.5 M HCL
2 Pr.0 ProOs, type A
6 PASCE)
1L (hexagonal) 1000 ‘33010'5 30 soluble
<10 min.
1.5 M HCL
3 Pr(0H)3 1000 | ca,107° Partially
‘ inscluble.
4 Prg0q Ho Numerous sam- 500 | 1/3 atm.| 20 Soluble
ples all Pry0: Hg rapidly in
Type C (cubic? dilute
acid.
5 Prg0y7 Ho Type A 1000 1/3 atm, | 220 Soluble in
(hexagonal) Hy dilute
acid.

PO

_ Quantitative conversion of PrgO, or Prg011 to PrOg has been obtained, however,
by heating these oxides with oxygen in a sealed bomb at Oy pressure of from 50 - 300

atmospheres and temperatures of 100°-750°C,

Fig. 4,

The apparatus used is illustrated in

In é typical run a sample of Prg0j; was plabed in the thick-walled quartz
capillary which was then filled with a known volume of liquid oxygen calculated to
give a pressure of oxygen of about 100 abtmospheres when heated. The quartz tube was

carefully sealed, and inclosed in the heavy steel jacket,
in a furnace to the desired temperature and for the desired length of time.

The assembly was heated

At the

end of the run the apparatus was cooled to room temperature, the bomb removed and
] The oxygen was allowed to
evaporate slowly and the praseodymium oxide was then removed. This material was

chilled by liguid nitrogen, and carefully opened.

carefully examined microscopically for homogeneity.

D. H. Templeton for examination by x-ray diffraction methods.

Samples were submitted to

A number of experiments of this kind were performed, with the following
results. At 200°C the reaction did not proceed at an appreciable rate, but at 250°¢
The resulting material
digssolved fairly readily in 1.5 M HCl. At higher temperatures (300°-7509C), the

the reaction appeared to be complete in about 72 hours.



UCRL 172
-

Pr02 is obtained in this way was difficultly soluble.

It is interesting to note that in all cases in which the Preoll phase has
been formed, either in the presence or absence of a separate PrQOg phase, its
lattice constant has been essentially invariant. Thus in these various experiments
there has been no evidence of solid solution formation in the range PrGOll--PrOgo )

Do Chemistry of Praseodymium--Equilibria in the Praseocdymium-0Oxygen
System, L. B. Asprey. An apparatus has been constructed for the investigation of

the equilibria between oxygen and the praseodymium oxides, both as a function of
temperature and as a function of the composition of the oxide system., These data
will not only supplement the data obtained by calorimetric measurements but will be
particularly suitable for a determination of the ranges of solid solution formation
of the various oxides, The apparatus shown in diagrammatic form in Fig. 5 has been
designed for work on the microgram scale and will thus be suitable for an investiga-
tion of the americium~oxygen system.

The characteristics .of the apparatus are as follows: The oxide under
investigation is placed in the small platinum bucket which is suspended from the
free end of the quartz fiber balance., (The beam of the balance consists of a fiber
about 10 em. in length and 0,1 mm. in diameter.) The bucket is then surrounded with
a 1,5 em diameter tube of 5 mil platinum foil and the system filled with pure argon
containing a known pressure of oxygen. The pressure of oxygen in the system is
regulated by passage of the argon over a Cu20~CuO nixture heated to a known tempera-
ture. The oxide in the bucket is heated mainly by radiation from the surrounding
platinum tube which is maintained at the desired temperature by means of a high

- frequency induction coil. The temperature of the oxide is determined by means of a

thermocouple placed just below the bottom of the bucket. Gain or loss of weight

by the oxide is measured by following changes in the position of the free end of the
fiber by means of a microscope equipped with a filar micrometer. Compensation for
expansion or contraction of the supporting apparatus is made by means of a similar
balance loaded with an inert substance. Measured changes in the position of the
fiber are converted to weight changes by use of a calibration factor previously de-
termined for the balance, The sensitivity of the apparatus is approximately + 1 pg.

Equilibrium values under a given set- of conditions are determined by repeated
treatment of the sample to these conditions until no further changes in weight
OCCUT.

Preliminary runs with praseodymium oxide have shown that the apparatus is
suitable for an investigation of the equilibrium pressures of oxygen within the
range of composition PrgesmPrsollo

S. Fried, private communication S

Matignon and Cazes, Comp, Rend. 142, 83 (1906)

Jantsch, Ruping and Kunze, Z. Anorg. Allgem. Chem. 161, 210 (1927)

Gruen and Katz, Argonne National Laboratory Report ANL-4143, p 22 (April 1948).

NSRS
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X~-Ray Diffraction Studies of Praseodymium Oxides and of Solid

Solutions of Ceric Oxide with Trivalent Rare Farth Oxides
J. D. McCullough

X-Ray Study of CeOy - Ndo0z System

This system is of interest because of possible relationships to0 the system
PrOg - Prg0z, especially as a possible source of information about Prp,0,,. The
Ce0z ~ LagOz system has been investigated by Zintl and Croatto and their findings
are plotted together with those for Celp - Nd50z in Fig. 1.

Start .ng Materials. The cerium used was CeOg of better than 99.5% purity
obtained from the Rohm and Haas Company, Philadslphia. The neodymium was in the
form of Ndg0z and was the product of the Maywood Chemical Works, Maywood, New
Jersey. Although they claimed 99% purity, a spectrographic analysis showed
approximately 1.5 samarium and traces of other rare earths. In any case, the
materials were of quite high purity.

Procedure. Stock solutions of Ce and Nd nitrates were made up by dissolving
weighed samples of the ignited oxides in nitriec acid. Superoxal (H,O,) was added
in small gquantities to the CelQ, in order to hasten its solution. IZight samples
were made up with the compositions listed in Table I. BHBach solution was added
quickly with stirring to a large excess of freshly prepared ammonium hydroxide.

The precipitates were centrifuged, dried, ignited at 800°C for 6 hours, ground in
an agate mdrtar, and heated finally in vacuum to 1400°C for 45 minutes. After
another grinding in an agate mortar the samples were mounted in x-ray capillaries,
The results are tabulated in Table I and shown graphically in Fig. l.

. . Table I

Cell Constants for System CeO2~I\Td205
(Fluorite Structure)

Mixture Atomic percent Lattice Constant
No, Nd A= 1,542 A
1 o 5,410 + 0,001
2 5,7 . 5,421 + 0,001
3 12,5 | 5,433 + 0,002
4 30,0 = 5,459 + 0.003
5. ‘ . 41,7 . 5,473 + 0,003
6 : 58.8 - 5,494 + 0,004

7 74,1 5,505 + 0,004
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Sample No. 7 -showed another phase in addition to the solid solution with
the fluorite structure. Although this phase should presumably be NdgOz, it was
neither the "A"™ nor "C" forms of that substance. The lattice constant of the
fluorite phase in this sample should correspond to the saturated solution of
ngOS in Ce0g under the present experimental conditions, Extrapolation of the
curve to ag = 5,505 corresponds to about 67% of NAIII. It is interesting to
co?pare these figures with the atomic percent of PrIII in Prg01y which is only
33%.,

Praseodymium QOxides.

An extensive x~-ray investigation of various Pr-0 preparations has been
carried out on samples prepared by L. B. Asprey, L. BEyring and McCullough. The
results are summarized below,

Pro0z, Eyring has been able to prepare either the ™A™ hexagonal form or
the "C" cubic form at will, The "A" form appears to be the more stable form
above 1000°C, The "C" form is produced by reduction of a higher oxide in hydrogen
at approximately 600°C.

Pres0.,,. A total of 15 samples of this material have been examined by means
of x-ray di%%raction. These samples have been prepared by many methods as
indicated in Table II where the lattice constants are given.

PrOs. Including Hilger's Pr0g, a total of 12 samples of this oxide have
been photographed. The data are summarized in Table III.

The literature values for the lattice constants of Prg0y; and of PrOp are
not as consistent as those above. They are shown in Tables IV(a) and IV(b). The
previous values obtained for'PrGOll appear for some reason to be not only far from
our values but also inconsistent among themselves. Our preparations made apparent-
ly in the same manner as theirs show lattice constants in the region of 5.467,

At the present writing there appears to be no explanation for the lack of
values in the region 5.395 to 5,464 A, that is, between’'PrQg and Prg0Oy;. Solid
solutions between Pr0y, and Pry0z should be in order since CeOg has been shown to
form continuous solid solutions with La205 and Ndzo5 from pure CeOs to app_oximately
60 atom percent of the trivalent metal. Preliminary evidence also indicat eHthat
Ce0p and Prg0z also form such solid solutions.

Attempts to make a solid solution between Pro and Pr Oll have been unsuccess-
ful. Incomplete oxidation of Prg0;; has always resulted'ﬁn.%wo phases, Pr0Og and
unchanged Prg03j, Partial decomposition or reduction of PrOs has produced a Prg0jpy

. bhase and left some unchanged PrOg. -Three samples of Pr0o-Prg011 mixtures were
heated in small, sealed quartz tubes (with little free space) to 1060°C for times
from 18 hours to 44 hours. Two phases resulted, one of yellow-green Prg0sz, the

other Prg0y9; the latter having the customary lattice constant. A gas escaped
(presumably oxygen) when the the tubes were opened.

Stabilities of the Various Qxides.

PrOg loses oxygen readily when heated mildly in air. In attempting to dry
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Table II
Lattice Constants (Fluorite Structure) for Various Prg0qq Preparations.
A= 1,542 A (Cuk, )

Film No. Method of Preparation Lattice Constant (A)

(or Sample number) Probable Value +
1075 Eyring, Sample 80(b) 5,467 ' ) 0,009
1094 Eyring, Sample 85(b) 5.47 0,01
1126  Eyring, Sample 87(b) 5,464 0.003
1138* Prg0,, heated with 1"\Tac105 is,éﬁs o 0.004
_ in open dish (JDMc) :
1150% Prglyq heated with NaClO, to 500°C in 5,465 0,005

sealed guartz tube for 2 hrs. Calc Ogy
pressure approx, 100 atm. (JDMc)

1154 Eyring, Sample 94(a) ' 5,469 0.004

1192 Hilger PrOy heated to approx. 800°C for 5.469 0.003
30 nin in air. (JDMc)

. 1202 Hilger PrOy heated to 530° in air. 5.469 _ 0.003

Eyring, Sample 100

1216% Hilger Pr0y heated in air for 44 hrs at 5.461 0,008
270 (IDMc)

1223%* Prg O$ sealed in quartz tube heated to 5,464 0,003
1060YC for 18 hrs (JDMc)

L 1237%* Prg 0& sealed in quartz tube heated to 5.470 0,002
' 1060 & for 46 hrs. (JDMc) .

1249%* Prg0;) heated with KC10z in sealed quartz 5,467 0,006
tube for 26 hours at 800°C.

1270%* Eyring, Sample 107(a) Prg0y; heated in Oy 5.468 0,003
bomb at 500°C

1271% Eyring, Sample 107(b) Prg0;; heated in Op 5.468 - 0,003
bomb at 500°C ' '
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Table II (Cont®d)
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Film No. Method of Preparation Lattice Constant {A)
(or Sample number) - Probable Value +
1287* Eyring, Sample 108(a) Prg0;; heated in 5.469 0.002
02 bomb
1309 Pr oxalate heated with Op in bomb. 5,469 0.003
Byring 113

-

*Proz phase also present.

*Pfgcg phase also present.
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‘Table ITII
Lattice Constants (Fluorite Structure)

for Various Prog Preparations.

A = 1.542 A
Film No. Method of Preparation Lattice Constant (A)
or Sample Number ' Probable Value +
1138* PrGOll heated with NaClOS in open 5.392 0.003
dish {JDMe)
1150%  Prg0;; heated with NaClOz in sealed 5,392 0.005
quar%z tube for 2 hrs at 500°C Cale 0,
pressure approximately 100 atm. (JDMc)
1166 Hilger Pr0s | . | 5.395 0.003
1216% Hilger PrO, heated for 44 hrs a 270°¢. 5,392 0.005
1249% Prg011 heated with KC10z in sealed quartz
tube for 26 hrs at 800°C 5.392 0.005
1273 BEyring, Sample 1l06a Pr6011 plus Oz in bomb 5.395 0.002
1276 Eyring, Sample 106b Prg0yy plus Og in bomb 5,395 0.002
1287% Eyring, Sample 108a Pr60ll heated in bomb 5.393 0.002
with Og .
1306 Eyring, Sample 11l0a Prg0qq heated in bomb 5.395 0.002
with Og
1331 Eyring, Sample 110e PrgO;; heated in bomb |
with Og Cell Constants not
measured yet, but
1333 Eyring, Sample 1104 Prp0z heated in bomb B visual comparison
with Og shows values to be
within narrow limits
1337 Prg0;; heated in Og at approx 50 atm and . of other Pr0; samples
: 2800 for 100 hrs. ‘ measured.

*Prsoll phase also present.
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Table IV(a)
Literature Values for Lattice Constants

of Prg0y; (Converted to A, N\ = 1.5424 for Cuk, )

Invesfigators

UCRL 172

Lattice Reference
Constant:
5.503 Goldschmidt, Ulrich and Strukturbericht 2,
Barth. (Heated Pr nitrate 259
to red heat) Prep. I ”
5,499 Goldschmidt, Ulrich and Strukturbericht 2,
Barth, (Heated Pr nitrate 259
t0 red heat) Prep. II
5,536 Goldschmidt (Prandtl) Strukturbericht 1,
198
Table IV{b)
Literature Values for Lattice Constants of Prog
()\ = lo 54:2 A)
Lattice Investigators Reference
Constant
5,373 Goldsehmidt (Prandtl) Strukturbericht 1,
198
5,40 Scherrer and Palacies

Strukturbericht 1,
198



"UCRL 172
-16-

some Pr0,, the sample was heated to 270°C for 44 hours in air. The sample then
showed a%out equal amounts of Prg0;; and PrOg. Prg0;q is converted to PrgOy at
strong red heat, even in contact with air. This can be shown by quickly cooling
after protecting from air. An x-ray photo showed the complete conversion of such
a sample to the "A" form of Pr205;

A study of mixed Ce-Pr oxides and of Pr-Nd oxides is well under way but
x=-ray results are not available at this writing. This study includes reduction
of the Pr in the mixtures by heating in vacuum partial oxidation of the Pr by
heating in air and vigorous oxidation of Pr in oxygen bombs.

1 zintl and Croatte, Z. Anag, Allgem. Chem. 242, 79 (1939)
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Measurements on the Fluorides and Metals of Rare Earth and Actinide Elements

E. F. Westrum, Jr. and J. C. Wallman

(Chemical Preparation)

D, H. Templeton, Carcl Dauben and G. A. Young

(X-ray Diffraction Work)

This work is summarized here and will be reported in greater detail at
a later time.

SmFs was prepared from SmgOz by treating the latter with HF. X-ray
analysis gave an excellent EuFz type structure. Production of Sm metal was
tried with Li but it was not possible to index the x-ray diffraction lines of
the resulting pellet.

GdFz was prepared by treating the sesquioxide with HF and again an
excellent EuF3 type structure was obtained. Reduction of the tri-fluoride with
Ba did not appear to give metallic Gd. Li reduction resulted in an unidentified
phase, presumed, because of luster and malleability, to be the metal.

AmFz resulted from treating the hydroxide with HF. Metallic americium
was produced by reducing AmFs with Ba. Uniform, thin Am foils were prepared by
vaporizing Am and collecting it on aluminum foils of 0,0001 inch thickness for
cyclotron bombardment. The relative vapor pressures of Pu, Am, and Cm in
solutions of the three metals were measured. Observations over the range 1400-
1800°C indicate that the vapor pressure of curium is more comparable to that of
plutonium than that of americium; a volatilization method of separation appears
to be feasible,
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Products of the Dissolution of Thorium Metal in HC1l

B. F. Westrum, Jr.

A black residue results upon treating thorium metal with various
concentrations, of HCl; incidental studies on the nature of this residue have
been made. It was found that about 25% of the Th remains as residue with an
apparent average oxidation state of 2,5. Treatment of this black residue with
various solvents showed that the nature of the resulting product could be made
- to vary. Acetone yielded a greyish residue, nitric acid a bright yellow residue,
and HCl a yellow-green residue. Prolonged HCl treatment also gave a yellow
residue. Complete solution of the black residue was obbtained by using acid
fluosilicate. The bright yellow product resulting from nitric acid treatment
of the black residue was found to consist of three phases: ThOs originally
present in the Th (and having the ThO, fluorite structure and proper cell
constant), black particles, and yellow particles (having ThOg fluorite structure
but a cell constant about 0,05 2 larger than Thoz)o A colloidal suspension of
the bright yellow product and a solution made by concentrating the ThCl4
supernatent were examined in the spectrophotometer. No sharp absorption peaks
were seen. '
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Absorption Spectra of the Aqueous Tripositive Ions

of the Lanthanide and Actinide Elements

Betsy Jones and B, B. Cunningham

The qualitative resemblance of the absorption spectra of the aqueous
tripositive ions of analogous members of the lahthanide and actinide series
of elements has been noted previously by Seaborgl, Cunninghamz,‘and by Werner
and Perlmans, A more detailed investigation of these resemblances has been
undertaken using spectral apparatus of much higher dispersion than that
previously used.

