UCRL 2/

UNIVERSITY OF
CALIFORNIA

Radiation
L-aborator

—
TWO-WEEK LOAN COPY
This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 5545
' J

BERKELEY, CALIFORNIA

\Aat =" HTY)

co



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.



Cover Sheet
Do not remove

space below.

UNIVERSITY OF CALIFORNIA
RADIATION LABORATCRY

moex vo._\\ ... L, Sy
This document contains & pages
and plates of figures.

This is cépyﬂo%. SeriesM.
Tssued to: U ft: KHD LR,
P e

Classification
CHASSIFI"ATION CANCELLSD BY AUTHORITY
‘ OF T4 DIST T ENGINEER
' ’ Lo BY THE DECLASSIFICATION COMMITTEE
Fach person who received this decument must sign the cover sheet in the

s
iR b b A sliaRi e o 5. — ‘ oo,
o S At et Ak o i e -t o -

it

i
T SR

Neted by lghe Loute to Noted Ly Date




CLASSIPhysiesr Gen ”l

D my Armxomw

LENGy,,

OF T4 g P
ASSIFICAT 1GN COI}"W“TTFF

BY The DECL,

UNIVERSITY OF CALIFCRNTIA

Radietion Laboratory

Contract Noi W-7405-eng-48

NEUTRON DEFICIENT ISOTOPES OF CERIUM AND LANTHANUI

J. Bs Chubouck and I, Perlmen ;
Special Reviow of Daciassified Reports
Authorized by USDOE JK Bratton
Unclassified TWX P182206Z May 79

‘REPORY PROPERLY DECLASSIFIED

J N G &16-179
Authorized Derlvative Classifier - Date
ﬂ(‘;‘«d&v Crhon §-20-79
B By : Date

Berkeley, California



Cq

. Standard Distribution

Argonne National Laboratory
Armed Forces Special Weapons Project
Atomic Energy Commission, Washington
Battelle Memorial Institute
Brookhaven National Leboratories
Carbide & Carbon Chemicels Corp. (K=-25 Area)
Carbide & Carbon Chemicals Corp. (Y-12 Area)
Columbia University (Dunning)
General Electric Compeny
Honford Directed Operations
Iowa State College
Los Alamos
Monsanto Chemical Compeny, Dayton
Nationel Bureau of Standards
Naval Radiologicel Defense Laboratory
NEPA v .
New York Directed Operations
Oak Ridge National Laboratory
Patent Advisor, Washington
Technical Information Division, ORDO
UCLA Medical Research Laboratory (Warren)
University of Cglifornia Radiation Laboratory
University of Rochester '
Chicego Directed Operations
Declassification Procedu're
Declassification Officer
Publications Officer
Patent Department
E. O Lawrence
Area Manager
Information Division

Total

Information Division
Radiation Laborestory
University of California
Berkeley, California

Cr*’”‘slef’”ATEg%I?; ; 4l
QF 1o

e R
7Y Physigs=Ge

i: al ks
s GR

ol

Copy Nose

1-8

9
10-11
12
13-20
21-24
25-28
29
30~33
34-38
39
40-42
43-44
45-46
47
48
49-50
51-58
59
60-74
75
76-80
81-82
83

84-87
88
89-90
91
92
93

93




June 28, 1948
UCRL - 141
Page 2
Neutron Deficient Isotopes of Cerium and Lanthanum
J. B. Chubbuck and I. Perlman

Radiation Laboratory and Department of Chemistry.

University of California
Berkeley, California

‘ Abstract

This is a description df some bombardments performed with the
60-inch and 184—inch cyclotrons at Berkeley. These bombardments
resulted in the production of the following isotopes: 19.5 hour
La155which decays by orbital electron capture and emits gamma radia-
tion of 0,76 Mev energy; 2;1 houf La156 which deéays by positren
emission; the positrcén having 0,84 Mev energy;>LélB7 which has a
half-life greater than 400 years; 16 hour Cel?? which decays by
' positron emission; 36 hour’0e137 which décays by orbital electron
dapture emitting‘cchersion electrons of 0,18 lev energy and gamma
‘radiation of 0.28 and 0,75 lMev energies; and 140 -day Cel_39 which
decays by orbital elecﬁron cépture enitting conzfrsion electromns

of 0.15 Mev energy and gaﬁma radiation of 0,18 and 1,8 Mév energies,
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Neutron Deficient Isotopes of Cerium and Lanthanum
Jd. B. Chubbuck and I. Ferlman
Radiation Laboratory and Department of Chemistry

University of California
Berkeley, California

Fast particle fission of bismuth in this laboratory has pro-
duced neutron dsficient isotopes in the region of ceriumcl). The
studiesidescribed herein were'undertaken partly to identify some of '
ﬁhese.

On the neutron deficient side of stebility, two rédioactive

= (2,3) 138 (4)
isotopes of lanthanum assigned to Lal37 , and Lal)8

have
been reported but more recent evidence(B) shows La138 to bé.stéble
and preséht in nature to the exteﬁt of 0.089 percent., 3Jvidence is
presented below for assigning the reported radiocactive properties
-of La137 to La135 and those of La138‘to Lal56.

To prepare’the’lanthanum activities cesium in the form of
CsNOs was irradiated with 30 Mev helium ions in the 60-inch cyclo-
tronl The lanthanum fraction was separated and the decay éurve
resolved intc two components of 2.1 hours,and 19.5 hours half—lives.
Both of theseyactivities, therefore, nust belong to isotopes of
lanthanum of mass number 136 or lower,

4 low-resolution beta-ray spectfometer shoWed a positron of
0.82 Mev, decaying with the 2 hour half-life, the energy estimated
from the visual egd-point of the spectrometer curve.  No negative
particles were detecﬁed. 4 Feather analysis of a beryllium‘absorp-
tion curve, taken soon after the bombardment, gave a range in

‘ 2
beryllium of 310 mg/cm , corresponding to an energy of 0.84 Mev.

