
(" 

t 

UCRL 24J:!6'9 

~~r'M i ~~Tr'J!~rr} 

UNIVEP~SITY OF 

CALIFORNIA 

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. Dioision, Ext. 5545 

BERKELEY. CALIFORNIA 



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. 



' 

UCRL-2469 

Unclassified Chemistery Distribution 

'UI(:. -1
' . ' 

1 
('1.: I· /' (0lttD r' -"· 1 , r ' ~ ;\'l r· . '" ' ~~ ....:.::- ', <.. J I . , 

' ,,\. rll-,:· ',\\_,1\\ '/ ·;' :C I 

I . 

UNIVERSITY OF CALIFORNIA 

Radiation Laboratory 

Contract No. W -7405-eng-48 

SPECTROMETER STUDIES OF THE RADIATIONS OF 

NEUTRON DEFICIENT ISOTOPES OF CESIUM AND 

OF THE E3 ISOMERS, Xe 127m and Xel25m 

Hirdaya B. Mathur and Earl K. Hyde 

January 25, 19 54 

Berkeley, California 



SPECTROMETER STUDIES OF THE RADIATIONS OF 
NEUTRON DEFICIENT ISOTOPES OF CESIUM AND 

OF THE E3 ISOMERS, Xel27m and Xel25m 

UCRL-2469 

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

January 25, 1954 

Cesium t·sotopes produced by 

ABSTRACT 

127 I (cx,xn) type reactions in th~ 60-inch 

and 184-irrch cyclotrons· were studied in Geiger counters, a mass spectra-

meter, beta ray spectrometers, a sodium iodide crystal scintillation 
/ 

·spectrometer and a gamrnaa.gamma coincidence spectrometer. The mass assign-

ment of 30 minute cs13° was verif.ied. The 6.25 hour cs127 was shown to 

decay -predcmdnant·ly by electron capture but also by the emission of 

positrons of l. 06 3 and 0, 685 Mev energy. Prominent gamma rays of 61, 

125 and 406 kevare observed. Cs127 exhibits branching decay to 75 second 

Xe127m in about one disintegration in 104 . This isomer was isolated and 

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

h11; 2 and d
5

/ 2 levels is followed by 125 kev Ml radiation corresponding to a 

d
5
; 2 -d

3
/ 2 transition to the ground state. Forty-five minute cs125 is spawn/ 

to decay predoni.inaotlyby 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 

disintegration in about 103, cs125 decays to a 55 second Xe125m. This isomer 

emits gamma rays of 75 and 110 kev which are believed to be E3 h11; 2-d
5
; 2 and 

Ml d
5
;

2
-d

3
/

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 Pelhi, 

Delhi, India. 
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I . INTRODUCTION 

_ This·-report concerns a study of same neutron .. deficient isotopes of cesium 

prepared: by bombardment of iodine with high energy helium ions. The principal 
.-

emphasi:s is on cs127 and cs125 although some preliminary data on cs123 and a 

eonfirmation of the mass assigmnent of Cs13° are also reported. The work on 

Cs.l27 representsa considerable extension of the previous studies of Fink.; 

Reynoi1is and: Templeton/ while that on Cs125 and cs123 represents completely 

nevi work. This report also describes a study of some short-lived isomers of 

Xe127 andXe125 which appear iri the decay of the cesium activities. The data 

on Xe127m confirm and extend previous data on this isomer, while Xe125m has 

not been reported before. Both isomers are of the E3 type. _ 

The experimental results are presented and discussed first, following 

which a brief account is gL ven of our, chemical 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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II . . ~SS AsSIGNMEm .OF c s1 3° . 

Following th~ preliminary studies of Risser and Smith2 and of Fink, 
l . . 

Reynulds and Templeton on a 30 minute cesiuni activity produced in bombard-

ments of' iodine with low energy helium ions a careful study of' the radia

tions emitted by this· activity ~as. carried out by Smith, Mitchell and 

Ca-ird.3 There is little doubt that the activity is produced by the cx,n reac-
\ "i 

tion arid hence that the mass is correc-tly assigned to mass number 136. · 

Neverthele:ss it is proba:bly worth recordi~g the conf'irmation of this 

assignment by theuse of a mass spectrograph • 
.. ,., .. : ,_· · . 

. IoU.i:ne in the form of calcium iodide was ·"bo~barded ~ith 20 Mev helium 

iorrs -i~ the 60-inch cyclotron. 
' . . 