Apparatus and techniques used in this investigation are as follows.
The spectrograph employed is a Baird three meter grating speetrograph giving
approximately linear dispersion, which amounts to 5.624/mm at~ 2000A and
5,455/mm at~ 8800A. The slit width used is 25}1°

A tungsten filament lamp is used as a light source in the region of
8800-3100A and a hydrogen discharge lamp with quartz windows in the region
below 3100A.

Photographic plates used are indicated in Table I below,

Table I
Photographic Plates Used for Determining the Absorption Spectra

of Lanthanide and Actinide ITons

Spectral Region Eastman Plate No.

- 1900-32904 103-0 U.V. Sensitized
3050-4460 103-0

4225-6790 103-F

6560-8800 I-N

Solutions have been examined in the quartz micro-absorption cells
manufactured by Pyrocell Manufacturing Company. In these cells the solution
is contained in a narrow rectangular SPace of 1 cm, depth, about 1.5 cm. height
~and from l.4 to 2 mm. thickness.

A few spectra of soiid compounds have been determined in the visible
region using a 100 power microscope to cast an image of a small solid crystal
on the slit of the spectrograph.

In work with aqueous solutions the variables employed tc obtain the
maximum number of lines and the maximum resoluticon are: the concentration of
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the absorbing ion, the intensity of the light source and the length of the
exposure time.

Bach plate used for recording the absorption is also exposed to a d.c.
are iron spectrum which is calibrated by comparison with known iron wave
lengths. Each absorption line is measured with respect to an iron line using
a Bausch and Lomb eye piece fitted with a millimeter scale. The wave length
of the absorption line is then determined from the known wave length of the
iron line, the measured distance of the absorption line from it and the known
~dispersion of the instrument. Errors are estimated on the basis of the width
of the line and the error of reading the distance with the eye piece,

The absorption spectra of perchlorate solutions of the following ions
have been photographed and measured in the region 2000-8800A: La*** | Ce**+*
Prt+*t , N@*t*t | smttt | Euttt | Ga***t . The data are summarized in tabular
form in Table II, III, and IV and compared with those of Prandtl and Scheiner?
and ‘with.those of Do C. Stewart and Cunn1ngham5,

’

The Baird instrument employed in the present investigation gives higher
resolution than either the prism instrument used by Prandtl and Scheiner or
the Beckman D.U. spectrophotometer used by Stewart,

The intensity of absorption of the strongly absorbing 5030.0A line of
Am*® is much greater than that of the rare earths, as a consequence of the in-
creased relaxation of the selection rules with higher atomic number. The
three very closely spaced Am*** lines at 5103.7, 5078.3 and 5030.0 are similar
in appearance to the closely spaced Eu*** lines at 3997.9, 3943.5 and 3937.3A.

G.T.Seaborg TUniversity of California Report UCRL 102 (July 1948)
B.B.Cunningham AECD 1838

L.B.Werner and I.Perlman, University of California Report UCRL 156 (July 1948)
Prandtl and Scheiner Z. Anorg. Allgem. Chem., 220, 107 (1934)
D.

C. Stewart & B. B. Cunningham, unpublished data

[ PN AV o
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Absorption Spectra of the Tripositive Lanthanides

Ion Prandtl D.Stewart Qualitative Description
and observed and (mu) Kin.conc. at which observed,
No. A(A) Scheiner! Beckman width, completeness of
4F e's : A (A) absorption.
rLatttar© transparent >
Ce+++4f' - 2966 29%.2 Not observed in a no. of exposures
2532 + 2 2530 <5227 0.0026 M, inc., very br.
2368 + 2 2372 237,2 C.0003 I, in¢., very br.
2221 + 2 - - 0.0003 M, inc., very br.)somewhat
2099 + 2 - - 0.0003 M, inc., very br.)uncertain
~2300 since gela-
continuum cont. cont. tin absorbs
- v strongly
Pri+*ar® | 5972.540.5 | 5971 - 1M, inc., br.
5890.4+40.5 | 5890 589.0 iM, com., br,
4816.6+0.5 | 4819 481.9 0.1M, inc., med.br.
4686,7+0.5 | 4688 468.8 C.1, inc., med.br,
4440.2+0.5 4440 444 0.1M, inc., med.br.
at 22254 ‘
in 1 M cont. cont
na***ar® | 8916.6+1 - 895 1, inc., br.) 8004
' 8767.4+1 868 1¥, inc., br.)
8654.9+1 8630 868 0.1, to resolve com.br. 8660
8623.7+1 868 0.1M, to resolve com.br. 8660
8011.4+1 808 0.1M, to resolve com.br. 8010
7940.4+1 797 0.1, to resolve com.br. 7985
7836.6+1 7850 1, to resolve com.br. 7940
7398.8+1 0.1, to resolve com.very br. 17400
7342.2+0.5 742.5 0.1, to resolve,inc,med.br. — 7320
7315.1+0.5 7300 732.5 0.1, to resolve,com,med.br.
6880.,5+1 63877 - 0.1M, inc.,br.
6788.7:} 6786 678.6 0.1, inc.,br.
6365, 2+1 6369 - 1M, inc., br.)quite faint
6282.2+1 6288 - 1M, inc., br.)
6246 ,7+1 - - 1M, inc.t®br.)
6228.5+1 6228 - 1M, inc.,med.br.
5782.8+0.5 | 5784 - 0.1M, to resolve,com.,med.sh,
5752.6+0.5 5752 575.6 0.11, to resolve,com.,mned.sh.
5738.3+0.5 - 0.1, to resolve,con.,med.sh,
5716.5+0.5 | 5724 - U.1M, to resolve,com.,med.sh.
5318.6+0.5 | 3320 - 1M, ine.,br.
5218.9+0.5 5219 521.9 0.1k., to resolve,com.,br.
5204.2+0.5 | 5207 - 0.1, to resolve,com.,br.
5126.8+0.5 5159 512.9 C.1hi, conm,. ,br,
5088,4+0.5 | 5090 - Go 1, com. ;med.sh.




UCRL 172

—92-
»
Ton ‘{Observed Prandtl Stewart Qualitative Description
and No, A (A) and (mu) Min.conc. at which observed,
41 e's Scheiner Beckman width, completeness of
A(A) . absorption,
Natttar® 4799,140.5 |4802" - 1M, inc. ,med.br.,quite faint
: » 4755,8+0.5 4755 475.5 C.1M, com., med, br,
4690.6+0.5 |4691 469,1 0,11, com., med.sh.
4654.,7+0.5 - - 1, ine., med., br., quite faint
4614,140.5 ]4612 461,2 0.1M, inc,, br,
4329,1+0.5 14332 433,2 0.1M, inc., med. br,
4293.6+0.5 14296 - M, inc., med,, quite faint
4272.9+0.,2 4272 427.2 0.1M, com., sh,
4178.6+0.5 4282 418.2 1M, inec., med., quite faint
3819.7+0.5 - - 1M, inc., sh.
3802,1+0.5 |3806 - 0.5k, inc., sh.
3557.3+0.5 3557 - 0.1M, com., med. sh.
3583.1+0.5 [3538 353.8 0.1M, com., med, sh,
3504.2+40.5 |3504 350,4 ' 0.1M, com., med. sh.
3465.6+0.5 [3465 346.5 0.1, com., med. sh,
3395,4+0.5 3400 340.0 1M, inc., med. br,
3285,1+0.5 |3282 328,2 0.5M, inc., br.
3288.4+0,5 - - 1, inc., med. she.
- 3138 313.8 Rechecked several times
2996.1+0.5 (2997 - Inc., med. sh.
2985,0+40.5 |2984 298,.4 Com., sh.
2912.7+0.5 2911 - Inc., sh.
2898.7+0.5 |2899 289.9 Inc., sh.
2599,6+0.5 [2598 259.8 Inc., sh.
2590.5+0.5 2589 - Inc., sh.
2505.0+0.5 |2504 250.4 Inc., sh.
2496.0+0.5 2496 - Inc., sh.
at ~2125.0+0.1 ‘[cont. cont.
cont.in 0.1M
Sm+**4gd - 5593 - Rechecked several times
- 4996,1+1 4995 - 1M, ine., med. br.
4888.7+1 ° 4892 - 14, inc., br.
4792.4+1 4793 479,3 1, ine., br., resolution difficult
4748,32} - ' 1M, inc., med. br., resolution difficult
4631.5+1 4639 463,9 1M, ine,, br.
4505. #1 4513 - ¥, inc., br., very faint
4405, +2 4430-4389 | 443-438,9 1M, inc., very br.
4175,8+1 4180 - 1M, inc., med. sh.
- 4164 -
4152,2+1 4148 414.8 1M, ine., med. sh.
- 4056 Rechecked
4013.1+1 4016 0.1, com., br.
4902,7+1 3905 14, inc., med. br.
3742.7+1 3746 1M, inc., med. br.
3628,8+1 3620 1M, inc., med. br,
3610.4+1 1M, inc., med. br.
3535,3+1 3535 - IM, inc., med. br.
3443,3+1 3444 5444 1M, inc., med. br.
3317.0+1 3326 - 1M, inc., med. sh.
3175,2+1 3175 - 1M, inc., med. br.
3054,8+1 3055 - Inc., med.
3891.2+1 2900 - Inc., med.
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Ion and Observed Prandtl &| Stewart Qualitative Description, Min,
No. A(A) Scheiner (mu) conc, at which observed, width
4f ets A(A) Beckman completeness of absorption
Sm**+agd 2751.3+1 2737 - Inc., med,
conttd | 2703. +2 - - Inc., ned.
- T 2689, +2 - - Inc., med.
2665, +2 - - Inc., med.
2377,6+1 - - Inc., med.
2351,.8+1 2354 - Inc,, med.
2330, 1+1 2328 - / Inc., med.
2250, +0.1M -
cont.in 1M | cont. cont .
Eu++f4f6 - 5360 - Rechecked several times
5257,.,1+0,3 | 5255 - 1M, com., sh.
5252,6+0.3 - 1M, com., sh.
4650,2+0,3 | 4656 - 1M, inc., sh.
4647,7+0.3 | 4651 - M, inec., sh.
4642,5+0,3 | 4647 - 1M, ine., sh, s
3997.9+0,3 - - 4, ine., sh., ¢f. Am
3943,5+0,3 | 3943 394,3 1M, inc., sh., cf. Am***
3937.3+0.3 | - - 0.1M, com., med. sh. cf. am***
3839,9+0.3 | 3853 385,3 1M, inc., med. sh.
3799.1+0.3 | 3809 380,9 1M, inc., med. sh.
3758.5+0.3 | 3766 376.9 0.1, inc., sh.
3745,0+0,3 | 3749 - 1, inc., sh.
3616.7+0,3 | 3617 361.7 0.1M, com,, sh.
3612.8+0.3 - 1M, inc., sh.
3259,0+0,3 | 3275-53 - 1M, inc., med., sh.
3212.1+0.3 - - 1M, ine., med. sh,
3203.2¢0,3 | 3204 - 1M, ine., sh.
3195,8+0,3 - 1M, inc., sh,
3189,740.3 - 1M, inc., sh.
3177.5+0.3 | 3179 - 0.1M, com., sh.
3167.9+40.3 | 3168 - 0.1M, com., sh.
2980,5+0.3 | 2980 298,0~ Com., sh.
2936,4+0.3 | =~ - Inc., sh.
2930.2+0,3 | 2930 293.0 Inc., sh.
2924.6+0.3 - - Ine., sh.
2899,9+0,3 - - Inc,, sh.
2894,3+0,3 - - Inc,., sh,
2853.3+0.3 2861 - Com., sh.
2848.4+40.3 | 2853 285.3 Com., sh.
2842.840,3 - Inc., sh.
2761.940,3 - - Ine., sh.
2698.2+40,3 - - Inc., med, sh., quite faint
2644.6+0.3 - - Com.,, sh.
2638.4+0.5 | 2676 267.6 Inc., med, sh., quite faint
2630,0+0.5 - - Inc., med, sh., quite faint
2606.3+0,5 - - Inc,, sh., quite faint
2587.0+065 - - Inc., sh., quite faint
2371.3+0,5 - - Inc., sh., guite faint
2563,1+0.3 | 2560 256.0 Com., sh.
2542,4+0.3 - - Com,, med. sh,
2511,1+40.3 | 2513 251.3 Com,, med., sh.
2498,1+40.3 - - Inc.,, med. sh.
2417 .540.5 - - Inc., sh.
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Ton and Observed Prandtl &{ Stewart Qualitative Desecription, Min.
No. A(4) Scheiner {rma) conc. at which observed, width,
4f e's . A (A) Beckman completeness of absorption
Eutt*ar® atv2350,0+MC | cont cont
cont*d cont. in O, IM

aatttar’ 5113.8+0.2 | - - Inc., sh.

3108.8+0.2 3108 - Inc., sh.

3058,8+0,2 - - Inc., sh.

3055.4+0.2 3055 ’ - Inc., sh,.

3052,1+0,2 - : - Inc., sh,

2790,.440.2 2791 279.1 Com,, sh.

2788,7+0.2 : Com., sh.

2787,0+0.2 o - Com,,.sh."

2784.8+0.2 ' - Com,, sh.

2764.440,2 - ‘ - Inc., sh.

2762,5+0,2 2762 s - Com., sh.

2760.6+0.2 - R Inc., sh.

2758.6+0.2 - . - . Com., sh.

2758.2+0.2 - : - : ' Com., she.

2755,6+0.2 | 2756 | 275.6 Com,, sh.

2753.8+0.2 - - Com., very sh.

2743.4+0.2 - - - Inc., sh.

2741,2+0.2 | - - sh.

2737.8+0.2 | - S - sh.

2732.3+0.2 | - - sh.

2730,4+0.2 | - - :

R728,1+0.2 27239 ; 272.9

2725,3+0.2 - -

252§05:p°2 - Inc., sh.,, very faint

2520.1+0.2 [ 2521 - Inc., sh., very faint

cont, 2457 -

with indication

of max at 2436 -

2450-25004 |cont. cont.

(1)

With the exception of the intensely absorbing Ce+++, the spectra of 1M and

~(0,15M solutions were photographed. Only the more intense absorption appears
in the latter, thus the concentrations listed above divide the lines into two
classifications of intensity. Completeness of absorption is indicated by inc.=
incomplete, and com. = complete. The width of the absorption line is given by
five rather arbitrary classifications.  br. = broad, med. br. = medium broad,
med. = medium, med., sh. = medium sharp, sh. sharp.

il

+44

Nd *s from Hoogschagen and Gorter, Physica, 14, 197 (1948)




UCRL 172

25—
Table III
Solid Absorption Spectra
Compound Observed Conmparable Comments
“ A (4) Sol'n Ab-
: sorption
Hydrated 5248.2+0.5 5212.2 Crystal lines are much sharper thar
NdClz 5221.240,5 - those observed with solutions.
4292.9+0.5 . 4272.9 Broad solution lines are split
4273.440.5 : - into more components by the
4025.7+1 electric field of the crystal.
4013.4+1 , The effeet of replacing the Cl0,~
3576.6+0.5 3557.3 ion by the C1l” ion is seen to bé
1'5559.519,5 3538.1. a shift of about 20A to the red.
3562.040.5 3504.2 : .
3569.2+ 3465.2
3491. +1
3482, +1
3468,2+0,5
Hydrated 5940,219.5 : 3940.1 With microscope Shift from anion
EuClg 3945.2+0,5 ' B interchange not
3621.2+0,5 1 3652.2 so marked here.
3618.4+0.5 3616.7 |
3203,7+0.5 3203.2 [ Without micro- Eu*** absorption
5183,0+0,5 3195.8 scope is quite weak, anc
3179.1+0,5 3189.7 - ‘ not enough light
3177.5 passes through
3167.9 L microscope for
method to be suc-
cessful,
Table IV
Actinide Absorption Spectra
Ion Obsexrved D.Stewart's Comparzgble Comments
AA A (mp) Eu*++ Ab-
sorption
{most in-
tense)
++4+ ’
Am ~8135 ~R15,0 Need more concentrated
0.0046 M 5103.7+1 3997,9 solution. inc.med.br.
in 0.97 ¥ 5078.3+1 3943.5 Ine. med. br.
HC104 5030.0+1 ~504,0 3937.3 Com. med. br.




UCRL 172

-2

Hafnium-Zirconium Separation

L. J. Beaufait and E. H. Huffman

_ A promising method found for the removal of zirconium from hafnium has
been the preferential extraction of the zirconium by TTA(thenoyltrifluorcacetone)
in benzene. Preliminary results obtained on small quantities, using spectro-
graphic and 7r9% tracer analytical methods, indicated that the distribution
constant (conc, in benzene/conec. in water) for zirconium was at least three times
" that for hafnium, when a 2 M HC10, solution of the elements was extracted with a
0.02 M solution of TTA in benzene., A purification of 81 mg of hafnium, codtain-
ing 2% zirconium, in 300 ml of 2 M HC104 was carried out by extracting with five
successive 300 ml portions of 0,02 M TTA in benzene. The 17 mg of hafnium re-
covered from the acid then contained 0,2% zirconium. Further work is designed
to obtain more exact values for the distribution constant and to study the effects
of variables.

