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NEUTRON ~DEFICIENT CESlm\.~ ISOTOPES 

Richard Wo Fink, Frederick L" Reynolds and Do H"Templeton 
Depart.ment of Chemistry and Chemical Engineering 

and RadwtionLaboratory'51 University of California)) 
BerkeleY9 California 

ABSTRACT 

The new isotopes Cs12? and' 08129 have been produced from iodine bY' irradi.~,= 

tion with high energy helium ionso Their mass assigqments were determined wit.h 

a mass spec.rtrographo 
'11'"'7 + 

Cs'!'~ decays with 505 c., 0 0 5 hOlll" half=li.fe vlith emission 

of positrons (L2 Mev maximu.ro energy), giving rise to the daughter activity 34--day 

Xe1.27 " Cs129 decays by electron capture with half-life 31 !: 1 hours. A 30= 

minute act.ivity, presumed to be Cel30
j) was also produced.~ but J.ts mass assignment 
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Richard Wo Fink,:) Frederick to Reynolds and D.Ho· Templeton 
Department ,of Chemi.stry and Chemical. Engineering· 

and Radiation Laborator'Y'.., University of California.? 
Berkeley~ California, 

The successful eompleti,on of a thermally=ionizing mass spectrograph in this 

laboratory and the availability of high=energy helium ions from the Berkeley 

l84·-inch cyclotron have led us to investigate neutron=deficient isotopes of alkali 

metals.., which are relatively easy to ionize. Some results for rub:idJ.:mn isotopes 
-... 1 

have already been reportedo 'I'his paper is concerned with two new cesium isotopes. 

The cesium isotopes of mass 131 and greater have been studied erlensivelY0 2 

(2) For referenCes 5l see Table of Isotopes.ll G., T. Seaborg and Io Perlman.\) Revs .Mod" 

Physo 2.QJ) 585 (1948), a1s0.9 Lo Yaffe.$ M. KirschJ) So Standil and J. Mo Grun1undJ) 

Phys. Rev. 2i.'l 699 (1949), No Sugarman~ Phys. Rev. 12~ 1473 (1949); 30 L.Meem 

and Fo MaienscheinJ) Physo Rev. 76:; 32$ (1949), and J o S. OsobaJ) Phys. Rev., 76~ 

345 (1949)., The assignment of the lO=day cesium to mass 131 has now been con= 

firmed with the ma.ss spectrograph by D. Go Karraker.9 F .Lo ReynoldS and D. Ho 

Temp1etoll J UCRL Report=2$5,9 Feba II!! 1949", not yet published" 

The only report of lighter isotopes seems· to be a 30~ominute period producedfroni 

iodine with he1itun ions" presumably of 16 Mev energy from the ·Purdue University 

cyclotron" 3 

(3) ·YnJo R" Risser and R. No Smiths p:rivate communication from'KoLark=Horowi-tzn" 

quoted from G" To Seab~rg and IoPerlman~ loc" cl.t" 
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127 
Stable I (100% abundan(6) wa.s bombarded in th.e ferm of aIlIDl.onium "iodide wi ttl 

.60.r&3v helium iCi~ 'ini:;he'BlffirkeHer 18-¥:~n~hcyclotron for' periods, of trom one to 
• ' . • • , • '.' .' " • .. • (. ~ . '_ 1 : 

fourJ hours i> TtltOl ammoni"tnl1 iodide was wI'8.pped. in O~OOl=inch. alumirmm foil and 

irradil,d.ed mounted on a watar=cooled copper blo0k on the eyclotron probeo Elems nta 1 

iodide seal®d. in a platinum. @apsu.le was also bombardedo Ammonium iodia6 was a1s~ 

bombarde-d with 36 Mev helimn ions fi'om the GrGClker 60=inc.b: cyolerorollo 

The cesium radioa~tivitie8 indu©ed were isolatedtrom the target material 

by t.lihem.ieal pr'ocsedUl""6S4 
designed to remove XelJ II) TeiJ Sb 9 Sn and, most other elements 

1949. 

except alkali meta.ls.. Ga:rt'ier @esium was added in SiOms Gases!, but it was found ,~ 

that very little could 'he 1:;c;lera.ted in samples: destined for the mass speGtrographo 

It f d 1 · f-· 0 t ~ 133 .£-~ .&1>.' 0 "-. was oun· t 1at sur l.©:len-; I;S o"u ser''f(9 a,s a re:t.erenf$6 ,,!,l.nSl ,.;in tc.n.€i :mass spectrum. 

was pranrided 'by 0,,1 'fJ,ge Although the firs.t Ghemi('lal t;e~lmiqm yielded su.ffioient 

~esium activity for all experimental purposes ex©ept mass spectrograph wor.kD it 

was found that ignition (IIf' eesium. chloride :in an open dish 1;;0 rem.OIre ammonium 

salts resulted in serioti.5i loss of cesium due to the high volatility of' OrsOl .. 

