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PROPmTIES OF SOME NlUTROjJ -DEFICIENT CESIUM ISOTOPES 

Richard Walter Firu{ 
Radiation Laboratory and Department of Chemistry 

University of California, Ber:celey, California 
July, 1949 

ABSTRACT 

The discover~r of two new neutron-deficient cesium 'isotol)eS, Cs127 and Cs129, 

. together with some observations on a )0 minute cesium activity is reported. The 

followi!1g radiation characteristics are reported: 

+ half-life 5.5 - 0.5 hours, positrons of maximum energy 1.2 Mev. 
Annihilation Radiation observed: 0.51 Mev ~amma rays. Probable 
internal conversion electrons of energy 0.35 t 0.05 Mev. Genetically 
produces Xe127 daughter. No harder gamma-rays. 

+ 
half-life 31 - 1 hours, no detectable positrons. K-capture. No 
hard ~annna -rays, but probe ble emiss ion of a 0.5 Mev gamma -ray. 
0.35 - 0.05 Mev conversion electrons. . 

Cs130, half-life 30 minutes. K-capture. Emits 0.5 Mev gamma-ra~r. Mass 
number presumed from literature referenc~, and yields. 

Proof for the genetic relationship Cs127 ~ Xe127 is given by both repurifica-

tion experiment.s and direct-vacuum line isolation of the daughter radioxenon with 

identification of its 34 day half-life. 

Bass spectrograDh proof for the mass assir;nments is given, shOWing that mass 

munber 127 corresponds to the 5.5 hour positron-emitter and !'lass number 129 cor-

responds to the 31 hour K-capture~cesium isotope. 
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PROPERTI~ OF SOlIE rrEUTRG:T -DEFICIENT CESIUH ISOTOPSS 1 

Richard 17alter Fink 
Radiation Laboratory and Department of ChemistrJT 

University of California, Berkeley, California 

This research was launched to explore the light mass reGion of cesium isoto')es 

for possible new radioactivities and to extend this knovlledge of the light region 

somewhat further. The recent completion of a thermal1JT-ionizing mass spectrograph 

instrument at tho Radiation Laboratory, coupled l1ith the availability of high 

energy alpha-particles frOi:l the 184-inch cyclotron, made the choice of cesium as 

the element to be investigated most appropriate, since cesium is veIjT easil;)T 

ionized on a thermal filament SOtITce in the mass spectro~raph. 

T1ffo neVI, neutron-deficient cesium isotopes have been discovored by bOl:tbarding 

stable 1127 (100% abunG.ance) in the forn of aMmonium iodide "'ith 60 Hev a1pha-

particles in the 134-inch cyclotron for periods of from one to four hours. The 

ammonium iodide was :Trapood in O.OOl-inch a1um:inum foil and bOhlbarded mounted on 

~ v7ater-coo1ed COf)'1er blocks. Ha~T 60 Mev bombardments were nerformed as 1'1611 as one 

at 36 Mev on tile 60-inch cyClotron. 

The cesiwn radioactivities induced pere isolated from t 1w t.arget material by 

use of the following chemical procedure, '.'Thich on certain bombardments was 

abridGed "Ji th no change in resul ts: 
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Volatile Matter 
Xe, 12, F, NH3, etc. 
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NH41 target. 20)1S Os carrier! 
fe~'! drops each of concentrr:lted RNO 
and concentrated HOI added. Ignit~d 
to evanescence of all visible iodine 
and a_mmoni1l1!'L""'sa""l;;::;.t.;:.s::;. ...... __ _ .__---
,. ~I 

Residu.§. 
Taken up in dilute RNO ~ 
precipitated thrice \'li~h 
AgN01 ~nd HOI to scavenge 
any fiemaining halogen 
impurities. - 1 

§.Qly.tion RemainiruLfrom AgOl Precipitations 

Tellurium carrier added and then excess Sn012 
(The Te step was subsec.:uently omitted with no 
change in restuts). 

~, 
-!:tecipi ta te. 