Barly attempts to use ion exchange for the separation of hafnium and
zirconium have not been successful. When cation exchange methods were attempted
the zirconium=-hafnium "adsorption® was found to be due to the collocidal nature
of the solution, as shown by similar results with inert adsorbents such as char-
coal, High enough concentrations of the acids and complexing agents to prevent
colloid formation also prevented adsorption. Various concentrations and combina-
tions of HCl, HpS04, HF and citrates and oxalates were used. DMore recently it
has been found that 2 M HC10, prevents colloid formation and allows complete
adsorption on Nalcite and that the zirconium and hafnium can be removed with
2-6 M HCl but no column run has yet been tried.

: Hafnium and zirconium can be completely adsorbed from 0,03-0.3M HF, when
the HF to Zr-Hf concentration is 6:1 or greater, on the anion exchange Amberlite
IR~4, Elutions from columns with various concentrations HNOz and HpSO,, con-
taining HF to prevent hydrolysis and colloid formation, gave broad "peaks" and
no perceptible separation of zirconium and hafnium,
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Ion Exchange Separation of Heavy Elements

K. Street and G. To Seaborg

© In the course of a search for effective separation procedures to be used
in our bombardment work with the heavy elements, the elution of several elements
from Dowex 50 resin column with HCl sclutions has been studied.

It was shown by the use of americium, curium, lutecium, element 61, and
cerium tracers that the order of elution of these tripositive ions is strongly
dependent on the HCl concentration. With 6 M HCl the rare earths are eluted in
the same order as with citrate (lutecium, 61, cerium). Curium comes off just be-
fore 61 and americium at the same time as 61. With increase in HCl concentration
the actinides elute relatively more rapidly than the rare earths. With 12 M HC1
americium and curium are both eluted ahead of lutecium and hence are separated
from all the rare earths. Also, although the order of elution of the rare earths
remains normal in 12 M HCl, that of the actinides is reversed, i.e., americium is
eluted ahead of curium. The separation of americium and curium is small but can
be increased by going to higher acid concentration, i.e., 14 M HCL, and also by
“using 10-30% alcoholic solutions 12 M in HCI.

The order of elution with 12 M HCl of several of the other elements en-
countered in our work have alsc been determined approximately. Tripositive
plutonium is eluted just ahead of the americium while actinium is eluted very
slowly, coming off after cerium. Th(IV), Pu(IV) and Np(IV) are also eluted very
slowly, coming off well after the rare earths and actinium. Radium is also well
separated from americium and curium, being eluted at about the same time as element
61, U{(VI), Bi(III), and probably Pb(II) are eluted very rapidly, coming off the
column in approximately one-half the time in which americium and curium are eluted.
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Mass Spectrograph for Identification of Radioactivities

F. L. Reynolds, D. H. Templeton and D. G. Karraker

During the past year a mass spectrograph has been constructed for the
determination of mass assignments of radiocactive isotopes from cyclotron
bombardments. Figures 1 and 2 show views of the receiver and panel region and
the source region respectively.

The ion source consists of a tungsten or platinum filament on which the
sample is heated to produce ions by thermal excitation. An alternate source,
to produce iong by electron bombardment, is under construction. The ions are
accelerated by an electric field of about 8000 volts. The beam is deflected
60° on an arc of 20 centimeter radius. The ions are usually collected on a
photographic plate located at the focus. For preliminary experiments with stable
isotopes, an electrometer detector is also provided. The radiocactive atoms are
detected on the plate either by counting methods or by photographic "transfer®
techniques similar to those described by Dempster and coworkers—. The mass scale
on the plate is based on the positions of lines caused by known stable isotopes.

A special feature of the design is the exposed position of both the source
" and the receiver, which facilitates insertion of the source with the radioactive
sample and the removal of the plate after the run. The entire spectrograph may
be readily disassembled for cleaning, each unit having vacuum gasket connections,
The instrument is of metal construction except the Kovar to glass electrical
leads to the source unit. Both the magnet supply current and the 10 kv accelera-
tion supply are measured accurately by potentiometer methods. The magnet supply
current is constant to 1 part in 13,000 over a period of an hour. The 10 kv sup-
ply is constant to 1 part in 5,000, The magnetic field is sufficient to focus
ions of masses as high as 400. The practical resolution of the instrument is about
1200, the dispersion at mass 100 being about 4.0 mm/mass unit. The geometry of
the instrument is around 2%, or about one ion of fifty hitting the slit plate
reaches the receiver.

During the four months that the spectrograph has been in operation, a large
- portion of the operating time has been given to adjustments and runs on non-active
samples. Good results have been obtained by thermal ionization techniques on
samples of neodymium, rubidium, cesium, barium, lead, sodium, thallium and tung-
sten obtained by evaporation of nitrate solutions in microgram quantities on
tungsten or platinum filaments.

Several succissful runs have been made with two radioactive isotopes of
rubidium, 5-hr, rb®! ana 6-hr RbPZ. These isotopes are of particular interest
because their similar half-lives make their differentiation by any other method
gquite difficult, In fact, the presence of two isctopes was not suspected until
the result of the mass spectrograph was obtained,

Bromine in the form of ammonium bromide was bombarded in the 184-inch
cyclotron with helium ions of various energies. A small-amount of rubidium car-
rier was added and separated from the target material by strong heating. The
residue was dissolved in a small volume of acid and evaporated on the filament for
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analysis in the mass spectrograph.

The receiver plate ((a) in Fig. 3) was placed emulsion to emulsion
against a transfer plate ({(b) in Fig. 3) before development. The radiation
from the active deposit causes an image on the transfer plate, while the stable
isotopes have no effect. After development the isotopes are washed out of
the emulsion, so no further measurements are possible.

The plate from a similar experiment was counted with a Geiger counter,
placed behind a small slit. The activity at mass 81 decayed with a 5.0-hr half-
life, while that at mass 82, which was considerably weaker, decayed with about
a 6-hr. half-life.

The 40-day activity which has been assigned to Rb84 was also produced
in these bombardments, but in yield too poor for detection with the mass spectro-
graph. , '

1 Lewis and Hayden, MDDC-1556, A Mass Spectrograph for Radioactive Isotopes.



30—

Figure Captions

Pig. 1 Plate-Receiver view of Mass Spectrograph
and control panel

Fig. 2 Source region of Mass Spectrograph

Fig. 3 a) Receiver plate
b) Transfer plate
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New Artificial Collateral Decay Chains of the Heavy Elements

e "W, W. Meinke, A. Ghiorso and G. T. Seaborg

We have produced and identified four new series of alpha-particle
emitting radiocactive elements;'one is a collateral branch of the actinium
(4n + 3) radioactive family, another is collateral to the neptunium (4n + 1)
family, and the other two are collateral to the thorium (4n) family. Part
of this work has already been reportedl° These series are of considerable
interest in that their early members lie on the neutron deficient side of
beta stability. They have been produced in high yield by irradiation of
thorium with deuterons of about 80 Mev., or alpha particles of about 120 Mev.
- in the Berkeley 184-inch cyclotron. A fifth series, believed to be collateral
to the uranium (4n + 2) family although not p081t1vely identified, has been
produced at higher deuteron energies. In so far as the present observations
are concerned, all of these series begin with isotopes of protactinium (atomic
number 91) or uranium (atomic number 92) although progenitors with higher atomic
numbers are to be expected and w1ll gos31bly be roduced and identified. The
protactinium isoctopes are Paf? 227  and pa® (?), formed by the 4,6n), (4,7n) and
(a,8n)(?) reactions respectlvely, Whlle the uranium isotopes are U229 and UR 228
formed by the (a, 7n) and (a,8n) reactions respectively.

After alpha or deuteron bombardments ranging from a few minutes to
several hours duration, the metallic thorium was dissolved and the element
protaetinium or uranium was isolated in essentially weightless fractions. The
protactinium was separated by di-isopropyl ketone and/or TTA extractions while
the uranium was separated by ether extractions. The decay of the alpha-particles
from these fractions was measured through the use of standard alpha-particle
counting devices and also with the help of an alpha-particle pulse analyzer
equipped with a fast sample-changing mechanism. Through the use of the latter,

a number of alpha~particle groups were observed and their energies determined.

Prominent soon after deuteron bombardment are a number of alpha-particle
groups, which decay with the 38-minute half-life of the protactinium parent. These
are due to the following collateral branch of the (4n + 3) radioactive family:

o3 215 - 11

227 a5 87FI'219 —&5 g5t —Q,83Bi" " (AcC) S

g1Pa I 89 A02

207

g171207 (accm) _B75 oPb*07 (stable).

The branch which arises from orbital electron capture by Pagz? is not shown. The
mass type was 1dent1fled by observation of the characteristic energy and half-
life of the Bi®l (AcC) alpha-particles, the half-life of the beta-particle-emitting
11297 (AcC") and the growth of 18.9-day Th227 (RdAc) as an orbital-electron-
‘capture branching decay product of the Pa 227 (ratio K/a=~0.2). The energy ob-
tained for thgse At alpha particles is several hundred kilovolts less than
that reported™ for At215 as formed by the beta-particle branching décay of Po 215
(Aca).

Identification of members of the series was aided by a simple method of
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recoil collection. Recoil atoms were collected from a plate which contained the entire
series in equilibrium and measurements using the plate upon which these were collected
established the half-life and the energy of the Ac®2% alpha-particles., In a "second
order" recoil experiment recoils were collected from the plate containing Ac®23 (and
daughters) in order to check the half-life of the alpha-particles attributed to Billl
(AcC) and similarly a third order recoil experiment was effected in order to isolate
the beta-particle emitter and prove that it decayed with the known half-life of T1R07
(AcC*")., The very short half-lives of the Fral9 and At215 were estimated and their
energies identified through crude coincidence experiments using the pulse analyzer
apparatus t0 operate the driven sweep of a cathode ray osecillograph. The measured
half-lives and energies for the members of this series are summarized in Table I.

After the decay of the above described series, a second group of alpha-particle
emitters can be resolved. Thig second series, which decays with the 22-hour half-life
of its protactinium parent, is a collateral branch of the (4n) radicactive family as
follows:

a
91Pa2B8 _0, gonc®RE | o prR0 | oat®16 o o .31812(Tn) "%

66;431$

g1Th208 (Then) ~8

212 i

(The* ) /9/”

" The branch which arises from orbital-electron-capture of Pa228 and Ac®24 is not shown.
The mass type was identified through observation of the characteristic radicactive
properties of the Bi®l2 (ThC) and its daughters, chemical identification of Bi2l2 (ThC),
- the growth of Th228 (RATh) as an orbital-electron-capture branching decay product of
the Pa®®®(ratio K/a = ~ 50) and the growth of Ra??% (ThX) as a similar product of the
" AcR24 (ratio K/a = ~ 10). Of interest is the check, within about 0.15 Mev., of the
energy of these At216 alpha-particles with the energy reportedd for At21l6 as formed by
the beta-particle branching decay of po?16 (ThA). The half-life of the 2c224 yas
measured and the energy of its alpha-particles identified as the result of its collec-
tion in recoil experiments, Similarly, the half-life and alpha-particle energy of the
Fr220 could be determined by second order recoil experiments'from plates containing
only 4cR24 (and daughters)., The very short half-life of At216 was estimated as des-
cribed above and its energy could be determined by measurements on samples containing
its progenitors. The half-lives and energies are summarized in Table I,

gng208 {stable)
gaFo

If the protactinium fraction is examined in the alpha-particle pulse analyser
within six minutes of the end of a short deuteron bombardment at 190 Mev another
alpha-particle decay series can be observed. The alpha—g§rticle groups decay with
a 1.5 minute half-life giving way to the groups of the Pa 87 series. The use of a
fjiffy probe® in the 184" cyclotron permits the quick expulsion of a target from the
cyclotron chamber with a decrease of only a factor of ten in beam intensity. This
method plus fast chemical separations makes it possible to observe the short lived
protactinium series. Tentatively this series has been assigned to Pa226, maeking it a
collateral branch of the (4n + 2) ‘radiocactive family as follows:

226 222 218 214 210
91" —%> gghe™™ _Qy gpFT™T 25 goht —E?>85%§3E)-—g+ gaPo?10

84?0210__Q9‘82Pb206 (stable)
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However identification is not positive since the short half-life of the series
and the problem of obtaining an absolutely gure protactinium sagf%e in a short
time has so far precluded any search for Bi 10 (Rem) growing Po in the daugh-
ters of the series. Similarly no TH226 (and daughters) have been observed from
orbital-electron-capture branching of the protactinium isotope. It has not yet
been possible to obtain estimates for the half-lives of the members in this
series beyond protactinium., It is interestimg to note that there appears in this
serieszi% alpha=-particle group of energy within a hundred kilovolts or less of
the Po (ThC*) alpha-particle energy --- to date the most energetic alpha-
particle group known, The half life of Pa2_26 {?) and roughly estimated energies
for the members of this series are summarized in Table I.

Prominent in a uranium fraction soon after short alpha-particle bombard-
ments of thorium are a number of alpha-particle groups which decay with a 7
minute half-life. These are due to the following collateral branch of the (4n)
radicactive family:

228 _a 24 4 208

2 220 216 212
920" > goTh ™" &y ggRAT "l g™ S g PO

(stable)

The branch which arises from orbital electron capture by U228 is not shown, The
mass type was identified by observation of the characteristic energy {and decay
with the 7 minute half-life of the uranium parent) of the Po®}? (ThC*') alpha
particles and the growth of 22-hour Pa228 as an orbital-electron-capture branch-
ing decay product of the U228 (ratio K/a =~,25)., The short half-life of the
parent U 28 and the poor ratio of URR8 $0 U229 obtained in alpha particle bombard-
ments of Th232 makes half-1ife determinations 58% the other members of this

series difficult, The measured half-1life of U and energies for the members

of this series are summarized in Table I below.

After the decay of the above described uranium series, a second group
of alpha-particle emitters remain. This second series, decaying with the 1 hour
half-life of its parent, U229, is a collateral branch of the (4n + 1) radiocactive
family as follows: '

217

225 2 , : -

B
\\\=209

85Bi
(stable)

22
92U 9

The branch which arises from orbital-electron-capture of U229 is not shown, The
mass type was identified through observation of the characteristic energy (and
decay with the 1 hour half-life of the uranium parent) of the Po2l® (NpC') alpha
particles and the growth of 1.5 day Pazg as an orbital-electron-capture branching
decay product of the U229 (ratio K/a =~50 if assume ratio of Pa®2d K/a = 1000).
The half-life of the Th225 was measured and the energy of its alpha-particles
identified as a result of its collection in recoil experiments. A second-order
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r9001l experiment des1gned to collect atoms of Ra®?l and measure their half-
life indicated that the Ra®®l has a half-life less than about 3 or 4 seconds.
Coincidence mesasurements have not as yet been made to approximate the half-
lives of Ra®®l and Em2l7, experimentally., The half-lives end energies are
summarized in Table I.

It should be noted that the orbital-electron-capture branching of URes |
affords an excellent method for obtaining Pa”2? free from all other protactinium
isotopes, as well as other alpha particle emitters. Only about 300 alpha counts
of Pac29 can be made at present during one bombardment by this method but it
does afford considerableg_ opportunity to study the radiation characteristies
and branching of the Pa®"Y isotope,

The data listed in Table I extend the information on the isotopes of
uranium, protactinium, thorium, actinium, radium, francium, emanation, and
astatine so that more interesting correlations? of mass and atomic numbers, etc.,
with alpha-particle decay energies and half-lives are possible.

Ghiorso, A., W. W. Meinke and G. T. Seaborg, Phys., Rev. (in press, Sept 15, 1948)
B. Karlik and T. Bernert, Naturwissenschaften 32, 44 (1944)

B. Karlik and T, Bernert, Naturwissenschaften 31 492 (1943)

See .80, Jo Schlntlmelster Oesterr, Chem. Zt, 41 315 (1938);

A, Berthelot, Jour, de Physa et Rad. (VIII) 3, 17 (1942)

]
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Table I

Collateral Series Data

Isotope Radiation ' T1/2 Ene?gy(Mev) vK/a branch
Pa’e a 22 h ~ 6.09 50
AcPR4 a 2.5 h . 6.17 10
pr2?0 o 30 s 6.69
AtRL6 a 10~° s 7.79
pa’R? a 38 m 6,46 .2
A2 a 2 m " 6,64
Frolo a 1074 s 7.30
AtRLD a 10-4 s 8,00

(2 )pa??6 a 1.5 m 6547
AcPR2 - a - 6.94%
Fr2l18 o 7,817
w2 « | 8,747
y229 a 1h 6.36 507
Th225 a 71/2m 6,57
R.a‘?‘21 a ‘short T 6,74
En®? a | short 7.77
y?28 a 7 n | 6.65 e
Th?#4 a short 717
Ra®20 a short . 745

En®16 , o short 8,02
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Neutron Deficient Heavy Isotopes

R. A. James, K. Street, D. A. Orth and G. T. Seaborg

The mass assignments of the 1l2-hour and 50-hour americium activities
have been definitely established as- - amR39 and AmR40 respectively. In
deuteron bombardments of Puld9 using ~ 14 Mev deuterons both of these
activities were produced in high yield. A similar bombardment of UR35
produced no detectable Np 234 showing that this energy is too low for the
(d,3n) reaction on UR3S, Assuming the neutron binding energies to be about
the same in the americium isotopes as in the neptunium isotopes, no AmR38
should havebeen produced° Therefore, the l2-hour and 50-hour activities
must be Am239 and Am® O. A 10 Mev proton bombardment of Pu 59 gave only
the 12 hour activity showing that the correct assignment is:

AnR39 - 12 hour,.Am24O - 50 hour.

