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SPECTROMETER STUDIES OF THE RADIATIONS OF
NEUTRON DEFICIENT ISOTOPES OF CESIUM AND
OF THE E3 ISOMERS, XelZ2Tm and Xel25m -

. Hirdaya B. Mathur* and Earl K. Hyde
Radiation Laboratory and Department of Chemistry
University of California, Berkeley, California

Jénuary‘ZS, 1954

ABSTRACT
e e 127 e s _ N
Cesium isotopes produced by I~“'(a,xn) type reactions in the 60=-inch
and 18h-inch cyclotrons were bstudied in Geiger counters, a mass spectro=
‘meter, beta ray spectrometers, a sodium iodide crystal scintillation

-

“gpectrometer and a gamma-gamma coincidence spectrometer. The mass assign-

7

ment of 30 minute Cs130 was verified. The 6.25 hour Cslz was shown to

decay predominantly by electron capture but also by the emission of

positrons of 1.063 and 0.685 Mev energy. Prominent gamma rays of 61,

125 and 406 kev are observed. Cs127 exhibits branching decay to 75 second
12'm . _ - s . L C e . .

Xe in about one disintegration in 10 . This jsomer was isolated and

studied in a scintillation spectrometer. E3 radiation of 175 kev connecting

and 4 levels is followed by 125 kev ML radiation corresponding to &

125

By1/0 5/2

d5/2—d3/2 transition to the ground state. Forty-five minute Cs is shown .

to decay predominantly by electron capture and also by the emission of
positrons of 2.05 Mev energy. Other lower energy positron groups are-

present. Prominent gamma rays of 66 and 112 kev are observed. In one

3 25m

disintegration in about 10-, 05125 decays to a 55 second Xel . This isomer

emits gamma rays of 75 and 110 kev which are believed to be E3 h and

11/2“d5/2
M1 d5/2~d3/2 transitions, respectively. An incomplete study of Csl23 shows

it to be a 6 minute positron emitter.

*On leave of absence, Department of Chemistry, University of Delhi,
Delhi, India.
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SPECTROMETFR STUDIES OF THE RADIATIONS OF
NEUTRON DEFICIENT ISOTOPES OF CESIUM AND
OF THE E3 ISOMFRS, XelZTm and XelzZim

Hirdaya B. Mathur* and Earl K. Hyde
Radiation Laboratory and Department of Chemistry
University of California, Berkeley, California

. January 25, 1954

I. INTRODUCTION

_:Thiswreport“COchrns a study of somerneutrOn—deficient isotopes of cesium
prepared by”bombar&mept*bf iodine With'high energy helium ions; The prinpipal
127 and Csl?5 althoﬁgh some preliminary data 'anCs123 |

130

emphasis is on Cs ‘and a
confirmetion of the mass assigmment of Cs
CS"127

are also reported. The work on
represents-a considerable extension of the previous studies of Finks-
ol and Temoleton .t while 125 123 sents co |
Reynolds and Templeton;” while that on Cs and Cs™ - represents completely
neW“WDrk.'bThis report also describes a study of some short-lived isomers of

X'elz'7 and“Xelzs

127m

which appear in the decay of the cesium activities. The data

on Xe confirm and extend previous data on this isomer, while Xe125m:ha§_

rniot been reported before, Both isomers are of the E3 type. . |
The experimental results are presented and discussed first, following

which a brief accognt is:giyeg of purfqhemical methods and of the various

instruments used to study the radiations.
/

*On leave of absence, Department of Chemistry, University of Delhi,
Delhi, India.
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CIT. Mass ASéIdNMENTfOF cst ¥
Following the prellmlnary studles of Risser and Sm.lth2 and of Fink, )

Reynolds and ‘I‘empletonl on a 30 mlnute ce51um act1v1ty produced in bombard-
ments of iodine with low energy‘hellum.lons a careful study of the radia-
tions emitted by thiS“activityfmesicarried'out'by Smith, Mitchell and-
" Caird.3 There is little doubt that the act1v1ty is produced by the a,n reac-
;.tlon and hence that the mass is correctly a551gned to mass number l3O
Nevertheless 1t is probablj worth recordlng the conflrmatlon of thls
aes1gnment by the use of a mass spectrograph.