Solution Remaining 

Made alkaline with concentrAted 
NH40H and Fe013 solution added. 
FetOH)3 was twice precipitated 
as scavenger for any remaining 
impurities. .~, 

Te 

J Precipi tate 

Final Solution 
Radioactive Cesium 

~(OH)3 

Al though the above chemical technic,ue yielded sufficient cesium activity for 

all experimental purposes except mass spectrograph work, it became apparent that 
• 

an appreciable loss of cesium radioactivity was experienced in the open crucible 

ignition to expell ammoniu.ni salts, since CsCl has considerable volatility at 

10000 K. To confirm this, a tracer cesium run was made with the ignition procedure. 

Some ammonium iodide was ar;ded to several thousand counts/minute of tracer cesium 

radioactivity, a few drops of concentrated nitric acid and concentrated hydro-

chloric acid and 20jlf!> of cesium carrier introduced, and the whole ignited to 
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evanes.cence of ammonium salts in a porcelain crucible. The residue was again 

coun1~ed on a plate and a loss factor of 53% was obtained; this figure ',/ould be 

much hi1her on a target run. To prevent this loss and thereby isolate sufficient 

cesium activity for mass spectrograph runs, an iodine sublimating apparatus was 

employed. Figure 1 shows the cesium sublimator used to isolate radioactive cesium 

from target ammon:i.um iodide. Carbon dionde snow was placed in the condensor .la. 
, 

Freshly-bombarded ammonium iodide together with a drop of concentrated nitric acid 

and a fcW' drops of concentrated sulfuric acid 1s introduced at,g. The sublimator 

is then closed and a low vacuum pulled at~, heat being applied at ,g until complete 

decomposition results, as evidenced by the lack of iodine color of the solution 

remaining at £~ The condenser becomes coated with free iodine and ice. The 

decomposition occurs in less than one minute, and in three minutes the solution 

may be withdrawn, nearly free from extraneous matter, for further chemical 

treatment. This sublimating procedure replaces the open-crucible ignltion step in 

the previously described chemical procedure; the result is an approciable gain 

in total activit}' finally isolated in. tho cesium fraction over the yield from the 

ignition method. 

The gross decay curve, Fi::;ure 2, alwaJTs reproducible with 60 Mev al[.>ha-

bombardments, was obtained from an argon-filled Geiger counter and was resolved 

~_nto a 5.5 hour, a 31 to 32 hour, and a long 20-day activity. It subsequently 

developed that this long 20-da~r t:til was in roalit;? gaseous xenon daUGhter of 34 

day ro')orted ha1f-lif02 slowly diffusing through the cellulose tape covering tho 

sarn:'lle, r,iving the appearance of a20-day activity. Occasionally, the chemical 

procedure was finished in time to all017 observation of a hnlf .. hour cesium activitjT. 

A crude magnetic spectrometer ("bender") was used to aid in characterizing 

tho radiations emitted from tho two now cesium activities. It was found that the 

\~ 5.5 hour cesium emitted positrons of maximum enorgy 1.2 Hov, checked rGasonaply 
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Figure 1: Sublimator used to separate radioactive cesium from ammonium 
iodide target material. Target NH4I and HN03" with H2S04 and carrieres if desired are introduced at Q. CO2 snow is added 
to the condenser oS! and a low vacuum pulled at 12, ''Triile blIDsen 
burner heat is applied at,g. In three minutos complete 
decomposition is attained and the solution at Q, free from 
iodine color, is ready for further chemical use or mass 
spectrograph runs. 
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Figure 2: Gross decay curve of cesium radioactivities induced by 60 Mev 
dpha -particles on ammonium iodide. The lonz 20-day tail is due 
to Xel27 of 34 days reported half-life 2 slowly' diffusing 
through the cellulose tape covering the sr:lm])le. 

I. 
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well by values obtained from alumintun and aluminum-pIus-beryllium absorption 

curves, one of which is shown in FiGUro 3. These absorption curves give maximum 

positron energies for Cs127 ranging from 0.94 to 1.19 f!1ev. The activity of t:1ese 

positrons was followed on the magnetic spectrometer overnight and found to daca;}T 

with the 5.5 hour half-life show~ below to correspond to Cs127. The 31 hour 

half-life, shown below to be C6l29 was found to emit internal conversion electrons 

of 0.33 Hov onerg~r b;}T the crude magnetic spectrometer, and this value is rouGhly 

chocked by aluminum and aluminum-pIus-beryllium absorption curves, Figure 4, taken 

after the 5.5 hour activity had effectivelJr died out end when only Cs 129 remained 

active. No positrons could be detected emanating from the 31 hour eloctron-

capturing isotope, oven with a rather sensitive counting rate meter installed 

in the magnetic spectrometor, so th2t it appoars likely that 31 hour Cs129 is a 

pure electron-capturing isotope. The 5.5 hour positren-emitter, Cs127, shewed 
~ 

0.51 Mev r:;amma-rays due to. annihilation radiQtion on hard load absorption measure-

ments, and no eVidence for ;;-amma-rays of energy hiGher than this was obtained from 

these lead absorption curves. A mixture of tr70 cesium activities, 30 minutes and 