The energy of the alpha-particles emitted by l2-hour Am239 has been
determined by pulse-analysis to be 5.77 + 0,05 Mev.

Bombardments of Pu 239 with 80-120 Mev deuterons have produced a new
americium isotope which decays by orbital electron capture with a half-life
of 92 + 5 minutes. The mass must be less than 239 and is probably 238 or
237, No alpha-particles have been observed in this activity., However, only
very small amounts have been produced so it is possible that alpha branching
may be observed when larger quantities are made, With larger samples it will
alsc be possible to determine the energy of gamma~rays (if any) accompanying
the decay,

The energy of the alpha-particles emitted by Np255 has been determined
as 5006‘i 0.05 Mev, The extent of the alpha-branching is difficult to cal-
culate because of the large excess of L x-rays over the number of X x-rays.
Assuming that one K x-ray is emitted per disintegration and that the count-
ing efficiency is 0.5% the alpha branching is 1. 7x10-3, However, if one
assumes that one L x-ray is emitted per disintegration and that their count-
ing efflclency is 2%, then the alpha branching is only nx10=2, It may be
that this discrepancy is caused by the capture of L-electrons; on this assump-
tion the correct value for the alpha branching is probably about 10-%.

Pu232 has been produced by the bombardment of U235 with 150 Mev helium
ions, It decays by the emission of 6,6+0.1 Mev alpha-particles with a half=-
life of 25 minutes. Orbital electron capture branching has not been ob-
served and must be small., The Pu?32 was identified through its decay into
U228 and other members of the series (see section by W. W, Meinke, A, Ghiorso
and G. T. Seaborg).
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Preparation of Light Neptunium Isoctopes

L. B, Magnusson, A, Ghiorso and G. T. Seaborg

The production of neptunium isotopes by high energy particle bomb-
ardment of various target materials in the 184-~inch c¢yclotron is being
investigated in greater detail. The bombardment of natural uranium with
100 Mev deuterons has been found tc yield principally Np259 (56 hr, B=)
and Np236 (22 hr, B~). Longer-lived Geiger counter activity from one or
more electron capturing néptunium isotopes is also observable. A previous-
ly unknown neptunium. isotope, Np251, is also produced but in very low
relative yield, Np@3l emits alpha particles of about 6,3 Mev energy but
appears to decay principally by electron capbture., The mass agsignment is
based on separations and identifications of the daughter, Pa 27 Ifrom alpha
decay, Segaration of the uranium fraction showed an activity which is
probably U9l from electron capture decay. The half-life of Np23l has been
determined indirectly to be 53 min, by the decrease in the Pa®27 activity
obtained by catching the szsl alpha-particle recoils. The alpha/electron
capturs branching ratio is of the order of 0,01, A detailed study. of the
radiations of UR3l is scheduled to permit an accurate calculation of the
branching ratio,

The new techniquez of thin foil bombardment may facilitate the
neptunium isotope study. The target material is mounted as a thin film on
0ol mil aluminum foil which is placed in the cyclotron beam, Deuterons. of
energy at least as low as 80 Mev go through the aluminum foil and target film
without losing enocugh energy to become out of phase or to be scattered from
the orbit, In contrast to a thick target bombardment in which a given
particle can strike the target only once before being lost, the foil type
bombardment permits a given particle to traverse the target many times. The
foil technique is convenient and efficient for the bombardment of small
quantities (ca 1 mg or less) of valuable target material, The complicating
factors of thick target bombardment, furthermore, are avoided, Bombardment
.of Np257 on Al foil, for example, produces Np256 essentially free of other
short-lived Np activities. The radiations of Np?36, hitherto practically
unknown, are being measured as a step towards the resolution of the various
Np activities produced in uranium bombardments,

% Ghiorso, A., W. W, Meinke and G. T, Seaborg, Phys. Rev. 74, 695 (1948)
This method for obtaining maximum yields from limited quantities of target
material was devised by A, Ghiorso, A, G, Thompson and B, B, Cunningham.
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The Isotope'Cm.g45

S. G. Thompson, B, B. Cunningham and A. Ghiorso

The isotope cm®*3 was found as a result of the bombardment of Am=4l
with 40 Mev helium ions. Most of the americium was separated by precipitaton
with hypochlorite from KoCOs solution. Most of the remaining americium was
separated on a Dowex 50 resin column by citrate elution. Differential
pulse analysis of the alpha radiocactivities in the curium peak revealed that
-most of the activity was that of Cm242 of energy 6.08 MNev cdrresponding to
a disintegration energy of 6.18 Mev. There was, however, a small percentage .
(~ 5%) of alpha radioactivity of energy 5.78 Mev as shown in Fig. 1., The
characteristics of this alpha emigting isotoge do not correspond to those of
the well known curium isotopes Cm 40 and Cmg 1, It must therefore be Cm
or Cm244 with CmR43 being most probable because of the higher yields of
reaction products resulting from the emission of more than one particle
from the compougd nucleus. Strictly speaking it is possible that this new
isotope is cmR4* or even an isotope of element 97. However, the energy of
the alpha particles corresponds well with what would be predicted for Cm245
on a basis of general relations observed in the heavy region. If the assign-
ment is correct, the half life estimated by yield considerations is about '
10 years which also agrees well with predicted values.
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Long-Lived Isotopes of Bismuth and Lead

J. J., Howland and I, Perlman

An intensive search has been made for the very long-lived bismuth
and lead isotopes which were not found in earlier studies with cyclotron
irradiations of lead and thallium. In particular, no activities had been
found which could be aseribed to Pb205, Bi205, Bi207 and Bi208, These
isotopes appeared t0 have half-lives greater tharn 100 years.

Exemination of larger targets which received longer deuteron or
neutron irradiation has probably uncovered three of the missing isotopes,
but some of the resulis are not certain as yet because of the low level of
radicactivity. .

A large yield (65,000 Geiger c¢/m) of long-lived bismuth activity
was produced by deuteron bombardment of lead in Qctober, 1947. On the
basis of the yield relative to that of the known 6.4-d, Bizos, the new
activity, if it is Bi®05, should decay with a half-life of 100 years. Some
of the acitivity may be due to Bi®07 or Bi®08, 1In 250 days no significant
change has been detected in the counting rate of another sample of similar
material, :

A sample of bismuth which had been exposed to neutrons in a Hanford
pile for 6 months was carefully purified with respect to all other elements,
especially elements 84 to 96. Further purification procedures d4id not change
its specific activity of 5 electron disintegrations/min/mg agg 3 alpha-
disintegrations/min,/mg, If these activities are due to Bi%%° which might
be produced by an (n,2n) reaction, the specific activity corresponds to a
half-life of the order of 10° years. Since there is considerable doubt about
the flux of neutrons whieh had sufficient energy to cause this reaction, the
above estimate of half life is not very reliable, The energy of the emitted
alpha-particle was measured as 4.95+0,10 Mev, From this and the disintegra-
tion energies of Po?08 and T1204 it is possible to calculate that Bi208 is
abont 0.4 Mev unstable with respect to B~ disintegration into Po208 the 3 yr
alpha~emitter. No daughter activities have been observed as yet.

Lead which had been in a Hanford pile 14 months was also purified.
It was found to have a specific activity of only 0.6 electron disintegrations/
min./mg, This experiment raised the minimum half-life estimate of Pb 05 to
only 104 years because of the low abundance and estimated low capture cross
section of Pb204, The same minimum was obtained from a negative attempt
to f£ind Pb205 in the 65,000 c¢/m of probable BiZ0% 300 days after isolation
of the bismuth, - Deuteron bombarded thallium is expected to be a better source
of'szo5 and also of Pb202, another unknown isotope.,
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Neubtron Deficient Bismuth Alpha-Emitters

H, Neumann and I, Perlman

N

Alpha emitting isotopes of bismuth on the neutron dificient side of
stability have been produced by irradiation of lead with high energy deuterons-,
Activities with half lives of 9 min., 25 min., and 1 hour have been observed.

The énergies ofrthe a particles were determined by the alpha particle
pulse analyzer and by mica absorption, Values.obtained ares

a energy (in Mev)

Halfw«life Pulse analysis Mica absorption
55 min | ) 5,15 . 5,30
25 min © 5,47 . 5.43
9 min | 5,83 >5,6

Thé value of 5,30 Mev obtained for the 1 hr. activity by mica absorptien is
probably high, since the measurement was made when some 25 min, activity

was still present, and the difficulty in making proper correction for the
presenéée of this activity would cause a high result., No mica measurements -
were done quickly enough to obtain an accurate value for the 9 min., activity,
but the limiting value of 5.6 Mev was observed,

The Geiger decay of a-active Bi samples has shown decay periods cor-
responding to the 25 min, and 1 hr, activities, The best estimate possible
" at this time of the a-K branching ratios are:

1 hr. activity - 7~x105 K disintegrations per a»disintégration
(within a factor of 10)

25 xﬁin° activity - ’7x104 K disintegrations per a disintegration
| (within a factor of 10)

No Geiger activity corresponding to the 9 min, a activity has been observed,
Since the shortest bombardment was for 20 min,, conditions are not the most
favorable for the observation of this activity., A safe upper limit for the
K-a ratio is <:3x105 K disintegrations per o disintegration.

An attempt was made to determine the mass assignment of these Bi
isotopes by observing the T1 daughters formed by o emission. This was done
by collecting the recoiling Tl atoms on a collection plate held at a potential
with respect to the radioactive source., No positive results regarding mass
assignment of the Bi isotopes has resulted from these investigations,

1 p. H Templeton and I. Perlman, Phys. Rev. 73, 1211 (1948)
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High Energy Spallation and Fission Products of Uranium

.
P. R. O*Connor and G. T. Seaborg

Natural uranium was bombarded with 380-Mev helium ions in the
Berkeley 184-inch cyclotron in order to study the distribution in yield of
the radioactive products. After each of the irradiations, amounting to some
25 in number, the metallic uranium (2 cm x 0.5 cm area and 0.1 cm thickness)
was dissolved, and the yield in weighed chemical fractions of each of several
isotopes was determined by means of counting experiments using a thin-
window, bell-jar type Geiger-lMueller counter under conditions of known count-
ing efficiency., Corrections were made for self-absorption, and for absorp-
tion by air and the mica window; back scattering was insignificant in compari-
son with other_factors., Conventional alpha-particle counters and an alpha-
pulse analyzer® were used for the alpha emitters. The yield for each isotope
was determined relative to a standard isotope, the 1l2.8-day Bal O, in order
to compensate for the day-to-day varlatlon in intensity of the helium ion
beam. The results show what appears -to be a continuous yleld of radioactive
products for the entire range of elements from the uranium region down to
elements in the vicinity of atomic number 25. A plot of relative yield vs.
the mass number of the radiocactive products is shown in Fig. 1. The total
cross section for the fission reaction (estimated from the area under the
fission part of the curve) amounts to about ?xlO‘34cm2, but this value must
be considered to be a very rough one, due to the unknown intensity of the
helium ion beam. The errors indicated on this curve are estimated probable
errors, arising from counting statistics, chemical operations, and correction
factors applied, : ' -

There are several points of interest in connection with this distribu-
tion curve, The yield curve probably results from two essentially different
types of reactions, Spallation reactions probably account for the products
from the region of uranium down to those in the neighborhood of mass number
180-200, while the remainder of the curve is accounted for by the fission
process. Isotopes with mass numbers 180-200 are more likely spallation pro=-
ducts than fission products, and the small differences in yield in this
-region are not significant owing to the low levels of radiocactivity produced.
Not shown on the curve are a number of alpha-emitting isotopes with mass
number in the neighborhood of 210 which were observed to be present in
relatively high yield; these are believed to be products of alpha-emitting
radicactive chains“ originating from heavier 1sotopes whlch are found in high-
er yleld as can be seen from the curve. :

The distribution of flss1on products seems to show only a single peak
in the region of maximum yield, These results are of course very much in
contrast with the yield curve for slow neutron fission of U255 and its very
characteristic two peaks and deep valley in between®. This is not unexpect-
ed in view of the previously observed increased relative yield of fission
products resulting from symmetrical cleavage as the energy of the bombarding
particle is increased®:6,7,8, This single meximum is somewhat similar to
that observed by Goeckermann and Perlman® in the fission of bismuth with 190- )
Mev deuterons, although the maximum of course, occurs at a higheg mass number.
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The data indicate but are not sufficiently accurate to prove that the
maximum in the curve occurs at a mass number definitely less than one-
half that of the initial compound nucleus formed in the reaction as is the
case for bismuth fission and thus it cannot be said with certainty whether
fission is preceded by the emission of a number of neutrons as in the
mechanism proposed by Goeckermann and Perlman. Since uranium can undergo
fission as the result of small excitation energy it is probable that some
of the fission results from reactions in which only a fraction of the total
energy of the helium ion is utilized to form a fissioning compound nucleus
of mass around 240, a mechanism similar to that of slow neutron fission.
Thus a number of mechanisms may prevail ranging from this one to that in
which a number of neutrons are emitted before the fission process giving
rise to symmetrical cleavage as the most probable process, with the latter
mechanism perhaps predominating in view of the shape of the distribution
curve,

The fission yield curve deflnltely extends to higher and 1ower mass
numbers than is the case for the fission of uranium with lower energy
particles, At the low energy end. the products down to the region of atomic
number about 27 seem definitely to be fission products but the source of
the g4Cr9® is doubtful in that the uranium may have contained sufficient iron
impurity to account for the small yield of this isotope. It may be noted
that if there are fission products with mass number as low as gbout 55 it
should bs expected that there be heavy fission products extending up to about
mass npumber 180, and hence joining with the region of spallation products.

Present address: Department of Chemlstry, Unlver81ty of Mlnnebota
Minneapolis, Minnesota,
2 See, e.g., A. Ghiorso, A. H. Jaffey, H. P. Robinson, "An Alpha-Pulse

A. Ghiorso, W. W. Meinke, and G. T. Seaborg, Phys. Rev., (in press, Sept.
15, 1948 issue) "

"Nuclei Formed in Fission" Plutonium Project, J.Am.Chem.Soc. 68, 2411
(1946); Rev.Mod.Phys. 18, 513 (1946) S
5 Nishina, Y., K. Kimura, T. Yasaki and M. Ikawa, Nature, 146, 24 (1940);
Phys.Rev., 58, 660 (1940) ibid, 59, 323 (1941) ibid, 59,61 567 (1941)
E. Segré and G. T. Seaborg, Phys Rev, 59, 212 (19 5
A, S. Newton, Phys. Rev., (in press).
A, Turkevich, presented at meeting of A.A,A.S. in Chlcago (December 1947)

O M =3 O

R. H. Goeckermann and I. Perlman, Phys.Rev. 73, 1127 (1948)

Analyzer Apparatus”, Plutonium Project Record, 14B, 17.3 (1948)(to be issued).
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The Fission of Bismuth with High Energy Particles

R, H, Goeckermann and I. Perlman

Fission of elements in the bismuth region of the periodic table with
high energy particles was observed soon after the 184-inch cyclotron began
cperating, by Perlman, Goeckermann, Templeton and Howland™ using chemical
methods, With 380-Mev Het? ions, fission was detected as low as Ta in which
the yield was approximately one-thousandth that in bismuth, The characteristics
of the fissign observed were markedly different from those of the slow neutron
fission of 35 and a detailed study was made of the figsion of Bi%09 jrradiated
with 190-Mev deuterons part of which has been published”™.