>€ Iodmne 4n the form of calc1um 1od1de was bombarded w1th 20 Mev hellum
ronS'in‘the 60&inch cyclotron. The cesium fraction was isolated in a
carrier-free form within ikhour of the énd of the bombardment and run
‘1n thewtlme;of-fllght mass spectrometer descrlbed at the end of the

"paper; ThlS work was done by M C Mlchel and D H. Templeton. The

30 minute act1v1ty was collected in the l3O mass p051t10n°

PLA wA i

IIT. THE RADIATIONS OF Cs 2 AND THE ISOMER, Xe'Z ™
'Fink,vReynolds and Tem.pletonl reported 05127 to be a positron'actiVity
with a half-life of 5.5 hours. The mass assignment was made by the
identificatlon'ofAthe 3& davae127fdaughter.\ More recently Wapstra,
Verster and Boelhouweru have studied the gamma rays of C8127 by scintil-
lation spectrometric methods and have reported gemma rays of 410 ¥ 20
and 125 * 5 Kkev.
In our experiments we noted that the cesium fraction of a calcium
iodide target bombarded with 60 Mev helium ions in the 18k<«inch cyclotron
129

was a mixture of 30 minute Cs 30 6. 25 hour Cs127 and 31 hour Cs Even
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immédiateiy'after‘bombardmeﬁt'the'majqr activity was Cs127‘and'if the
isolation of the cesium were delayed a few hours pést the end of the bom-
bardment mofE“than 90 percent of the GM.activity was 05127.

The ﬁass assigmment was checked directly by a run in the‘time—of-flight
mass” spectrometer by Dr. Maynard C. Michel. Decay curves taken with»a GM
counter uging mass separated Cs127 showed no deviation from a half-life of
6.25 * 0.1 hours in more than 4 half-lives. This half-=life is somewhat

longer than that given by Fink et al - Negligible 6.25 hour activity was

- collected at neighboring mass positions.

The=positron5“of“Cs;27 were studied in the beta ray spectrometers
briefly described at the end of this reporf. The runs were not made with
masswseparéﬁedjactivity since sources of sﬁfficient intensity gould not be

29

prepared, ~However, the presence of a small amount of Csl caused no diffi-
culty in the interpretation of data tdken on unseparated cesium fractionsf_
isolated =& few hours after bombardment. Our best runs were obtained on the
lens“spevtroﬁeter, Figure 1 shows the FerﬁiaKurie plot of'the positron
spectrum. The most energetic component haé an energy of 1.063 + 0,010 Mev.
The presence of numerous conversion electrons complicates the resolution_of
the second component and the value of 685 kev (378 kev lower in energy than
the first component) is uncertain to perhaps 25 kev. This leaves unresolved
the question whether the prominent 406 kev gamma ray observed in the scintil—

127

lation spectrometer (see below) connects the Xe energy levels reached by

these two positron groups.
Figures 2 and 3 show the gamma spectrum of mass-separated C3127 as

determined in the scintillation spéctrometer. There are three prominent

gamma rays of energies.fl, 125 and 406 kev as well as a large 30 kev peak of
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xenon‘x-radiétion.froﬁ'the eléctfon“capture:decay of 05127; The small amount
of 510 kev annihilation radiation by comparison to this peak indicates a low
B+/EC ratio (<1/15). The relative amounts of the 61, 125 and ﬁ06hkev gaﬁma
‘rayévafter‘cérrection for counting efficiency are 1/2/~5. v

g Figﬁfesvfnand{s show the" conversion electron spectrim of o2l as
sﬁudiéd‘én‘thé'magnetic dDuble=focusing speétrometér*an&‘the lens spectro=
meter, respectively. Tn Téble 1 the energies of the electrons, the
conversion shell and the energy of the corresponding gamma rays are given:-
The K and T lines of the 61, 125 and 406 kev gamma rays are identified.
COnvefsion*élebtfoﬁs of 3 or’ more gammé rays of lower intensity in the region
125 to 400 kev are present but the assignment of K and L lines is uncertain.
Nothing further-wis learned about this group since their intensity was so
“low ﬁha£1n0'furtﬁer data wis obtained in the ‘scintilldtion spectrometer or
the7coinciaeﬁce'spectrometerx'

