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Tho nuclei of rno.n;r atoms doh tr& inher•ent.ly un• 

stnble dl el ntog1~t\ te spontanaously to y1 eld moro stable 

nuclear species . This p:r•oocss known a a radioe.f~t1ve decay 

1nvol vos the roleaae of em«n" y by the. nuclo1 of 1 sotopes 

seeking a less onert:ot::1o tlonfigurntion. The disintegration 

r~d~o or a given rt dio£ ctivo nu.claus is of fundamental J.mpor• 

tanoEI' to those who j nvaat1ga te the pr."opert1os of' the atom 

both from lllXperimontal and tl:uaoret:toal point:; of viow. It 

has been found tbo.t tho rate or decay or (l radiolsotopo can 

not be ma ter1ally 1nflt.Hmcad by chang-As in :phytU. cal con

ditions aud it has bean doducad that th1s ruto is directly 

dependent on the numbor of atoms prosent . ~·n.thomntioally 

'tho exponential deoa .. of radioi sotop s f)u,n bo descr1bod b,r 

th., .following oqu t1on . 

-dn/dt n )\ [ 1] 

whore -dn/dt is the d.is1ntobrat;1on ratG 

n .is the numbor or atoms present 

>-. is the dooay constant and equal::s o . H93~/ha.lf-lif'a . 

Consequently the rate of r cU oacM,ve di si n'togra. t1on for a 

g:lvon isotope 1a usually d4scribod in tcl't & or its half

life , o · the tlmo ~uq,lired tor one hnlt of tho a.torna in a 

g1ven sample to undergo docay. 

1 . 
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2. 

Al thou("h g.t•ea t taany o thods of mea.sur1n; the rate of 

radionctive decay have bean used, basically they o.re all var... 

lations of two main approaches . In one methoa , the change in 

the number of disintegration~~ occurr i ng in a given sample is 

measured ov 1~ a period of tine, preferably several half - 11ves. 

'fhe other method, applicable in the oa.se of isotopes which 

decay more slowly, involves the mea uremont of the fraction 

of the total numbor of atoms known to be present hich dis

integrates in a given instant . In the oa.lcula.tion of half,, 
lives both approaches make use of some form of the above 

equation. 

It can be seen from equation [l.] that the lonGer the 

half- life, the lareer the numb~n· of atoms necessary for a 

given dislnte(}rtttion rute. 'fhi means that, while ordinary 

technique can bG u E)d to weigh out suitabla amounts of long

liv$d isotopes for counting rate determinations, le s direct 

methods must be 'Sed in the case of those with short half

lives . F'or these radioisotopes the dls1ntogration rate is 

very large ror number of atoms whioh re eighablo by stan• 

dard techniques . •rhus for short- lived isotopes to which de

cay with time studies are applicabl , it is not neoes ary to 

be o.ble to determine the numbor of atoms Involved. Tho pre 

cision of tho half - lives obtained in this manner 1o dependent 

on the obs ;.•v d chan~e l.n relation to the presicion of the 

mea. au rem nts . From the point of vioYJ of such oo& uror1onts, 

the longer the half- lifo, the poorer is the prooision obtained. 



·~.; . 

There is a class of nuclidea with 1ntel..med1a te half• 

lives which ar difficult to determine by oither of the two 

methods described above . F..·o sur mont a of the· e in-botwe n 

half'-livos h ve oeen made both vith apt~cif1a disintet;ration 

rat and dec y with t1mo approachta although in lmo t all 

cases modi:f'1a tions to tho basic methods hu.Vfl boon naoes. ary . 

Por example, aapec.ially sot sitivo apparatus 1s essential if 

decay w1 th time measurements l'~ to be applied to a :radio

isotope with a fifty year half•life because tho chango even tn 

fivo years is slight . Specific d1tJ5.ntoRrat1on rate studies 

would e~.lso r•equire a special way of' detorr>ini n£~ tho number of 

~toms since conventional tlchnicues u:re not applica.hl to 

such an isotope . 

In tho r iss ion .t·l·oceas, t o of the many rndioactive 

A t f d 1 ~ wo C 137pr.ouuc s orrne , •e. , ~lr and , belong in the class of 

nuclides with intermediate half- lives . Most radioactive 

fission fr ¢;ments decay quite rapidly so that nftor two or 

three yoars almost all of the nctivi ty re~ml ts fl"om these two 

isotopes . Since they n:re formed in hizh yield in fission , 

large quantities of thom aro accumulating from the operation of 

nucl ar reactora . 

This thesis reports the moasurement or the half- lives 

of Sr90 nd Gsl37, both of hich are difficult det r~inations 

using conventional techn1quos . Previous valuos basad on decay 

with t:tme studies have b en :relatively inaccur to boco.use the 

docay was not f'ollowod for n suft'iciont loncth of. timo . 
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ApplicGl,tion of the 1nstantaneo11S d stntegration rate method had 

previ ou ly een harnp red by lack of an aocurnto Method for mea

aurin; ·the aubmicrograrn qn ntlties of tho inotoptHl hi ch had to 

be used . In tho present work a bras s 41T proportional counter 

w s d,signed and constructed to dot,rmine absoluta disintegration 

rates and the· nnrnbar of' a.t ms was measured with a mas Apectro

meter usincr. .1aotofH! dilution techniques . 



HISTOHICAL 

1ho term radioactivity pplies to th• spm1tunoous 


stabllization of tho nuclei of th atoms of c rtain isotopes 


called radioisotopes . This t·bi ization process is known t 


occur in many forms such as the er.d.ss1on of alpha., bota or 


,am.ma radia tiona by tho exoi ted nuclei . There nr , theroforo , 

alpha , beta a d gamma huli'• lives hich, bee use of the dif erent 

tr nsformations involved, t:'lust bo r.1o sured with differ nt toch 

niques . or ox mple, beta h 1f-11vE~s ran[";e from ' x lol4 yoars 

for In
115 

(l) to 0 . 022 seconds for nl2 (2) (3). Short• lived 

nuclear i somer•s on the other hard ·often have gumma h lf- 11Vf.)S 

of' the order o.f 10-9 seconds h1le alpha ho.lf- livea v y over 

the widest r n~ of all . 'h method 1sad for determining 

rates of d1sintcgrut1on will tho-ofore dap nd on the type of 

emission involv d . 

It should bo point d out that the rats of beta decay 

depends on four variables (4 h 

(i ) tho onergy inv lved 1n th transition 

(11) the chfu• ,e remaining on tho nuclou. fter dlsinta 

eratlon has occurred . 

( 11 i) the mount of ang lar momantutr1 and apin cnrl"1 d aw y 

by th electron and the nettr1no . 

(1v) ether the pa.:r•1ty of' the nuolous is roveT"sad in 

llndergoln: decay. 

5 . 
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'J.'he influence of these factors manifests 1taelf in the wide 

range of beta half-lives observed. As a result, nethods which 

are adequa to f :r ·1oasu ring t he Leta !'l.alf.-11 vas of sa~r u12 nnd 

P32 are not applicable in the case of rtbB7 or C 137 because 

the form r deouy so much moro r&.pidly thu.n the 1 tter. 

This 	situation of widely different ratoa of decay is 

common to all throe types of radioactive emission and has 

neoe ~ s1tated a wide diversity i n the methods us d to measure 

half- lives . 

(A) 	 .ethods of Deterr.ining Half- Lives 
Based on tho D c Y. vii th 'rime .Approach 

(a) Isotopic ratios m. j th a mass s:poctr>ometer 

If r dio~ctive isotope of an elem nt is present 

al on g wit! a stab l 1soto)e of the same element, tha change 

in the ratio of th ss two isotope wit 0 time can bo used to 

ostabll s .h the hal.t~- lit'e of' the r d io1 so tope . Til odo r-tnd 

nraham ( 5) made the first s ch me su:rtw1onts w 1 th a mass spec 

·trometer an14 fo nd the half- life of KrU5 to be ten years . 