The cesium fraction was isolated in a 

car~ier-free form within l hour of the end of the bombardment-and run 
- . . ~ 

in the time-of-flight mass spectrometer described at the erid of the 

paper. This work was done by M. C. Michel and D: H. Templeton. The 
-· . 

30 minute activity was collected in-the 130-mass positionp 
. .. i. .. ;_· _____ , .· 

III. THE RADIATI6:Ns' OF ·cs127 AND TirE ISOMER, xe127m 

l . . 127 . 
Fink, ReynolQS and Templeton reported Cs to be a positron activity 

with a half-life of 5.5 hours. The mass assignment was made by the 

identification of t:tie 34 day xe12T ciaughte~. 1 More recently Wapstra, 

Verster and Boelhouwer4 have studied the gamma rays of Cs127 by scintil-

lation spectrometric methods and have reported gamma rays of 410 ± 20 

and 125 ± 5 kev. 

In our experiments we noted that the cesium fraction of a calcium 

iodide target bombarded with 60 Mev helium ions in the 184-inch cyclotron 

was a mixture of 30 minute Cs13°, 6.25 hour cs127 and 31 hour ·cs129. Even 



immediateiy after bombardment the major activity was cs
127 and if the 

isolation·of the cesium were delayed a few hours past the end of the bom

bardment more than 90 percent of the GM activity was cs
127. 

The mass assignment was checked directly by a run in the time-of-flight 

mass spectrometer 'py Dr. Maynard C. Michel. Decay curves taken with a GM 

counterusing 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 t·han that given by Fink et ~. 1 
Negligible 6.25 hour activity was 

collected at neighboring mass positions. 

Th~ positrons of Csl-27 were studied in the beta ray spectrometers 

briefly de-scribed at the end of this report. The runs were not made with 

mass--separated actiyity since sources of sufficient intensity could not be 

prepared. -However, the presence-of a small amount of Cs129 caused no diffi ... 

culty in the interpretation of data takem on unseparated cesium fractions. 

isolat·ed a few hours after bombardment. Our best runs were obtained on the 

lens· ·spe-ctrometer. Figure l shows the Fermi-Kurie plot of the positron 

spectrum. The most energetic component has 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

lation spectrometer (see below) connects the xe127 energy levels r.eached by 

these two positron groups. 

127 Figures 2 and 3 show the gamma spectrum of mass-separated Cs as 

determined in the scintillation spectrometer. There are three prominent 

gamma rays of energies. 61, 125 and 4o6·. kev as well as a large 30 kev peak of 
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. . 127 
xenon x-radiation from the electron capture decay of Cs • The small amount 

of 510 k~v an~ihilation radiation by comparison to this peak indicates a low 

t3+ /EC ratio (<l/15). The relative amounts of the 61, 125 and 406 kev gamma, 

rays after correction for counting efficiency are l/2/,.;.5. 

FigureB 41 and 5 show the conversion electron spectrum of C;s127 as 
I 

. . 

studied on 'the magnetic double~focusing spectrometer and the lens spectro-

meter; respectively. In Tabie l the ene'rgfes of the electrons; the 

conversion shell and the energy of the corresponding gamma rays are given:. 

The K and L lines of the 61, 125 and-406 kev gamma rays are identified. 

Conversi·on· el:ectron·s of 3 or more gamina rays· of lower intensity in the region 

125 td 460 kev are present but the assignment of K arid L'lines is uncertain. 

Ndthing further"vn3:s learried about this group since t-heir intensity was so 

low that no further data w8:s obtained in the 'scintillation spectrometer or. 

the :coincid-efi'ce spectrometer·. 
1,·: . 

Mr •. Frank Stephens has assisted us in carrying out gamma-gamma coinci-

dence. studies on our cs127 preparations with· the following results: 'the 

125 kev radiation is not in coincidence with the 61 kev radiation nor with 

the 466 kev radiation; It is in coincidence with 30 kev x-radiationand with 

440 :kev.gamma radiation. The intensity of this latter was low·enough to 
l • • 

explain why it vas riot SeEm in the straight gamtna spectrum runs. The 406 kev 

.. radiation 'was not in\ coincidence with 61 or 125 kev r.adiation; but was· in 

coincidence with 30-kev x-radiation •. In coincidence experiments in which 

annihilation radiation was selected by the gate crystal, coincidence~·p·eaks 

were observed at,l25 arid 466kev . 

