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ARTIFICIAL RADIOACTIVZ ISOTOPE3 OF CJQIUM PND LANTBANUM ”

James B, Chubbuck

Radiation Laboratory, Un¢vers1ty of Callfornla
Berkeley, California

\

ABSTRACT

A description of some bombardments performed with the 60-inch
and 184~ihch cyclotrons at Berkeley, These bombardments resulted
in the production of the following isotépes: 19.5 hour La135
which decays by orbital electron capture and emits gamma rediation of
0.76 Mev energy; 2.1 hour 18156 which decays by positron emission,
the positron having 0,84 Mev energy; 1al37 which has a half-life
greater than 400 years; 16 hour 03155 wh ich decays by positron |
137

emission; 36 hour Ce which decays by orbital slectron capture

emitting conversion electrons of 0,18 Mev energy and gamma radiation

159 which decays by

of 0,28 and 0,75 lev energies; and 140 day Ce
orbital electron capture emitting conversion electrons of 0,15

Mev energy and gamma radiation of 0,18 and 1,8 Mev energies,

To be used as Thesise

Contract No, W-7405-eng~48,
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' OF T.IE DiSTRIJF ENGINEER
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James B, Chubbuck

Radiation Laboratory, University of California,
Berkeley, California

INTRODUCTION

In this thesis are descrlbed some studies of the radioactive
1sotopes of cerium and lanthanum lying on the light or neutron-
deflolen+ side of stability, It was only with the development of
the large accelerators at Berkeley that it becamne pos31blo to inves-
tigate isotopes far on the light side of stablllty and these are, of
course, of interest as new nuclear types. The high energies required
for the bombarding particles were not heretofore availsble, The

159 with deuterons, for

production of cel35 by bombarding stable La
example, requires knocking out six neutrons, the (d,6n) reaction, 4
further point of interest for the particular isotopes investigated'
here lies in the"fadt that the fast particle fission of bismuth’has
produced neutron-deficient radiocactive isotopés in this region and
the studies in this paper héve helped to identify some of thsse,
Fina;ly, these studies fill a few gaps in the table of isotopes and

thus pive a better picture of the distribution of half-lives and
decay properties on the light side of stébility.

In these studies radiocactive isctopes of cerium were produced by

bombarding lenthanum with deuterons in both the 60-inch and 184-inch

cyclotrons., Those of lanthanum were produced both by bOmbarding

cesium with helium nuclei in the 60-inch cyclotron and by the decay
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of orbital electron capture or positron-emitting isotopes,

135
137

and La156 are
138

In Chapter I, two isotopes of lanthanﬁm, La
assigned characteristics previously assigned to lLa and La
‘respectively and further characteristics are reported for each,

Lal37 is digcussed briefly. Evidence is presented for the mass assign-
ments made, Both La135_and La136 were produced by bombardments in
the 60~inch cyclotron, Lal35 was also produced by the decay»bf the
positron-emitting Cel35, |

135

Chapter II is concerned with two new isotopes of cerium, Ce’

137

and Ce , and‘evidenoe is given for their mass assignments, Both
cerium isotopes were produced in the 184-inch cyclotron., Further
characteristics of cel?? are given, This isotope was produced in bom-
bardments with the 60-inch cyclotron,

Chapter III conéists of é summary, and yield.data for thervarious
bombardments are tabulated.

These experiments were performed under the direction of Dr. I.
Perlman, to whom I am indebted for his continued interest and assis-
tance, 'I wish to thank Dr. G, Wilkinson, Mr, H. Hicks, Mr, R. H,
Goeckermann, Mr, M, Lindner and otherrmembers of the chemistry
section for their help and suggestions. I wish also to thank Dr, J,
G, Hamilton, Dr, D. C.~Sewell, Mr, J. T..Vale, Mr. T. Putnam and Mr,
B. Rossi for cooperation in operating the 60-inch and 184-inch cyclo-
trons, This resecrch was conducted under Contract No, W—7405-ehgo48
in connection with the Atomic Energy Commission with the Radiation

Laboratory, University of California, Berkeley, California,
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CHAPTER I