31 hours, was placed in an electromagnetic radiation countor and covered with 

196.4 mg/cm2 berJTllium absorber. This counter was fitted with a permanent alnico 

ma-.:;net of 1600 gauss, and xenon-filled Geieer tube, of ,such 2'oometrical arrange-

ment that all charged particles of energy loss than 2.1+ Mev 1'101..110. be bent away 

from tho tube and not counted. A decaJ~ curve from this counter exhibited 30 minute 

and 31 hour x-rays, with some garuna-rac1.iation. This indicates that the 30 minute 

and 31 hour cesium isotopes are electrcn-capturinG nucloi, but little can be said 

for 5.5 hour cr~sium since it nas formed in lowered yield in this particular bombard

ment due to thick target. This target consisted of a l/G-inch diameter, 3 mil 

, platinum tube conta~.ning a solid rod of free iodine. This constitutes a rather 

"thickll target to 60 Hov alpha-particles,' leadirir~ to nn aver8pe bombardment energy 
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FiGUro 3g Aluminum and alum:i.num-plus -ber:;rllium absorption curvcs of a 
mixturo of 5.5 hour and .31 hour cesium activities. Curvc A is a 
straight aluminum absorpticn ,curvc, '\7hile curvo B is an aluminum 
absor~)tion curve with 196.4 m::,/cm2 beryllium absorber int.erposed 
betncon samO)le and counter. Curve B ronrosents olectroma0'netic 0 

radiation on13T. Curve A exhibits a lin~ of convo,:C'sion ol~ctrons 
which is seen ncar the bec;inning of the curve. 
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Figure 4: ~Cesium absorption curve after 4 days of decay, so that Cs129 
only is activo. Curve A is absor:)tion in alu.''Jinum only; curve 
B is aluminum absorption with 90.5 mc/cm2 beryllium interposed; 
curve C is that of conversion electrons; and curve D is Lx-rays 
of onorgjT of about 4 Kov rou"-hly. 
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less than 60 Mev, so that the yield of Os127 was very much lowered relative to the 

yields of 30 minute and 31 hour cesium isotopes. This exneriment, and the bombard-

mont at 36 Mev mentioned subsequently, lead ono to consider that the 30 minute K

capture cesium activity is, in tho absence of other evidence, 06130, rather than 

Cs123, on the basis of provious work3• 

A soft lead absorption curve,· Figure 5, was taken with both cesium activities, 

5.5 hour and 31 hour, present with 599 mg/cm2 bery~lium interposed betweon sample 

and Geiger tube; the presence of a 31 Kev K x-ray is obs ')rved in addition to 

0.51 Mev. annihilation radiation. Hard lead absorption curves showed no evidence 

of gawna-rays harder than 0.51 Mev emitted by any cesium isotope studied. It 

was observed that the 30 minute cesium activity also emitted a gamma-ray of 0.51 

Mev, but no experiments have been performed as yet to determine whether the 30 

minute activity also emits positrons. In aluminum and aluminum-pIus-beryllium 

absorption curves, in pure boryllium absorption curves, and in x-ray counting, L-

x-rays have beon observed from the 31 hour activity, after all other cesium 

activitios had decayod out. 

It is interesting to note that when ammonium iodide vIas hombe.rded with 36 

Mev alpha-particlos on the 60-inch cyclotron, tho cesium radioactivities isolatod 

had no observable positrons on the crudo magnetic spectrometer and exhibited a 

gross decay curve havi.ng ·only 30 minute and 31 hour cesium activities, while the 

5~ 5 hour positron-emitter Has conspicuously absent. This decaJ' curve is sh017n in 

Figure 6. Evidently, 36 Mev is below the )?r8ctical threshold for production of 

observable qual1titics of Os127, a fact consistent with present ideas on oxcitation 

functions for (a,xn) nuclear reactions. 