To prevent this lCiiSS and +.hereby isolate suf'fieiiant ces:l.um 8.@tivity for mass 

speotrograph runs, t,he ammoniutin iodide was decomposed inmoder.ate W,(Hlum. by gentle 

heating with a drop of' x:dtric aeid and a few drops of sulfuric a~idi> A cold finger 

cooled with oarbon dioxide SJ%cm near the sample condensed the iodine and water which 

escapedo Within thxaeGl minutes the :residue solution, Gould be :rem0V'£1<1j) ccrroaini:og 

most of' the oesium a.@ti'{fl:ty S\.mo. relatively little of th.e 'ta.rget maireria.ll> Thial 

'prooedure resulted inS",;(bstani:;ially better yields of aoti vi i;y. 
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In Figure 1 is sho\'\1!l t.he decay curve for the cesium radioactivity from a 

60 Mev alpha bombardment of ammonium iodide. The sample,lJ m01.Ulted ·as cesium chloride 

and covered with cellulose tape~ was counted with an argon = alcohol Geiger 

tube. The decay curve is resolved into 505-hour.l> 3l=hour~ and 20-day compo­

nents. When the chemical procedure was completed rapidly,lJ enough~ a half=hour 

period was also observed. With 36 Mev helium ions.ll only the half~hour and 31=hour 

activities were observed in the decay curve 9 Figure 20 

Aft.erthe 5.5=hour ceRium-was dead,lJ a portion of t)1e cesium was redissolved9 

boiled to expel xef:Lon" and evaporated on a counting disk. In Figure 3 are compared 

the decay curves of such a sample and a portion which was not disturbed. 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 hour cesium. It 
, " 

cannot be the daughter of 31 hour cesium. 

To est.ablish the identity of the long,~li ved acti vi ty, a mixtUre of. freshly 

isolated 5.5,~hour and 31=hour cesium activity was placed in a small vacuum line 

equipped vrith several glass bulbs. The system was evacuated.? the sample was 

isolated from the pumps and the bulbs. One bulb at a time ,was opened and cooled 

with liquid nitrogen,lJ while the sample was heated. Glass wool and loops in the 

connecting tubing acted as a safeguard against mechanical transfer of non=gaseous , 

material 0 The bulb was then sealed off and mounted on a holder for counting. 

The first hulb filled exhibited 109 counts/minute of activity, the walls were 

too thick for observation of soft radiations. This activity decayed for six 

weeks with a half~life of 30 to 35 dayso ' Other bulbs filled after the 505=hour 

activity was dead ~lelded no observable activity. 
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This experiment was repeated twice with similar resultso On the basis of 

these observations!, the long=lived -activity is identified as the 34=day xenon5 

. : ~ 

(5) Eo Co Creutz.? L. A. Delsass0s> R. Bo Sutton.? Mo Go Whitej) and Wo Ho Barkas.? 

Phys. Rev • .2.§.? 431 (1940); Mo Camac.ll PlutoniumProject Report CC=2409 (Octo 

1944); Ro Overstreetj) Lo Jacobson~ Ko Scott and J. Go Hamilton.? :Plutonium 

Project Report CH=379 (Deco 1942)" 

assigned to Xe127, produced by decay of the 505 h~ cesium" Xe127 is reported 

to emit a 0,,9 Mev gamma~ray.? which is the activity counted in the glass bulb" The 

shorter half=life observed in cesium samples is caused by diffusion of xenon 

thrOugh the cellulose tape covering the sample. 

Mass=spectrographic Experiments 

In our mass spectrograph the sample is placed as a solid on a tungsten or 

platinum filament and is ionized qy heat" The efficiency of the ionization for 

cesium_has been found to be strongly dependent on the chemical state of the sample,,~ 

Similar effects have been noted for some other elements.ll such as barittm and 

thallium. If the photographic plate is replaced by an electrometer receivers> an 

integration of the current is a measure of the number of atoms ionized and passed 

qy the slits of the apparatus" The ratio of the amount of sample placed on the fi1a~ 

ment to the amount found with the electrometer is c~lled the wloss factorn. 