"Mr. Frank Stephens has assisted us in éafryingrﬁut'gammaugamma ¢oinei-
dence studies-on our 03127‘préparations with' the following results: "the
125 kev radiation is mot in coincidence with the:61 kev radiation nor with:
the 406 kev radiation: It is in coincidence with 30 kev x-radiation and with
440 kev gamma radiation. The intensity of this latter was low ‘enough to '~
“explain why it s hot seen in the straight gamma spectrum rudis. The 406 kev
" radiation was not ini coincidence with 61 or 125 kev radiation, but was in
cdiﬁqideﬁée*with"30'kev'XQfédiatiOn,' Tn coincidencé ‘expériments in whick -
annihilation radiation was selected by the gate crystdal, coincidence- peaks

were Observed at 125 and 406 kev. - ¢ -
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Table 1 .
27

Conversion Electrons of Csl

Energy of - Identification

‘Electrons of * Gammaiiaiegnergy K/LM Ratio
~in kev .. Conversion Shell .
23.6: ‘Auger electrons - _ -

26.8 _ K ‘conversion ' : IR PO
o : 61 kev - -—
56.2 L conversion-
- 90.0 K econversion® _
L 125 kev 7.9
- 119 L conversionJ :
134 K conversion () 169 (2) -
161 K conversion (?) 196 (2) . -
249 . K conversion (%) ’ -
285 (1) |
280 L conversion (%) ' o
328 K conversion (7) 363 (2) -
370 'K conversion
: }- 406 6.3
L : .

40O 7, conversion

These findings in connection with the information derived from the isomer
vStudieS'to'be degcribed next were émployed in the conétruction of the proposed.
"decay scheme shown in Figure 10. We have included a 280 kev gamma ray in
levels. We probably did see the conver=

Figure 10 to connect the'g and 4

/2 5/2
sion electrons of this transition (see Table 1) but the gamma intensity was
too low for restlution from the ScintillatiOn spectrometer curves. In the
coinéidénce studies the 125-280 kev coincidence to be expected from Figure 10
was looked for.but unfortunately it was QOmpletely obscured by a large
5pqrious 125—280 kev coinciden;e resulting-from,Compton_scattering Qf the

406 kev gamma ray.
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A number of preliminary experiments made it evident that the decay of
127 R ST pie 127 o v s P
Cs to the 75 second isomeric state of Xe was slight if it took place at
all. This isomer had been reported by Creutz et al;i"who had bombarded iodide

targets with 5-6.Mev .protons. to .make xe127

by the p,n reaction. In ‘the
volatile fraction removed from the target these workers had found two activie-
ties of 34 + 2 days and 75 # 1 seconds, respectively; and assigned both to
Xe127. |

Studies of the-conversion:electrons emitted by the 75 second isomer using
a permanent magnet spectrometer with photographic emulsion detection had shown
3 groups of 91.4, 140 and'I7O kev,vresp"et:tively° The first was interpreted as
the K line of a 125 kev gamma'ray and the last two &s the K and L lines,
respectively, of a 175 kev .gamma ray. Xenon x-radiation resulting from the
conversion of these gamma raysiwas also ‘observed.

127

We were able to observe this isomer in the decay of Cs in the following

127,

‘manner. An active sample of carrier=free”Csl was -evaporated on a metal

disc and placed 1n the depre551on of the ellde of the apparatus dlagrammed in
Figure 6° The greased t1ght=f1tt1ng sllde was pushed in untll the .cesium
sample was located.in:the 1.5 inch diameter .chamber 0.25 inchfdeep.drilled in
“from the top of the block.:. This chamber,was_coveredgwith a.0.1 mil foil of
aluminum to preverit.loss of xenon.: After a growth period of 3 minutes the

' Cslzj=sample*wangithdrawn. Recoil daughter-atoms of XelZT and. Xel 7 Jected
from the .cesium source plate during the growth period remained in-the closed
chamber and-their radiations were examined with thefsodium;iodide_crystal
méuntéed immediately above the:chamber. The whole: assembly was housed in a

2 inch thick lead’ castle. The gamma spectrum was determined with the 50 channel

analyzer making runs at about 1l minute interwvals for-10 eor 15 minutes.
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Figure’T’Showswthe“spectrpm‘of'the recoil activity'obtainedvimmediately
after the growth periocd., Two gamma rays of 125 and 175 kev energy are to be»
noted as well as-xenon K X-rays. Since the decay of all three peaks followed
a 75 second decay line (see Figure_8) we have little doubt that this is the
same activity observed by Creutz et al.5 It was established more securely
that this isomer was-the product of the decay of Cs 27 by plotting the yield
of the isomer:in a 3 minute growth period as a function of the time at which
the "milking" took piace; The half=1ife of 6.1 hours so obtained as shown in
Figure'9‘c0nfirms'the*genetic relationship.