To make the mass number assignments of these neH liS'ht cesium isotopes, both 

mass spectrograph and daughter xenon isolation eXp~riments were performed. The 

proof for the genetic rolationship OS127~) Xo127 will be discussed first. 
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Ficure 5~ Soft lead absorption curve taken in the presence of 5.5 hour and 
31 hour cesium activities. Curve A is the experimental curve, 
vii th 599 Dle/cm2 Be interposed. Curve B is a 31 Kev K x-raJT 
resolved from Curve A. 
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Figure 6: Gross decay curve of cesium radioacti vi ties induced by b0111barding 
NH4I' with 36 Mev alpha-particles on 60-inch cyclotron for one 
hour. The presence of 30 minute and 31 hOlrr activities is noted, 
but the absence of the 5.5 hour activity induced at higher enerGies 
and the absence of the long 20 day tail of xenon dauGhter dif
fusing through cellulose tape cover are conspicuous. 
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It 'Was earl~r sus:pectod that the apparent 20-day tail (Figure 2) in the gross cesium 

decay curves ",as perhaps the :?rcviously reported 34 day Xo127, graduall)' diffusing 

through the cellulose tape covering the samples; to test if this were derived 

only from the 5.5 hour cesium positron-emitter and not from tho 31 hour K-capturing 

,activity, repurificEltion experiments were performed' in which a sample of an inHial 

mixture of the two activities was dissolvod in 1:1 HCl after tho 5.5 hour cosium 

isotope had effectively deca;rod out, but while the 31 hour cesium was still vor~r 

active. The zasoous xenon daughter radioactivity was expelled b~r boiling, the 

activit~T Beain placed on a sample plate, covered rrith cellulose tape, t'nd tho gross 

decay followed and comparod rrith a similar sample VThich vms not so rcpurified. 

These repurification experiments: arc shovm in Figure 7, c7herG curve A represonts 

the decay of the cesium sample thus repurined and '"There curve B shows another 

similar sample from the same bombardment wh:i.ch was not repurified and consequently 

tailed out to the long 20,..day activity characteristic of 34-day daughter Xe127 . 

diffusing through the cellulose tape. This experiment established that the xenon 

daughter VIas growing from the 5.5 hour positron-emitter, rather than from the 31 

hour K-capturing isotope. 

To establish the fact that this xenon daur:hter was actually the 34 clay 

Xe127 reported in the literature to emit a 0.9 ri1ev ganuna-ra~' 2, a bombardment of 

freshly-isolated cesium, containing both 5.5 hour and 31 hour activities, was 

placed in an apparatus on a vacuum line. This apparatus, Figure 3, consisted of 

three 5 cc pyrex glass bulbs, each of 1711ich '7a8 fitted with a stopcock i, and a 

connecting tube g into the bottom of i"!hich the cesium sample was introduced. A 

plug of glass wool Q and a circular loop in the" glass tube connecting each bulb to 

its stopcock prevented the possibility' of any non-r:;aseous radioactivity from being 

mechanically carried into the bulbs s. The buJ.bs and apparatus were evacuated at 

Ii to 10-3 rnm of Hg after introducing the cesium sample, and nhen evacuated, the 
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Fi':ure 7: Repurification experiments showing that the long 20-day 
tail is due to xenon dauGhter which grm1s from tJhe 5.5 hour posi
tron-emitting cesium only, and not from the 31 hour isotope. 

Curve A shows a sample from which the xenon was expelled by 
boiling after all 5.5 hour act.ivity had effectivel~r died, rlhile 
curve B shows a gross decay of a similar sannle not so repurified. 
The time axis of both samples is identical. . 

I. 
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Figure 8: Direct vacuum-line isolation of daughter radiox~non from 
cesium. High vacuum is pulled at~. The cesium sample is intro

duced at 12 in a connecting tube g. The ~'aseous xenoh daughter 
is colll)cted in' oyrex bulbs g, fitted with circular loops .§ 
and stopcocks f. To reach the bulbs, the xenon must filter through 
a plug of glass wool £. At the time of collection, 12 is flamed 
gently whHe Q is cooled in a beaker of liquid nitrogen, then 
quickly sealed off below the loop. 
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apparatus was closed off from the rest of the vacuum line. 
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The first bulb was 

opened to receive any radioxenon which mic;ht emanate from the cesium sample. 