Experimental values for three cesium salts are listed in Table 10 

TABLE 1 

LOSS FACTORS OF VARIOUS CESIUM SALTS ON THE MASS SPEDTROGRA1H 

Cesium Nitrate~ CsN03 

Cesium Chloride j CsCl 

Loss Fact,2t-

104 x 106 

303 x 104-
180 
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SinGe tbe geolil.etri~al loss factor on the mass spectrograph is of the order 
-.\ .-

of 50 D with @6sium sulfa.te at least 25% o.r. the Cie~iUm: is ionized.. One expects 

100% io~ha.tion 1,ID,d,'er' ~ptimuni ~oncUtion~ I) beCiauseb:£' the very law foniz~ti6ri. 

potential (3681 wIts) of cesium" The very low ionization of the 6h10r1d.6 and 

nitrate . salts is proba.bly· .due to grea.ter volatility i.n vaouum.. 'fhe presenoe of 

ammonium.' salts or o'tihez'foreign IIRtte;r operates to lawer theionlzati()n efficiency 

by inorea.sing me~hanical +088 of chunks of material from the platinum ,f,il!:j.lIlsnt .. 

Only by inl'J;r~asi1'lg oi'.:;he yield of activity by use of' the vaClt'i.um sublimation procedure 

'. oombined with.especial (';a.:re to prepare practically weighless samples of the sulfate 

of the·radioacti-y:e Gesium iSlotopes g instead of the chlorJdeusedinear'lye:x:peM.~' 

ments!) were success.f'ul na.ss spectrograph resul t8. finally atta,inedo. , 

Ivtlss Sl~©·b:r.bgra.ph plates shClW'ing dark lines at mass numbers 1279 1291) 

and 133"(stable c,f'.i.r'rier.') 'were obtained~ and transfer plates showed.the.I"adio= 

a©tivit~r of'1l,nes'12'7 and 129$ after' 111.8 505 hour 03
121 a(ljtivity ~d I?f':£'eotively 

decayed GlUtii the :r'adj,oaetiv6 line at mass 129 still gave good transfer plates: 
. . 

This is shovm i:o, Figtu?s 4 which clonsists of·miCirophotometer treeing;:> of'theoriginal 
I 

mass SpeCltX'ograpb. pla.t~ and. three transfer platesnade at desigrJ.8,~;ed t:l.mesefter 

bombardment., 

A oTllde magneti@ Sp€H(1\trometer and absorption methods were med to examine the 

• Q 11:;'r. 129 radJ.atl.ons from C8 and C~ 0 Pos i trens were found 'W'i th maximoon energy about 

absorption t'mrves showed. 005 Mev ga.m.mt!t rays due to ann ih i1at ion but no hardel" 

gamma rays" Sof"uer g!:unmas 1Jff!J.Y· haw been present" Negati va alelJ-tro:o.s of energy of' 

the 'order of' 0.3 :Men)" and. ;If.,=x'aYs were also present~ but they ha.ve not been pr.oved. 

t be 'il t a 121" o . ,L,ong 0 $ 
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Radiations of 31=hour Cs129 

No positrons were observed for Cs129, and it v~ry likely 4ecays entirely 

'byelectron:capture~ :It emits 0 .. ,3 Mev conversion e1:ectrons, Kan4:L x":.'~':l~.$.:t;and 

gamma rays of about 0 .. 5 Mev .. 

Radiations of the 30~minuteCesium 

We have little data concerning the 30-minute activit yo l~emits x~rays 

and gamma rays of the order 0 .. 5 Mev .. We have not tested it for. positrons or 

negative electrons" Its production with 16 Mev·helium ions3 ~mplies that it is 

Cs130
0 Our data are consistent with that assignmento C8128 has not been observed, 

but its half-life must be 30 minutes, or lesso It is conceivable that our 30-

minute activity is in part due to 08128
0 
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SECOND BOMB. ON 60" CYCLOTRON 
36 MEV a - PARTICLES ON NH41 

o 

CURVE A [T'/2= 32 HOURS, Cs '29 (KU IS GROSS DECAY 

CURVE INDUCED IN CESIUM FRACTION BY 
36 MEV a- PARTICLES. 

CURVE B SHOWS PRESE NCE OF AN /;2 HOUR CESIUM 
ACTIV ITY, PRESU.MED TO BE Cs l30 (THICK 
TARGET). [NO fJ + FOUND] TI/2 = 1/2 HOUR. 

NOTE ABSENCE OF 5.5 Hr Cs '27 (fJ+) AT THIS 

ENERGY OF a- BOMBARDMENT. 
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