In the fission of U255, the most »robable process yields two unequal
fragments, The primary fission productes have an excess of neutrons in all cases
and are on the average three elements a.ay from stability, whether on the light
or heavy wing of the distribubtion curve., This means that there has been a re-
digtribution of the neutrons and protons in the fissionhing nucleus so that
neither fragment has the n/p ratio of the compound nucleus, UR36, Another point
connected with uranium fission is that with higher energy neutronq or charged
particles, the fission cross section is a large part of the geometric cross
section,

In contrast, the experimental-theoretical fission yield curve for 190~
Mev D¥ fission of blsmuth shows that the most probable process yields two
nearly equal fragments of mass sbout 100, See Fig. 1. If we consider the frag-
ments of all masses observed from the asymmetric cleavages as well, we find
that the primary fission products of low mass have a slight excess of neutrons,
those of high mass have slight deficienecy of neutrons, and, since all observed
fission products have roughly the same n/p ratio, an intermediate region exists
where the fission products are, by inference, mostly stable. The fission yield
of BrP? observed must be that of its formation as a primary fission product--
in slow neutron fission of URSD its yield is about 104 fold below the chain
yield of that mass number, but in high energy bismuth fission about 1/3 of the
fragments of mass 82_are Br, The ratio of 14 in yield between the 2.3 d. and
43 d. isomers of catld in UR35 fission is the result of their production by
decay of a B-emitting precursor-~in Bi fission the yield ratio is only l.4,
indicating their formation as primary fission products, Flnally, the cross
section for fission of Bi209 with 190 Mev D* is approx1mately 1/15 of the
geometric cross section..

The preceding characteristics of Bi fission can be explained quite well
on the assumption of a simple theory of the process. We say that the highly
excited nucleus (Bizlo to Podll) first boils off 10-12 neutrons, by which time
fission competes with further neutron or charged particle emission and takes
place in a fast process in which the fragments have the same n/p ratio of the
parent, The reaction may be represented as: Bi209 + p*— [Po?ll]—1ln
+ EPoz | —2FP*, The symmetry of the fission and the production of a neutron-
deficient and neutron-excess fragment, when a slight neutron redistribution

* Tt should be noted that Po20° nas about the same. value of 2 /A, the
fissionability paramster, as [U236
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would give two stable fragments and a greater ensergy release in the fission
process, lead us to deduce a higher rate process than slow neutron fission
of U .+ On the basis of Po?oO as the fissioning nucleus, we can predict
which element {or elements) should be the most probable primary fission
products for each mass as indicated in the plot of fission yields (Fig. 1)
and the tables I and II. The points on the plot represent individual
isotopes measured and the sums of all isobars measured, For example: the
predicted primary fission products for mass number 72 are Zn and Ga; when
the independent yields of these are measured and added, the agreement with
the smooth curve value is good. For mass number 124, the prediction is
stable Te and neutron-deficient I; when the I and the neutron-excess isobar
of Sb are measured, their sum is only 1/10 the total yield predicted so the
other 9/10 is probably formed as the stable Te. For mass number 133, neutron-
deficient Ba is predicted and found to be the major product.

When bismuth is bombarded at other energies (Fig. 2), it appears that
the fission yield curve broadens somewhat and the fission cross section
increases as the energy increases.

When the yield of fission is studied as a function of D* ensrgy in
two Pb samples of different isotopic composition (Fig. 3) by measuring the
yield of Mo (5% f£.y. at_190-Mev D* on Bi), the results support our theory
of the mechanism. With Pb20% the reaction would be: Pb%% 4+ p*—[Bi206], en
+ [Bil98] — 2FP; while with PbR08 the reaction would be: Pb?08 4 D*
—— [B1810]—12n + [Bil%)—2FP. It is fourd that the ratig of 1099 yields
between the lead enriched in Pb20% and the lead enriched in PbC® increases
as the Dt energy decreases and the probability of boiling off the required
number of neutrons therefore decreases. The trend of increasing sharpness of
the yield curve peak with decreasing D* energy was observed in the Pb fission
~also to as low an energy as the activities could be chserved.

1 I. Perlman, R. H. Goeckermann, D. H. Templeton and J. J. Howland; Phys.Rev.

72, 352 (1947) |
2 R. H. Goeckermann and I. Perlman, Phys. Rev. 73, 1127 (1948)
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FISSION OF BISMUTH WITH 190 MeV DEUTERONS

Total
Measured ‘
. Predicted TP Measured Yield Predicted
Mass Primary Meas~ - Yield . for Mass Fission
Number FP - ured (%) Number Yield
45 K E-! ca ca 000& 0.002 " 0.0002
59 Mn_g-, Pe | Fe .05 .05 04
65 Co - Ni Ni _008 .08 23
-85 _ i
67 Ni_g% Cu Ccu .40 040 440
72  2Zn 7Zn 35 «86 e93
Ga Ga 51
73 Ga Ga 55 55 1.1
74 Ga : " +06 l.2
A8 006 ’ '
As As 1.5
81 Se 4l 2.8
Selt Se™ Al
82 Br Br 1.0 1.0 3.0
Se. (stable) -
83 Br Br 1.7 1.7 342
84 Br 1.3 3ok
Kr (stable) - ‘
RrRb 1.3
86 Kr (stable) - 1l.9 3«8
RD 1.9
89 RD E-i Sr Sr 4.7 4.7 4.4
90 . Sr Sr 2.9 4.5 4,5
Y 1.6
91 sr_85Y Y 4.4 P 4. 4.6
93 - Y Y 2.8 2.8 4.8
95 zZr zr S el 4.9 4,9
chb 1.5
99 Cb_8= Mo Mo 5.0 ° 540 5.0
103 Tc 87, Ru "Ru 349 349 4,95
- 105 Rn Ru 3.1 5.1 4.9
Rh
TABLE. |

QzZ-208




PISSION OF BISMUTH WITH 190 Mev

DEUTERONS

TAR!I £ 1T

Total
‘ Measured :
Predicted FP Measured | Yield Predicted
Mass Primary Meas-~ Yield for Mass Fission
Number PP - | ured (2) Number - Yield
106 Rh 1.5 4,8
Ru 1.5
109 - pd Pd 4,6 4.6 4,6
111 A8 Ag - 3.0 360 4,2
cd (stable) - '
Pd 9
115 In (stab].o) - . Lle7 366
cd (2.5 4.) cd(2.3 do) 1.0
cd (43 d.) |[cd (43 d.) o7
118 Sn (stable) - .008 3.0
Te «008
119 Sn (§t&ble) - 14 P 2.7
sb
Te 14
120 Sb (6 d.) sb (6 d.) +90 9 25
Sb (17 mo) - : . .
Sn (stable) -
121 Sb (stable) - 2 23
. Te (143 d.) .20 .
122 Te (stable) - 25 2.0
‘ Sb sb. 25
124 Te (stable) - «16 1.6
I I «036 - : :
sSb 12 .
125 I I 1.2 1.2 l.4
Te (stable) -
126 T I o11 11 1.2
Xe (stable) -
131 cs Cs o002 18 54
! Ba Ba 18
132 Ba (stable) - " .06, 45
. cs Cs «056
133 Ba Ba 425 .25 .35
139 Pr K, Ce ~Ce .12 12 07
140 Pr : + 0004 +05
: Ba «0004
141 Pr (stable) - «017 «03
Nd '
5 Ce «017
149 Eu o0 .003 003  +0015
0Z-206
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Radioactive Properties of the Heavy Rare Rarths and Neighboring Elements

G. Wilkipnson and H. G. Hicks

The study of radioactive isotopes of the rare earth elements, hafnium,
tantalum, tungsten and rhenium is being continued. The accompanying table
summarizes present knowledge of these isotopes. The symbols used are those
employed by Seaborg and Perlmanl; in addition, the presence of identified
x-radiation is signified by "L* or "K" in column 6. Bombardments have been
made with 38 and 20 Mev helium ions, 18 Mev deuterons, and 10 Mev protons
Jrom the 60-inch cyclotron. Bombardments.of tantalum have been made with
200 Mev and 50 Mev deuterons from the 184-inch cyclotron.

a

1 G. T. Seaborg and I. Perlman "Table of the Isotopes", University of Calif-

ornia Report UCRL 179 (Sept. 1948)
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Table I | | .
Isotdpe Class Type Half Life Radiation Energy lMev Produced by

Particles 7-rays
™% p K 4.5n | | X Bu-a-3n
™%  p Ko~ 5.1d 0.15,0.4 L,K Eu-a-2n
™i%¢ p B*,Ke=7" 17.2h gt 2.6;070,22 © L,K,l.4 Eu-a-n,3n
™%  p Ke~ ~lyr 0.1 ; L,K Bu-a-2n
H p - ke ~oom ok . Tb-a-3n
Ho6l B Ke~»"  4.5h 0.3 LK,1.1 Tb-a-2n, Dy-p-n
Hol8% B Ke')’(B"'?)' 654 0.16,0.6 L;K' | Tb~a-n, Dy-p-n, Dy-d-n gﬁ
Hol63 g Ke~ 74 o4 - L,K Dy-p-n
Hols-q‘-- D B~ 35m 0.7 , by-—p-n
mit¢ B B*ke™7”" 7.7n B*2.1;070.24,~1  L,K,1.5 Ho-a~3n
™67 B Ke~ ¥~ a 0.21 | : L,K,g:‘gg Ho-a-2n;Ta-d-5z16a
™8 B Ke~ - ~1504 Ho-a-~3n 7
L’ B B*Ke” 7" 2,154 8*1.7 ¢70.1 L,X,1.5 Yb-a-2n-3n; Tm-a-3n,
o Ta-d-3z13a

wt’ B Ke™> 94 0.17,0.7 LK Tn-a-2n;Ta~d-32-12a
wl’ B Ke~? >l00a >"I'm-a-n; Yb-d-n, 20,30
7e176 B Ke~7  8.0n 0.12,0.18,1.2 L,K,1.7 | Lu-'ci-Sn;Té-d-z,va
1al?77 B kKe” 2.5a 0.1 L,K,1.5 . Lu-a-2n;Ta-d-z-6a
7al?® B B2 ld 1.3 - ' Lu-g-n
1el?9  p K? long w79 K decay
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Table I (Cont'd)

Isotope Class Type Half Life Radiation Energy lev , | Produced by
: . v Particles 7 -rays :
, ~0.4 =0.5
w79 C  Ke7  135m 0.15,0.4 L,K,1.2  Ta-d-4n
—005 .
Rel82 - B Ke~7"  64h 0.11,0.27,0.6 L,K]-22 Ta-a-3n;W-p-n
Rel830ordc - Ke-? w~s80d 0.1 | L,K,1.0 Ta-a-2n; W-p-n

Rel84or3 ¢ K7 , 13h L,K,1.6 Ta-q-n; W-p-n
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Muclear Reactions of Arsenic with 190 Mev Déuterons

H. H. Hopkins, Jr. and B. B. Cunningham

The nature and relative yields of a substantial number of the isotopes
produced by bombarding natural arsenlcl (100% 37A375) with 190-lev deuterons
have been determined as part of a more comprehensive investigation of the
nuclear reactions induced by high energy charged particles. A preliminary
account of the work with arsenic has been published®. A tabular summary of
this data is presented in Table I.

These investigations have been continued with the following objectives:
(1) to extend the identification of the reaction products by using improved
separation procedures, more rapid techniques and more comprehensive tests
for identifying a particular isotope, and (2) to obtain more reliable yield
figures by measuring chemical yields.

A summary of the more recent data is presented in Table II.

Experiments have been conducted to identify the light isotopes of
Ge and Se. From a bombardment of Ge with 200-Mev D*, the germanium fraction
yielded a Btactivity of 22 m. due to Ge67, the assignment proved by period-
ic milkings for 83-hr. G367. A perlod of & 150 m. was indicated for Ge66
as shown by milkings for 9.4-hr. Ga

After bombardment of Se with 200-Mev D*, the Se fraction was
examined in the B-ray sRectrometer and showed a B* period of about 40 to-
50 m,; milkings for As7l indicated a half-life of about 50 m. This agrees
with the previous assignment of Se7l, to a positron emitter of 44 min, half-
life.

1 Svectrographic analysis of the arsenic showed 0.0002% Cu as the only metallic

impurity of atomic number that of Cu or higher, with upper limits of
0.003% for K and.0.0002% for each of the other metals., Impurities could
not contribute s1gn1f1cantly to the yields reported here. ‘
2 H. H. Hopkins, Jr. and B. B. Cunningham, Phys. Rev. 73, 1406 (1948)
3 Parentheses signify identification based on half- life « deternlnatlon only.
Most of the values cited will be found in:
G. T. Seaborg, Rev. Mod. Phys. 16, 1 (1944)
The yield of As72 corresponded to a cross-section of about 0.02x10-24 cm®.
Figures in parentheses signify assumed counting efficiencies.
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Table 1

Isotopes Produced By 55A375 + 190 Mev D*

UCRL 172

Isotope Type of Half-Life - Yield® 6 Reaction /\
Radiatior Observed |[Literature Rel As’% AZ | AA
m8e?5 | (k,v,07) 120 4 115 4 0.11 (5%) +1 +0
z48e’9 | gt 6.7 h - 0.09 +1 -2
35’2 |k 9.5 d - 0.1 (100%) 1 -3
saSe’t | gty 44 m - 0.01 +1 -4
szds T | BT Bty 19.0 d 16 a 1.1 0 -1
sghs 2| p* 26 h 26 h 1.00 0 -3
zzhs?l | p¥ 52 m - 0.3 0 -4
3006’ | Bk { 38 h 40 h 2 -1 -4
, 11.4.d 11 a ~2 (3%)
32068 | x 250 a4 | 1954 ~5 (100%) -1 -6
56a%® | g 68 m 66 1 0.2 -2 -7
516857 | K, 7 e" 85h | 83n ~3 (5%). 2 -8
50888 | p* 10 h 9.4 h ~0,1 -2 -9
30Zn’ 2 | (B~,7) ~50 h 49 h £0.001 -3 -3
502®® | (87, 1.7.,7) {51 m 57 m 0.07 -3 -6
l4h |13.8h 0.05
sgoud? | p~ 61 56'h 0.02 -4 -8
ogcub® | (8™,p* K, 7) 13h | 12.8 h 0.1 -4 11
090ubl I (¥ K) 3.3 h 5.4 h 0.1 (100%) -4 -14
290u0 | () ~20 m | 24.5m 0.06 -4 -15
0glib6 | p- 56 h 56 h - 0.002 -5 -9
2gli% | (87,7) 261 | 261 0.001 -5 -10
opi®? | p* 34 h 36 h 0.0002 -5 -18
onco®t | (87) 1.8h | 175n 0.003 -6 -14
270_056“58 (B*,7,K) ~80 4 72 4 0.06 (35%) -6 {-ELL;;
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Table I (Cont®'d)

Isotope | Type of Half-l.ife Yield Reaction A\

Radiation Observed Literature Rel As72 N A
onCo®® | g+, ~6n | 18.2h 0.003 -6 -20
ogFed? | (B-,7) 43 d 47 a 0.005 -7 -16
oam® | (57,7) 2.6nh | 2.59n 0.002 -8 -19
o2 | (B*,7 k) 6 a 6.5 a 0.0002 (40%) -8 23
240t | (%,7,e7) 26 26.5 d 0,005 (5%) . -9 -24

Table II
Some Isotopes Produced by 35A575 + 190 Mev DY

Isotope Type Half- Remarks

Radiation Life
Jnge - p* 1 hr. This Ge activity has not yet been assigned.
51Ga70 B’. 20 m Observed in B-ray spectrometer.
s0Zn’ 2 (B~) 49 hr. Observed from milkings of‘lé-hr Ga’2,
5oZn63. Bt 38 m Observed in P-ray sbectrometer.
30Zn62 K 9.5 hr, Rediaticn observed through 1 gm. Be.
30289 (§+,K) 250 d. Not followed long’enough yet.
290u67- - 62 hr. 8?ggrﬁggoin B-ray spectromater. Maximum energy
99Cub? gt 10.5m. Observed in B-ray spectrometer. |
2gCu61 B+ 3.4 hr. ggge§¥igti%i%;?ay spectromefer definitely for
2% | gt N6 mr. | nenreain the trea yisid 15 seeiies then

that reported=2. o

o7Co9d g* 18 hr. Definitely observed in B-ra& spectrometer,
2are®® | (7) wa. | Tisls the only Yo degtope, cbgopsed; et ¥ O
250r49 (B*) ~42 m. |. Observed for first time. ” »
op(138 (87) 38 m. This period and a 1 hr, péfiod c1%9(2) are found

in Cl fraction after halogen separation.
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High Energy Spallation Products of:Copper

D. R. Miller and G. T. Seaborg

The identity and yields of the radicactive products of the irradiation of
natural copper (stable mass numbers 63 and 65) with high-energy deuterons and helium
ions have been investigated. A total of ten.190 Mev deuteron bombardments were
conducted, while two helium ion bombardments were run, one at 190 kiev and one at
380 Mev. After a 10~ to 40-minute bombardment with a beam of about one microampere
for the deuterons or of about C.2 microampere for the helium ions, the spectro-

. graphically pure metallic copper target was dissolved in nitric acid, inactive carrier
‘elements added, and chemical separations performed until pure elemental fractions
were ilsolated. Measuregents were then taken as aliquots of these fractions with a
thin-window (gg_@ mg/em® mica) Geiger-Muller counter. Half-life determinations were
the main evidence in the identification of the radiocactive spallation products, but
supporting evidence was usually obtained by at least one of the following methods:

a) Energy determination by counting through varying thicknesses of aluminum
or beryllium (for electrons) or lead (for gamma-rays). =

b) Observation of parent-daughter relationships, where possible.

¢) Determination of the sign of emitted electrons by counting them after
passage through a magnetic field.