ARTIFICTIAL RADICACTIVE ISQTCPES OF LANTHANUM
James B. Chubbuck

Radiation Laboratory, University of .California
- Berkeley, California

INTRODUCTION

On the neutron-deficient side of stability two radiocactive

isotopes of lgnthanum, Lal’ v and la are reported in- the
| (4) 1 |
literature but more recent evidence gshows Lalj8 to be stable and

present in nature to the extent of 0,089 per cent. No lighter

137
a is re-

isotopes of lanthanum have previcusly been reported, L
ported in the references above to decay by orbital electron capture
with a 17.5 hour half-life and to have gamma radiation of 0.88 Mev
enefgx. It was precduced by the reaction Ba(d,xn),. Since barium has
five steble isotopes, this mass assignment could easily have been in
error, Evidence will be presented below for assigning these charac-
teristics (with\some changes) to the mass assignment Lalzs, La138
reported above is assigned a half-life of 2.2 hours but no other
characteristics aré given, Evidence will be given below for the as-

156 and further charac-

136

siznment of an activity of this half-life to la

¢ould have been
(3)

produced in the bombardment of Pool, Cork and Thornton .

teristics will be given, It is not clear that la

~In all bombardments of'lanthanum with deuterons to produce

. . L} N O

cerium isotopes by the (4,xn) reaction appreciable amounts of Lalf
were produced by the (d,p) reaction, Thi s isotope is so well~

(5)

known that it has not been discussed in this thesis,
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The higher energies now available with the 60-inch and 184-inch
cyclotrons permit the bombardment of cesium with helium nuclei to
produce lanthanum isotopes by the reaction (a,xn). Since there is
only one isotope of cesium present in nature, difficulties of working
with an element like barium with its five stable isotopes are

avoided,

’ BXPuRIMENTAL

The cesium sampies used were in the form of CsNO,, .prepared by

33
A, D, Mackay Co, an stated to he bf‘greater than 99% purity. Spectro-
graphic analysis showed'rubidium to be present to the extent of less
than 0.5% so the cesium was assumed to be of sufficiently high purity.
Any appreciable content of rubidium would have greatly comblicated the
chemistry by producing isotopes of yttrium in the bombardment. The
separation of yttrium and lenthanum is time-consuming, and since
short-lived lanthanum isotopes were sought, it was essential that the
cesium be of high purity,

| Cesium in the form of 1,13 ems. of dry, powdered CsNO, was
mounted on a copper backing plate of the 60-inch cyclotron and covered
with a 28 mg—;/cm2 aluminum foil., This foil was ch@sén of proper thick-
ness to reduce to 30 Mevy the normal beam of 37 Mev helium nuclei. The
dry, powdered crystalline CSNO3 Qas pressed into the central deprsssiom
of the backing plate end the Al foil placed over it. With the Al foil
cemented along the edges of the centrai depression; no diéplaoement

or logs of the target material dus to handling was observed,

[0]
(¢

The sample was bombarded with 30 Mev helium nuclei for two hours,

Immediately after the bombardment the target msterial was dissolved in
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water and barium and.lanthanum carriers were added. The soluticnu
was then saturated with HC1l gas in an ice bath, ethyl ether was added
and the solution shaken, The precigitated 380%2 was filtered out,
both the precipitate and filtratc being reteined, The filtrate was
diluted with 10 ml, H,0, made alkaline with concentrated NH,OH and
the lanthanum precipitated as the hydroxide, The La(OH)3 was washed
several times with cold HI,0 and dissolved in a few milliliters of
concentrated HCl., Barium carrier was added again and the precipita—

tion of BaCl, with HCl gss and ethyl ether was repeated, This cycle

2
was repeated a third time and the lanthanum‘again precipitated as the
hydroxide, After‘washing several times again with cold HpO, the
La(OH)3 was dissolved in thrse ml of 6N HCl and this solution used as
stock solﬁtion for preparation of samples for deday curves and absorp—‘
tion curves, The chemistry of this bombardment would have been more