. .. , .· 
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Table I 

Conversion Electrons of cs127 

Energy of' Identification: Gamm:a Ray Energy Electrons of· K/L+M Ratio 
in .ke:v: Conversion Shell in kev 

23.6 Auger electro:p.s 

26 . .8 K ·conversion·} .~~ 

61 kev 
56.2 L conversion· 

90.0 K conven~on} 
125 kev 7·9 

119 L conversJ.on · 

134 K conversion (?) 169 (?) 

161 K conversion (?) 196 (?) 

249 K conversion (7)} 
285 (t<f) 

280 L conversion (?) 

3'28 K conversion (?) 363 (?) --
370 K conversion} 

conversion, . 
406 6.3 

400 TJ L 

These findings in connection with the information derived front the isomer 

studies to be described next were employed in: the construction of .the proposed 

decay scheme shown in Figure 10. We have included a 280 kev gamma ray in 

Figure 10 to connect the g
7
/ 2 and d

5
/ 2 levels. We probably did see the conver .. 

sian electrons of this transition (see Table 1) but the gamma intensity vas 

too law for resolution from the scintillation .spectrometer ·curves. In the 

coincidence studies the 125-280 kev coincidence to. b·e expected from Figure 10 

was looked for but unf'ortunately it was completely obscured by a large 

SJ?urious 125 ... 280 kev coincidence resulting from Compton scattering of the 

406 kev gamma ray. 
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A number of preliminary experiments made it evident that the decay of 

Cs127 to the 75 B€cond isomeric state of Xe127 was slight if it took place at 

alL This isom:r had been reported by Creutz et ai. 5' who had bombarded iodide 

targets w-ith :5-6 Mev protons to .. make xe127 by the p,'n reac!tion ._ In the 

volatile fraction removedf'rom the target these workers had found two activi~ 

ties of 34 ± 2 days and 75 ± l_seconds, respectively:, and assigned both to 

Xel27. 

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 170 kev, respectively. The first was interpreted as 

the K line.of' a 125 kev gamma·ray and the· last two as the K and L lines, 

respectively, of a 175 kev gamma ray. Xenon x~radiation resulting from the 

conversion of these gamma rays was also ·observed. 

We were able to observe this isomer in the· decay of Cs127 in t-he following 

manner. An active sample of carrier~free Cs127 was evaporated on a metal 

disc and placed in the depression of the slideof·the apparatus diagrammed in 

Figure 6. The greased tight~fitting slide was pushed in until the cesium 

sample was located in the l. 5 inch diamete:r: chamber 0. 25 inch ;deep q,rilled in 

·.from the top of the block. This chamber was covered: with a O.J., mi:J.. foil of 

aluminum to prevent. loss of xenon. After a growth period of ,3 min)-ltes the 

127 . . . Cs · .·. sample was .. W:h thdrawn. Recoildaugnter atoms of xe127 andXe127m ejeE;ted 

n:·om the cesium source plate during the growth period remaineq. in. the clos.ed 

chamber and their radiations were examined with ·the so<iiumi·iodide crystal 

mounted immediately above the-chamber. The whole-assembly was housed in .a 

2 inch thick lead..: castle • The gamma spectrum· was · d€te.rmined with the 50 . channel 

analyzer makingruns at about lminute intervals for: 10 or l5minutes. 
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Figure 7 shows- the·-spectrum of the recoil activity obtained immediately 

after the growth period~ 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 ~ !:!· 5 It was established more securely 

that .this·isomer was the J>roduct of the decay of Cs127 by plotting the yield 

of. the iSomer in a 3 minute· growth period as a function of the time at which 

the "milking" t·ook pla:ee ~- The half~life of 6.1 hours so obtained as shown in 

Figure 9 confirms the genetic relationship. 

A small amount of long-lived recoil activity remains after decay of the 

127m · 127 75 second Xe · • If we assign all of this to 34 day Xe we can estimate 

12[ 127 . 127m the branching of C s. . · to 34 day Xe . and to 75 second Xe to be in the 

ratio of "'-10
4 /1. 