Later ·· anless and Thode (6) published th v lue 10.27 t o . lB 


year& after follo ing the changes in tho KrU5/Kr86 ratios 


over a period of s ~ ven JO rs . aonamar , Collins and Thode 


(7) establiBhod the half-life of xel33 as 5 . 271! 0 . 002 days by 

oo parin ~ tho chang& th time of the rf.ttios of t1·11 s isotope 

and the stable xel31 , xel32 , .le1:;4 Xel36 
' isotopes . By 

following the 1ncret:tsa in the Cs 1::,3/Cs137 rr .tio for over 
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five y r, Wilo nd co- or·ers (B) oet a value of 33 ~ 2 years 

for the h lf-lif' of cel37 . Kar•rakar at al . ( 9) u sod the a e 

pprouch to me Bn~e thu half- lives of Eul52 (13 1 2 years), 

Eul54 (16 ! 4 y~Hu:•s} and sml51 (73 ! l~ years) . 

Uso of a s spectrometer to ,easure isotopic ratios 

n not been restricted to decay ~1th t1rn s ·udiA • Strassman 

RD87and lJ'all. n ~ (10) evaluated the half - life of in o. lep:tdo

lite e mpl in the tollo in~ ay. They doterm-nod the total 

amoant:; of stront1utn a.nd y•ub'idium by chemioal moans and mea 

sured th rn ti. s Sr 7jsrtotal and fib8? /Hbtotal with a mass 

peotromet$r . By aasumin~ a BOOlo~i oal a ~e for the mjner 1 

they obtained the valua 6 . 3 x 1olO years . An alpha half 

life of 8800 ! 600 years as deterru n d tor Am24~ (11) from 

the mass speotrometrio ratil"> of' Am243/Am241 and tho ratio of 

lpha activities moasur d with diffarent1al pulse nnlyzer. 

(b} Measuromont of amount of product !orm.od 

Early oasurements of the half-l i fo of tr1t1um ~er 

m de by count · ng the betas etni t bod froru r dioncale quanti tles 

of the isotope ( 12) while oro rl!lcent me urer.ents ltlVL i .n 

v lvod follo·ing th doc y of a large m lo Jith an ion

ization chambor (1 · ) . At the same timo, Noviek {14} first 

determ1n.ed the half-li.fo b m asur1.nt tho rato of formation 

or He~ , the pru<.luct of tho eta d o y of T . In tl1e most 

r oent determln t1 f.Hl Jenka and hts co- workers (15) ac ll1evod 

greater a<touraoy ·ith. a modification of the lattel' me hod . 

l noe hS u~od ;o moasure the quantity or 

http:asur1.nt
http:half-li.fo
http:determ1n.ed


o. 

trit. m, and disintograti n ro.tes rrero determi ned by measuring 

the r t e at h ch He3 a formed . 

ln{!lli'nl ( lG) u ed similar app:rot nrJ to rlotermi n the 

half-lif of .Pu240, 1 . o. , h ua d the gl"olth of the rani um 
0 

daughters !'r•o plutoni um s mple of known Pu""'"'o'' 40 isotopic;~/Pu~ · 

U235comousl t1on . rrhe a s spectrometric ratio of the atld t h o 

236 for1n d from the alpha deca3' of t he p lu < n i urn i.sotopes 

gives tl e relative b~lf-lif of u24U from the rel ti nsb1p 

1'a (Pu24°) .. moles of u2~5 moles of Pu240 ... 
X -------------

moles of u236 0 as of Pu239 

A great aal of work has b en don on the determi 

nation of the SJ.>ecif1e alpha ctivi ty of radium sine tor many 

years it wus used ns a ~eferonce ma~~rial for ntmerous mea 

surements in the .field of' rtldiouctiv1 ty . Tho vwrk has been 

hampered by tho proaenco of the hort- livod ~oendanta of 

radi m and by t;h r ~'1. c t that the half - life is too long for 

aceurate d c y with t ~Ltne at dies . Uonsaquently ny d!f!'er nt 

appro ches h ve been trie< , one of tho EHlrlio · t bf.li ne the 

measurement of the rate of .He volution in Ra d cay (17) . 

Sir J mea Dewar determi ned th amount of da forred in nin 

months from a sample of HaCl2 in a 3eulcd t ube , obta1nin ; a 

value of 0 . 463 ou . mm . por -rlim of radi um per duy which 

moans u half- llf of 1628 years . 

(c) Delayed coincidence method 

hen one nucleus undergo :J beta deea.,r the product 
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nuo l eu .. rn y be in an excited. or nucloar isonoric stat~ ~hot•eas 

disintegr t1on of another rnoy l ad directly to tho stable ground 

state . Suoh u situation 1~ to be expoctod when t1o t ·o lowest 

states of a nuolo r system h ve simll• r norgieo but differ 

oonaiderabl~ in angul r mor.1 ntum. Tho ·ret tor thi a difforonco 

tho longer ·1 11 be the !mlf- 1 ife of tb nuclear 1 som r [this 

cun r ngc from 10""13 seconds to a few months (10)] hich c n 

d -excite by the omission of it er a F.amttta - "lY <>r an :' T terna l 

conversion electron (Hi) . The g mmu hulf - liveB of short 

11 ved nuclear 1. omere aro usu · lly easured by th delayed co

lncidenco method ~1: ioh utilizes an oloc.tronic app·trntus capable 

of rer.o:r·dinr vory short; time Intervals . 'I'ho samplo is placed 

bet e n t w counters, fo1 examplA a e mme. sc1nt1llation counter 

and a b ta proportional counter . Durinc.: .the simultaneous st1rn• 

ulation of both co nte1~s , the delay time of one oh nnol ia 

varied 1th respect to the other an the p<r cant coinoidencea 

i plotted as a f unction or del y time . The idont ~ f1c.at1on 

of 1so:ners ts aooompl.ishad by soarchtn~ ; for any asymmetry in 

th usu lly symmetrical resolution curve obt jn.ed {20) s1nce 

this indicnt~s an 1somor1c tl"S.nsition . rfhe hal.f ... life of the 

nuol e r i sol1 er oun then b oa lct.lo.. t d from tho slope of the 

line obt lned by plotting the logar th of tha coinoidences 

per inute versus the dela·r 1n mict~oaeconds . 

'l"'he de l u.yod coincid nee method ha. been uaed (21) (22) 

( 23} for meaaurements of o ch :!.somers a .. •rul81 , oe72 and ith 

the development of' o1ntillation counters of i'ast; dec y time , 
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half-lives of tl a ordo1• of' lo- ll ..:.oconda cun be me surod ( 24) . 

•.rhe equip ont has b en adapted, owever, to measure h~lf-11ves 

of short - lived nuclides other than nuclour isomers . Using an 

anthr oene seintill tion spectrometer ith pulse height dis• 

crimlna t1on and delayed ci t•ctli t tind ng equipment, Kline and 

t:.uffarano (25) rtoa.aured the beta talf-live of Co.39 , L18, He0 

and o15 • 

(d) Gh nge 1n countinc rat~ with time 

Observation of the exponent.tal decay of a rtulioisotope 

over a eriod of time ha· be n a pl ied to a gr•ea.t many half 

life inve tigations, pbrtlcularly to those in the range or 
fractions of a second to one or t o years . Those m aaurements 

often requiro the least complic tnd apparatus since there is 

no need to know the am\)Uflt ot' nuclide presout and often not 

evan the geometry of the countor or· tho efficiency of the 

counting equipment . or axample, !Uday (26) observed ovor a 

period of tibout 115 days the decreasing disintegrtltion rate of 

a. samplo of rubidium chemically s parated and }nrified from 

fission products . By at>sorbtng the beta particles fr<>m na

tul..ally radioact1ve RbB7 w1 th alum1 n m he was al>le to oeasure 

the half - life of Rb86 as 18 . 64 t 0 . 04 nays .. xhe half-lives or 

Ns.24 , Cl38 , Br82 and Tc96, all in the 0 . 5 to 110- lour range, 

were measured (8?) w th a 411' ion1zatton ch mber connected to 

a recording potqntiom6ter which continuously rocorded tho in~ 

stantaneous value of the activity as a function of time. 
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usOther va.•ioti a of ppuratus h v lso bean d for 

dec• y with ti e atud1e • Tho half- liv s of Co60~ and Al28 

(20) · re found to be 10 . 47 t 0 . 02 min . ond 2 . 27 ~ 0 . 02 in . 

respe6tively by eans of rnea~ur ment 1th a recording qu rtz 

fiber electroscope . The electro cope reading as automat1. cally 

r corded at vurious in ervnla nlon ~ ith the time el psed since 

the start of the axpori ent . his was p rtic lorly dvant r OU 8 

for dis1nte~ r tion r te studie of . hort- lived isotopes . 