precise, and less chance for contamination of the lanthanum introduce

- if the lanthanum had been precipitatcd as LaFB. However, no éompli~

cations were evident, /

The Ba012 from the first pfecipitation was retained so that its

activity might be chécked, Results are discussed helow,

COUNTING EGUIFMENT

Electrons and clectromagnetic radiations were counted with
argon-ethyl alconol filled Geiger tubes having mica‘windows of about
3 mg/cfn2 tnickness, The pressure in the tubes was 10 cm of Hg, 95%
of the preSsur;)being produced by pure argon and 5% by the ?g?yl
alcohol vapor . Gecmetry factors were assumed as follows :
first shelf 30%, second shelf 10%, third shelf 5%, fourth shelf 2%
and fifth shelf 1%.



UCRL-109
Page 9

Positrons and ncgative electrons were differentiated with a
‘magnetic oountér, with which the paths of emitted particles are bent
by a magnetic field so as to direct ths particles into a Geiger tube,
Reversal of the direction of the magnetic field pcermits the differ-
entiation of positive and ncgative electrons, The mognetic counter
also permits an estimation of the energies of the particles., By
varying the magnetic field from zero to some maximum valué, at the
same time recording the number of counts for the applied magnetic
" field at that particular time, a curve is produced starting at the
counter background, rising to a peak(point of maximum counts) and
descaending to the background. In this papef energies of positrons
have been taken as the energy at the visual end point of the magnetic
counter curves, Visual end points sclected . are indicated on the
appropriate figures. vCalcul&tions of energics were made from the
formula H p (in gauss-cm) = (104/3)(132 + l.OZE)l/E, where E is in Mev,
The cnergy of conversion electrons from orbital clectron capture
isotopes was taken as the enczray correspondihg to the peak of ths
curve, since these clectrons are homogenecus in energy and nct dis-
tributed as are the cncrgies of § particles.v The magnetic counter
also shows when there are no cherged particles being emitted from a
radioactive isotope. The use of this function of the megnetic
counter will appear in the results to be discussed below, The egnergies
of positrons and conversion clectrons wers also detsrmined by beryl-
lium absorption curves. In fact, the encrgies as determinsd from
absorption curves arc probably more accurate, since the magnetic
counter has not been cal ibrated, Counting efficiency of electrons

was teken as 100%.
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The energieéiof electromagnetic radiations (X-rays and gamna rays)
‘were determined by absorption in aluminum and lead.

The determination of the presence of L x-rays was made in only
one case, Lal35, since their energies in this region of the periodic
table are so low, about 5.2 Kev, that they are usually masked by
electron radiation. K x-rays and gamma rays up to 0.5 Mev energy were
assumed to have a counting efficiency of 0.5%; For energies greater
thanp 0.5 Mev, the counting efficiency in per cent was assdmed equal
to the energy in Mev, i.,e,, a gemma ray of 0.75 Mev ensrgy was as-
sumed to have a counting efficiency of 0.75%(9).

For all absorpticn curves roproduced in this paper, correcction
has been made for the mg/om2 equivalent of the counter window, the air
gap bectwsen window and sample and the materiel covering the sample,
The Samples are assumed to have been sufficiently'thin to require no

correction for self-absorption.

CROSS SECTION MIASUREMENTS
Cross sections were calculated on the assumption that the target
was tnin'and that the beam intensity was not diminished appreciably
by the sample. The total beam curreant for the bombardment Was ob-
tained from thé cyclotron records, the number of atoms bombarded was
calcuiated from the knowin welght of the sample and the nuamber of atoms

~transmuted was estimeted from counting data.