6 0 127m In their summary of nuclear isomers Goldhaber and Sunyar _l1sted Xe 

as an E3·isomer with the 175 kev gamma ray indicated as an h11; 2-d
5

/ 2 transi

tion. They pref"erredto reinterpret tentatively the 91 kev electrons ob

served originally by Creutz ~ al. 5 as L electrons of a 96 kev d
5

/ 2c;s1; 2 E2 

transition rather than as K electrons of a 125 kev transition. Their reason 

for this reassignment was the non-observation of L electrons of the 125 kev 

gamma ray which shouldhave been prominent (K/L ratio ---1-2) for a 125 kev E2 

transition. 4 More recently Wapstra, Verster and Boelhouwer in discussing the 

125 kev radiation J>rominent in the decay of Cs127 stated that it was probably 

identical with the second transition. in the decay of 75 second Xe127m and 

that the 125 kev gamma ray represents an M1 transition going to a d
3
/ 2 g~ound 

state in Xe127. Our results appear to confirm this interpretation. The K/L+M 

ratio of 7.9 obtained by us for the 125 kev gamma ray in the decay of Cs127 

is of the correct magnitude for Ml and much too high for E2 radiation. 
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The xe127m results have been incorporated in the decay scheme of 

Figure 10. 

IV .. THE RADIATIONS OF Cs125 AND THE ISOMER Xe125m 

In the bombardrilents of calcium iodide with h~l:L\.un io'n:s a new positron 

activity of 45 minut-es half~life appeared in the c'esium'fractic:in; when the 

energy of the .bombarding heliUm: iofls wa:s rais·ed to 100 Mev. One hour after 

the end of.thebombardrileri:t this new isotope accounted for more than 80 per~ 

cent of the GM activity in the cesiilln fraction, most of the rest being 

. 6. 25 .ho~r-Cs127 and a' sm~ll amount bf 3i hour Cs129;; When the xenon daughter 

acti~ity was separated' and deposited em metallic courtt:ing foils by· the 

methods described below; decay curves taken on a GM counter·showed a· 

mixture of 18 hour Xe125 and 34 day xe127. This suggested that the 45 min~ 

ute ~cti.;,ity w~~ e1>125 and the' a:~-sigllinent' was ~6nfirmed by mass separation. 

A GM dec:ay cu~ of the ·ma:ss 125 fraction isolated with the help of M. C. 

Michel and D. H. Templet em in the t:ime""of ~flight separator showed a straight 

line decay of 45 ± 1 mimites from an initial c'ounting rate of 1-8,000 to less 

·' than' ld co1mts pe~ minute: The· counting. efficiency of ·the 18 hour· electron 

capture da~ghte~ x~125 was very low in the GM tube but: when the ·sample was 

placed .in a "n'uc{~ometer" winddwless ·methane flow proport:ion'al counter a · 

. decay line of 'l8ho~rs half~life vias obser~ed. 

It vias possible to determine the energy of the most eriergetic positron 

. 125 . 
group of Cs by running a cesium sample in the doubl:e~focusirig beta ray 

.. -

spectrometer starting ·a. bout 1 hour after bombardment because this positron 

~nergy was ~rea:t~~ th~n that'6:f-cs12 7~ FigUre 11 which shows a Fermi plot of 

the high energy region ina:icates that· the energy of the Cs12? positrons is 
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2-.05 ± 0.02 Mev. Because of the presence of cs127 no attempt was made to 

resolve out lower energy components. 

The g~ s~ctrum of mass-separated cs125 (see Figures 12 and 13) shows 

gamma rays at 66 and 112 kev in addition to annihilation radiation and 30 kev 

xenon x~rays. N? gamma rays of higher energy were observed. The large 

. 125 abundance of x-ray-s-as compared to the gamma rays suggests that Cs decays 

prominently by electron ·capture but the EC/~+ branching ratio was not deter

mined.. As in the- ·case of Cs127, gamma~gamma coincidence studies were carried 

out on Cs125 • It was observed that the 66 and 112 kev gamma rays are rrot 

in coinciQ.ence.but that- each one is in coincidence with K x-radiation and 

alSQ 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 be somewhat in error 

since the time spent in ·obtaining the data made necessary rather large half·-

life corrections. It is believe(! that the 112 kev transition is the d
512 

... d
3
/ 2 

transition in xe125 analogOU$ to the 1.,25 kev transition in xe127. From 

6 I 

Goldhaber andSunyar's empirical curves one would expect a K/L ratio of 7-8 

for an Ml transition of this energy. 