(a ) .etbods Involving Ab uta 
U1slntep;r<-~tion R te Dete.rml natlons 

If the half• l fo eing invest1 at d in of such a len th 

t .ha. t insuf'ficlent di sintot.. r tion of the radio1 sotope oc curs to 

give accur• to decay tth time otudl s , it is necoa ary to find 

the abs l ute rato of decay of kno n amount of radioi s otope. 

The follo ing . oc tion illustrates aorn~ of the methods whi ch 

h v b een used . 

(a ) The number of utoms determined by direc t we ieh1ng 

The t lf - life or u l ong-lived beta emitt r , Rbtl7 , ha.s 

been measured by t1o se s of workers usin two quite str aight

for :rd pproaches . Curr n nd oo- orkers (29) ei ghed out 

tenth- r,ram samples lth semi - micro balanc and measured their 

specific disintograti n r toa with a large proportional tube 

counter . cGrec or and v~i denbeck (30) v pori zed 'RbCl on to 

aluminized zapon fllms, el gh d th sample and moaaured the 

specific activ· ty .ith a specially designed b tn counter. 
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n equally diroct t~aohnique haa beon applied in tho cane 

of Tc99 {31). The half•life of ~c 9, 2.12 x 105 yBars , was 

m. aaurod by cou tine; aliquot. of solutions mt· de by dissolv1.ng 

milligram quantitiee of NH4To04 nd tochnetium rnotal. The half

life of a third lon~·livod b ta e.tttor, C1~6, as dotorm.ned 

1n a similar manner (::J2) . 11quots of HC136 solution wer 

evnpot• tt"Jd to df"yness and oi ghod . •rh~ specific d1s1n·tegration 

rate of th se samples was then m usnred with a standard mien• 

window \¥ . A . count r and the half-life as found to be 

(0 . 44 ~ 0 .05) x 106 years . 

pplic tion of such a method to relatively ahort- livod 

Am241 (470 ! ~0 yearn) vas possible hovevor, only by using the 

moat sensiti"Ve of' tochniq es (;:>~) . B. G. Harvey at Chalk 

iver used amerjc1um purified by chomical means and shown 

spAotrograph1oall to conta.1n l<~ss than 1 p r cent impurity . 

He u ble to weigh fi Vf) microgran1 sample• of pure Am241 as 

Am02 on s. quartz tor·sion fiber u.ltramlorobt 1~ nco and then 

measure the lpha o.ct1vity of theae aumples wit} n methane

filled proportional counter. 

(b) Tho number of atom · determined by isotope dilution 

That class of nuclides hich have what have been 

called 1ntcrmed1ace h lf - lives r quire t chntques oth r than 

di rect weighing and count ing which were succe3 .ful with long

lived isotopes . A welgha'ble amount of rad1oiootop e ith half 

11 ves less than about 200 yoars \lould have far too hi.,h a 

http:conta.1n
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sp cific disint gra tior1 rat to b counted or handled oonven

i ntly . '.1.herefor sor.-~e way other th.n direct v-oighine, mu t be 

found for measurl n·~ th numbtlr of ~toms :tn a l!lora mod r. taly 

active sample . 

Tt~Be aoparute det rmin tiona of the hnlf-life of 

73 . 6 year u252 have ben ported, each one 1llu.tr ting a 

d1ffe-ent ppro oh. The first attempt (34) us an estimate 

b . ed on the t; rowth of u 232 l pha activity from its t hirty 

()30year beta e itti ng parent Pa~ ~. 1'h half - lifo was lso ee• 

2•M,
ti ut d fro m th :;ro--;th or u -v~ from 1 ts alph emitti n g pa:r•ent 

Pu~~3G (35) but by far the bost v lue h a b P-n obt ined by the 

use of n entir l y new technique . Sellers et al . (36) d tor

mined tho specific -ctlvity of their samples by rlilution with 

of u238a l~re exc sa so that they might use convent:i.onal 

eighin l nd counting methods . A mass epaotromotor w s used 

to measure the number of u232 atoms relative to th number of 

u...•>38 atoms which h d be n obtained· d"roctly from th eight . 

~C) Other l thods 

Con 1derable in-:onui ty h s been sho m :tn many half 

lite etor i nati ona reported 1n the literatur by experimenters 

confronted with problems unique to a particular :radioisotope . 

hey found it nee s ary to make use of particular foets and 

unuaual conditions, or to design apparatus of u ve ry specific 

n ture because conventional instruments v ere lnadequ.uto . It 

1s of intero.t to see some indication of the diversity of 

appro ch. 
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It w s mentioned in section (A) th~t tlo 0 . 022 see. 

half ... llfe of' Bl2 is on of the shortest for beta dacny. 

:Bec.HH" and Gaerttnar (2) accomp11s. d this determination by 

neutron ctivation of a boric acid to.rget supported on n 

annular ring 1~otat...,d at 1000 r. p . m. The half-life waa . e 

sured by observ,tn. , i th Laur1 tsen electroscopes, the aotivi ty 

as a function of.' the angular dlspl cement from the point of 

bombardment . This was, of courBe, just a spectal type of 

decuy- i th-time study . 

ichelberc;er et a.l . (37) utilized the !'a.et that because 

of its simple decay scheme Po210 makoo an excellent heat source 

for the t~stin ; of culorimoters . Those workers follo7cd the 

decay of six polonium samples vith four difforent steaoy

state resistancc•bridr;& calor•imetftrs and found the half... life 

to be 1~0.400 i 0 . 0051 days . 

The tno independent studies of the radioactlv decay 

or tho neutron ro interesting particularly because of the 

differe100S tn method und apparatus anB tho close simi larity 

betwoen results . In both cases a neutron be m from the nu 

clear re~ ctor was subjec ted to a hi Gh volt·ga 3 oh that pro 

tons resulting t'rom neutron degradation would fall on the 

first pl ate of an leotron mult1pl1or . Rob· on u.t Ohal 

Ri vor { 38 ), using th0 vt:tlu for t e numbor of protons a crlking 

the elec tron multiplier , the offici ·ncy or t. o collecting and 

foouslng system und the density of' neutrons in the beam, set 
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tho half - life in the range nine to twenty-five f, inutea . He 

later e, tended this method by 1ncluding the rneasurer:1ent or. 
beta particles co ncirlent with protons and obtained a value of 

12. o t 2 . 5 minutes· (3~)) . Snell and co- workers (40) used a si 

ile.:t~ approach and ri,th corresponding rnoasurcm nt~ st5mat d a 

ha.lf - lif of ton to thirty mtnutes . 

One of the most intriguing half- life atud1~3s ie th t 

made on caseous products of ur nlum fission by Overstroot and 

Jaeoba.on (41) . The mothoc: , called the chargad 1ir•e teohn~que,. 

