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SOME -NEUTRON -DEFIGIENT -STRONTIUM ISOTOPES 

~- rt,lbid,i.~ is · bOI!lbar?~d 1d1:;h proton$, strontium i~otopes 

are produced by the· reacti'OllS Rb{p,xn)Sr, ·wh-ere x may ·-equa11,2,3;4, 

5o ••• , depending on the energy Qf ·the inei~ent ·protons o As the only-
- . . . - - ' ~--· 

· . . 1 S5 S7 · 
rubidium isotopes -founcl -in na~ are Rb · and fib· , the strontium 

isotopes whieh ·are ·-produeed·-will·~ve 1ita;S$· ~bers· ~- ·tfupl or 

equal. to S7o ~' -sr86, Sr?7, aitd Srss -·-are -stab.le, ~ ~though -an 

excited state--·-of Sra7 -i-s knowrt3-'ldth·-a-ha-if""life-ot 2o7· hourso. In 

addition srS5 -has-been reported4.,5 -to-deeay·-by the following -modes: 

an isomeric transiti-ot~ of 70 ndrmtes--hal-f-lif-e ·accompani-ed by a 

partially- converted gamma-TaT -of Ool70 ·Mevenfi'rgy, -whi-ch is followed 

by- an orbital electron capture -of -65· days ·half-life, a-e-oompanied 

by a gamma ray ·of· 0 o.g Mev energyo Strontium -isotopes··-with -mass 

number less than- 84--have not·~ reported;. 

By" bombarding·· ru:bidium chlori~e ··~ t-h ·protons at energies 

from 25 Mev to 100 Mev; three -new· -strontium i-sotopes ·-with mass 

number lower than ·84 have been observed- ·and their ha.l-.f-li ves and . , ' 

radiation chara-ct~ristics -have been determi-ned,. The neutron-defi-ci"Mlt 

strontium isqt-opes produee~ -~cq -by -po-s-itron··-emi~iqn and or9ital 

electron capture, -to--f-orm ·l."t!bi-di:um i-sotope~ o Sta-bl-e Rb85 ends the 

• S5m S4 
deca:r chain --start±ng--m:th Sr o ~ i-s -sta-bl"Ef, ·and ·eonsequently 

no· radioactive· Rb S4 ·-will -be -seen -from -strontium· decay o Sr81, 

sr82 , sr83 will d-ecay- -to· £-arm RbSl, Rb-82, --and· RbS3 -respectively. 
. . 6 . 

Karraker and· ·Templ13ton ·have- reported---the -properti-es -of these -rubi-dium 

isotopes as follows: 



JSOTOPE HALF=LIFE 

Rb83 107 days-

Rb82 -6 .. 3 hours 

Rb~i 4;.7 hours 

=4;., 

. TYPE OF 
DECAY 

K,y 

+ 
~ ;Y:,K 

+ ~ ~Y~K 

~--------

• 

ENERGY· OF-RADIATION IN MEV 
PARTICLES GAMMA RAYS 

L2, 0.7 

0.95 

fhe- -aboVe rubi-dium i-sotopes ' were -as-signed tO. the -ma;SS: 

numbers shown -by the- -use of '8. -mas-s spectrograph.. These- isotopes 

were used to -assign -the~ mimbers- -of -the strontium is-otopes und~r 

discus~ion, · ~ eStablishing-:parent=daughter -relationships -between -

the: 'unknown- strontiUm isotopes and the- knmvn- rubi-d±~ i-sotopes 0 

-TARGET 'PREPAru\-TIQN 

The l."'ttbi-dium 1NaS obtained as RbN0:3.. Speetrographic-
. } . . 

analysis showed-- the eatioo to eonsist -of -8·6% Rb, -5% Cs, 8% K, and 1% 
~ . . . ~ . . . 

Na.. The rubidium- was purifi~d by the use of a -eat ion -exchange column., 

The column was.ll mm in -diamet~r-and -81 em in length., The eolumn 
. ' ;, . -· 

was filled with the hydr-ogen form of Dowex --50 ca~ion resin-whidt 

- -
ha~ _been grad-ed t-o--~e ·Par'ticles_-smalle-r than: ·a-b~~t -3?<3 mesh., 

. -, 

The column was -washed ·with -6N=HC1 for 48 hours and· then--with distilled 
' " 

water for 48 hourso Approximately 1 em (in l-ength of the oolumn) 
,. ' . . . . . ~ ' ' ' 

of the resin-was -removed a~ -equili-brated for 4-5 -minutes -with L074 
. .. . 

grams of RbNO -disscl:ved in-'8. 'f'-ew ·milliliters of -wat-er. 'fhe resin .. -.'-. . .. J __ . _,. - ;, . - ' ·". -__ '" .. - . -·. ' . 

waf1 then replaced on- the -column., The -elut-ing agent was -6 .. 0 N-HCl .. 
- - . ~~ ' -· . 

The flow=rat-e -wa~ -approximat-el-y 0.2 -ml---per--minute.. ·The temperature 
' 

. was held a~ abc,mt 30° Ce One hundred -fif-ty sampl-es -of about lo5 m1 
. ·-·· . . - -. - -

each were coll-eet-etl.. 1m ali-quot ·-of lOG- --mi-erol--1-ters ·-wa-s t'S.ken ·-from 

.. 