RESULTS
136

2.1 hour La . A sample of the lanthenum ffactibn from the

irradiation of cesium with %0 Mev helium iopns was followed in its

decay, resulting in the dccay curve shown in Figure 1. This resolved
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into 2,1 hour and 19,5 hour half-lives, DBoth of these poriods, .there-
fore, must belong to isotopes of lanthenum of mass number 136 or
lower,

Immediately after the lanthaﬁum was separated a sample was
pléced on the megnetic canter end a well-deflned positron peak was
observed, This peak is reprpduced in Figure 2. The samc sample
showed no ncgative particlces, The visual end point correspondcd to an
energy of 0,82 Mov, 4 beryllium absorption ¢curve, corrected for
decay of the sample during the time necessary to take the absdrption
data, is shown in Figure 3, 4 part of the curve does not appear but
the line indicating the geamma background is as shown, The high
gamma background is caused by the gamma radiation of the'l9.§ hour
| La136 also present.l A Fsather analysis of this curve gives a renge
in beryllium of 310 mg/cmz, corresponding to an cnergy of 0,84 Mav,
Allowing more weight to the range detcrmined by the Feather analysis,
we take the energy of the positron as 0,84 Mev,

An aluminum absorption curve corrected for dsecay was also taken
shortly after the bombardment, while both components were still |

. ) \

present., This curve, Figure 4, could not be accuratecly rcsolved in so
far as the gamma radiation wss concerned, Hstimating the position
and drawing the linc for the gamma ragdiation at the propcr slopé for
the 0,76 liev gamma determined in the lead absorption curve, Figure 6,
T rcsolve K x-rays of about 34 Kev, Part of the curve is off the
paper, but the,curvature oontinues'sd the missing part is of no help.
The 0.84 Mev positron caﬁses the curve to rise 50 stceply at the ieft,

- \\
and on an expanded scale the positron could be resolved,

- ~
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A beryllium absorption curve was takcn about twenty-four hours

after the bombardment, when the 2,1 hour activity had decayed through
about cleven half-lives and could be assumed to have disappearcd,
This beryllium absorption curve is shiown in Figur6‘5; It is iﬁa'
mcediately apparént that there are no particles present in the radia=-
tion. The curvature is scen to be zdﬁe to L x-rays., The counting
efficiecncy of particles, too, is so much hiéher than that of'gamﬁa

radiaticn that the curve would have dropped much mor¢ before leveling

th at the gamma background if any particle radistion had been presenﬁ
It is evident from this curve that the positron bclongs to the short-
lived component, |

| A comparison of the beryllium absorptiocd curvs containing both
lanthanum components, Figure 3, with that'Cbntaining Lé;35.610ﬂ6s
Figufe 5, shows that all thec electromegnetic radiation in Figﬁre 3
bslongs to the La155. In arriving at this_conciusion allowance was
made for difference in sample size and decay of the Lal?> auring the
time between the taking of the two cuyrves., Thus the 2.1 hour La156
’has no eiectromagnetic radiation, |

A lcad absorption curve taken at about this same tiﬁe is shown
in Figure 6, A small part of this curve does not appear, This
curve resolves into two components, the K x-rays and a‘gamma radia-
tion of about 0,76 Mev,

I conclude, therefore, that the 2.1 hour activity is the
positron—emittcr; and that nd other radiation is associated with 1it,
It will be noticcd.that Xffays are ﬁore abuﬁdant than gamina rays Dy
a factor of about 50, In other words, there is only about one gamma

ray'for each 50 disintegrations, ‘
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The Table at the end of this paper shows the yields in terms
of cross scctions for the various bombardments performcd, From this

136 oo )
table it appears that La 5 (2.1 hour activity) was formed in about

135

1/100 the yield of the La (19.5 hour activity). With the energy

of helium nuclei employed, the (c,2n) reaction is more prolific than
the (a,n) reaction(lO). I conclude that the 2.1 hour activity was
formed by the (a,n) rcaction and assign it to mass number 136, The
fact that Lau]136 is an odd-odd isotope is further evidence that the
mass assignment is correct, sinée odd-odd radioactive isotopcs in this
region of the pericdic taple may be cxpected to have greater decay
cnergy and thereforec to decay by positron emission and to have shorter
half-lives than adjacent odd-cven isoto?es.

' La136 is, therefore, a positron-emitter, the positron has an
ecnergy of about 0,84 Mev and there is no other radiation.associated
with the isotops, It has a half-1life of 2.i hours,

. 6 '
19.5 hour Latd%,  The discussion of La13 above has brcught out

‘ |
the charaqteristics of LalzB. It is assumed to decay by orbital

electron capture, although the proper absorbers were not avallable to
determine the elemcnt to which the x-rays belong.
This same activity, or ap least an activity of the same half—

GelﬁB, to be discus-~

125

life was found in thc decay of a cerium isctopc,
sed below, Successive separations of thc 1an%hanum daughter of Ce
all showed thes 19.5 hour activity. Since 09136 is stable the 19.5
hour activity could not have been its daughter.

