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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 of some bombardments perfol".med with the 

60-inch and 184-inch cyclotrons at Berkeley. These bombardments 

resulted in the production of the following isotopes: 19.5 hour 

L 
13 5 . . h d b b . t 1 ~ t t d . t d. a wn.1c ecays y or ~·a e1.ec ron cap ure an enu s gamma ra lB-

tion of 0.76 Mev energy; 2.1 hour La136 which decays by positrnn 

emission, the positrqn having 0.84 Mev energy; La137 which has a 

half-life great~r than 400 years; 16 hour ce135 which decays by 

positron eli1ission; 36 hour ce137 vv.b.ich decays b,Y orb1ta1 electron 

capture emitting conversion electrons of 0.18 Mev energy and gamma 

radiation of o.~ 28 and o. 7 5 lEev energies; and 140 ,day ce13 9 which 

decays by orbital electron capture emitting conversion electrons 
0 

of 0.15 Mev energy and garn...ma radiation of 0.18 and 1.8 Mev energies. 
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Neutron Deficient Isotopes of Cerium and Lanthan1m1 

J. B. Chubbuck and I. Perlman 

Radiation Laboratory and Department of Chemistry 

University of California 
Berkeley, California 

· Fast particle fission of bismuth in this laboratory has pro

duced neutron deficient isotopes in the region of cerium (·l). The 

studies' described here:Ln were undertaken partly to identify some of 

these. 

On the neutron deficient side of stebility, two radioactive 
17.7 ( 2, 3 ) J38 (4 ) 

isotopes of lanthanUJ.n assigned to La 2 , and La· have 

been reported but more recent evidence {.5) shovvs La138 to be stable 

and present in nat~re to the extent of 0.089 percent. Evidenc~ is 

presented below for assigning the reported radioactive properties 

of La137 to La135 and those of La1.3 8 to La
136

• 

To prepare the lanthanum activities cesium in the form of 

CsN03 was irradiated. with 30 Mev b.elium ions in the 60-inch cycle-

tron. The lanthanum fraction was separated and the decay curve 

resolved into two components of 2.1 hours and 19 . .5 hours half-lives. 

Both of these activities, therefore, must belong to isotopes of 

lanthanum of mass nQmber 136 or lower. 

A low-resolution beta-ray spectrometer showed a positron of 

0.82 Mev, decaying with the 2 hour half-life, the energy estimated 

from the visual end-point of the spectrometer curve. No negative 

particles were detected. ll Feather analysis of a beryllium absorp-

tion curve, taken soon after the bombardment, gave a range in 
2 

beryllium of 310 mg/ em , corresponding to an energy of o. 84 Mev. 

A beryllium absorption curve iJVas taken about twenty-four hours 
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after the bombardment, vvhen the 2.1 hour activity had decayed out. 

This curve showed no particle radiation, but a 5.2 Kev L x-ray 

component could be resolved from the harder electromagnetic radia

tion. The positron activity deter~ined earlier therefore belongs 

entirely to the 2.1 hour ac~ivity. Earlier absorption curves taken 

with alwninwn showed the presence of a 34 Kev x-ray and a o. 76 Mev 

gamma ray in low intensity was determined by lead absorption. All 

of the electromagnetic radiation noted soon after bombardment could 

be attributed to the 19.5 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 o.bw1<iant than gamma rays by a 

factor of about 50 showing that most of the electron capture decay 

goes directly to the ground state. 

iis indicated in Table 1, the 2.1 hour activity was formed in 

about 1/100 the yield of the 19.5 hour activity. With the energy 
I 

of heiium ions employed, the (a, 2h) \reaction is more prolific than 

the (a,n} reaction( 6 ). The order of the decay energies is also 

compatible with the assignment of the 2.1 hour period to-La136 and 

the 19.5 hour. p~riod to ta13.5. 