1. ' 
was carried out ns follo'is . Tho radio ctive fission product 

gas was made to flo down a tube , through tho centre of hich 

str tchad a nae;atively charged ooppo:r· fire . Tho noutr 1 g 

atoms a1s1nte"rated as they pa sod throup-,h tho tuba and the 

resulting positively cho.rgad daughter atoms ere depositod 

on the wire within the immed1ut vicin:tt:y of th ir fo •mation . 

Since the gas was flowing at a controll<~d rnte. the distributinn 

of the reu. 1oaotive d~oay produ c ts along the Ylir Rerved as o. 

measuro of the hal f - lives of their respeetiv parents . ~tudiea 

were carried out on obort- 11ved xenon and kryton isotopes (41) 

(42) as ell us on a 139 (4~ ). 

(D) IJrediction From Nuclear Theory 

'r.ho prodicti f)n of lphl. half- liv 1a bh:'lOd on the 

rol a !:iionship bat een the radiouct1 ve deos:v constant or ha l f 
·

life of a rad.1oelement an<'l. tho rune of t~1a nono- c.,nergetio 

al ha p rticles emitted by it . Geiger and Nuttall (44) found 

http:Jaeoba.on
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nuclear 	reactions . 

Comparison of oxporlmantal lifetime v lues and eati 

ted theoretical lifetimes have been t hulutod (18)(47) and 

although there are often large discrepancies b0tween them, 

there 1s sufficient correnpon enc to strongly support the 

th ory . F'or the first exci tad a ·tata of :BlO, the t heorP.tica.l 

valt o of 5 x lo-10 saconrls is 1 n exeellcmt a greement w1 th the 

experimentally obtained v lue of (7 t 2) x lo-10 seconds (48) . 

In the ca e of ol'7 th re is a discrep ncy which tho authors 

ho.v e pl ined in terms of the pr onorn non of coNl exci t tlon . 

(E) 'Previous IIalf- Ltfe Determinations of sr90 and cal37 

Strontiu - 90 along ~ith ita da~ghter yttrium- 90 wae 

first reported by R. • ottor.f (4!J) in 1943 and at that time 

his dec y ~itt timo studies indio· ted a half-lif of 23 ± 3 

yo rs . Glend nin and Coryell on the basts of arnooth fission 

y;te l d curve sot the vt.:tlue ut t ~onty.-f'i ve yeurs {50) . 'rhe 

cu ·t•ently accepted valne of 19. 9 z 0 . 3 years is the r ault of 

decay studies ov r n period of s .ven yoars us ing a V uri taen 

el ctroscope (51) . 

The half- life of Csl37 ;vas firot estimated by Glondenln 

and etcalf (52) fr m fission yield duta to be t'~-11rty-throe 

years ami then by Eng lkorneier to bt. thirty-seven years . ( G3) . 

'Ihe first accurate mo surorr.ents were reported by fiiles, ~m.ith, 

Horsley and Th.ocia (8) and ore de~~ y with time studie. as 

described ins ction (B)(a) . Tho changos in csl33jt;sl37 



18 . 

ratios , t cu uN:<l for periods up to b . (i .·~· r.,, \,oro usod to oul 

cul-te a vtl o >f 33 - 2 y ars . 



( 0 1'' r7In thi'j • ork the nnlf-llves of and Cosr~ U!PO<) 

,c·arB.l ·dt;h a SH3cif'ic dtsinte,ruti.m r·ate detel•t•J i nation 

met o·l, ne ~t.ich invol!!cd tho m ;;,ure ent of' tho !'ruction of 

l;h total nu .bo:r of utornn kno m to bo p "'esont 1hi.<.:L disinto 

·.rutod n a ;lv n: ~ t. nt. f.bsolute d . s1nte ra~ on rates 

er mo. sur•o< lith 41l' c :Junt r d , si ·n(~u to op~1N~ ti(~ n the 

ro ort 1 onal rot,i )n, i . e. , ....he potential L ,t\.t:iOtl .lectrodes ls 

of ion p 1 •s pi·odncod in tl , C.)Un~.; }·' t us by tno bota partlclns . 

l'he d t , rr t nn ti 0 or the .UHf !' of H t,OL3 >I'Of'flnt d.i S f.lCCDrr 

u. rnu, s spec tr·)rr,e t£n• t sin sotopo diluti · n t'ch

n:qu\", • Isotope tlilt tion L, t'1(, rnou.sure. or t of' the quanti 

tat;t· P cffoct em . Botop~c r .tios cau d b.f t 10 udditi n of a 

knm·n ue~.nv .i. ty ol' on of th<.~ l o ·o. ~.~, (or of the ~.:.:H•e iaotoo::es 

in rUff· ron t; r lo. "="1 V9 a ..otm ~ .. ) • ThA ubaolu to t.:.. ount:> c n tben 

b calcul ted from t h o relative m s spcctrowetri rutioa, both 

ofor·~ nd a.f ... o t c dilutLm , n,. t h e U.ttOtlllt of ouc h isotopn 

ad~ d. 

(.A) 	 )ot~~rminutions 

(a) 	 411 counv r 

'l'he use of conventi onul nnd-Jindol O. V. c unt.r for 
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tho mea urement o~ absolute dis~nt~g rat· on rates involves so 

rna ny corrections th.ut the res1lts obt inecl in thin r:mnnor are 

of d ot.<btful accuracy . The count i n g ra t e actually obs .rved 

migh·t well b less than 10 per· cent of t h 1-J ubsoluto value 

bee use of the cor acti on necessa r y fo r ~6omotry , backscattEr , 

1 do and ai r- absorp·bion and self - b s orpt l on in the amplo (54) . 

Por this wrk , therefore, a c ylindrical 4 11 proportional countor , 

bul l t to operate nt one trnosphere of meth na, was dos1 t~ned 

and c onstructed . Its g neral pr•oport1 ons were substantially 

the same as commorci 1 models and others described in the li t e 1·· 

ature (55) . Details of the component parts c a n b sen in 

Figur·e 1. '!'he upper and lo 11or halvos of the oount~r form a 

cylinder hen assembled for operation. The anodes A ~hi<~h are 

loops of t n c,sten ire {0. 001 in . ) aro solderod into tho ends 

of copper wire B(0 . 040 in .) hich p saos thr')U(;h luo i te in

sul ators C. For efficient " eep i n r; - outu of the count i ng 

volume, C., P. methane was allowed to flow st.nd1ly into both 

halvefl thruur:h threaded nozzles D nd out t hrour;h similar 

not;zles E . Hubber "O" r 1n 1;.S , I~' ~nd G, assu r e n ga.s - t1 e;ht f1 t 

bet een the ass mbled p~.trts lflhile dowol pins H as~mre repro

ducible alignment between the t·o halves . Nichrome diak sample 

hol ders J , hioh fit in the amall 1ndcmta.t1 ons K in th'~ bottom 

hal.f, h a vo eight small openl n g s L around th oontral opening to 

al l o•• ci1..culation of methane . Th e anQda connections are such 

that the upper and lower h lves c£ n be opeJ•ated independently 

as wall as si multu.noously . demountable clamp as used to 
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hold tho hulvee to3ether in such a way that they could always 

be placed in the stl.mo position with respect to a.ach other . In 

order to reduce sputious counts to n minimum 11 lectric 1 

oonn ction wore hielded nd 11 counting \as carried out ith 

tho countor insido lead c otle . 

{b) Counting systom 

An R. C.L. nark 15 Model 1 comb i ned pulso emplif1er and 

hif;h voltugo supply as usod to provide the loct1~ode ,otnntial 

and to nrnpllfy tho pul 6S initiated within tho oount~r by tho 

b ta. radi tion . 'l'he vol tugt supply was c ntinu.ously variable 

botween 2300 and 6000 volts and its rated stability wao 0 . 02 

per cent change in output t 4500 voltu for a 10 per cent ch nge 

1 the line voltue;e . The <:trnpl1fier gain s 1860, th~ rise time 

w u 1 s than 0 . 5 micro~econdo nd tho decay tim~ as less than 

3 . 5 microsoconds . The minlmum input sensitivity a 2 . 8 m1111

volts and tho nogative output puls as vari ble from zero to 

ten volts . The pulses uft r• arupll.fica tion wero count. d and 

rEcorded u ing an Electronic Aasoclat s scaler. 