I conclude, thorefore, that the 19.5 hour activity decays by
croital electron oapfure and cmits the following radiation:
L x-rays and K i-rays which arc in agreement with velucs for barium,

and gamma radiation of about 0,76 Mov cnergy. I assign it to mass
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number 135,

;g}él. In Chaptsr II, the radioactive isbtopevof cerium assign-
¢d to mass number 137 is discussed, The‘lanthanum daughtef of this
isotope was very low in actiyity. Successive long counts in the
Geiger counter showed only 446 édunts per minutc above background,
Gonsidering the activity of the cerium parent and its half-life, I
conclude that La137 is quite long-lived, with a haif—life of mora
than 400 years, if its radiation can bsg detected.- This estimation of
half-1lifc is based on a comparison of gamma radiation counts of
parent and daughter. Its activity waé so low that no other character-
istics could be dctermined, It probably decay s by orbital cglectron
capturec, |

The barium activity produced in this bombardment was followed
in its decay and found to have a half-life of about 39 hours, This
is obviously Bals3 produced b{é?he rcaction GslBB(a,an)BalBB.

This isotope is so well-known that it is not discuséed hecre, I

calculats a cross section of 0.000732:10'.'24 cm2 for the formetion of

this isotope, This is probably a combinetion of two rcactions,
133

133

BalBB-formed dirsctly by the (a,p3n) reacticn, and Ba produced by

the decay of Lal33 formed by the (a,4n) reaction. Ia is probably

very short-lived and would havc decayed to Ba133 before Geiger

counts were taken.,
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CHAPTER IT
ARTIFICIAL RADIOACTIVE IS0TOPES OF CzRIUM

INTRODUCTION

Scaborg?s Table of isotOpes(B) reports Cel40 ﬁo have an excited .
state, dccaying by isomcric transition to the ground statc with a
half-lifc of 140 days, emitting garma radiation of 0,21 Mcv cncrgy.
Morc recent evidenée(ll) shows that x-rays also\emitted‘are those of
lanthanum, and that, therefore, this isotopc is properly assigned to
Ge159, which decays by orbital electron caﬁture t o stable La139.
Bvidcnce will be given below to show that ﬁhis isotope also cmits
conversion clectrons and that the cncrgy of the gamma radiatibn is
more ncarly 0.18 Mcv., Cel3? is roported(l2 to be a positron emitter
with a half-life of 2.1 minutes but this is believed to be in error,

Two new isotopes of cerium, cet?? and 06137, arc discussed and
evidence is given for their mass assignments, Radiation character-
istics arec given for 09137. As will be seen below, Ce155 was
produced 'in such low yicld that it was impossible to dotermine its

characteristics, other than to say that it is a positron emitter of

about 16 hours half-lifc.

It should be rcmarked tiat Ce156, 06138, cot40 ang cel4? are

(5)
all stabls .

EXPERIMENTAL
The lanthanum samples bombardcd with deuterons to produce
cerium isotopss by the (d,xn) rcaction were in thce form of La203,'

prcparcd by roasting La2(0204)3. The lanthanum oxalatec was prepared
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by Daane at Iowa State College and is stated to be "belioved
very purch, It is stated thet the lanthanum oxalats might contain
as much as 1% Cc0,. When bombarded in the 60-inch cyclotron the
Lay03 was mountcd as described above for CsNOB. When bombarded in

