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NEUTRON-DEFICIENT CESIUM ISOTOPES
Richard W, Fink, Frederick L. Reynolds and D. H. Templeton
Department of Chemistry and Chemical Engineering

and Radiation Laboratory, University of Californis,
Berkeley, California -

ABSTRACT

The new isotopes csle’ and‘08129 have been produced:frpm iodine by irradisg-
tion with high energy helium ions. Thelr mass assignmentg were_&etepmihed with
a mass spectrograph. 38127 decays with 505 - 0.5 hour halfmlife‘with emiséion
of positrons (1.2 Mev maximum energy), giving rise to the daughter activity 34-day
Xezg?o 63129 decays by eiaeﬁron capture with half-1ife 3172 1 hours. -A 30
1303 Waé also produced, but its mass assignmenﬁ

minute activity, presumed to be Cs

is uncertain.
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NEUTRON-DEFICIENT CESIUM ISOTOPES

‘Richard W, Fink, Frederick L. Reynolds and D. H. Templeton
Deparﬁment of Chemistry and Chemical Engineering
and Radiation Laboratory, University of Gallfornlaq
Berkeley, California.

The sucesssful completion of a thermally-ionizing mass spectrograph in this

" laboratory and the agvailability of highaenergy‘heiium ions_from the Berkeley

184-inch cyclotron have led us to investigate neutron-deficient isotopes of alkali
metals, which are relatively easy to ionize. Some results for rubidium isotopes
1

have already been reported.” This paper is concerned with two new cesium isotopes.

. (L) F, Lo PueyzruuLd,s_9 Do G Karraker and D, .H. Templeton, Phys° Revo mﬁg l? (1949)

The cesium isotopes of mass 131 and greater have been studied exﬁehsivelyoz

(2) For references, seé Table of Isotopes, G. To'Seaborg andblo Perlman; ReVSOModo
- Phys. 20, 585 (1948)3 also, L. Yaffe, M, KlTSCh 'S, Standil and J. M Gruniund
Phys. Reve 75, 699 (1949) N. Sugarman, Phys. Rev, 75, 11;73 (3949) Jo ‘L Neen
and Fo Malenschelng Pnyso Rev, 76. 328 (1949)3 and J. S. Osobag Phys° Rev. 76,
345 (1949) The assignment of the 10=day ce51um to mass 131 has now been con=
firmed w1th the mass spectrograph by D. G. Ka‘r’raker9 F L, Reynolds and D, H,

Templeton, UCRL Reportm2859 Feb. 11, 19499 not yet publlshed

The only report of lighter isotopes seems-to be a 30-minute periocd produced from

iodine with helium ions, presumably of 16 Mev energy from the Purdue University

:cyclbtr0n;3

(3) »J, R. Risser and R. N, Smith, private commmication from K. Lark-Horowitzf,

quoted from G. T, Seaborg and I. Perlman, loc. cit.




UCRL - %97(Revised)
Fage 5

Iodine Bombardments

Stable 1127 (1007 abundance) was bcmbarded in the form of“ simonium ‘Lodide with
.60, I&v hehum :mns :m “the' B”«rkeley 184w1n@h cy@lotmn foxr . per:.cd\ of f’rom one to
four hours. The ammonium iodide was mep@d in 0,00l-inch aluminwm foil and
' ir*riadiaﬁ:ed mounted on & water-cooled seppsr bleck on the eyclotren probe. Elemental
jodide sealed in a platixmxm ﬂapsu‘le was also 'bomhardedo Anmoniwn' iodide was also
bombe rded W:Lth 36 Mev helium ions from the Crocker 60-inch eyeletron.

The cesium radicactivities indused were isolated from the target mtbterial

by chemiecal proezedumsz-é designed to removse Xe,, I, Te;, Sbh, Sn snd most other elsments

(4) For details, sse R. Wo Fink, M. S. Thesiz, University of Californis, Berksley,

1949.

exoept alkali metals. Carrisr sesium was added in some cases, but it was found s

that vory 1ittle could be tolermted in samples destined for the mass spectrograph.