U~lnz four different scalars and savorul &r90_ y90 

sources, the volt e;e platoau cha.ra.cteriet1os of tla counting 

yetem ere studied at various setting s o1' tho pulse hffight 

potentiom ~ ter of the lineo.r amplifio1,. It 'as found that the 

plateau showed no oa.surablo slop bet e n 3000 and 3250 volts 

over a consi.derabl pul e height setLng r ngc. On the basis 

of the plateau shown ln Figure 2 • tho oount~r as operat d at 
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3200 volts. The ba.ck~round , due mos tly to cosmic rays , wo.s of 

the order of one pulse per sAcond. 

The dead tim of the counting system was measur d ox

perlmentally by means of a split urce , ono that coul be u~od 

with both halves together or each one separately. If C1 and c2 

are tho counting rtos for the two halves separately and c12 

is the rate for the two halves measured together then the dead 

time of system, tr, oan be calculated (56) from the formula 

c l Cz 
-------- + -------- -- [a] 

1 - c2tr 

Usin· a Splits urce , C1 , C2, and C12 - r found to be 122 . 8, 

123 . 3 nd 238 . 7 respectively and from this a dead- time value 

of 2 . 5 x lo-4 sec onds was obtained. rhia is in perf'ect o.gree• 

ment with the va.lu fixed by the RC lnput circuit of the 11.nco.r 

amplifier . 

(c) Sample mounting 

{1) Films 

Disks (diameter 5 . 8 em.) used for sample mounting ere 

made from 0 . 005 in . sheet n chrome with central openings 2 . 5 

ct • in diameter . It was necessary to nake very thin plastic 

films hlch could be fastened across these openings and on 

which samples could be deposited . 6any techniques for p ~e -

paring thin films of such materials ns polyethylene, zapon, 

formva.r and vin71l p l astics were 1nvestir;ated . It was found , 
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how ver , that V. Y. i . ~ . (po1yviny1chlor1de• a.catate copolymer) 

lilttstio was roost ~t tisfaotory . l3y "stretchlnt;" u soluticm of 

V. Y. N. a . in cyc1ohexanono on tho Ul:•fuce of wu.tor, accordin~ 

to a techniquo developed by Pat,o u.nd Yaffe {57), it wa,• possible 

to m.. ke film. of uniform thicknf.ls~ 1 4:0 to 210 mJA. (1. e . , 20 to 

;;>O micrograms per aq . em. sup.,rf1 ciul de1lsi ty) . 'l'ha !'11m a<J ... 

hered a curely to tho diska hen they ore pl&ced on top of 

the heet of plastic a\lout ten r.dnuton ufteP it hud been 

stretched 	out on the surr- co of ·the 1 ter . 

(_?.) Spu t terlnc; 

If a radio cti ve sotH•co 1. s placad on cho surfrice of u 

non - con.ductlnf; film , small charges. bu.lld up s the ouroe e • 

c ys . Acoo ... dinr: to Uawkinr;s et al . (5:>) thin cmld roduce tho 

counting t'ate for a given source and result 1n tho lof' s or 

voltage pla td u . Consequently 'the filr s ~ere r. de conducting 

by f.t proco a called sputterin • using the a.ppku..··a.tu~ shown in 

.Figure 3 . Inside a v ouum desiccator cvuouatod by n oil 

pu.mp through stopcock D t lA V. Y. N. S . fil s ~oro puttered 1th 

t>.:,old at n pressure of about 1 x lo- 4 nun . ar1d an electrode po 

tential of abottt :$000 volts A. C. r.L\he upper olactrode C con• 

iatad of u piece of lOR gold {approx . 0 . 63 x 0 . 7fi x 0 . 05 in . ) 

held in an aluminum fruma while thf lo er one n VHls nn nlu 

minum disk . Tho nichl orne d1alcs l•' hold1nt: the th• n film ere 

uppo:r-t~' s.b -ve E)loctr.-o D on tt r;1 ss rins . Films ~oro 

puttorQd w1 th gold on one aide only to a. thicl<noss of 5 to 

10 J45m. par sq . em . t 11 h1oh point t ilY w~ro conducting. 

http:thicknf.ls
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'l'h1 cknosHAS of both las tic and gold films f}re fH'lthia lied by 

aans ot' lnterforonoo pnttorns as de ·cr1bed by Po.te nn"l Y ffa 

(5?) . 

(d) 	 Counting corr•ec tiona und calibraMen of cdunt~r 

In eom.mon with measurements of <1:1. ointe£rution l"O.tes 

by all types ot oountinr equipment , those by 4TT count rs are 

sub Jeet to cor:NH:: t.i ons for background as voll as coincidence 

loss which is a function of the d ad time . lJ.'hc only other 

oor:rectlons which pply to 4'1'\' counting rate deto:rm1nat1ona 

are thoso for absorption losses ln the sm roc mount nd for 

self bsorption in the sou1•oe . 

{1} 	 bsorption 1n the source mount 

Seliger nd Cavallo (58) at the National Buronu of 

Standa:eds have shown that reduction of thn countinG rate due 

to bsorptlon in the source mount , if no llo n.noe for back

scatter is made, ls given by 

here r 0 =the baoluto count i ng r te 

\ = <~t .. fb)/(Ntb - Nb), 1.o . , tho fr ctional absol·p 

tion in th film . 

t and b refer to tho upper and lower r.l.!llvo.a of tho 

counter . 

'1., ble I shows two ypio 1 ct of vuluon obtained 

t;lling Sr\10 - y&O sources for which equation [3] gives a cor

~ection of upproxi ately 0 . 2 per cent . 
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:t:ABLE. I 

~·hmrce-mount Absorp,t1on Correction 

~ t lfb Ntb 'or•rac tlon 
C unt from Count !'rom CmJnt from Usinc ~~ ellger' s 
Upper Hall' ov r H lf Both Hnl~1as Forr·t·la (~8) 

I 141 . 6 141 . ~ 28~.4 0 . 3 


II 128. 6 128 . 2 260 . 0 0 . 4 


l ann nd e11ger (59) h va shov n that ner,lect of back

scatter in tho above 1elation introdueoe an uncBrt inty never 

greater than 1 . 5 por cent . Howev r, Pate and Yaffo ~hrscribe 

an absorption curve mothod which indicates an ov n smo.ller 

corr ctton tn the c so of tle b ta particles cea.lt with 1n 

this wot"k (i . e . , 1th maximum enorp;1cs nolo or than 0 . 5 Mov) . 

They m Jnto.in that both tho N. D. S. method givon above and the 

sandwich method doncribed by Hawklnga and co.. tol"kors (55} for 

aeterm1n1ng the source- mount bao1~tion correction give er

:a.'oneous results. Consequently no djuetm nt or the moa:mrod 

di sinto ~r tion ra tea ~as m da becauae it would h · vo had no 

significance hen compared to tho 11 mi ts imposed by sample 

preparation . 

(2) 	 Self- absorption 

3Jlf-absorpt1on in tho aourco ma.tor1a.l 1taelf will 

result in a re uot1on of tho counting :rate but this ca.n bo 

kept to a nogl1eiblo rnln1mum b .. using subtJJicror;rum quanti ti a 

of onrrier- fr- e nuolidGs . Since the quantity of atrontium 
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or c. sium on ny one film '1: as of the order of lo-12 grr., hich 

even 1 th microgram of inh~n ent 1mpur1 tios would result in 

neg11 i;~ib1o lf a bsorpt1 on, 1 t s assumed th t there s no 

r d ction in tho oount.tng rate a roault of finite source 

t hlckne s . 