the 184-inch cyclotron the Lay0, wes mounted on an aluminum plate

which in turn was attached to tie probe of the 184-inch cyclotron,
For bombardmcnts in the 60-inch cyclotron a 0.00025 inch thick tanta-
lum foil was used to cover the target material, In the 184-inch |
cyclotron bombardments a 0,001 inch thick aluminum foil was used,
Tmmediateély aftor the bombardments the target matoerial was dis-
solved in about three millilitcrs of 6N HNO%; Cerium carricr was
added, the solution was mede up to eight ml with concentrated HNO;
and solid KBrOB was added (and dissolved) to oxidize the cerium'to
the ceric state, The solution was placed in an icc bath, HIO3
wés added and.the cerium prceeipitatsd as Ce(IQ3)4. After stirring
in the ice bath for two minutes the ceric iodate was centrifuged out
and washed with Heo;v The ceric iodate was then dissolved in dne

drop concentrated HC1l, onc drop H202 and éight ml of concentrated

HNO Lanthanum carricr was added and the oxidation and precipita-

3
tion of the cerium wzs repcatcd, This cycle wes performed five times
to insure the purity of the cerium fraction, After the fifth pre-
cipitaticn agd wéshing of Ge(I03)4, the ceric iodate was dissolved

in one drop of concepgtrated HCl, one drop of H,0,, and four ml of
concontrated HNOz. The solution was diluted to ton milliliters with

Hp0 and'Ce(OH)4 was precipitated with concentratcd NaOH., The

hydroxide was washed with HoO and dissolved in one ml of 6N HC1,
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The solution was diluted to ten ml and residual lodatc wasvreduced
to iodide by bubbling 802 gas ‘through tne solution. The cerium
was precipitated as the hydroxide’with concentratcd NH4OH, the
CG(OH)4 was washed with Hp0 and thgn dissolved in thrce ml of 6N
HC1l, This last solution was used as.stock solution from Which
aliquot portions were taken for decay and absorption mcasgraments.'

Counting equipment used was the seme as that described in-

Chapter I,

RESULTS

140 day cet??, 1a 03, 0.855 gms, was bombarded for two hours

2
with 20 Mev deuterons in the 60-inch cyclotron. A -sample of the

cerium fraction wes followcd in its decay resulting in thc dscay
~curve shown in Figure 7. It will be seen thatlpoints arc widely
gscattered, This %s belicved -due o having to usc some six dif-
ferent Gelger tubes during the time of the decay, Scaborgts Table
of Isofopes(E) reports thg half-life to be 140 days., This wés
assumed correct and the lince representing the long-lived component
was drawn with this slope.

The decay curve rcsolves into two componcnts, the 140 day 09139
and a 36 hour éctivity which is assigned to Cel3! and discussed in
detail below. | |

A sauple of the 140 day activity was placed on the s gnotic
counter two months after thc bembardment, A well-defined conversion
electron peek wés formed, Yo positron activity was indicatcd. The
magnetic countcr curve is shown in Figure 8, Taking the encrgy at

the peak as the cnergy of thc coanversion eslectron, I find 0.15 Mev,
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"From & beryllium absorption curve takon after decay of the 36 hour
activity, Figure 9, I estimate thé range of the conversion clectron
to be about 30 mg/cmz. This also corrcsponded to an.cncrgy.of
about 0,15 Mav,

A lcad absorption curve téken after decey of the 36 hour activity
is shown in Figure-lo; In this curve sufficient boryllium was
placed below the leéd to absorb the conversion clectrons and suf-
ficient beryllium was placed above fhe lead to absorb photoclectrons
knocked out‘of the lead by gamma radiation. This léad absorption
curve resolves into K XQrays, gamme. rediation of about 0,18 Mov and
gamma radiation of about 1,8 Msv cnergy. |

A bombardment of laenthanum with 40 Mev dcutcrons, ‘discussed
belowz.prbduced the 36 hour activity in far greztor yicld compared
to the 140 day activity than did the 20 Mev dceutcron bombardment,
The two cerium activities cannot, thercfore, be isomcrs. I conclude

that the 140 day activity is formed by the (d,2n) resction and assign
it to CelB9.

| 06159, then, decays by orbitél clectron cepturc with a half-life °
of 140 days and’emitsAoonversion slgctrons of 0,15 Mev, K x-rays

of lanthanum and gamma rediation of 0,18 Mev and 1,8 Muv cnergy.