Two previously unreported isotopes were positively identified in the course
of this work., Freshly precipitated zinc fractions showed a growth corresponding to
about lO-minutes half-life, followed by a 9.5-hour decay. Chemical separation of
copper from the zinc fractions showed that the 9.5-hour zinc was the parent of the
ll-minute Cu62; the 9.95-hour activity was therefore assigned to Zn°®. Comparison
of the number of counts per minute of ll-minute Cub2 separated from the zinc fracg%on
with the total number of counts per minute in the zinc fractior indicated that Zn
decays by orbital electron capture. A 7.8-hour period was noted in the iron fractions
and was shown by iron-manganese separations to give growth to a 2l-minute manganese
activity. An aluminum absorption curve of the parent-daughter equilibrium mixture
showed, in addition to a component of ca 2.3 Mev attributable to the 2l-minute Mn52,
a component of ca 0.6 Mev maximum energy, presumably due to the 7.8-hour parent,
assigned to FedZ,

The chlorine fractions always showed, in addition to the 37-minute 0158, a
component with a half-life of about one hour. The ratios of the yields of the
d7-minute to the one-hour isotopes produced in four different bombardments were
4.8, 3.8, 4.9, and 5.0; the numbers of silver chloride precipitations used in the
chemical isolations were 1, 3, 1, and 3, respectively. The relative constancy of these
yield ratios and the high specificity of the chemical procedure make it seem likely
that the one-hour activity belongs to an isotope of chlorine; because of the high
purity of the copper targets, it is difficult to see how this activity could be due to
a bromine or iodine isotope. Since no positive particles were detected in these
samples, the.one-hour period might be a negative beta~emitter of chlorine at mass 39.

The identity and yields of the observed spallation producté are summarized in
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the accompanying table, The observed half-life listed in the fourth column
represents either the best value or the average of several values. The yields
resulting from 190 Mev deuteron bombardment (column 5) are in most cases average
values, computed from the number of individual values enclosed in parentheses
immediately following the average yileld. All yields are expressed on an atom
basis relative to Cu5l, using the previously mentioned values for the beam current,
a relative yield of one is equivalent to a cross section of about 0,06x10-24 cm?.

The large number and wide distribution of radioisotopes formed in the
spallation of copper are immediately evident; it is reasonable to assume that stable
“isotopes are also formed in good yields., The cross section for all the 25 observed
radioisotopes is about 0,3x10~ 24 om?, Since a total of 70-75 fairly well character-
ized isotopes(radiocactive plus stable) exist for the elements in question, a total
cross seetlon close to the geometr;cal cross section (ca 1x10-24 cmz) is indicated.

About 85% of the total observed yield is made up of products w1th masses
60~65, and about 80% is represented by copper isotopes. ~If the total yield for
each mass number is plotted agalnst mass number, the maximum yield is shown at
= 61-62., The yields for AT 50-60 are approx1muteyy constants this region accounts
for about 15% of the total observed yield. There appears to be a sharp decrease in
yield with decreasing mass number starting at A F 45- 50, :

These results are in agreement with the present concept of the mechanisms of
high-energy excitations, as proposed by R. Serber, A continuum of excitation
energies from zero up t0 nearly the full energy of the entire projectile particle
is achieved by combinations and modifications of those basic mechanisms:

1) Single-(or consgcutive single)  nucleon collisions
2) The stripping process
3) Amalgamation of the entire incident particle with the target nucleus.

Most of the spallation products of copper appear to result from excitations of less
than about 50-75 Mev; this amount of excitation would be induced by the first two
mechanisms., The products far removed from the target nuecleus undoubtedly arise from -
a high degree of excitation by the third mechanism.

The data also indicates as would be expected, that the excited nucleus
preferentially emits neutrons rather than protons (up to a certain point), but that
the emission of almost exclusively neutrons {or protons), followed by a series of
rapid positron (or_negative beta~particle) decays, is a relatiVely rare event.
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High Energy Spallation

Products of Copper

Literature Yield relative to Cu6l
Type qf T Cbs C
Isotope Radiation 1/2 Ty/5 190 Mev D* 190 Mev He** 380 Mev He'*
30Zn°? (K) 9.5h  9.5h  0.036(3) - —
Zn63 B+ 38m 37m 0.047(2) . — _—
m® Btk 2508  (250d) 0.007(1) - -
290u0 Bt 24.5m  25m 0.30(2) ——- 0.18
Cu?% B+,K" 3.4h  3.3h  1.0(6) 1.0 1.0
cu’ gt 10,5m 1llm 2.3(2) ——— 2.4
cubs B+,87,K 12.8h 13h 0.57(8) 0.70 0.53
cub? B~ 56h - - <0.03 <0.0006
oaNi 27 g* 36h  38h 0.04(2) — 0.05
Ni6° B~ 2.6h 2,550 0.04(2) _— 0.057
Ni66 B~ cab0h  --- — - £0.02
27002° pt 18.2h 17h 0.033(2) — ——
cobl - 105m  103m  0.14(2) - -
Cob2 B- 9.4h  --- <0.001(2) - gu—
pgFe2? gt 7.8h 7.8h  0.003(4) -—- | -
Fegg Bt 8.9m 9m 0.07(2) — _—
Fe 8- 474 48d 0.067(5) ——— 0.051
35Mn§é pi 46m  47m 0.043(1) — 0.038
Mn? B*.K 6.54 5.84  0.,13(3) — 0.12
Mno4 K 3104 (310d4) 0.09(1) - -
MR g . 2.8%n 2.5h  0.15(2) - 0.07
24CrH9 B+ 41.9m 4lm 0.01(3) — 0.009
crol K 26.54 274 . 0.03(2) - 0.024
V%8 B*,K 164  16.54 0.05(1) - ---
1145 gt 3.08h 3.0h  0.003(1) —— -—
22Tl M
Ti B 724 74d 0.003(2) - -
170138 B- 3Pm  37.5m  0.00050(2)  0.00060 0.0033
c134 B+ 3%3m ~--  <0.00005(2) <£0.00006 <0.0003

15P52 B- 14.3d 154 0.0005(1) — —
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Relative Yields of MnSg and MnS6 from 190 Mev Deuterons on Elements 25 to 38

N. A. Bonner

The usual procedure for the study of spallation reactions is to bombard
a particular element and attempt to identify all of the products of the bombard-
ment. In order to obtain similar information in a different way, it was decided
to bombard a series of elements and look for one or more particular isotopes,
measuring the relative yislds in each case.

Becauge of the convenient chemistry and half lives involved, the isotopes
chosen were 1in°2(6.5 d) and Mn56(2.59 h).

The elements bombarded were Cr, Mn, Fe, Co, Ni, Cu, Zn, Ge, As, Se
and Sr.

The procedure was to bombard the element in the purest form available
(usually 99.9+%), dissolve in conc. HNOz, precipitate MnOs with KClOz from the
boiling HNOz solution (after adding the necessary holdback carriers and a
known amount of lin** carrier) filter and wash. The precipitate was dissolved
in HNOgz + 30% Hs0o and the precipitations repeated twice more. For elements

above Zun (at. no. 30) it was found necessary to precipitate As and Ge with HoS
from 6N HC1l, then precipitate MnS from~1N NaOH with HoS in addition to the

three TnO2 precipitations., After the purIfication a s@itable aliguot was mounted
and counted with an end window Geiger counter. - ) .

The activities of the two Mn isotopes were corrected to infinite
bombardment time. The MnO® activity was divided by 0.40 to correct for the
‘fact that the decay is 35% Bt and 65% K capture. In order to correct for differ-
ent beam intensities and different sample areas, a piece of pure Cu foil was
placed behind the target in each bombardment. The foil was cut so that it
intercepted as nearly as possible the same part of the beam that the sample did.
The Cu was purified by making two CuCNS precipitations and the 12.8 h cub4
activity measured. The Mn yields were then obtained relative to the monitor
activity. Each activity was calculated in the units- counts/minute per milli-

- mole at the end of an infinite bombardment time.

The results obtained are given in the following table.

The yields of 1n%6 from Ge, As and Se are highly doubtful, since the
first samples wers not pure, but contained activities due to elements other
than Mn. The value for the relative yields of M52 and MnS6 was obtained from
H. H. Hopkins. The other yields are probably accurate to :_15%.

The results are more or less what would be expected from previous work.
The yields remain more or less constant until about 4 atomic numbers above Mn,
then begins to fall off. At a point six or seven atomic numbers above Mn, the
yield falls off rapidly. By the time Sr is reached (13 atomic numbers above Mn),
the yield has fellenoff by a factor of 10% to 105.

The low ratio of Mn52/mn56 from Co might possibly be due to the possibility
of the production of Mn96 by (n,a) on CoS9 as suggested by I. Perlman.
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Yields Relative to Cub? from Cu (200 Mev Deuterons)
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- 156 Mn°? 52
2.5% 6.5 d. Mno6
gsiin 0,298 2.16 7.2
26 .419 2.55 6.1
gnCo 1.07 2.11 1.97
28N .308 2,18 7.1
2904 . 329 .545 1,17
3048 131 . 305 2,53
3168 - - -
3208 - 4,8x10-2 8x10-3 L
33AS (5x10-3) 5,25x10™% (0.1)
345€ <1,2x10-2 5.5x10™4 > .05
3557 - -
z6ET - -
z7RD - -
35T 6.2x1072 <1.8x107° <.3
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Abnormal Increase in Atomic Number in Nuclear Reactions

D. H. Templeton and I. Perlman

In bombardments of bismuth and lead with high energy deuterons and helium
ions, respeetively, in the Berkeley 184-inch cyclotron we have observed isotopes
of astatine (element 85) as transmutation products. BRach of these reactions is
unusual in that the atomic number Z of the product exceeds by one unit the sum
- of thé atomic numbers of the reacting nuclei. In heretofore observed reactions
. products have Z equal to or less than this sum. '

The experiments dealt chiefly with the isotope At%ll, which was identified
by the following distinctive propertiesl. It decays with a 7.5-hour half-life,
40% by emitting 5.9 Mev alpha-particles and 60 by electron capture followed rapldly
by the 7.4-Mev alpha-decay of the daughter Po2ll, This pair of alpha groups is
eagily resolved with the alpha pulse analyzer2 and is identified by energy measure-
ment and half-life determination. The formation of one alpha-particle per dis-
integration makes the sensitivity for detection good and the computation of yield
simple.

~ Two lighter astatine isotopes with half-lives 4.5 hg. and 1.7 hr and alpha-
particle energies 5.66 NMev and 5.76 Mev have been observed in helium ion bombard-
ment of bismuth. The decay is probably chiefly by electron capture, and the branch-
ing fractions have not been established. In the lead-helium ion and bismuth-
deuteron bombardments there was consistent evidence for the presence of these
isotopes from the decay curves and the pulse analyses, but the resolution does not
warrant yield computations.

‘Bombardments were done with the metal sample mounted on the cyclotron probe
at .different radial distances to get particles of various energies, Astatine was
separated from the metal targets by two chemical procedures, based on precipitation
of tellurium carrier and astatine with sulfur dioxide and on the distillation of
astatine directly from the target at 4000C. The yield of At 211l yas computed from
the observed alpha-activity of the separated astatine.

The small but appreciable yields at low energies are not significant be-
cause of possible helium contamination of the deuteron beam and bismuth impurity in
the lead. (The cross-section for {a,2n) reaction on bismuth increases sharply with
decreasing energy down to about 30 Mevd However, at 380 Mev the (c,2n) cross-sec-
tion for bismuth falls to about 10-28 cmz and is not enough to explain the observed
vield from hélium ionsg on lead... Uranium and thorium impurities of 20 ppm in the lead
are enough to produge the observed effect, but the lead is known to be purer than
this by & factor of ten or more.

Negative beta-decay of an excited state of Po?ll is unreasonable because
At2ll igs unstable by electron capture, and because excitation of the nucleus does
not decrease beta half-lives fast enough for it to compete with neutron, proton, or
alpha emission.

The lead reaction is explained if a negative meson is ejected from the
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compound nucleus: N

\

PbR08 + Hed — 5Po®2 —— A1l + p~ + n

The mechanism has not been proved, but it is consistent with the observations of
Gardner and Lattes® that negative mesons are produced with alpha-particles of this
energy. ’

The analogous reaction for bismuth:
Bi(d,p")AtRLL

is less likely because of the higher yield. A reasonable mechanism involves the
production of secondary alpha-particles in spallation reactions, with a cross
section of the order of 10-26 cm?. These low energy alphas would make At211 by
(a,2n) reactions with good yield.

The secondary reaction mechanism is less satisfactory for the lead.case
because it involves production of lithium ions; such a mechanism cannot be ruled
out, however.

L D. R. Corson, K. R. MacKenzie and E. Segr®, Phys. Rev. 58, 672 (1940)

3 See A. Ghiorso, A. H. Jaffey, H. P. Robinson and B. Weissbourd, "An Alpha-Pulse
Analyzer Apparatus®, Plutonium Project Record, 14B, 17.3 (1948) (to be issued)
E. Gardner and C. M. G. Lattes, Science 107, 270 (1948)
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B. Chemistry of Astatine and the Preparation of Certain Compounds

G. L, Johnson, R. F. Leininger, E. Segré

Chenistry of Astatine

Search for New Isotopes

One three hour bombardment of Bi with a-particles was performed using the
full energy of the 184-inch cyclotron on a thick target. A separation of astatine
from polonlum and fission products was effective using techniques previously
deseribedls2+  In the report of 1940 the difference in carrying of Te reduced by
805 and Te reduced by SnClg was reported.

The process used consisted of a double distillation of astatine from bismuth
and polonium in vacuo followed by alternate Te products and by-products and halogen
by-products. The separation was completed four hours after the end of the bombard-
ment. No activities were observed that could not be attributed to previously observed
astatine isotopes (210, 211, 212). Since I. Perlman and co-workers have observed
two alpha activities of astatine (1.7 hr and 4.5 hrs) under conditions in which longer
half lives would have-been observed, our search was entirely for possible K electron
capture ory'emitting isotopes. Under our conditions, half lives of the order of one
month could have been detected if the cross section for production of that isotope
had been of a moderate magnitude (0.l barn or greater).

Volatility Experimentsz

Additional experiments have been completed on the volatility of astatine
from solution, The results are summarized in the following table.

Table I
Distillaticn of aAstatine Solutions

Initial Solution Percent of At in each successive ml of Percent left -Materjal

containing At Distillate in Still 3alances -
: in percent.
(1) (2) (3) (4) (5) (6) (7) (8) (9)
| | . ) .
48% HBr 0 0 0O 0 0 0 0 © 0.1 107 107
~20% HI 0 0 0 0 0 O O 0.20.6 94 95

Since fres bromine and free iodine were present in both distillation the
above result is taken to indicate that astatine does not readily form these
intrahalogen compounds.

Electrochemistry

The electrochemistry of astatine has been studied further., In a previous
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reportz the critical deposition potentials'of astatine were reported.
Deposition of astatine on a gold cathode - 1.22 :_OJO25 volts
Deposition of astatine on a gold anode - 1.45 + 0.02 volts
All potentials are with respect to a normal»Hz electrode.

If a small amount of free bromine is added (a slight color of Brg), while
astatine is being deposited at the cathode, all deposition immediately stops. There
is no effect on the anodic deposition. These effects we interpret in the following
manner. Various oxidation species are present in solution and different ones are
responsible for cathodic and anodic deposition. The one deposited at the anode is
in a higher oxidation state than the one deposited at the cathode and bromine is a good
enough oxidizing agent to oxidize the lower state qualitatively to the higher.

Preliminary experiments to determine the effect of pH on the critical deposi-
tion potential at the cathode, in an effort to determine the reaction taking place
there, have been only partially successful, The work has been discontinued for the
present but will be resumed at a later date. '

Carrying Experiments

The carrying of astatine by HgS as a function of pH in HC1l has been rechecked.
The carrying (ratio of activity in the supernatent to the sum of the activity in the
precipitate and supernatent x 100) was consistantly 99-100% in 1-5 M HCl, while the
material balances ranged for 85-100%. €4S in 0.3 M HCl carried 80-90% of the
astatine., No-good theory for the carrying of astatine by the various sulfides has
been evolved as yet. DPossible explanations are. (1) reduction to the zero state
and adsorption on the precipitated sulfide or (2) reduction to the minus one state
and carrying as a metal astatide ¢oprecipitated with the metal sulfide. Cadmium
sulfide as a carrier was of interest in that cadmium iodide is gquite soluble there-
fore the astatide would possibly also be soluble.

A mercuric sulfide precipitate containing carried astatine was shaken with
carbon tetrachloride for two hours at the end of that period no activity was found
in the carbon tetrachloride. This negative result is not as conclusive as a
positive result would have been, therefore noting can be said at the present time-
as to mechanism of the carrying of astatine by the metallic sulfides. :

The carrying of astatine by AgIl after S05 reduction is not as clean cut as
previously reported. When T1lI is precipitated after SOg reduction the carrying is
low ranging from 25-40%. In the course of experiments to clarify these results
it was observed that SO2 slowly reduces Ag* to the zero state. In a previous
report? the carrying of astatine by metallic silver was reported and the anomalous
carrying of silver and thallous iodide can be explained on this basis even though
no visible metallic silver precipitate was present in the silver iodide experimsnts.