: : ) o 33 :
It was found that sufficient Gsl Y %o serve as & reference lime oz the mess spectrum

v

was previded by . Dol mgs Although the firs.t chemical technigus yielded sufficient
gesium activity for all experimental purposes exoept mass spectrograph Wc‘zrk,, it
was found tﬁa’c ignition of cesium eh‘ieride in an open dish %o mm&va axmonium
selts resulted in serious loss of cesium dus to 'bne high volatili®y of (l‘;?s(fﬁlé

To prevent this lozs and thereby isolate sufficient cesium sativity for mass
- spectrograph runs, the ammonium iodi&s was decomposed in moderate vacuum by gentle
heating with a drop of nibric asid and a few drops of sulfurie g@id; A cold finger
cooled with carbondiexide snow mear the sample condensed the icdine and wafer which
ers_caped;' Within thres mimubes the residue solution could be removsd, containing
most of the ee’simn aotivity and relatively 1ittle of the target maéseria,l.} This

procedure rosulted ix substantially better yislds of aetivi"b'y}--
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Cesium Radioactivities

‘In Figure 1 is shown the decay curve for the cesium radicactivity from a
60 Mevlalpha bombardment of ammonium iodide. The sémples moﬁntediés eesiuﬁ chloride
and covered with cellulose tape, was counted with an argon - alephbi Geiger
tube, The decay curve is resolved into 5.5-hour, 3l=hour, and 20~day compo-
nentsg. When'the chemical procedure was completed rapidlyg enough, a half-hour
period was also observed, With 36 Mev helium ions, only the half-hour and 3l-hour

~activities were observed in the decay curve, Figure 2. ‘

After the 5.5-hour cesium was dead, a portion of the cesium wgé\rediésolvedg
boiled to expel xenon, and evaporated on a éounting disk; In Figure'B arewcompared
the decay curves of such a sample and a portion which was not disturbedo The 3l<hour

activity is not affected by this procedure. The removal of the long 20-day activity
by boiling suggested that it is a xenon daughter of the 5.5 hgur»¢esiumo It
cannot be the daughter of 31 hour cesium. |

To establish the identity of the long=lived agtivityg a mixture of»ffeshly
isolated 5.5-hour and 3l-hour cesium activity was placed in a small vacuum line
equipped with several glass bulbs. The system was evacﬁated; thevsgmpleuwas
isolated from the pumps and the bulbs, One bulb at a time was opened and éooled

with 1iquid nitrogen, while the sample was heated. Glass wool aqd loops %ﬂ the
connecting fubing acted as a safeguard against mechanicalitransfer bf honmgéseous
material, The bulb was then sealed of f and mounted on a hplder for counting.

The first bulb filled exhibited 109 counts/minute ﬁf activity; the walls were

too thick for observation of soft fgdiatiqnso This:activity decayed for six
weeks with a half-life of BO.to 35 days. bther bulbs filled after the 5.5=hour

activity was dead yielded no observable activity,
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This experiment was repeated twice with similar results. On the basis of
these observations, the long-lived activity is identified as the 3=day x:enon5

(5) E. C. Creutz, L. A, Delsasso, R. B. Sutton, M. G White, and W. H. Barkas,
Phys. Rev. 58, 481 (1940)3 M. Camac, Plutonium Project Report CC=2409 (Oct.
1944); R. Overstreet, L. Jacobson, K. Scott and J. G. Hamilton, Plutonium

Project Report CH-379 {Dec. 1942).

assigned to Xel?’  produced by decay of the 5.5 hour cesium, X¢127 is reported
to emit a 0,9 Mev gamma;rays which is the acﬁivity counted in the glass bulb, The
shorter half-life observed in cesium samples ‘is caused by diffusion of xenon
through the cellulose tape cOVBring the‘sampleoi
MaSSmspectrograﬁhic Experim?nt§

. In our mass spectrograph the sample is placed as av301idk99'a tungsten or
platinﬁm filament and is ionized by heat, The efficiencywof the ionization for - :
cesium.has'been found to be strongly dependent on the chemicéiwstaterf the samplecar
Similar effects have been noted for some other el.emeni';a-:‘9 such as bapimm and
‘tﬁalliumo If the photographic plate is repléced‘by an electrométer'reeeiVers an
) integration of the current is a measure.of the number of atoms ionized and passed
by the slits of the apparatus. The ratio of the amount of sample piaced on the fila-

ment to the amount found with the electrometer is called the "loss factor,

| Experimental values for three cesium salts are listed in Table 1.