The radioactive isotope .of cerium decayj_ng by K-electron cap

ture and assigned to mass number 137 is dis,cussed below. The lan

thanum dpughter of this isotope was not definitely observed. and a 

minimum ho.lf-life could be set at 400 years based on x-ray counting 

rates. \ 

Cerium activiti,es were produced by bombarding La2 0;:; with 20 Mev 

deuterons in the 60-inch cyclotron. .A sample of the chemic.ally 

separated cerium resolved into two components, 14o day ce139 and a 

3 6 hour activity assigned below to ce137 . Pool and Krisberg (7) have 

recently reported work with Ce139 in which they found conversion 



UCRL - 141 
Page .5 

electrons and gamma-radiation of 0.184 and 0.8 Mev respectively. In 

the present study, 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 0.1.5 Mev both with the beta-ray spectrometer and by 

absorption in beryllium. 

In another bombardment of La 2 0o, 40 Mev deuterons from the 

184-inch cyclotron were emplr,Yed. This bombardment produced the 

36 hour activity in far greater yield compared to the 14~ day-activ-

ity than did the 20 Mev deuteron bombardment. These two cerium 

activities are therefore probably not isomer::> and the most likely 

assignment for the 36 hour activity is ce137 • 

. A s-ample of the 36 hoLlr 'activity showed a well-defined conver

sion ele~tron peak, with an enetgy of about 0.23 Mev. There was 

no positron a-cti vi.ty with this isotope. A beryllium absorption 
: 2 

curve indicated a range'of about 45 mg/cm, corresponding to an 

energy of about 0.22 Mev. An aluminum absorption curve showed the 

·presence of 34 Kev x-rays vvhile gamma rays of o. 28 and o. 7.5 Mev 

were measured with lead absorbers. 

A third bombardment of La203 was made, this time with 60 M:ev 

deuterons in an attempt to prepare the parent of La13.5 -by- the d, 6n 

reaction. The 36 hour Ce137 activity was formed in such high yield 

that the Ce13.5 activity was completely masked in the gross decay 

curve but a sample of the cerium activity placed on the beta-ray 

spectrometer showed positron activity. Because of the great back

ground from scattered radiation the positron energy could only be 

estimated ·as 0.4 Mev. Integration of the area under the positron 

peaks of successive beta-ray spectrometer curves taken for two·days 
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It was impossible to 

determine any other characteristics of this isotope. The activity 

is assigned to Ce135 because it had not appeared in bombardments at 

lower energies and 19.5 hour La l3 5 could be shown to ,';row into the 

cerium fraction at a rate corresponding tb a half-life for its 

parent of about 16 hours. 

The cooperation of Dr. J. G. Hamilton, Mr. D. c. Sewell, 

Mr. J. T. Vale, Mr. T. Putnam, M:r. B. Rossi and other members of 

the 60-i.nch and 184-inch cyclotron groups is gratefully acknowledged. 

This research was sponsored by the Atomic Energy Commission under 

Contract No. Vi-7 405-eng-48 with' the Radiation .Lab oratory, University 

of California, Berkeley, California. 
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T~1BLE 1 

' Isotope Type of Radiation Half-life Energy of Radiation 

Lal36 

13.5 
La 

Lal37 

Ce139 

ce137 

Ce 13.5 

@ 
+ 

K, y 

'K, Y, e 

K, Y, e-' 

~-
+ 

2.1 hrs. 

19 • .5 hrs. 

:> 400 yrs. 

140 days 

36 hrs. 

16 hrs. 

. ___ j,.g JI!LGY __________ _ 
Particler Electro

: magnetic 

0.84 

Hone 

0.1.5 

0.18 

·- I. 

None 

o. 7 6 

0.18 
1.8 

0.28 
0.7.5 

-t·Bombardment energy 30 Iv1ev a • 
..\k7. Bombardment energy 20 Mev deuterons. 

tBombardment energy 40 Mev deuterons. 
tT Bombardment with 40 Mev deuterons 

Produced by 

cs133 (a, n} 

cs133 (a.,2n) 

decyy
7

of 
Ce :; 

Lal39 (d, 2n) 

La l3 9 ( d, 4n ) 

La 13 9 ( d, Gn) 
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Cross section 
24 2 

x 10 em 

0.0003~ 

0.03¥. 

o. 09~;:1<' 

o. 06 -~-
0. 002 * *-
0. 04t·-t 

.. 
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