As a check four aliquots of the same astatine solution were treated as
described on the following page.
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% Centrifuged out after % Centrifuged out after

15 minutes 15 minutes
(1) , (2) (3) (4)
Treated with Treated with
Saturated 505 8 14 2 Mg Agt 7 21
Supernatent from Supernatent from
-above treated with : above treated with
2 Mg Ag* 51 62 saturate SOy 65 59
Left in final ,
Supernatent 14 3 Left in final 10 3
. Supernatent

Material Balance 73 84 Material Balance 82 83

In the above experiments no visible precipitates were observed.

In view of these results we concluded that SOg incompletely reduces aslatine
(T1I carrying) but that the combinate of carrying of silver iodide and metallic
silver carries astatine completely.

Since a more powerful reducing agent is regquired, a very small Jone reductor
was used. Slightly more activity was found to stick to amalgamated zinc than to
plain zine. Using zinc as the reducing agent and precipitating silver or thallous
iodide in the absence of the reducing agent complete carrying has been found.

Therefore, SO0p is insufficient to reduce astatine, but, zinc reduces it
completely. The experiments indicate that SOg forms an equilibrium mixture of
astatine in the reduced and the unreduced states.,

From the oxidation potentials involved we estimated that the potential for
the reduction of astatine from the zero to the minus one state is approximately
0.0 volts in our solutions (10~11 - 10-13 ¥,) No corrections to a standard state
can be made at the present time since we have no indication as to the molecular
species present in these extremely dilute solubions.

Preparation of Special Compound for Physics Experiments.

Lithium hydride and lithium deuteride have been prepared for use in
scattering experiments. The method used was that described by Vanino in Handbuck
de Preparativen Chemie (1925). Metallic lithium in an iron boat was heated to
500°C in a slow stream of hydrogen or deuterium.

Nine grams of LiH were prepared and 6.7 grams of LiD were prepared with a
yield of 60% of the deuterium converted to the deuteride.
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The experiment to change the half live of Be” by compound formation is
being extended. The reclative half lives of BeFgz and BeO will be measured,

The trial runs for the preparation of BeF have bgen completed. The
thermal decomposition of (NHg)o BeF, in a stream of 0020 produced a good glass
like product. However, the yield was poor since the decomposition temperature
(BOOOC) is close %o the boiling point of BeFs. The method4 to be used is the
hydrofluorination of beryllium hydroxide in a platinum boat at 210°C in a strean
of anhydrous HF followed by sintering the product at 375°C. Good yields of a
pure product have been obtained in trial preparations.

L Corson, MacKenzie and Segré, Phys. Rev. 58, 672 (1940)

Johnson, Leininger and Segre, Juarterly Report Dec. 1947-Feb. 1948
3 Gmelin Handbuck der Anorgenische Chemie (1909)

H.A., Wilhelm, Private Communication
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C. Bio-Organic Chemistry

“B. M. Tolbert

Synthetic and Experimental Chemistry

Alcohols and Halides-Cl4,

The preparation of ¢l4_1abeled methanol, ethanol, and propanol from carbon
dioxide or the corresponding free acid has been investigated using lithium aluminum
hydride as a reducing agent. Xguipment and techniques have been worked out which
have proved very satisfactory in routine use; the major difference in the procedures
used and those described in current literature is that vacuum systems have been
used wherever possible. Thus in the preparation of methanol, the carbon dioxide
is absorbed in the lithium aluminum hydride and dissolved in diethyl carbitol in a
vacuum line reaction. The alcohols have been isolated and identified by their
boiling points and indices of refraction, but the yield of the reaction has been
determined by conversion of the alcchol to the corresponding iodide or bromide
which may be purified and weighed. Barium carbonate can be converted to methyl
iodide in over 94% yield in less than one day's time for the entire procedure. The
yield of the halides from the acetic and propionic acids are equally satisfactory,
In the latter cases, the free acid is prepared by treatment of the sodium salt with
dry hydrogen chloride gas. In this manner, both of the labeled bromides and all
three of the labeled propyl bromides can be produced. :

Stilbamidine.

The synthesis of low activity stilbamidine from cyanide has been completed.
An overall yield of about 25% based on potassium cyanide was obtained with the
product material having an activity of about 10,000 counts per minute per milligram.
A high activity preparation is in progress which will produce stilbamidine with a
specific activity of about 6 millicuries per mmole. Preliminary data on the bio~-
chemistry of this material will be described in a later section of this report.

Tryptophan—BQClé. Tfyptophan labeled in the 3-position of the indole nucleus has
been prepared as follows: :

@ SozH | @ 8050 Hg @5}15
CoHs0R Hp
-~ THgO Copper chromite
catalyst

HIJO 3 (+ para 3
L[::jNoz " compound H NHp

Acetic

anhydride
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HCO2H [::]EHS Potassium ter- 4
e NHCHO tiary butyl %

alcohol 5
q
360°
. _ e ‘ CHoCHNHoCOoH
HCHO N CHoN(CHy) o 0 (00,8t) O 2
(e )wg (AU NHCOCH S
3 B I .
‘ H H :
(CHz) S0,  Tryptophan-3-cl

-~

D—glucose-l-c14 and D—mannose-l-clé,

The preparation of synthetic 014 labeled D-glucose and D-mannose has
been completed. The primary reactions involved are the preparation of nitro-
methane and the condensation of this with D-arabinose (the five-carbon aldehyde)
to form a mixture of nitro sugars; the various isomers were then separated and
hydrolyzed to give glucose and mannose, The reaction gequence and outlines of the
preparation details are as follows:

¢
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¥ 1.LiAlH, X AgNO % D-arabinose
COg _______é, ‘CHBI it ChBNoz =
70% Na, CHgOH
r o _ . Cq-
H——NOQo H—N0y
HCOH HOCH
HOCH HOCH
FICOH Na® and HCOH Hat*
HCOH HGOH
i HoOH g i H2m3 J
H+
Amberlite IRLOOH Resin
[ H2N02] [ HzNoz]
HCOH and HOCH
Separated by fractional crystallization,
30-40% yield from sodium salt to nitro
compound
1. 1, Na0H
2. 2. H2b04
* *
QHO HO COoH
HGOH HCOH HOCH HOCH
HOCH HOCH - HOCH
HCOH + gte HCCH + ete.
HCOoH HCOH
CHo0H Hgaﬁ :
a/// \\g Anion exchange \\g \\\\\SA
Ammonium Water resin Water Ammonium
Wash ' Wash Wash Wash
* *
02NH4 HO 10 OzNH4
HCOH HCOH HOCH HOCH
HOCH HO HOCH HOCH
HCOH HCOH HCOH HCOH
HOH HOH HOH OH
o0H 5OH HZOH HEOH
. 14 14 :
Ammoniun 14 D-glucose-1-C D-mannose-1-C Ammonium 14

‘D-gluconate-1-C

; *
App. 0.5% from 602 App. 3% from 002

D-mannonate-1-C

* *
App. 5% from Co, App.0.25% from COg
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Using this method, 125 mg. of D—glucose—l—c14 with a specific activit
of 1200 disintegrations per minute per milligram and 50 mg. of D-mannose-1-C 4
with a specific activity of 1100 disintegrations per minute per milligram have
been prepared by forced co-crystallization with inactive material. This glucose
was then converted to lactic acid by Lactobacillus Caseil. In this process, the
glucose molecule is assumed to split between the 3~ and the 4-carbon atoms, with
these carbon atoms giving rise to the carboxyl group of the lactic acid. In the
experiments using the synthetic glucose, the carboxyl group of the lactic acid was
found to contain only that amount of activity to be expected from over-oxidation
of the lactic acid during the chemical degradation. The remainder of the first
warm run of glucose and mannose is now crystallizing; this process is usually a
relatively slow one and cannot be easily hurried. At +ths same time, a high specific
activity preparation is in progress.

Benzoic Acig-cl4,

Benzoic acid with a very high specific activity, approximately 20 micro-
curies per milligram, has been prepared in about 95% yield from carbon dioxide on
an 8 mmole scale. Part of this material is to be used to prepare beta-labeled
phenylalanine.

Biological Metabolites.

Studies on the improved synthesis of glycine using resin exchange columns
are in progress. The study of the preparation of the 3-labeled alanines, choline,
and acetylcholine are continuing.

Benzene—cl4.

A practical method for the synthesis of ring-labeled compounds has occupied
the attention of this group for some time. In the work to date Cl4 ring~labeled
compounds have been prepared but the preparations devised have not been by good
yield or reasonably short procedures. The first of these methods involved the
condensation of carbonyl-labeled pyruvic acid and the dehydrogenation of this
product to uvitic acid. Subsequent decarboxylation produced toluene as follows:

* ' * *
COos l.?HgMgI CHzCOgH l'PBr5V;>CH500002H 1.NaCH
. 2°H+ .
1.CucCN . 2.H;80,

HOC

5%‘
A
OgH

The yield was low,
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The second method tried was cyclization of heptene—l;cl4. In none of
the preparations was the heptene-1-Cl4 yield very high, primarily because of
poor decomposition of the quaternary ammonium salt.

1.C¢H Br 1.LiAlE 1. (CHz) N
S0, 6MLIERL o p cogn A oom oHoBr L. (CBg) gl
2. H'

2.PBry, 2,40
*

CrH; N(CHi) 50H A\ > C.HiCH CH _05295;8]

2o Brz

The yield of the toluene from the olefin was about 30% per pass, and the
subsequent steps involving the oxidation of the toluene to the benzoio acid
and the decomposition of the benzoio acid to bromobenzene makes this method
rather impractical for the synthesis of ring-labeled compounds.
The next methods tried involved Diels-Alder type condensations. Thus,
the feollowing series of reactions were investigated: ’
% *
(1) Coy, + BA ———> BaCy
’ *
(2) Bal + Ho ———> C.H,

(3) EoHy + RigK —> Wigl==C-uex —%2 > &;(coom),

1
. C ok * o
(4) II + H,— HOOC-CH=CH-COOH ——> OCE—éH asH-?O
111
(5) 1III + (CHg :CH)2—> *COOH—-.__» ©*'000H
| “cooH

It was found, however, that step (3) could not be carried out with e reasonable
yield, although a large variety of conditions were investigated and some study
was made of the reaction on a macro scale,

The possible formation of calcium acetylene dicarboxylate by the high
temperature and pressure carbonation of calcium carbide was also investigated.
The experiments indicated that no reaction occurred between these materials even
when the temperature was 335°C and the carbon dioxide pressure was 5700 psi.
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An attempt was made to prepare Clé;labeled butadiene, and although
several possible high-yield preparations have been devised, none of these has been
adequately investigated yet in the laboratory. If butadiene can be prepared in
satisfactory yields, it appears reasonable that its condensation with maleic
anhydride and the subsequent decarboxylation of the ring-labeled compound should
lead to a satisfactory method for the preparation of labeled benzene.

Malonic Acid,

The experiments on the decarboxylation of cl4 carboxyl-labeled malonic acid
have been completed with the decarboxylation of two samples on a scale larger than
that reported earlier. In two experiments, 6.0 and 10,0 mmoles of the carboxyl-
labeled acid were decomposed by melting. The scheme for separation of the two
active products was improved by minor chan%es in technique and apparatus so that
the frequency ratios of breaking of the ¢l —Clg and C**~C~* bonds calculated on
all bases agree within rather moderate experimental errors. In Table I below are
compared the results cobtained with both the large-scale and smali-scale apparatus.
The bases of calculation in Column 4 are (a) carbon dioxide and malonic acid,

(b) malonic acid and acetic acid, and (¢) carbon dioxide and acetic acid.

Table I
Fiz-12 - Fig-1a | . Fi12-12/F19.14
Bases
A B . C

Small Scale '

experiments (4) | 0.516+0.005 0.452+0,005 | 1.21+0.017 1.066+0.02 1,14+0.013
Large scale i

experiments (2) | 0.531+0.016 0.474+0,015 | 1,13+0.03 1.11 +0.03 1.12+0.03

.

Studies on the decarboxylation of 014 carboxyl-labeled bromomalonic acid have
been made and it has been found that the effect is similar to that observed for
malenic acid. The ratio of F1g.12/Fy15_ 74 was found to be 1.3.

Biological Chemistry

H %

Stilbamidine. {

i

_ A preliminary experiment on the excretion of istilbamidine labeled with
¢1% nas bveen carried out on a dba mouse. After intravenous injection, a trace of
activity appeared in the breath, about 2% of the administered dose in the urine,
and the rest of the activity was eliminated with the feces. The respiratory
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and the urinary excretions were not measureable after foriy-eight hours. The

fecal excretion, however, continued at a rate of about 5% per day. The activity

of the stilbamidine used in these experiments was too low to permit investigation
of tissue activities. A 2 mg. dose of the compound was well tolerated by the mouse.
Turther experiments will be carried out when the high activity material is pre-
pared. ’

Tyrosine.

A study has been carried out on the relationship of tyrosine to glycogen
formation, The literature on the glycogenic capability of tyrosine is somewhat
ambiguous, although studies by Dunn and others have shown that the glycogenic
activity is small, These studies were carried out on fasting rats using measure-
ment of the net increase of the liver glycogen as the criterion of glycogenic
power. This technique could conceivably give low results if glycogen turnover is
rapid, in which case a considerable glycogen formation might be accompanied by
only a slight net increase in total glycogen. The tracer technique, of course,
would demonstrate glycogen formation if it occurred even though there were no net
increase at all. :

A second aspect of the problem is that if tyrosine can be demonstrated to
form glycogen it must be capable of transformation into one of the intermediate
compounds in the glycogenic sequence, and consequently can be converted to carbon
dioxide by the sequence of reactions responsible for the combustion of glucose,

I% would not be necessary, of course, that all of the intermediate be first con-
verted to glycogen before combustion, and, consequently, even a moderate formation
of glycogen could be accompanied by a considerable formation of carbon dioxide.
Thus, the demonstration of glycogenesis could constitute a strong inference that the

" extensive conversion of tyrosine to carbon dioxide which we have observed is due

: in part to a mechanism of this sort and not due entirely to the already known
conversion via acetoacetate.

In addition to the possibility that tyrosine might be converted to one of
the intermediates of glycolysis, it is possible that tracer might appear in the
glycogen merely by incorporation via the Wood-Werkman reaction of carbon dioxide
already formed from the tyrosine:

CHzCOCOOH + 302?_—_’ HOOéCHgCOCOOH P ————_ HOOECH CHEOOH
———>CH3==C(OP05H2)5OOH + 302 _
CHg=C (OPOgHzn) éOOHﬁ cee &2 CHg(OPOBHz)ggHZOH '
== CHy(OPOH, ) QOHCHOHEHORGHEH0P0H, &===2 glucose
This process would lead to glucose labeled in the 3 and 4 positions, whereas if

one of the glycolyti¢ intermediates such as oxalacetic acid were formed, the
tracer would appear in the 1, 2, 5 and 6 positions of the glucose.
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CHyGHCOOH

NHo
O ———> H00CEHC0000H === Ho0cEH,CHOHCOOR
0H '

Hooc8a— cHcoon ——> &, = &(0PogH,)C00H + Co,

&= B(oPogiy) > oo . — ’c‘Hg(OPosﬂg)gcrxon

NE %k ;
6———'3}{2 ( OP03H2 ) ¢ {oH ) CHOHCHOEHCHzoPOzﬁz @ glucose
0

The experiment consisted of the administration of 500,000 counts of dl-

tyrosine labeled in the beta position to a normal, unfasted white rat. At the
“end of five hours the rat was killed and the liver was taken. The impure glycogen
isclated from the liver showed a slight activity which rose moderately on repeated
repracipitation. The glycogen was then hydrolyzed to glucose which was also
active, but its specific activity was less than that of the glycogen. On forma- -
tion of the diacetone derivative it remained active, and the osazone of the
glucose was active. The final specific activity was of order of 1/2 count per
minute per milligram. The amount of glucose obtained was too small to permit
degradation experiments. From the very small amount of aetivity incorporated

it seems likely that it arises simply from incorporation of carbon dioxide. This
process, of course, does not involve any net increase in carbon fixed as glycogen.

Isclation of tyrosine from the hydrolyzed liver showed that only slightly
more than half of the total aetivity in the liver was present as unchanged tyrosine,.
In view of this extensive metabolism i1t seems probable that the failure to observe
activity in the glycogen did not result from killing the animal too early, particu-
larly in view of the fact that previous investigators have frequently taken their
animals from four to six hours after administration of test substances.

Tryptophan.

Tryptophan labeled with ¢l4 in the 3-position of the ring was fed to rats;
N-methylnicobtinamide was then isolated as a picrate from the urine and shown to
be active., The position of the label has not been established.