137

36 _heour Ce . Laos0 0.250 gums, was.bombarded for one hour

3" v
and forty minutes with 40 Mev deuterons in the 184-inch cyclotron,

A sample of the cerium fraction was followed in its dccay, resulting
in the decay curve shown in Figure 11, A sample of the same cerium
fraction placed on the mzgnctic countsr gave a well-defined cornversion

eléctron peak, shon in Figure '12. There was no positron activity
with this isotope. Taking the energy at the peak as the energy. of

the cohversion electren, I find about 0,23 Mev,



£ L)

e

% BRI RN RA R T s
BRI AR o avdn AR R e 1 et
O {5 oS e e T ) |
hC?.;. 100 T W A O RO (N R P . 4 : R )
R B ] A AT T . TR
TR AT i T T
s> 3 pha A g T ami ks R
il 9 ST - : - S
RN T AR T
U / PR N J N . dad- 4l
W
0

7¥0 786

/Z_O )
mgs/em* Be

o

L] RN ERRNRHI NN - i
] KR ERRRRNDERIIHI TS
] i i iRl
i THsITA U A 0 Y 0
i SRR IS RBEEN R TR
I [ TAne i . G T O T
__ | 2N " - BN NG U DR PRI S O O
iy AN # . i
1 i 1 ERE N ixs K

65

LLLL n;..._._._...ﬁﬁ 1T|1

* @ o I T ) 0t O R A NEAS AN E .

FHi

M/ \
© w + %M h\\rh




/0

——

A

of /40 a’a] Ce/37

b absorptriorn curve

T Py
- i I
RN RS _v
I B i
ﬂ.w_.A ;
ﬁ,_.i Vi
. \
he ey 414
[N S 4
i ~..N 1
; !
vt J
f IR .. '
. Dy
i .m;“* W
He |
i Py : A
. G chiy
. i dad
! ol
-t “.».»
3 yoeoa
1 i Ag
T
ootk
caoa e
i
]

[ L

t e o
14 Pt
i Coae
L t
T T
{ m“a._
tH ER Y
i ok
[ PR
- Coe -
. .‘_”
T

L

44

L

P

L

i

PR

4

P

T

:

G
|
——t
el
4o
i '
. t ’
!
[
v
: X o
+ om. + 1
; i
il i




B IR FENGN SR NN FEENES KNS SERN SN
7] Decay curve of 36 hr Ce™7
P N
SRS Bl S
""" e I
% AAAAAA
| B A
4 4 e ——t 1 7 . 1.
N ERRREE R RE A ERREES SRS ERRRS T U EESEITS SRS NI SH
P2 BN BN — Rt e
19 76 7




8 oS S s s S Y I R IS )
R ERE S e ST MO i -t Magnetic counter conversion
i e NI Isss —,‘ clectron curve of 36 hr Ce 37
S peak af 0/35 Mex
b o : F/;g-//jé.‘ ‘/;’:_

OB Gt el §

Actrvity

bl b e ] el st
- g 7792 2688 3528 ¥#8o
O : ,



UCRL-109
Page 19

A beryllium absorption curve is shown in Figure 13, A part of .
this curve docs not appcar, but the missing part doss not affeet
the figure or rcsoluticn therefrom, From this curve I estimate the.

range of the conversion electron to be about 45 mg/cm2

, corresponding
to an eacrgy of about 0,16 Mcev,  Allowing more'weight'to‘the encrgy
determined from the beryllium absorpticn curve, I take the cnergy of
the conversion electron to be about 0.18 Mav,

An aluminum abeorption curve 1is shown in Figure 14, 4 part of .
thié curve doces not eppear in the figure, From this curve I resolve
54'Kev x—réys.

A lead absorption curve for this isotope is shown in Figurc 15.
This curve rcsolves into two components, gamme radiation of 0,28
Mev and O.75vMev eneréy.

cel37, then, decays by orbital electron capturc with a half-life
of 3b hours, emits convorsion electrons of about 0,18 Mev, K x-rays
of ianthanum, and gemma radiction of 0.28 Mov and 0,75 Mev encrgy.