A small ameunt.of‘longelived recoil activity remains after decay of the

75 second‘Xel?7m. If we.assign ail of this to 34 day_Xe127 we can estimate

iZTm

the braHChing»Of>Cs;?7 toA3h day Xe:!'27 and to 75 second Xe to be in the

ratio of wlo”/l,
6 127m
In their summary of nuclear isomers Goldhaber and Sunyar disted Xe

as an E3.isomer with the 175 kev gamma ray indicated as an h tran51=

11/2 5/2
.tione They preferred to reinterpret tentatively thev9l kev electrons ob=
served originally by,Creatzvgz 2&.5 as L electrons of a_9§ kev ds/zdel/2 EZ
transition rather than as K electrons of 'a 125 kev transition. Their reason
for this reassignment was the nonnobservation of L electrons of the 125 ke§
gamma ray which should have been prominent (K/L ratio ~1-2) for a 125 kev E2

transition. More recently Wapstra, Verster and Boelhouwerh in discussing the

125 kev radiation prominent in. the decay of Cslz7vstated that it was probably
12Tm

identical with the second transition, 1n the decay of 75 second Xe and
that the 125 kev gamma ray represents an M1 transition g01ng to a d3/2 ground
state in Xe 27, Our results appear to confirm this 1nterpretatlon. The K/L+M

ratio of 7.9 obtained by us for the 125 kev gamma ray in the decay of 03127

is of the correct magnitude for Ml and much too high for E2 radiation.
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 The Xe results have been incorporated if the decay scheme of

' Figure 10.

25 125m

" IV. THE RADTATIONS OF Cs'27 AND THE ISOMER Xe
In the‘Bbmbardmeﬁfé 6f calcium iodide with helium ions a new positron
activity of 45 minutes half-life appeared in the cesium:fracticn when the
’éné}gy'of fheibémﬁardihg'heliﬁm ibﬁs‘wés raised to 100 Mev. One hour after
the end of the bombardmert this new ‘isotope ‘actounted for more than 80 per-
cent of the GM activity in the cesium frdction, most of the rest being
-é;25'hoﬁrﬁcs127'énq'a;éﬁélliamoﬁnﬁ 6f'31“hbur CSl29; When the xenon daughter
éétiéi%& was éépaféféd4ahd deﬁosiﬁéd on metallic counting foils by~ the
ﬁéthoas aeséribéd‘ﬁeiow,"éeéay éurves taken on a GM couﬁter?shOwed:a*" g
mixture of 18 hour %e™?? and 34 day Xe127. This suggested that the 45 min-
-ute écti§ity ﬁéé“éé125'&nahfhé?éésighméhtfwas confirmed by maSS'separétion.
A‘GM’decay durve of the mass 125 Fraction isolated with the help of M. C.
Michel and D. H. Témpleton in the time-of-flight separdtor showed & straight
'iiné,decay of 5 £ 1 mimites from an initidl counting rate of 18,000 to less
" than ldtcounts;péf'miﬁﬁte::'Thé‘dounting efficiency of thé’ 18 hour' electron
éaptﬁfevdéﬁghteiikélz5 was:véry“low in the GM tube but when the ‘sample was
vplaced:in a'ﬁﬁﬁeiéométér”“wiﬁddwless“méthane flow proportional counter a
"'dééay'liﬁe‘bf'18”hcﬁ}s*haifalife was observed.
iﬁiﬁas{poéSible'to'&éﬁéfmiﬁé the energy of the most energetic positron

group of Cslz5

by running & césium semplé in the double-focusing betd ray
~ specfrometer sféftiné"abéut 1 hour after bombardment bécause this positron
lénéfgy was grédtéfwtﬂén.thatiéf—C5127i ‘Figure 11 which shows a Fermi plot of

the high ehefg&‘%egioh“inaiéé{es'thaﬁ”thé'ehérgy of the 05125 positrons is
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2;05 +.0,02 Mev. Because of ‘the presence of:Cs127

no attempt was made to
resolve out lbwer-enefgy gomponents.