A beryllium absorption curve was taken about twenty-four hours
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after the bombardment, when the 2,1 hour activity had decayed out.
This curve showed no particle radiation, but & 5.2 Kev L x-ray

- component could be resolved from the harder electromagnetic radia- .
tion, The positron activity determined earlier therefore belongs
entirely to the 2,1 hour activity. Earliérvabsorption curves taken
with aluminum showed the presence of a 34'Kev x-ray and a 0.76 Mev
gammé ray in low intensity was detefm;ned by lead absorption. 4ll
of thevelectromagnetic radiation noted soon after bombardment oould‘
bé attributéd to the‘l9.5 hour activity that was present, thus the
2.1 hour activity probably has no electromagnetic radiation., In the
19.5 hour activity X-rays were more abunaant than gamma rays by a
factor of about 50 showing that most of the electron capture decay
goes direétly to the grbund state,

48 indicated in Table 1, the 2,1 hour activity was formed in
about 1/100 the yield of the 19.5 hour a\ctivity.f With the energy
of helium ions emplbyed, the (a,?2a) ‘reaction is more prolific fhan
thel(a,n) reactién(é); Tﬂe order of the decay energies is also
combatible with the assignment of the 2,1 hour period to~La136 and
the 19.5 hour period to La155. |

The radioasctive isoioﬁe.bf cerium decayihg by K-electron cap-
ture and assigned to mass number 137 is discussed below, The lan-
thanum Qaughter of this isotope was not definitely observed.and a
miniﬁum half-life could be set at 400 years basedvon Xx-ray counting

rates° ' ' N
Cerium activities were produced by bombarding Laz0s; with 20 Mev

deuterons in the 60-inch cyolotron. A sample of the chemically

separated cerium resolved into two components, 140 day 03139 and a

137

36 hour activity assigned below to Ce Pool-and‘KriSberg(7) have
recently reported work with 06139 in which they found conversion

i N
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electrons and gamma-radiation of 0,184 and 0.8 liev respectively; In
the present stddy, the conversion electrons were confirmed, the low
energy gamma ray was determined as 0.18 Mev but a value of 1,8 Mev
'was found for the hard component, The conversion electrons were
determined as 0,15 Mev both with the beta-ray spectrometer and by
absorption in beryllium,

In another bombardment of Laz0s, 40 lMev decuterons from the
184-inch cyclotron were emplcyed., This bombardment pfoduced the
36 hour activity in far greater yleld compared to the 140 day-activ-
ity than did the 20 Mev deuteron bombardment. These two cerium 7
activities are therefore probably not isomers and the most likely '
assignment for the 36 hour activity is 09137,

4 sample of the 36 hour activity showed a well-defined conver-
sion électron peak with an energy of about'0.23 Mev, There was
.no positron act1v1ty w1th this isotope, A beryllium absorptibn
curve indicated a range of about 45 mg/cm , corresponding to an
energy of about 0,22 hbv. An alumlnum absorption curve showed the
‘presence of 34 Kev x-rays‘while gamma rays of 0,28 and 0,75 Mev
were mcasured with lead absorbcro
‘ A third bombardment of Lag0s was made, this time with 60 Mev
deuterons in an attempt to prepare the parent of La135~by;the a, én

137 activity was formed in such high yisld

reaction, The 36 hour Ce
that the 06135 éotivity was completely masked in the gross decay
curve but a sémple of the cerium activity placed on the beta-ray
spectrometer showed positroﬁ éotivity, Because of the great back-
ground from scattered radiation the positron energy could only be

estimated as 0.4 Mev, Integration of the arsa under the positron

peaks of successive beta-ray spectromster curves taken for twordays
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indicated a half-life of about 16 hours. It was impossible to
determinevahy other characteristics of this isotope. The activity

135

is assigned to Ce because it had not appeared in bombardments at
lower cnergies and 19.5 hour La13§ could be shown to grow into the
cerium fraction at a rate corresponding to a half-life for its
parent of about 16 hoﬁrs.

The cooperation of Dr, J. G, Hamilton, Mr, D, C..Sewell,
Mr. J. T. Vale, Mr, T. Putnam, Mr, B, Rossi and other members of
the 60-inch and>l84-inch‘oyglotron,groups'is gratefully acknowledged.
This research was sponsored by the Atomic_Energy Commission under
Contratt No, W-7405-eng-48 with the Radiation Léboratofy; University

of California, Berkeley, California,
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Isotope

La136

Lal_35

Lal}?

Ce139'

o137

Ce135

Type of Radiation

'K, v, e~

“Bombardment
*7 Bombardment
t Bombardment
1+ Bombardment

Half-life

2.1 hrs.
19.5 hrs.

> 400 yrs.

140 days

36 hrs.

16 hrs,

energy 50 Mev q,

T4ABLE 1
Energy of Radiation
. ..Ain Mev __ _ _.
Particle BElsctro-
_ ’ magnetiC‘
0.84 | Nene
None 0.76
0.15 0.18
1.8
0.18 0.28
0.75

energy 20 Mev deuterons,
ensrgy 40 Mev deuterons,
with 40 Mev deuterons

Producedrby
CslBB(Q,n)
CslBB(a,Zn)
dec of
GelT

Lal39(d,2n)

1al39(q, 4n)

12?7 (a, 6n)
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Cross section

24 =2
x 10 cm

0.0003*

- 0,03¥
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