TABLE 1
LOsS FACTORS OF VARIOUS CESIUM SALTS ON THE MASS SPECTROGRATH

Salt _ ' Losg Factor. ’
Cesium Nitrate, GsNO4 A : | 1.4 x 10°
Cesium Chloride, GsCl . 83 x 10%

Cesium Sulfate, Cs,80 180

b
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] | §in§@_+ak§ geome trical '103'5' factor on the mass spoctrograph is of the order
of 50, with sesium sulfate at least 25% of the cesium is iomizeds Onme oxpects
1106% iéﬂiz&tion undgf‘ép%ﬁﬁuﬁ één&ifionég because of the very low fonization
potential (3.87 wolts) of cesimm. The very low Sonization of the chlorids and
nitrate.salts is probably due to greater wolatility i vacuum. The presence of
aﬁmoniumf$a1t$ or other foreign matber operates to lower the ienizgﬁiqn,efficiency
by insreasing mechanical loss of chunks of material from the plgtingmffilgmento
.'Oniy;by'inﬁraasiﬂgvﬁhé yield‘of activity by use of_theﬁva@mum,sublimatiﬁn procedure
‘- combined with espesial care to prepare pra@ticaliy'weighléssﬁsampl§s of'ﬁhe‘sulfate
" ef éheqﬁadioéativé cesium isotopes, instead. of the chlorideius@&}inlaarly §gperim
ments, were successful mass spe@frogr&ph regults.finally'aﬁtaine&qv{
rm spestrograph plates showing dark lines at mass pumbers 127, 129,
and 133 (stable carrier) were obtained, and transfer plates show@d}thqﬁradi@m

127 aotivity had offectively

‘astivity of ‘lines 127 and 1293 after the 5.5 hour Cs

decayedm@utg fhe radiozetive line at mASS 129 still gave geod transfer piates;

This is shown in Figure 4 which éonﬁists ef:mi@rophoﬁometer fma@ingﬁof.théﬁériginal

maéS’spe@tr@graph”plaﬁé‘amd three ﬁransfbr‘plateS'made at'dssigﬁétedutimeg@after

bombardment. | | |
Radiations of 5.5 hour Cs o'

A cruds magnetis spectromster and absorption msthods were used to examine the

E2S r?/ . i ° ) .o .
radiations from @316‘ and 631290 Positrons were found with maximam energy aboub

1.2 Mev. The activify of these positrons decayed with a 5.5 howr half-life. ILead
ébsorpﬁion surves showsd 0.5 lbv gamﬁa rays dus to annihilation but no harder

gamme. Tays. Sof%ef‘g&mmas may have been present. Negative q;ectroﬁsvof énergyﬂef
the order of 0.3 Msv and w-rays were also’presenﬁy but.they hava'noﬁvbeén provéd »

to belong to s eTe
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Radiations of 3l-hour 03129
No positrons were observed for 03129, and it very 1ike1y decays entlrely
,-ﬂquélectron;capturegxIt.emlts 003 lev conversion electrons,.guanq{L XT§§¥§§,ﬁnd

gamma rays of about 0.5 Mev,

Radiations of the 30-minute Cesium
We have little data concerning'the 30-minute activity. It emits erays
and gamma rays of the order 0.5 Mev, TWe have not tested it for, p031trons or

3

negative electrons. Its production with 16 Nev hellum ions 1mp11es that it is

08130° Our data are consistent with that assignment. 05128
but its half-life must be BO'minutes, or less. It is concelvable that our 30=
minute activity is in part due to cst?8,
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‘has not been observed,
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MICROPHOTOMETER TRAGINGS OF MASS
SPECTROGRAPH PLATES SHOWING Cs'?7,
cs'? aAND STABLE ¢s'33. ,

FIG. 4
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