(5 ) Conv .rsion of onunt1n, .. rates to dis1ntoe;rnt1on rate 

sr90 decays ' by tl e arnission or a sinr;le beta particle 

to y90 1th 'hich it is in equilibrium ao that ov,.,r:y time a 

br90 nucleus expols n olootron n y90 nucleus also expels an 

electron. This me ns that nly h lf a me sured co ntin rate 

is due to ·the dls1nter;rathm of r90 nd hnnco nll such mea

surement ~u t bo corrected for this effect . 

ln the ca.H of cesiur.t , how var, the rnoro complicatocl 

dooay schome nocess1 tut a ndd1 tional corx~ections . The gamma 

radiation from the lsomorio state of B 137 (2 . 6 min. half

1ilo ) is not in coincld nco with tho b ta emission. Hence 

the ob. arved count.! ng ru tos ~ .r corrected for.• the contri 

bution of convarsl n el otrons and for secondary electrons 

produced by the gamma radiati on . The correction for tho con

version electrons aa m de assumint 92 p r cent decay to metu~ 

st ble lla l 3'7 (60 ) nd an internal conver ion coeffici nt of 

0 . 118 (61) . n order to correct for secondary electrons the 

g mm r ...diation eff1alency ot· tha proporti onal counter was 

ostimate1l. us:tng aluminum s nd · lch toch ques (62 ) nd found 

to be le3s than 0 . 27 per c nt . This compares reason bly woll 

lth the 0 . 15 per cent value obtajned from the data. of llradt 



t 1. (6~) . A v~luo or 0 . 2 per cent has been used to corr ct 

the observed counting rate nd, s ...nce the correction is itself 

small, an uncert inty 1 • the value has 11 ttle Snfluenca on tho 

probable or1•or of the mea sured disintagrnti ()n rate . 

The fission product Cslv7 usetl i n tho h(lf•lifo detor

m1nat1 on Yl contaminatad by Csl34 formed by an (n,Y) reaction 

with oal~3 . It wa s therft!'ore necessary to subtract, from each 

sample counted, the contr1but1 on of cs1~4 to the obs rv d 

counting ruto . Two sodium iodide scintillation spectrometers 

w ro u.e~ to determi n this correction . 1th the~o spectre 

meter the coincidence rate duo to t he 0 . 605- nd 0 . 796- ev 

cascado ga rna rays of col54 wa compared un·1or oondi ti ms or 
known geometry with the ingle- channal cot nti nn ru.te due to 

the 0 . 661 - Mev .ramrnn ray of Csl37 . The ratio of theao ru. tos 

was 1/1204 and the ralut1onsh1p bet~eon th1 and the r lat1ve 

contributions to the rn aaured d1s1ntograt1on r te is given by 

the quat1on 

count rato of Csl34 corrected coinaidotco rate 

count rate or cal37 	 aor·rected s i ngle-channel :r-nte 

rel tive r eometry
X 	 Xefflcienci r otor 

Correction of th coincidence and s i ngle channel r tea f'or the 

vari us modeo of decay was made on the b •is of tl lo.te"'t 

decay schemes (61)(64) . The r lativ ffici noies of the 

Na.I (Tl) crystals as oaloulatad s 1 . 06 on tho b sis of gamr:ua 
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methano• filled counter indic tes that if the sat pl. era placed 

ithin clrolc of 1 ern . r dius at the centro of tho film , eff1 

ciency wo ld be better than 99 per cent . Sinco .in thi ork 

tho fletu· 1 deposits of car1·ier- fre ctivity never covered an 

area mora than 0 . 5 cr:1 . in diameter, no correction for this effect 

as made . 

The absolute off1o1oncy of the eountor aa tested by 

me ns of p32 nn.d Aul98 standar<i solu tiona obtained from the 

at1onal Bura u. of Standards . The rosulta of a comparison bo

tvvoon tho obso:rvod d1sinter;rat1on ratea for thoao rad'l.ouotivo 

solution and tho ra.tes obtained previously at tho N. ll . S . are 

shown in T ble II . The d viat! ns. from the average reported 

for this ork represent uncarta1nt1es in tho sampling technique 

ince e ch count corresponds to sttparato dilution from the 

standard sol utions . Thoro is also , loiovora , further source of 

error r nul ting fx·om th6 uncertainty of' the hal.f- 11von 1nee 

th stand t·ds or r lrly old nd tho hulf- 11vos are snort, 

14 . 60 day !'or p32 (65) and 2 . £W days for Aul90 (66 ). Counts 

w re ta on throu~.;h t o h lf...li vos of 32 nd through oie;ht half• 

11ves of Aul99 . On the basis of tl ose meusuronents the counter 

was assumed to b$ more thkn 99 per cent efficient tor bot 

particle in this en rgy r ngo . 
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Ca.t1brat1.-,n of Counter 1 th Solu t1on Standards 

T.. l3LF. II(a) 

Corrected 
Ob&erved 	 11 

' e fUapsed Di ainteBra ·ti ons 
Dlsintegr~ t1 ons in ours Since pel" second 

Sample pen~ second atandardiz&tion pe1~ U!l. x 10- 6 

l 76 . 2 247 . 0 159 
2 '73 . 2 264 . ~ lu0 
3 ? 1 . 7 290 . 5 163 
4 14: . 4 795 . 0 160 
5 12 . 9 	 052 . 5 160 
6 	 9 . 8 067 . 5 1!:>7 

vor ga 160 1% 
~ g.-;:N .. B. S. Vnlue 160 I 

'l'Al3LE: I I(b) 

Au1 "H 

Corrected 
Observed Tirne Elapsed Pis1ntogro.tions 

Sample Dtuintegrations in Hours Since per second 
ptn• second Standardization per ml . x lo- 5 

l 1"1 . 6 209 . 0 3 . 00 
2 14 . 5 22C . 5 3 . 85 
3 128. 2 468 . 0 3 . 90 
4 97 .0 492 . 3 3 . 82 
5 66 . 3 529 . 5 3 . 90 
6 64 . 9 530 . 2 3 . 85 

Avo.r•ago 3 . 85 ± 2~ 
H. il .. S . 'lalue 3 . 84 t 3~ 
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(B) nd Isotope Dilution 

The concantz•a.tion dotcrmlnations 1oro ca.:-ried o •t by 

isotope dilut1ou tfllchniques ua1ng a 90 degree ector mass 

spectromoter ith magnot1G scunnin"' and hot filurnent ion 

o rec . The filaments, de trom 0 . 030 inch tune;ston ribbon, · 

were platinum... l~lutod and then heated for approximately one 

hour under vacuum t about 2000 degr es C. Sample solutions 

are evaporatod 1n a teflon dish under a. hG t lamp to a volume 

of approxir ately 30 ,:t . t en transferred and cvailOr ted on to 

the filament . 

The isotope dilution method for flmlin ~ iuotope con

centrations "' car:ried out a. follow • In tho case of srOO, 

tho ratio or Sr88 to Sr90 in the solution wa~ moaeured; a 

known mount of s:r8tl (about 0 . 125 r . ) wao added to 1 gm. of 

solution and tho ratio wa· measured again . Thaao mass spec• 

trometric ratios and tho oi ht of c.dded Pr88 oro then util 

ized to obtain the amount of: sr90 per unit wAight of solution. 

The same procedure wo.s used to obtain tho amount of Csl37 

xcopt tho.t 1n this case. stablo Gsl3.7 wao used us the 1sotopo 

dilu tine; a gent . 