The gamma_spectrum of'mass;separated Cslz5 (see Figﬁres‘IZ‘and 13) shows
gammairays at_66'and_llZ"keV'in addition to annihilation radiation and 30 kev
Xenon X=rays. ‘prgammafrayS”of higher»energy were observed. The large
‘abundance of x-rays-as compared to the gamma rays-suggests that 05125 decays
prominently by-eieetronjcapturejbut the EC/6f branching ratio was not deter=

127

mined., As in the-‘cage of Cs
125

, gamma-gamma coincidénce studies were carried
out on Cs™"7. It was observed that the'66 and 112 kev gamma rays are not
bin:coincidenCETbut that each one is in coincidence with K x-radiation and
aléo with annihilation radiation,

- The conversion electron spectrum was not studied in detail but the energy
of the 112 kev gamma ray was checked by measurement of the K and L conversion
lines. ‘The'K/L ratio was determined as 3.6. This may.bé soméwhat in'error
since the time spent in obtaining the data made necessary rather large half-
life cqr?ections; It is believed that the 112 kev‘transition is the_d5/2wd3/2
transition in Xelzs,analogous to the 125 kev transition in(Xelz7. From
Goldhaber and*Sunyarfs6 empiri¢al curves one would expect a K/L ratio of 7;8

for an M1 transition of this energy.

At the suggestion of Dr. Ingmar Bergstrdm we made a search for an isomer

T

of Xel25 gince his study of the systematics of the odd mass xenon isotopes

as well as those of Goldhaber and H1118 indicated the probability of a short-

lived‘E3 isbmer_in X_e125 very Similar to that in Xe127. By performing

2 7m

experiments analogous tO“those described above in the Xel case we héve been
successful in the seaich for'this_isomer but bécause’the interference from
18 hour-Xe;zs'was much greater than that from 34 day Xelz-7 the results are not

quite as clean=cut.
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Carrier=freé cesium -samples isol#ed within an hour of the end of bombard-
ment from calcium iodide targets bombarded with’lOO Mev protons were ‘inserted
in the depression of the sllée of F 1gure 6 and pushed into the -inner” ‘recoil
collectlon chember for one minute’ growth periods. Immediately after-the-
cesium‘soerce was removed the gamma spectrum Of the Xenon daughter recoil
activity was studied with the-sodium iodide 50 channel analyzer. The '
registers were ?hofographed wi%h a Leica camera at 12 second intervals over
a period of several minutes without disturbing the count switch. By sub=
traction of the dial readings of one negative from that of the next the
spectrum-during anybbaftieular 12 second period could be reconstructed. The
upper curve of Figure'lh shews the spectrum integrated over the first one
minuté while the lower curie shows the spectrum of the second minute's run,
Tt is séen that gamma. rays of 75, llO,e187 and 245 kev as well as 30 kev
'xeradiation:are present. |

A& shown in Figure lSthe'areas under the x-ray pesk, the 75 kev peak
- and the 110 kev peak decay initially with a half-life of 50-60 seconds and
this decay in all likelihood is correctly assigned to X125, (The longer-
1ived componen% in the curves of Figure 15 is based on -points not shown.)
Part of the radiation at these energies—and'most or all of it at 187 and
" 245 kev is due to 18 hour Xe 2’ as will be discussed a little further on.
| We are incliﬁed to the view that the T5 kev peak in Figure 1L fepreéents

‘the E3 transition h and*that'the liO’kev'peak represente'the M1

11/2 5/2
/2 3/2 transfc:.on° The relative areas of the two peaks ‘indicating higher
“converS1on of the 75 kev gamma support this view, Also,-if the 110 kev peak
125

here can be 1dent1f1ed with the 112 kev gamma seen promlnently in Cg’

samples the high K/L ratio would be inconsistent for an E3 or E2 transition:



UCRL‘2M69
~13- '

However, the assignments cannot be regarded as proved. One disturbing factor

127m

is the fact that the half-life of this isomer compared to Xe is shorter

even though the energy of the transition is somewhat less,

One difficulty in the further study of the isomer is the low branching
25

ratio for its production in the-decay of Cs:L . This branching ratio was

estimafed'by compariﬂg the amount of 187 kev gamma‘radiatioﬂ of Xe125 to the

amount of 110 kev gamma radiation of Xe125m with suitable corrections for

half-life and for the length of the growth period. Making the assumption of
125 125