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

of Xe125 since his study of the systematics of the odd mass xenon isotopes7 

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

1 . d E3 . . . X 125 . ·1 t th t . X 127 B . rf . lVe lsomer ln e very Slml ar o a ln e • y pe ormlng 

experiments analogous to tho~e described above in the Xe127m case we have been 

successful in the search for this isomer but because ·the interference from 

18 hour Xe125 was much greater than that from 34 day xe127 the results are not 

quite as clean.,cU:t. 



Carriermf'ree cesium-samples isollted within an hour of the end of bombard~ 

ment from calcium iodide targets bombarded with 100 Mev protons were 'inserted 

in the depression of' the slide of Figure 6 and pushed into the inner recoil 

collection chamber for one minute groWth periods. Immediately after· the 

cesium source was removed the gamma spectrum of the xenon daughter recoil 

activity was studied·Vith the·sodium iodide 50 channel analyzero The 

registers were photographed with a Leica camera at 12 second intervals over 

a period of several.minute-s· without disturbing the count switch. By sub~ 

traction of' the dial readings of one negative from that of the next the 

spectrumduring any particular 12 second period could be reconstructed~ The 

upper curve of Figure 14 shows the spectrum' integrated over the first one 

minute while the lowercurlte shows the spectrum of the second minuteis run. 

It is seen that gamma rays of 15, 110, 187 and 245 kev as well as 30 kev 

x~radiation are present. 
. . 

As shown in Figure 15 the areas under the x~ray peak, the 75 kev :peak 

and the 110 kev peak decay initially with'a half~life of 50~60 seconds arid 

this d~cay in all .likelihood is correctly assigned to Xe125m. ··(The loriger~ 

·lived co~onent in the curves of Figure 15 is based on points hot shown.) 

Part of the radiat·ion at these energies and most cir all of it at 187 arid 

245 kev is due to 18 'hour xe12·5 as ·wfli be discussed a little further on. 

We are inclined to the view that the 75 kev peak in Figure 14 represents 

the E3 transition hll/i""n;/2 andthat the 110 kev peak represents the Ml 

d5/ 2-.,d
3
/ 2 transition. The relative areas of the two peaks indicating higher 

conversion of the 75 kev gamma shpport this view • .A.lso,-if the 110 kev peak 

here can be identified ~ith the 11·2 kev gamma seen prominently in Cs125 

sample~ the high K/L.-ratio would'be inconsistent for an E:3 or E2 transition; 



How-ever, the assignments :cannot be regarded as proved. One disturbing factor 

is the fact that the half'..,life of this isomer C:lt>1tl]larea. t:o Xe127m is shorter 

even though the energy of' the transition is somewhat less. 

One· di.i'i'iculty in the further study of the isomer is the low branching 

ratio for its production in the·decay of Cs125 • This branching ratio was 

estimatedby comparing the amount of 187 kev gamma ,radiation of Xe125 to the 

amount of'·1l0 kev gamma radiation of Xe125m with suitable corrections for 

half~life and for the lcength of the growth period. Making the assumption of 

one 187 kev gamma ray per decay of Xe125 the branching decay of cs125 to 

X 125m . 10~3 e lS . • 

A good part· of' the information on the decay of cs125 and xe125m is 

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

that the-decay schemes of cs125 and cs127 are very similar. 

·The longer .. 1ived Xe125 formed in the decay of Cs125 is identical with 

the 18 hour activity mass ... s-eparated and characterized by Bergstr8m. 7,9 ·We 

repeated Bergstr8m' s scintillation spectrometer studies (but not his conoo~, 

version electron studies) using xe125 samples isolated by the glow discharge 

method from decayed Cs125 samples. 

Figure 17 shows the ·gamma spectrum determined in the scintillation 

spectrometer. Definite ;photopeaks were observed at 56, 187 and 243 kev in 

agreement with Bergstr&n. The small peak at 110 is probably Compton radia;.. 

tion from the 187 kev gamma ray. No 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 Bergstr8m by the fact that 

the energies sum to 24 3 kev. Jn agreement with this the 24 3 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 



pulses to gate pulses·increased greatly when·the gamnta 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 BergstrBm:were too low in intensity to 

observe in out coincidence st~d±es. We can set an upper limit of 2 percent 

for these gamma rays compared to the 187 and 243 kev gamma rays when the 

latter ·are appiied to the gating circuit. 