It was formed by the (d,4n) resction,

135

16 hour Ce 77, La,03, 0.253 gms, was bombarded for two hours
with 60 Mev dcubcron® in the 184-inch. cyclotron, It .was hopcd that
. . 1 . . .
an apprcciable yield of Ce 55 might be obtained by the (d4,6n) rsaction

but results were disappointing. The 36 hour 69137

activity was formed
in such high yicld that the Cels5 activity was completely masked in
the dccay curve, 4 gross decay curve of tho.cerium fraotion of this
bombardment was exactly like thet shown in Figure 11,

A seample of the cerium fraction placcd on the magnetic counter
showed positron activity, howocver, A representative magﬁetic counter

\

curve is shown in Figurc 16, The high background ig due - to
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scattered radiation. The decrcasc ih background as magnct currcnt
increased ié duc to charged perticlss being curved intb smaller and
smaller circles so that they no longer rcached thc counter tubs,
The generally high background, much highcr than in othor magnetic
counter curves shown, wes also caused by the use of a high counting
ratc, This high ratc was ncecssary in order to rcsolvc the positron
pcak, Teaking the cnergy of the stitrdn as that at the visual cnd
point; I cstimate thc positron to be of about 0.39 Mov Gncrgy.
Succcssive magnotic counter curves wore tekon for approximately
two days. Integration of the arcas under the positron pcaks s the
activity decayed rcsulted in the scattering of points shown in Figure
17, Through these points I have drawn the rcpresentative linc shown
and estimstc the half-life to be ¢ bout 16 hours,
It was impossible to detcrmine any othcr characteristics of this
isotope,. This’activity is assigned to 06155 bécause it hed not
appeared in bombardmcnts at lowcr energiss, Furthor evidénce for
this mass assignment appeared when the lanthanuﬁ deughter of the
activity was separatcd, This daughter activity decafad with a 19.5
hour half-life, cxactly that bf ths lanthanum aoti&ity assigned above

to La155
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CEAPTZR III
SUMIIARY -

In the Table at the ond of this thesis is a tabulation of the
datavobtained in the verious bombardments discusscd above, |

In general, cross seotiohs were calculated on thc basis of the
K x-rays cmitted, Counting efficicncy was assumed, asvmentioned
above, to be 0.5%. No calculation of cross section could be made
for 06155 because of its low éctivity and lack of knbwledge of the
dccay schonme, |

It is apparent that bombardments: of cesium with high@r cnergy
helium nuclei in thc 184-inch cyCiot:on would probably producec
still lighter isotopes of lanthanum with half-livss which could be
observed. Lal§4, an odd-odd isotope, would p?obably be a positron

emitter and might be. very short-lived, La133

, bowsver, would probably
have an easily obscrvablc half-1ifs of an hour or two, Competingb |
reactions, spallation for exemple, might reducc the yields of these'
lighter isotopes with bombardments at cncrgics of ebout 100 Mev or
highcr. |

Similarly, bombardmcnts of lanthanum with higher encrgy deutcrons
would probably produca lightér cerium isotopes.with obscrvable half-
lives, Cell4, for excmple, might bc expected to have a half-1life of
several hours, Again, competing rcactions would probably rcduce the

~

yiclds,
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"~ Teble
Isotope| Tvpe of | Half-life|Energy of Rcdlﬁtlon Isotope| Produced by { Cross scgflon
Radiation) in Mev xlO24 cm
. 7
{Particle mloctro—
‘ magnetic
a8 1g* 2.1 hrs |0.84 | Nome 1a™®® 1¢s®%(a,n) 0.0003
La135 G EY 19.5 hrs {None 0.76 1at%® 135(a,Zn) 0.03
La157 400 yrs »La137 decay of
- B 2z
139 Ig,v,e 140 days [0.15 0.18 cet® 11a'®%(q,2n) 0.09
1.8
e lx,v,e” |36 nhrs  l0.18  |0.28 cet® 11a1%%(4,4n) 0.06
' 0.75
cetd® " 16 hrs e t30 139(d 6n)
8% 10513 (q,p3n) | 0,00073

and decay of

LalSS pro-

duced by

Cslss(a,4n)
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