‘one 187 kev gamma ray per decay of Xe the branching decay of Cs to
gel2om iS'lOaS, |
A good part of the information on the decay of 05125 and XelZSm is

summarized in the proposed decay scheme of Figure 16. It can be observed

that the ‘decay schemes of C8125 and 05127
-The longer=1ived Xel25

are very similar.
125 . . . )
is identical with

7’9 ‘We

formed in the decay of Csl
| the 18 hour activity mass=separated and characterized by Bergstrém.
repeaﬁed'Bergstrﬁm‘S“scintillation spectrometer -studieé¢ (but not his con=.

125

version electron studies) using Xe

>

samples isolated by the glow discharge
method from decayed Cslzy :

samples.

Figure 17 shows the ‘gamma spectrum determined in the scintillation
spectrometer. Definite photopeaks were observed at 56, 187 ana 243 kev in
agreement with Bergstrdm. The small.peak at 110 is probably Compton radia=
tion from the 187 ke§ gamma ray. . Né"annihilation radiation was observed.

In the coincidence spectrometer it was established that the 56 and 187 kev
gamma rays are in coincidence as was suggested by Bergstr&m by the fact that
the,énergieé sum to 243 kev, Tn agreement with this the 243 kev gamma ray
was not in coincidence with the 56 or 187 kev gamma rays. The 56 kev gamma

ray must lie higher than the 187 kev gamma ray since the ratio of coincidence
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pulses to gate pulses increased greatly when the gamma ray selected by .the
gate was changed from 187 to 56. The-96 ‘and 106 kev gamma rays whose con=-
“version electrons were observed by Bergstrdm:were too low in intensity to
observe in cur coindidence studies, We can sét-an upper limit of 2 percent
'”for"thése"gamma rays compared to the 187 and 243 kev gamma rays when the
latter ‘are spplied to6 the gating circuit, -
V. BRIEF REPORT ON Cs' 23
Tn calcium iodide targets bombarded with helium ions of 130 Mev a new
cesium aétiViﬁy’of 6 minutes half-life was produced .along with 45 minute
125 ., : 127 : . N o .
Cs and 6.25 hour Cs . When the xenon daughter activity grown in
“during a 5 minute period was isolated and deposited on thin metgllic
counting foils by the glbw'disdharge‘method“descfibed'below and followed
e ms A B (M e e e i 123 123,
for decay in a GM counter ‘d mixture of 1.8 hour Xe~ ™, 13 hour I and.
18 hour Xe'?’ was observed. When this procedure was repeated after complete

123

decay of the 6 minute cesium parent no 1.8 hour Xe~

identifies the 6 minute cesium activity as 765123. ‘Annihilation radiation

was .isolated. -This

of 6 'minute half=life was prominent in scintillation spectrometer éurves
ﬁakéh-én the cesium fraction short1yvafter'the bombardment indicating that
Cs decays by positron emission. -No detailed study of Cs™ - was

carried out.’

VI. ~'EXPERIMENTAL PART
1. Cyclotron targets.-<During the course of this work .cesium isotopes

“were produced by 1127(a5xn)Cs<;3l'reactions'by bombarding«I127 (100 percent

~“abundance) in the form of calcium iodide with helium ions. Theé calcium™
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‘iodide was wrapped in 1 mil thick aluminum or 1/2 mil platinum foil. Tn the
18k=inicH cyclotron bonmbardments helium ions ranging from 60 to 150 Mev were
obtained by inserting the target to the correct radial setting. For the
130

studieé of Cs’ calcium iodide was bombarded with 20 Mev helium ions in

the 60<inch cyclotron.