V. BRIEF REPORT ON cs123 

In calcium iodide targets bombarded with helium ions of 130 Mev a new 

cesium activity of 6 minutes half.:..life vas produced along with 45 minute 

.125 .· 6 ' 127 Cs and · .25 hour Cs · • When the xenon daughter activity grown in 

·during a 5 minute period was isolated and deposited on thin metallic 

counting foils by the glow discharge method described below and followed 

for decay in a GM counter a mixture· of L8 hour xe123, 13 hour 1
123 and 

18 hour Xe125 was observed. When this procedure was repeated after complete 

decay of the 6 minute cesium parent no 1.8 hour xe123 was isolated. This 

identifies the 6 minute cesium activity as · Cs123. Annihilation radiation 

of 6 minute half .. life was prominent in scintillation· spectrometer curves 

taken on the· cesium :fraction shortly afte·r the bombardment indicating ·that 

' 123 123 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 r127 (a,xri)Cs<;l3l reactions by bombarding r127 (100 percent 

abundance) in the form of calcium i.odide with helilim ions. The calcium 



~15-

iodide vms wrapp·ed- in 1 mil thick aluminum or l/2 mil platinum foil. In the 

184-..:tnch ·cyclotron bombardments helium ions ranging·from 60 to 150 Mev were 

obtained by inSerting the ·target to the correct radial setting~ For the 

·studies of c-s13° calcium iodide was bombarded with 20 Mev helium ions in 

the 60•in-ch cyclotron. 

2. Chemical isolation of cesiUiil.--The calcium iodide was dissolved in 

water and the· solution was saturated with gaseous hydrogen chloride while 

being ~ooled with ·ice water. Several drops of 0.4 molar silicotungstic acid 

was a'dded to preci-pitate· free silico~ungstic ac-id. This precipitate was 

c-entrifuged f'i):'om the solution carrying cesium activity. The silicotungstic 

acid was dis-solved in 2 drops of water and reprecipitated by the l;lddition of 

cold saturated hydrochloric acid for more purification. Finally the silica .. 

tungstic ac:id dissolve(! in 0.5 ml water was passed through a 1 em x 4 rmn 

column of Dowex-50 cation exchange resin. The cesium adsorbed on the resin 

while the silicotungstic acid passed through. The resin column was washed 

free of silicotungstic acid with distilled water following which the cesium .. 
activity was quickly desorbed from the column with a few drops of 6 ·!:! hydro.,. 

chloric acid. The cesium so obtained was carrier free. This procedure is 

described more fully elsewhere.10 

3. Prepar~tion 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. 11 This method makes 

use of a glow discharge tube of.the type shown in Figure 18. Xenon was swept 



out Of the cesium solution in a closed· glass vacuum syst~m'and after crude 

fractionation from less volatile irrrp~ri ties w~s transferred by condensation 

at the t-em_P·erat~re of liquid air into· the glow discharge tube together with 

sufficient inert gas to ~aise theto~~l pressure in the tube to the regioriof 

100-1000 microns when the stopcock leading to the tube was closed and the gas 

was allowed to warm up. When a DC potential of 400-600 voltage was placed 
' '-·· . . 

across the electrodes with a 50,000 obm 'resistor in the circuit a glow dis~ 

charge·was -produced. The' discharge served to ionize the' xenori atoms and the 

r~sulting ions were accelerated into the cathode with sufficient velocity that 

they remained. affixed: to the plate wh~n :the discharge was terminated. In a 

run of 5-10 minutes about 5 percent of the xenon activity could be deposited. 

The xenonwa-s'collected either on 1 mil platinum discs or on 0.1 mil aluminUm. 

foil. At room:temperature the xenon activity remained affixed to the foils 

' indefinitely. A more complete description of this method will be given in a 

forthcOming paper describing our studies on xe121
, xe122 arid xe123 ~-

4. Tinie-o:f-fiight mass spectromete·r.~-The Jnass assig:rimerit ana isotopic 

separation rep~rted in. this report were' done,· on a time-of.;.flight' isotope .. 

separ~tor.in ~se in 'this laboratory. An unpublished account of'this irtstru

ment has been given by W. E. Glenn12 and a fUll d'escripti6n wiilbe p'ublished 

by M. C. Michel and D. H. Templeton13 shortly. The instrument is a medium

resolution;; high-transmission't:ime ... of-fli-ght~mass se;arator·which is used to 

collect samplE{s of radioacti~e isotopes. in the mass region 65 to 270. The 

overlapping of orie mass on adjacent masses is less than 1 percent of peak 

intensity.· 
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In the case· of ce·sium iostopes, the ion source was a tungsten ribbon 

surfac·e· on ·whtch carrier•-free cs2so4 ~Vas evaporated·. The tungsten ribbon vas 

heated electrically in the source region to produce thermal ions with a low 

spreadin energy. 