’

Photosynthetic Chemistry

Paper chromatography is being used extensively as.a major tool in the
analysis of metabolism processes in plants. Since the separation of compounds by
this method is a function of distribution between liquid phases and not absorption,
it is applicable to the separation of tracer amounts of metabolic intermediates.
In this process a small aliquot of the solution to be analyzed is evaporated on a
1 ecm. area near the corner of an 18" by 22" sheet of filter paper., One edge of the
sheet is then immersed in a trough of water=-saturated phenol, When the solvent
has traversed the paper, the components of the original sample are distributed as
spots in a line. After drying, an adjacent edge .of the paper is immersed in a
water-saturated solution of lutidine which is allowed to traverse the paper. Thus,
the components are distributed in characteristic positions on the whole sheet of
paper, dependent upon their relative distribution coefficients between wet paper
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and the organic phase. After drying, radicautographs of this sheet are made
by exposing them to X-ray film for three hours to two weeks depending upon the
amount of radicactivity involved. Ninhydrin color tests give the location of
amino acids which serve as markers for the other radioactive components.

 With this technique, complex mixtures of compounds can be unequivocally
analyzed in a few days with 1little labor. With classical methods, ths same
results can be obtained only with months of labor, and in many cases the re-
sults are very uncertain. It is felt the importance of this technique in
this type of research cannot be overemphasized.

Using this method, the photosynthetic products of Scenedesmus algae have
been fed C1405 and analyzed. With a relatively long time of photosynthesis with
CO2 the labeled products are apparently largely sugar and alanine; the latter is
incorporated rapidly in proteins. In the case of Scenedesmus which have photo-
synthesized for 5 minutes, approximately 30-40% of the fixed activity is water
soluble, probably protein in nature. As the time of photosynthesis is decreased
a number of interesting phenomena are observed, and a description of the result
of radicautographs of the paper chromatograms is included below.

a. 5S-minute photosynthesis: The two sugars, glucose and fructose, occur
in amounts approximately equal to that of alanine; there is relatively less
aspartic acid produced and a2 sugar phosphate is found which travels less far
on the paper chromatograph than that synthesized in the 5-second experiment and
which oceurs in somewhat smaller amounts than either of the sugars.

b, 30=-gsocond photosynthesis: The two sugars are found in about equdal
amounts and are faintly discernible on the radicautograph. The major radiocactive
products are the sugar phosphate intermediates. The ether extractaebk compon-
ents (malic acid, alanine, and aspartic acid) occur to the extént of about 10%
of the total activity.

¢. l1b-second photosynthesis: No evidence of sugar is found in the radio-
autograph. The amounts of alanine and aspartic acid are smaller relative to the
amount of phosphorylated intermediates.

d. 5S-second pholbosynthesis: Only one major spoit appears; this corresponds
to the phosphorylated intermediate which travels farthest on the chromatogram
in the lutidine solvent and scarcely at all in the phenol. The correlation
between these C1%4 radioactive phosphorylated intermediates and the same compound
containing P32 is underway. The fact that the majority of the p32 activity in
a radioautograph coincides with the Cl%4 radioactive areas indicates that these
are probably the same compound. The identity of these active materials will be
determined in further work. Of primary interest, of course, is the single
intermediate formed during the 5-second photosynthesis which corresponds closely
to a well-separated PS% active area.

The sugar fractions separated using ion exchange resins give a radioauto-
graph for fructose and glucose areas with detectable traces of other neutral
substances. The anionic material which can be elubted only by sodium hydroxide
from the anion gives a single active area, and on the basis of chemical evidence,
it is now considered to be phosphoglyceric acid. It has been found possible to
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fractionats materials of this sort on ion exchange resins. The cationic
materials which are absorbed on the ion exchange resin have been chromatographed
and shown to include alanine, aspartic acid, asparagine, beta-alanine, serine,
phenylalanine, and no other substances in detectable amounts in the case of 30-
second to Z-minute experiments. :

No labeled glutamic acid has been observed except in experiments where
the plants have been allowed to respire following a period of photosynthesis.
Thus, it appears that glutamic acid is in equilibrium with respiration inter-
mediates while aspartic acid is in equilibrium with oxalacetic acid invelved
in photosynthesis.

Pyruvate Metabolism.,

A series of experiments are in progress 1o dsbtermine the path taken by
€14 which is given to photosynthesizing algae in the form of methyl-labeled
pyruvate. It has been found that the optimum amount of activity is fixed at some
time of illumination between 2 and 5 minutes. The activity fixed at 10 minutes
is the same as that in the 5-minute experiments. In 5 minutes, 1 ml,of cells
in 100 ml. of solution will fix approximately 80% of the activity given to
them in the form of pyruvic acid (0.7 mmoles containing 3 microcuries), About
80-90% of the fixed activity is water insoluble bui is extractable from the.
cells by alechol. Partition experiments and paper chromatographs indicate that
this activity is present in fatty acids. The possible presence og sygars and
.amine acids in the water soluble material is being investigated. >

Isotope Effect.

On exposure of plants to light and radioactive COg thers is observed first
a rise in the specific activity of the COp and then a fall. This fall is
probably due to respiration as it continues dcwn with time, but the unusual rise
in gpecific activity of the carbon dioxide can only be explained as due to an
isotope effect in which the use of the szog is quite clearly preferred over
the 01402 by the plants. This effect may amount to as much as 50% during the
reduction of the partial pressure of the original COg to one-tenth (for example,
from 30 mm. down to 3 mm.).
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I1 QUARTERLY PROGRESS REPORT. PROJECT 48B

W, M., Latimer, Director

A. Metals and High Temperaturs Thermodynamics
L, Brewer, N. Lofgren, A. Searcy, L, Kamm Templeton

R. Bdwards, L. A. Bromley, R. McKisson

Physical and Thermodynamic Properties of the Common Gases, Elements and Halides.

Four papers covering these topics and collectively referred to usually as
the "Halide Report™, are being corrected, revised, and brought up to date just
prior to being sent to the printer for final publication., The work has largely
been completed. ‘

Thermodynamics of -the Gasedus Molybdenum Chloride System.

Hydrogen and Hydrogen chloride equilibrium data over molybdenum metal at
high temperatures has been collected and evaluation of the species present in
this system is in progress. Also the equilibrium constants themselves are to be
evaluated. An inbtegral part of the work has been the development of an analyti-
cal procedure for determining as accurately as possible small quantities of
molybdenum of the order of 10 to 100 micrograms. A colorimetric procedure has
 been developed which fulfills this requirement within error limits of approximately
3 percent. At this stage the stable species appear to be the molecules MbCl (g)
and MoCly(g), while the species MoCl(g) and MoCl (g) are still very uncertaln. -
A mathematical treatment of the present data w1ll probably indicate more precisely
the exact stable species.

Thermal Conductivity of Gases.

The data on the thermal conductivity of gases at elevated temperatures is
very meager. If gases are to be used for heat transfer agents at high tempera-
tures such data will be indispensible. Prom numerous considerations it was
decided to measure the thermal diffusivity and from this to calculate the
conductivity. Preliminary tests on the proposed electrical system indicate

that it will be very satlsfactorya Accordingly, work is continuing on this
project, :

Thermodynamics of Carbon.

A paper reporting the results of work leading to the heat of sublimation
of graphite and heat of formation and heat of dissociation of Cz(g) has appeared
in the Journal of Chemical Physics. Additional calculations have yielded the
absolute transition probability in emission for the 0-0 transition in the C2
Swan bands. The calculated f value of 4.3 with an uncertainty of a factor of only
3 or 4 checks very well_with_é value of 5,5 obtained by King who used absorption
techniques. Both results are based upon the pressure of Co(g) in equilibrium with
graphite as reported in the published paper.
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Thermodynamics of CHN.

- The small glass spectrograph was refocused because structural changes
in the graphite tube furnace necessitated disassembly of the spectrograph.
Several preliminary runs have been made but none has yielded a good value for
the heat of formation of CN from solid graphite and nitrogen. Very shortly,
however, a satisfactory run should be made from which will result the heat of
formation of CHN, its pressure in equilibrium with nitrogen and graphite, its
absolute transition probability, and perhaps the heats of dissociation of CN
and Nzo

Thermodynamics of CH.

Several more expcsures have been taken of the CH bands in an effort to de-
termine the heat of formation from graphite and hydrogen. In each case, however,
deterioration of the heated tube occurred before sufficient exposures could be
obtained. A considerable amount of work has been carried out to prepared tubes
more suitable than graphite. A tube of tantalum carbide appears to be most suit-
able. A request for a gquotation on TaC tubes has been submitied to Pfanstiehl.
Experiments on direct melting of tantalum and graphite powders in a graphite form
above the 3300°C eutectic are being conducted. A satisfactory tube from these
experiments may result. Tantalum and graphite powders react completely to form
TaC at 2200°C but will not sinter at temperatures below at least 3000°C. In the
course of this work temperatures in the neighborhood of 3500°C have been obtained
in a graphite~packed guartz tube heated inductively. Heating Ta tubes in ethylene
atmospheres gives only a thin superficial coating of TaC which flakes very easily.
Wrapping graphite fubes with tantalum or tungsten also did not give satisfactory
results. '

Vapor Pressures and Heats of Sublimation of Metals.

Theoretical considerations indicate that the graphite tube furnace should be
very useful for debtermining the vapor pressures and heabts of sublimations of
metals. Preliminary experiments have been performed on rhenium and osmium.

Refractories.,

Further work with the Ta-81 system indicates that there are at least three
phases between Ta and Si. Only previously known TaSis has been identified from
X-ray work. There are no phases between TaSig and Si. The interior of a tantalum
crucible that has been coated with a tantalum silicide by repeated exposure to
silicon vapor at 1600 to 1800°C will be tested as a container for molten aluminum.
Molybdenum and tungsten are not suitable as containers for Al at 1300°¢. Tantalum,
BeO, TaC, and Al,Cs coated on graphite appear from prellmlnary work to be suit-
able containers for Al above 1000°C. :

Structure of Solids.

Lattice energy calculations and other theoretical studies are being
continued on nitrides, phosphides, arsenides, oxides, sulfides, selenides, and
tellurides of the alkallne earth metals.
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Liquid Metal Systems.

Work on the low-melting Na-U-Bi alloy system is continuing. Some new
apparatus for this purpose has been built., It is now planned to study the
low melting region by X-ray analysis of solid phases which are to be obtained from
the separation of the solid from equilibrium solid-liquid preparations. The
design of the new high-temperature calorimeter has been completed and its construc-
tion has begun. An improved device using a liquid Na-K alloy for continuous re-
moval of oxygen and water vapor from a dry box atmosphere has been constructed
and tested. Alterations are being made to improve its action. . ,

Thermodynamics of Gaseous Oxides and Hydroxides.

Knudsen effusion apparatus for the determination of the stability of the
gases Ti0, MgO, AlQ and Si0 has been partially completed. Preliminary Tests
regarding suitable containers for the Al—AlO—AlgOs gystem have been made.

Heats of Dissociation of Sp and SO.

[ 4
Both thermodynamic and explosion data have been considered in an effort to
resolve the existing discrepancies in the heats of dissociation of Sy and S0.
No definite conclusions can be drawn at the present time. New experimental

methods are under consideration.
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B. Basic Chemistry, Including Metal Chelates

R. £, Connick, W. H. Reas, Z. Z. Hugus, W. C. Orr,

K. L. Mattern, C. R. Hurley, G. R. B. Elliott

Exchange of Iodine Atoms Between Io and I03.

The interpretation of the kinetiec data for this system is made difficult
because of the unknown degree of ionization of HIOgz in the solutions employed.
Therefore an attempt was made to measure the ionization of this acid spectro-
photometrically. In addition the presence of a dimer was looked for on the
basis of a suggestion of O.leyers.

The mclal extinetion coefficients of HIO; and ID" appear to be very nearly
the same. However, the molal extinetion coef%lclent of the dimer differs appreci-
ably from those of the above species., It is possible to measure the equilibrium
constant for the dimerization spec¢trophotometrically and by studying this equili-
brium as a function of the acidity the ionization constant of HIOz may also be
determined. Work is in progress on the measurement of these equilibrium constants.

Extraction of Laﬁthanum.lnto Benzene-TTA Solutions.

The cause of the irreproductibilty encountered in earlier experiments has
been traced to the sticking of the lanthanum chelate to the walls of the pipets
used for analysis. In delivering 100 microliter samples of the benzene phase, up
to0 80 percent of the lanthanum tracer was lost, even when the pipet was washed
several times with benzene. The adsorbed material iIs removed by an acid wash.

The above trouble has been eliminated by the addition of lapthanum carrier to
the solutions. Preliminary experiments indicate the expected third power de-
pendence of the extraction coefficient on the TTA concentration.

Chemistry of Zirconium.

The polymerizaticon of zirconium in acidic solution has been studies using a
two phase extraction system. The zirconium at squilibrium is partially extract-
ed into a benzene~TTA solution. By studying the variation of the extraction
coefficient with zirconium concentration the polymerization process may be follow-
ed.

Two series of experiments were run--one at 2 M HCl04 and the other at 1
M HClO4 with 1 M LiCl0, added to maintain constant ionic strength. At 2 M HCLO4,
polymerization starts at about 107 3M zirconium while in 1 M HCl1lO4 the polymeriza-
tion begins at about 10=4M zirconium. Presumably the polymer consists of
zirconium ions and oxide or hydroxide ions although there may also be perchlcorate
ions present.

From the data it can be shown that a dimer exists and that polymers con-
taining many zirconium atoms are formed. In all probability polymers exist with
all numbers of zirconium atoms, starting with the dimer and running up to large
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colloidal particles. The data do not allow a unigue identification of the higher
polymers since their stability is such that there are always many of them present
in the same solution.

The dimer appears to have between three and four hydroxide groups attached.
The higher polymers contain approximately four hydroxide groups per zirconium ion.

A comparison of the extraction coefficient of the monomsr for the series at
1 M HC104 with that for the series at 2 M HCl04 indicates that the monomer is
nearly a +4 ion in these solutions. This result is believed to bé correct compared
with an earlier result using trace concentratiohns of zirconium which showed the
zirconium to be ZrOH*S, The earlier result was probably in error because of complex-
ing impurities,

[

Uranyl Species in Perchloric Acid Solution and the Extraction of Uranyl Ion Into

Benzene~-TTA Mixtures.

The work on this system has now been completed and a report will be issued-
soon. The uranyl ion has been shown to have a +2 charge in perchloric acid soclu-
tions ranging from ea 2ZM to ca 0.1 M. Discrepancies in earlier work were found
to be erroneous.

The spectrum of the complex ion formed by a uranyl ion cambining with one
TTA ion in water has been identified and the complexing may be estimated roughly.

In the benzene phase the uranium is present as the uranyl chelate, UOgKs, at
low TTA concentrations, but at higher TTA a new species UOgKo.HK is formed. There
is some evidence that one or both of these species may contain water of hydration
when the benzene phase is equilibrated with an agueous phase.

Chemistry of Ruthenium.

Molar extinetion coefficients were measured for RuQy in 0.1 M HC104 and 0.1 M
NaOH. Molarity of RuO4 was obtained by SgOz = titration of Iz formed by reaction of
Ru0y with I,

Absorption spectra were measured for various forms of ruthenium most of which
were not identified more than tentatively. RuO, was reduced by several methods
ineluding standing in NaOH and HC1l04 solutions, reduction by SgOz = in HC1lO4, Hg0g
in HC104 and NaQH, Hg in HC104, Zn-Hg in HC10, and NaOH. In most cases of reduc-
tion listed above, color changes indicated intermediate products different from
final products. Where possible successive spectra were run following changes from
one form to another. Some of these systems are now being studied in detail.

Measurements have been made to try and determine the equilibrium constant for
the hypothesized reaction

Ruo4 + 0H™ = RuoéoH“a

Considerable difficulty was experienced because of reduction by HgO of RuQu0H™ to
RuQy =. ) .
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Studies have been made attempting to determine the mechanism and rate of the
reduction of +8 ruthenium to RuQ, = in alkaline solution. The present evidence
indicates the reaction is heterogeneous and irreproducible, '
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C. Bnginsering Development of Plutonium Separation

T. Vermeulen, k. Davis, T. Hicks, Barney Rubin

Solvent BExtraction Utilizing Chelate Process.

. Preliminary rate and extraction studies on plutonium have been completed and
are reporbted in UCRL 126,

Construction of a five-stage counter-current horizontal extractor with
accessory egquipment has been completed, and upon test has shown satisfactory flow
characteristies., A second extractor for series operation with the first unit is
almost completed,

* Two preliminary runs with plutonium, simulating exbraction from dissolver
sclution into TTA, indicate 95% recovery and better, with decontamination too
high to determine accurately in the present unshielded equipment.

Pilot Scale Synthesis ¢f TTA.

One hundred ten pounds of purified TTA have been prepared in runs in the
1C gallon glass lined reactor, and bath production is continuing in order to
satisfy the needs of other project centers. The procedure in use has been re-
ported in UCRL 152. '

Physical-chemical study of the various steps in TTA production for the
purpose of designing a large scale continuous flow synthesis is nearing comple-~

Cbion,

IMB/Information Division
10=18~48



@ECLXCZ?F [ED