2. Chemicgl isolation of cesium,==The calcium iodide was dissolved in-

water and the solution was saturated with gaseous hydrogen chloride while
being cooled with ice water. Several drops of 0.4 molar silicotungstic acid
“was added to precipitate free silicotungstic acid. This precipitate was
centrif;ged'fromAthe solution carrying cesium activity. The silicotungstic:
acid way @issolved in 2 drops of water and reprécipitated by the addition of
 60ld-saturated hydrochloric'acid,for’mofe purification, Finally the silico=
tungstic acid dissolved in 0.5 ml ﬁater was passed through a 1 cm x h'mm‘
column of Dowex550 cation exéhange resin.  The cesium adsorbed on thé resin
while the silicotungstic acid passed through. The resin column was washed
free of silicotungstic acid with distilled water following which thé cesium-
activity was quickly desorbed from the column with a few drops of 6‘M hydro=
chloric acid. The cesium so obtained was carrier ffee. This procedure is

described more fully elsewhere.lo

3. Preparation of xenon counting foils.==Samples of daughter xenon

activity produced in the decay of the cesium isotopes were deposited on thin
metallic foils by the method developed and used extensively by F. F. Momyer
and E. K, Hyde for the study of isotopes of emanation.ll This method makes

use of a glow discharge tube of the type shown in Figure 18. Xenon was swept
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oﬁt of'the:éesium's¢luti§h in a ClOSed’giass vééuﬁmlsysfémiand'after crdde
ffactionation froﬁ‘leSS’Volétile imﬁﬁrities;wés transferred by ¢ondensation
at the temperature of 1iquid air into the glow discharge tube together with
sufficient inert mas to raise the total pressure in the tibe to the region oOf
100-=1000 microms when the stopcock leading to the tube vas closed and'fhe'gas
was allowed to warm up. When a DC potentlal of 400-600 voltage was placed
across fhe electrodes Wlth a 50 OOO ohm re31stor in the 01rcu1t a glow dis=-
chaféé;waszro&uéed:J.Thé:diéchafge‘servéa”to jonizé the' xenon atoms_and the
resulting ions were accelerated into the cathode with sufficient velocity that
they'femaihéd’affixedttb the plate when the Aischargé was terminated. Tn a
run of”S;lorhfﬁuﬁes about 5 pércént of the xenon ééfivity'ébuld be deposited,
The xenom was collected either on 1 mil platinum discs or on 0.1 mil aluminim
fofI,A At rbOmftémpefaturé the.kehon:aCtiVityhfemaihed affixed to the foils
indefinitely, A more complete desdriptioh of this method will be given in a

forthcoming paper describing our studies on XelZl;;Xelzz and Xe'23,

i, Tkme-ofnflight méés'§péc£fometé}f~-fﬁe\mQSS assignment dﬁd'isotébic
éeﬁ?raﬁion‘repéfﬁédlihAthiénrepbft“ﬁére;dénéﬁoﬂ a'tiﬁé—of;fiight;isétdpevb
separator in use in ‘this laboratory. An unpublished account of this instiu-
ment has been given by W. E. Glenn12 and a fuli”désériptién will be pﬁbliéhéd
by M. C. Michel and D. H. Templeton13 shortly. The instrument is a medium-
resdlution; higthraﬁgmission’timé#ofbflightlmassfseﬁératof*ﬁhfch-is used to
:Ebllect'saﬁﬁléé ofwfadioéétiQe iéotbpes:in thé'maés rggién 65”£6 270: 'The
overiébping ofﬂbné'méss 5ﬁ adjécent'mQSSeé is less than 1 percent 6f peak

intensity.
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In the cage of cesium iogtopes, the ion source was a tungsten ribbon
‘surface on which carrierzfree’Csstu‘was evaporated. The tungsten ribbon was
heated electrically in the source region to produce thermal ions with a low
spread”in energy.

For the purpose of collection of active isotopes, the ions are dis-
charged on ‘s platinum counting plate introduced in the collection end at :
'g?ound'potenfial; The majority of ions formed are of the type M& which aré
nbhvolati1E"Whén“discharged and remain as a thin uniform covering on the
metal surface ‘exposed to the beam. The metal plate can thus be used
directly“férweounting“measurements.

It was thus“possible’to get separated single isotopes of pufity greater
‘than 99 percent with a yield from 5-10 percent of the activity placed on the
source filament as compared to 1 percent yield obtained by the conventional
magnetic*mass spectrometer.,

It is possible to work rapidly in order to assign short half-lives.