After 5.5 hours, the ces ium sample was heated with a flame gently to expel gases 

while the first bulb was cooled 17ith a beaker of liquid nitrogen if} order to collect 

the maximum yield of any daughter radioxenon in the bulb. The bulb was then 

quickly sealed off be1ov! its stopcock from the rest of the apparatus, mounted on a 

suitable counting card and counted under a Geiger counter. About 109 counts/ 

minute were observed, due to the reported 0.9 Mev gamma ray 'emitted by Xe127; 

the walls of the bulb were too thick to permit transmission of very much of anJT 

less penetrating radiation. This corresponds to almost 30,000 actual disintegra

tions/minute of radioxenon, assuming 20% geometry and 2% counting efficiency of the 

0.9 Mev camma ray, representing an excellent yield of daughter xenon under condi-

tions YJrevailinc in this experiment. The decaJr of the activity in this bulb uas 

followed for abuilt six weeks and F;ave a half-life of 30 to 35 days. The apparatus 

was reevacuated after the 5.5 hour activity had effectively died 0ut, and tho 

second and third bulbs, exposed to collection of xenon after the 5.5 Hour activity 

had died, gave no counts. This experiment was repeated on two other bombardments 

with similar results. 

This direct vacuum-line iso1ation'of radioxenon daughter established that not 

only did the xenon emanate from the 5.5 hour cesium alone, but that the 5.5 hour 

activi ty must be Cs127 if the as~ignment of the 34 day xenon dau~hter activi t JT to 

Xe127, based on I127(p,n)Xi2~ reaction with 5 to 6 Mev protons, was co:rrect 2 • 

After many attempts to ,obtain mass spectrograph proof of the mass numbers of 

the 5.5 hour and 31 hour cesium activities, loss factors for cesium salts ,7ere run 

on the mass s~ectror';raph 4 to detorm:.ne which salt would be nost apt to yield 

successful mass spectrograph results from a thermally-ionizin7 source. The in-

teresting results are shown in Table I. 
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LOSS FACTORS OF VARIOUS CESIUM SALTS ON THE BASS SPECTROGHAPH 

Cesium Nitrate, CsN03 

Cesium Chloride, CsCl 

. ... - - - '.- - --

Los~ Factor 

1.4 x 106 

8.3 x 104 

lCO 

Since the geometrical loss factor on the mass spectrograph is of the order of 

50, with cesium sulfate at least 25% of the cesium is ionized. One expects 100% 

ionization under optimum conditions, because of the very low ionization potential 

(3.87 volts) of cesium. The very low ionization of the chloride and nitrate 

salts is ~robably due to greater volatility in vacuum. The presence of ammonium 

salts or other foreign matter operates to lm'!er the ionization efficiency by 

increasing mechanical loss of chunks of material from the ~latinum filament. Only 

by increasing the yield of activity by use of the su,?limator combined with especial 

care to prepare practically weightless samples of the sulfate of the radioactive 

cesium isotopes, instead of the previously-tried chloride, were successful mass 

spectrograph results finally attained. 

Mass spectrograph plates showing dar:c lines at mass numbers 127, 129, and 133 

(stable carrier) were obtained, and transfer plates shoYJed the radioactivity of 

lines 127 and 129; after the 5.5 hour Os127 activi t~.r had effectively decayed out, 

th() radioactive line at mass 129 still gave good transfer plates. This is shown 

in Fic;ure 9, which consists of microphotometer tracings of tho oriC;inal maf'S spec-

trograph plate and three transfer plates made at desi.r;nated times after bombardment. 

These results conformed exactly to all previous evidence and predictions con

cerning C8127 mass assignment. Mass spectrograph runs nith excellent transfer 

plates were repeated in a total of three bombardmonts. Although the 30 minute 



Figure 9: 
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Microphotometer tracings of mass spectrograph plates shorring 
Cs127, Cs129, and stable Cs133. Transfer plate #1 was exposed 
to the original plate, emulsion to emulsion, immediate13r after 
removal from the mass spectrograph and remained on for 24 hours, 
'when the crude mac;netic spectrometer showed very few remaining 
positrons; then the transfer plate /12 was exposed to the 
orfginal pIa te for about 43 hours, ,7hen the crude spectrometer 
showed no positrons but only conversion electrons; then 
transfer plate #3 was exposed for another 72 hours, approximately. 

Th:i.s proves that the positron-emitter with the 5.5 hour half-life 
is mass 127, and the 31 hour K-capture isotope is mass 129. 

I, 
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cesium activity could not bo observed on the mass spect):,ograph, one tentatively 

assicns it to Cs
130 

on the basis that it was first made3 with lor! onerzy al,ha-

particles on iodine, and in the absence of evieenCe to the contrary, it is assumed 

that our 30 minute cesium activit;)T, which is formed both at 60 Mev and 36 Mev, 

is possibly the same isotope. 
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