(C) Solu t1 on Ha.ndline 


he o...,90 f b tl "' 
...,.. or o 1 tdo counting and mans spectrometry 

c me from a. solution conta i ning about O. l ,.z) . per gm. , of 

fission product Sr~)Q . Since the s • mple wa"' ovnr thl"ee years 



xt nt t its oontri~ · io o t nottv1ty ~a· leo tbnn o. l 
·ua~ to tll.• I.'h ~:sl57 us d for• 1 1 hal£• l1.L . det. ... 

in tion ha h en solat0u flrr1 r - rr tl.~o in}iou p od Q 

Th 0. t' th,.,. f1saion pro u 

a· suoh {o r t:b.r h:..t th oontr1 ut1on 0 th oount1ng 

11 t nvur hli=h -or oth ha.l_ 

l1:t~ det r tnationa ono .~r . f. solu.tton 1s iglwd out dirnctly 

t:o:r th. .._, ....p otro _try ut or dilute solutions .r.ll ... 
sary in ord x· th t u o.s o UJ:. r- could 

1ng. Tn r d1onot1V· puri y ot lln olut1on us~d ta round to 

la7o.rried out on tllr- ~.; 

nothing "-u nlknl1 m. ,nl re.d1ooct1vt ty. 

1 .uotu of 100/'l• or less Wt'lr mae.suro th . 

Gil ant ultram.toro ur t11 :hi h ,. on I'· ·al1'hr ~t1on ua1 8 n 

o oi 

v·rr'I!!X'- tr rudiotr--otop sl jd. Ad ;;;>Orp U, 0 

¢ ould ..v l .. to o . 1 o s 

1 tll tdo i!lot .. " a 1: ull ....olut1ons r "Pt 1 u. • In ordor 

to t~at tor fractionation in the\ t.tront1uc. \or·· 1 yttrium 

carrt~r a dd~~"Jd to om solution-:: u t11d for unt! , atrot'l

· d not chan -; th~ o 
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losses wsre neglig1blo . Furthor teuta wer carried out by 

using Sr08 solution• of widely differing concentrationa for 

1aotop 3 dilution t.lnd ar. in no c1:-..ango could bo dotooted . Sin

1lar oxp rimanta using cs133 indiouted that there wor no ap• 

preo1able ad sorption lo ses in the Ct'sium deterrnlnntion. 



RESULTS AND DISCU~SI ON 

jA) Calcula t ion of Ualf•Livo&-
(a) Di. intaeration rato determinations 

bla III aho s the activity of tho solution containing 

srtm o.nd y90 in equilibrium proportions . The vnluos fer am

plos 1 , 2 a.nd 3 are equilibrium counting rates obtain d 300 

hour fter sar:mle prep r tion. A chUnfi in count with t1 1 

for these samples showed that Y90, adsorbed during s mple pre• 

par tion, as reg ining 1 ts equilib:t·iurn concentr tion . >.'>ample 

4 as t k n from a solution to ~h1.ch yttrium carrier had b en 

added and samy.>le 5 oontai nad both etront1 rn o.nd yttrium. carrier; 

thnse sho ed no oh go ln counting rate lth t_ne .. 

·iABLt: III 


Aoti v1 tv of Solution Containl n , ~r90 a nd y90 in g,qu 1l~brl un 


Disintogrations 
Disin cee rn.tion _ per second 
per sec .. nd por ml . of ~r90-y90 

Sample on film• J•;q,1llibr1un f"ol 'n x 1o·5 

1 57 . 20 	 1 . ;-:;2'7 
2 57 . 36 1 . 331 
'3 56 . 01 1 . ~~20 
4 51 . 34 	 1 . 334 
~ 	 51 . 30 1 . 332 

Average 1 . 329 t 0 . 006 

...
Corrected for ooincidance lo•s and backnround but not for 
aliquot size. 

37 . 
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Tablo IV sho va tho correspondi n g re llts ror the cesium 

diaint gr tion rate dotor~1n tions. cal33 c4rrior was added to 

tho 1a t two mplea as a test for adsorpti on 1o n.s. ny ad

sorption which did taka place appao.rs to hav" been negl1gibl • 

Di intogrntions 
Diaintoerations p r ..,.,cond 
per socond per ml. of cal~~ 

~ample on film Solution x lo-5 

1 31 . 27 
2 31 . 35 
3 31 . 38 
4 31 . 25 
5 31 . 33 
G 31 . 30 
7 31 . 40 

Av rago 
Corr cted i'or 
intornal conversion 
electrons nd for 
seo cm d&.ry elect·rons 

Corr oted for csl 4 
contribution 

1 . 298 
1 . 305 
1 . 307 • 
1 . 2U7 
1 ., 303 
1 . 300 
1 . 308 
1 . 30::S t 0 . 004 

1.174 ± .0 . 004 

1 . 139 :t 0 . 004 

* co1•r•eo ted for oo1nei donee loss and bo.ol:ground 

Tho greement bot eon the concentration values ob-

t lned Cor the sr90 solution in this inve-stigation (numbers 1, 

2, and 3) and thoso obtained by other xp r1 nentors in the 

s mo laboratory (nuobers 4 and 5) 1s sho n in Table v. 

http:appao.rs
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Values 1 ann 2 e ro obtained using n solution containing 

1 r gm. per ml. ot• sr8H for isotope dilution horeaB 3, 4 and 

5 were obtained using s rfl8 solution of concentration O . l~m. 

per ml . 

Cone ntrat 

icro~rams 
of Sr 0 por ml . 

t;u.rnple of Solution 

1 	 0 . 127 
2 0 . 124 
3 O . lf~3 
4 	 0 . 125 
5 	 0 . 1 ~~3 

Avera~e 0 . 124 t 0 . 002 

In T l)le VI, the concentration of tho {,al~7 solution 

is reported . Two csl33 solutions with d11:'f rent ooncentt•e.tiona 

were u ed for isotopA dilution, ono for tho first throo sam

ples nd the other for sarnplea 4 nd 5 . 'rh1s hud no apparent 

effect on the concentration valuo obtuined . 
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'!'A3I.f" VI 

Cone ntration of Csl37 Solution 

icro"' r mo 
of oal:37por ml . 

S mplc of .olution 

1 	 0 . 0310 
2 	 0 . 0315 
3 	 0 . 0320 
4 	 0 . 0311 
5 	 0.0314 

Avorago 0 . 0314 -+ 0 . 0004 

The llt"lits of error shown in Ta.bltl's III to VI are the 

st~nda.rd devi tlons of tho independently dotol"rnined valu in 

each tabl~ and uro conoid r d tor present limit imposed by 

the moa ure . nt of small volumes of oolution. 

Substitution of the absolute dis1ntc,,ration ru.te (cor

rae ted for y90 contribution) from Table III nd the m Mbor ot 

toms present :t'l.,O Tabla V into equation [1] gives a· h· 1f

life of 27 . 7 0 . 4 ye ru for sr9o. Similarly the aver ee vnlu a 

from 'fal.lle IV and VI givo a h lf-11!'o for t:slS7 of 26 . 8 0 . 4 

years . Tho pr.•oe1 ion .r~ivon in both cases is thd standard de

v1at1on CfJ.lculated on tho baai of the prooisi.on reported for 

the o.vero.ge concentra.ti nu and is1ntegration r to • 

http:concentra.ti
http:o.vero.ge
http:prooisi.on
http:st~nda.rd
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(B) Co Ear1son i th Currently; Ji.Ccaptod Half-L1 vea 

(a) 	 Stront1uc 90 

Power and Voigt (51) follo od the decay of a sr90 

sample for a period of sovon yt!}ilNl vd th a J.,uuri taen electro 

scope . They obtained the currently ocepted vulue of 19 . 9 :t 0 . 3 

year for the half- life , a value consido~ bly lo er tl~n the 

27 . 7 '!: 0 . 4 year value resulting from this vork • 

.F'i ~ilon yield studies of u235 provide avid nc for 

choosing bet-.een the 19 . 9 year value and the 27 . 7 yen.r vnluo . 