F'or ·the purpose of collection of active isotopes, the ions are dis• 

charged· un :a platinUm. counting plate introduced in the collection end at 

ground })Otential. The majority of ions formed are of the type M+ which are 

nonvolat·ile vrhEm ·discharged and ·remain as a thin uniform covering on the 

metal surface· exposed to th~ heam. The metal plate can thus be used 

directly·forcounting·measurements. 

It was thus possible to get separated single isotopes of purity greater 

than 99 percent with a yield· from 5-10 percent of the a:ctivtty placed on the 

source fi·lament as compared to 1 percent yield obtained by the conventional 

magnetic- mas·s spectrometer. 

It is pos·sible to work rapidly in order to assign short half·dives. 

5. Beta ray spectrometers.=-Two 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 Siegbahn14 and by Shull and Denni= 

15 son. 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 unpublished report 

16 
by O'Kelley. 
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The calibration for negative electrons was checked with the K line of the 

662 kev gamma ray of Cs137, and the K line of the 80.1 kev gamma ray of I 131• 

The transmiss·ion of the spectrometer under the conditions used was "'0. 3 per= 

cent. For thestudy of the positrons the calibration was checked with the 

1.97 Mev positron of Cs13°. We are. indebted t.o Mr. Thomas 0. Passell for 

· major a.s£istance 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 

2 . ' 
87 f.Lgm/cm thtckness. The gold leaf was supported on a brass ring. 

For the study of the positrons and electrons of cs127 the results on the 

double .. focusing· -spectrometer were rupplemented 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 

availablce to us through the kindness of the chemistry division of the Califor~ 

nia Re-search and Development Corporation and we are particularly indebted to 

Mr. Jame:s Olson and Dr. G. D. O'Kelley for assistance in its use. The cesium 

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

(-v20 I-Lgm/cm
2

) supported by a plastic ring. 

6. Scintillation spectrometer.~~The gamma ray scintillation spectrometer 

used in' this work was assembled by A. Ghior-so 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) procu:red from 

Harshaw Chemical Company. The photomultiplier coupled to the crystal was a 

Dumont 6292 tube. The mounting of the crystal followed methods described by 

Borkowski.
17 On the side of the crystal facing the photomultiplier tube was 
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affixed a quartz -dis·c; a layer of oil between quartz and outside surface of 

the tube 'provide·d nptical c·oupling. The other surfaces of the tube were 

packed into a refle-cting 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 as·sembly. Inc·ident gamma rays penetrated a thin foil of 

beryllium ("'150 mgfcm2) and a thin layer of magnesium oxide (about 1/16 inch) 

before ·ent-ering the crystal. 

The output pulse from the photomultiplier was amplified in a preampli~-

fier, then'in a linear amplifier. The final pulse is introduced to a 50 chan"" 

nel diff-erential pulse height analyzer. The analyzer based on a novel use 

of 6BN6 -as one arm of a gated univibrator, iS a new design of Ghiorso and 

Larsh. Af'ter proper alignment the channe·l width stability (operating at a 

5 volt channel width) was better than 1 percent and remaineO. so for a period 

of weeks. Gain and bias controls permitted the inspection of any predetermined 

energy intervals with the full 50 channels. In 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 

d . t · f · N 22 662 k d' t · f c l37 6-o k d' + · f Arn241 ra 1a 10n rom a , ev ra 1a 10n rom s , ev ra 1au1on rom 7 

184 kev radiation from u235, etc. Further details of this equipment will be 

tb 
. 18 

obtainable in a forthcoming pu lication of Ghiorso and Larsh. 

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 sodium iodide photomultiplier tube detectors. 

Pulses resulting from event.s in the gate crystal were fed 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 



crystal in coinci.derrce- with· these were fed to the 50 channe-l analyzer. Hence 

the ga.mma--spe-ctrum in coincidence with a particular gamma ray could be 

determined quickly. 
I 
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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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