5. Beta ray spéctrometers,=drwo precision beta ray spectrometers were

used, The first was a 25 em radius of curvature spectrometer of the double=
focusing type proposed by Svartholm and Siegb.ahnlu and‘by Shull and Denni=
son.l5 A side window GM tube:was used as a detector. This tube had a

0.005 inch platinum central wire; a thin window of vinyl plastic supported

on a grid of 0.001 inch tungsten wires and Was‘filled to a regulated pressure
of 8.8 em with a gas mixture 90 percent argon and 10 percent ethylene, A
more complete description of the instrument is given in an ﬁnpubliShed report

by O 'Kelley.l6
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The ¢alibration for megative electrons-was checked with the X line of the
662 kev gamma ray of Csl3j5 and the K line of the 80.1 kev gamma ray of 113‘1°
The transmission of the spectrometer under the conditions used was ~0.3 per=
cent. For the study of the posifrons the calibration was checked with the
1.97 Mev positron of Csl3‘o° We are indebted to Mr. Thomas O. Passell for
‘major asdistance in the use of this instrument.

Cesium samples for the spectrometer were prepared by evaporating the
carrier free activity dissolved in hydrochloric acid on gold leaf of
87 ugm/cm? th‘i‘c”kne‘ss)° The gold leaf was supported én a brass ring.

For the study of the positrons and electrons of 05127

the results on the
doublehfocusing'spectrometer'were supplemented by studies carried out on a
magnetic lens type spectrometer with somewhat lower resolution but consider=
ably higher transmission (about 1 percent). This instrument was made
available to us through the kindness of the chemistry division of the Califora
nia Research and Development Corporation and we are particularly indebted to
Mr. James Olson and Dr. G. D. O'Kelley for assistance in its use. Thé cesium

samples used in this instrument were mounted on a single layer of tygon film

(~20 pgm/cmz) supported by a plastic ring.

6. Scintillation spectrometer.,--The gamma ray scintillation spectrometer

used in' this work was assembled by A. Ghiorso and A. E. Larsh of this
laboratory. The gamma detection initially occurred in a 1.5 inch diameter by
1 inch thick crystal of sodium iodide (thallium activated) pfocuredvfrgm
Harshaw Chemical Company. The photomultiplier coupled to the crystal was a
Dumont 6292 tube., The mounting of the crystal followed methods described by

17

Borkowski, On the side of the crystal facing the photomultiplier tube was
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affixed a quartz disc; a layer of -oil between gquartz and outside surface. of
'thie tube provided optical coupling. The other surfaces of the tube were
packed into a reflecting layer of magnesium oxide. The whole assembly was
‘mounted in an aluminum lined lead shield on top of a standard GM counter 5
position -shelf asgsémbly.  Incident gamma rays penetrated a thin féil of
beryllium (~150 mg/cm?) and a thin layer of magnesium oxide (about 1/16 inch)
before entering  the crystal.

The~-output pulse from the photomultiplier was amplified in a preamplia
fiery then‘in a linear amplifier, The final pulse is introduced to a 50 chane-
nel differential pulse'heighf“analyzer° 4The analyzer based on a novel use
of 6BN6 as one arm of a gated univibrator; is a new design of Ghiorso and
Larsh. After proper alignment the channel width stability (operating at a
5 volt channel'width) was better than 1 percent and remained so for a period
of weeks. Gain and bias controls permitted the inspection of any predetermined
energy intervals with the full 50 channels, TIn order to calibrate the
apparatus at any particular gain and bias settings, use was made of the known
energies in the gamma spectrum of various standards such as annihilation
radiation from Nazz, 662 kev radiation from Csl37, 60 kev radiation from Amzul,
184 kev radiation from UZBS, etec, Further details of this equipment will be
obtainable in a forthcoming publication of CGhiorso and Larsh°18

The gamma-gamma coincidence spectrometer incorporated the above equipment
in combination with a second single-channel pulse height analyzer. The
sample was mounted between two sodigm iodide photomultiplier tube detectors.
Pulses resulting from events in the gate crystal were féd to‘the single=-

channel analyzer and those corresponding to a selected gamma energy interval

were used to gate a coincidence circuit. Pulses arriving from the second
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: ¢rystal in coincidernce with these were fed to the 50 channel analyzer. Hence
the gamms--gpectrum in-coincidence with a particular gamma ray could be

determined quickly.
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Fig. 1.  Fermi-Kurie plot of high energy portion of
Cs127 positron spectrum. Resolution of a
second component after correction for

conversion electrons is shown.
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