It follo~.~s fl"on equtt tion [1] that the fis."ion yiold of sr90 

ma,r be ev lu ted from a determination of' tho sr90 di$inte 

grat1on ttato cor•re pond1ng to n!ven am unt Of u235 fitHlions . 

Gland nin'a v lue of 25 ye rs (50) for the half- life of sr90 

assumed the yield of th1a isotope to be on a mnooth fission 

yield curve . The 19 . 9 year half - life woul d lead to a fission 

yield some 20 per oent lo er whereas the 2V . 7 .rear halt'- life 

m1ld corr spond to a vtlue about l i per cent abovo the smooth 

yield curve . Inve.. tigations in thia laqor,atq~y (6?) .show that 

the fission yield of sr90 is high and that the o0 rrespondlng 

fission fragment of masfl 144 has yield about 7 per ,eent 

above th., smooth fiasion yield curve . These t ·tond to 

support th~ value of 27 . 7 ! 0 . 4 years for th half- life of Sr90 . 

In private oornmunico.tion, Glondonin and Stolnborg (68) 
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revo:rtcd ~ vulue of 28.2 yeC~:r:•s for tho h lf•l1:t•e of sr90 by 

ua1nt: th EH m method employed in this invo-atir;t t1on. r.t'hey 

h1.tvo not, ho vor, indicated • ny precision for their rasul t . 

In ddi tion Dr. Voigt h s expr• ssod the o pinion (69) th t 

thoro y hnv boon lo s ot t:t r.rplo during tho eottrse of tho 

chunge• in•oounting- ra te - wi th- tlme studies lelH '·nl to the 19.9 

y ar value H>l) . 'his ·would h v resulted 1n too rup1d 

chu.nc i n tha counting rate and consequ ntly too short a 1:alf

11.fo . 

(b) Cesium 137 

~eoantly, workers u.t lfal"\"Joll report•d 30 . 0 ! 8 : ~ yoars 

as tho h l f • life of cal37 (70). 'their experinontn rore basod 

on the s mo approach thAt w a used. 1n this ork, 1 . . , n ab

soluto di 1ntegr&t1on r t det rmlnation and isotope dilution 

along ith tho mass noectro eter . Uo ovo:r thoy used. a sampl 

mounts, films 1th supcr!'icial donsitios us high u.o 250 m. 

por squaro om. and y t tho oorroction they pplied for absorp 

tion 1n tho nouroc mount wo.s only 1 per e nt . Jny of the throe 

method~ monti nod in p rt (A)(d)(l) of tho expor1.rnontal soction 

(l .a.s ., nand i oh or absorption curve) would p:rodict a largor 

correction. tlevortholoss this diso:repuncy 1a not of uf'fioient 

mugn1 tu<l to uccount for a. di£.1\;r 110e of 3 . 4 yonr•a in hu.lf• 

li.fo r osults . 

The currently accepted valu B of 33 2 ye ra (8) fOl" 

the l' a.l.f- lifo of cal~7 w s c loulated :from changes 1n the maas 



3'1 or f1 ion pr u s 1~-

f ring up to . t: Y· t r. 1 a. (.'!,• I'" r · c nt studi~ a o. D1r:t.ilar 

r tios ha.v h., n d in this l ~oratory 1 b. l!as ion p;r•odu · tS 

1 t ring u.) to • 5 ar, 1n :;P. and l na rr: ·.u t s , shown 1n. 

' 'abl VII t g1 'I· a hul:t'-l1t~~J of 26. 6 t 2 ynars {71), ADJ' var1• 

t1on in th~ r.~lat1V''1 y1t":~lcla o thP srut.pl n o m.Jnr 1n t 1a 

h n·r ·oul~1 1 a ~r1all t tlv~ c eulot h lf•lif • p :r~"'' 
10Ul r atno thl"' cllun •\('! in th ~sl35;col'37 rot1o, B nina

"' yonra, ts s. all. :1oth h ~6. - nn 33- y 0. val.ul'\s r o· 
't 1n y omp, r1 oon 1' 1f1' r nt fis ion protluet sm. plea and 

h nc dnp n' on th · s ..tu:tption th\) oh n...., .. tn th•"' rf')la t1v 

1nsion .vteld u to , i.t'l.. r nt 1rr 1n t1 >n on .1 tiona l1 r 

Sl ll 'f'n a.d. 1.t1on. it sh uld .. note tll·'!l t o.J.l thl!) half• 

plf;), t t o d1!f' . x-~nt ll. _:S • It • is hatl (,!U oont 11 

t t:u ·loul tPd h lf...11Vt'\B would , l l"lr than th r o.l value. 

t v rth .l s 1., it 1o t: lt , lle t h 26. 5-y nr a lu11 n.v~d on 

oompl t·l · lnd p ,n~~ t m~n ur-m~nt 
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TABLE VII 


Hal f - Life Values t'rorn Chanr:es in the Csl37/Csl33 Ratio kli th 'i'i 


Age Age 
Dif.ference Difference c8 137/csl33 Half-life llalf-llfe 

Time Since in Years in Yearn determined in yoars in years
Irradiation ith respect ''i th respect with amasa from from 

StUtple in Years to !-iamplG 7 to Sample 7 • spectrometer Sample 7 Sample 7 • 

1 
2 
~ 
4 
5 
6 
7 

7 * 

1 . 282 
1 . 470 
1 . 767 
1 . 915 
2 . 282 
2 . 3€0 
7 . 910 
9 . 636 

6 . 628 
6 . 440 
6 .143 
5 . 995 
5 . 628 
5 . 550 

8 . 354 
8 .166 
7 . 869 
7 . 721 
7 . :554 
7 . 276 

0 . 9074 26.2 
0 . 9058 25 . 7 
0 . 925 25 . 0 
0 . 8929 26 . 0 
0 . 8089 25 . 3 
0 . 8757 27 . 5 

~~verar;o 26 :t 1 . 5 
.t .. vera. :t) 

Ovorall Avernce 26 . 5 :t 

27 . 3 
26 . 9 
26 . 5 
27 . 4 
26 . 6 
28 . 5 

27 . 5 t 
2 

1 . 6 


7 and 7• are the same sample at two different ages . 

~ 
~ 



(C) In<Ucat1ons of Futuro Hea arch 

Sr90 and Cs l37 · ro .oat import nt bacau"'e they ur 

rel at i ve l y l ong- 11 vod nd plentifu l i n fission products . 1-dee.

suremant of these two h lf- livas as therefore of eonaiderabl e 

inta;r.,st but tho method reported in this thu in 1a by no mann 

i itod toto isoto ea . The aama techniques could ba ap•lied 

t o fiesion product sml 5l a s well as to many other ra 1o1so topes 

w1 th similar h1.1. l £-11ves . For exarnple , any l alf- life betw en 

that of 2 . 3 - year Csl34 a.nd 400 yetl:"•Lo.l~7 c ot ld be measured 

thi s ay . Depend:1 ng on :trnprovetnents in count rs and c ounting 

t chni qu s 1 the :r· nge could be extend d much f a rthe r . Al pha 

emitters ~ou ld be ea sier to work 1th than b ta emitter·s 

since the former invol ve mono- anerg ,t i c 1~adiution and abso• 

lute d1 intogrktion rate dotorminat1on ould ba corre pon• 

dingly slmplifi~d . 

The eope of th i so top dilution mothoci could 1n

el.ude t he determinet;ion of half'- livos fro . th ruto o.f product 

for tion. r o r examplo, in tho determination of the hal f 

life of tri tium (section (A) (b } , H1ato:rica.l Int oduction) 

otOJH:~ dilution cou l d be UIH)d to meaoure vory am ll mounts 

of Bo formed . Clearl y , the method 1& pplioablo to a w1de 

rnngo ot' a l pha , bet or ga r::rrta half-11ves ot· both solid and 

gaseous r dioi o t op s . 

i 
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