••• 



.ul 

.. 

•1-: ' 

.~5= 

eaoh sa:utple and·a~ysed -speotrograt;>hiefilly for Na, K, Rb, -and Cs 

with the following results.:, 

.§aiii.ple # 

l ~0 33 

34 to 39 

40 .to 74 

75 

76 to 81 

82 to 100 

101 ·to -14-6 

146 to 150 

Elements. Dete-cted-

.Norie 

Na 

None 

K 

K 
Rb 

K 
Rb 

·None--· 

os 

% BY Weight of Total 
Elements Present in a~Sample 

100 

100 

J3 
97 

00o4 
·99r;6 

100 

The samp-les numbered -82 to 100·-were eombi-ned, -t-he sol-ution-·was 

evaporated t-o -a-~ll volume, -and.- the -rubi~ium --ehloride -was allowed 
••• •• 1 • - • , 

to ery~tallize o ·The· RbGl--was -reerys-talliz~~ f'J;"Ont -a·· -50% s-oluti-o~ -of 

ethanol and --wa.t~ -and then;· wa-shed --wi-th absolute -ethe.nol-and finally 

wi 1;-h dry etb-ero '!"he- -weight of the- -dry Rl?ql·ifa-s 0-,;-665 grai!ls or an 

?v~ra~lyi~ld--of--68-o7%--on--the---basis--or 1;;074 -gms-of_ RbN03o The 

remainin~ rubidium-was pres~ 1\)~ -in--th-e equilibrati-on and in 

the samples -nqmbered· · 76----to -81 o Bomba I dment · targets---were- made _by 

wrai?l'ing 25 -to·-50 mill-igrams -or~·-por±-fi-ed: l_fu~l -in OoOOl-·ineh 

thiok aluminum f-oilo --The targets--were then b~arded -with -protons 

on the 184" oyolotrono 
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CHEMICAL SEPARATIONS 

After bombardment the RbCl.was dissolved in watero The solution 

was boiled to expell any inert gas isotopes form~d and then cooledo A 

solution containing a known amount of Sr(N03) 2 was added, ·The strontium 

was precipitated with exc~ss_fuming nitric acido The resulting suspension 

was 'chilled in an ice bath for five minutes and then centrifugedo The 

supernatant solution containing the RbCl was removed and the Sr(No3)2 was 

dissolved in a small amount of watero A few mgso of the impure RbN03 was 

added to the solution, and the strontium.was re-precipitated with fuming 

nitric acid. After removal of the supernatant, the precipitate was redis-

solved and diluted to an arbitrary volume from which several accurately 

measured aliquots were taken. The strontium in an aliquotwas again re

precipitated with fuming nitric acid. After removal of the supernatant, 

the precipitate was dissolved in water and the solution neutralized b,r 
-- ·-- -· 

bubbl~ng NH3 t~ough the so~utiono A few ml of a saturated solution of 

CNH4)~c2~4 W(iS l:l,dded to precipitat~ the_ strontium as Src2o4 •H20o After 
. . . 

reinovai of the supernatant the precipitate was washed once with water, 

once with 95% ethanol and finally. slurried up in approximately one half ml 

of 95% ethanol and placed on a previously weighed aluminum dish of 0.002" 

thickness and approximately l..Ott in diameter. The ethanol was evaporated to 

dryness with a heat lamp. The sample was allowed to cool and was then 

.. 

weighed to determine the che~cal yield of the ~trontiumo The dish was ~-

mounted on a sample holder, and the activity counted with ~n end window 

geiger countero rn the initial bombardments, the purification procedures 

were exte~ded to include a silver chloride precipitate scavenge, and a 

portion of the strontium fraction was passed through a Dowex 50 cation 

resin columno As no differences were noted between the decay curves of the ~. 

strontium which had undergone these additional steps of purification, 

.. 
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and the.decaycmrves-o:f: th~ -strontium:whieh-had-not undergone such 

measures, t},tese --steps- were -omitt-ed ip -su-I?s~quent- bomba~nts as 

cor,t~ing too lll!lCh time;, 
. ' 

To_ iSol$-··tM ratl{-t>acli;ve· rub~~i~ ·i-n -an ~11-qu-ot -whicll resulted 

from the strontium decay, tM ·£allowing procedures ~ -used_& A 
. . ., ·. l 

solution c:sontafrting a known---amount ()f "l?t-abl~ ~bidi:um -was -added to 

the aliquo~o- · -~-~ront-_i-um--was prt?eipita'9ed·-with· exces~- f~:ing-nitric 

acid o The resulting -st~:spension -was -chilled -:in -an. ice -bath for five 

minutes and -then· ceJ+tr~·, -'.fhe· supernatant·-was·--removed t-o a -clean 
I . . ' I' ' • 

centr~.f'uge crone--and- evaporat-ed -to- approximately--one -half -millilit-er;, 

A few mgs o of strontium-was- added and preci-pitat-ed ·witit-~ fuming 

nitric acido Again-the- supernatant·-was·re~oved t-o -~ clean--~ntrifuge 

co~e and evaporated-to---a;bout---one ·half·-mlo _ -The·_st?lut:ion·-was· ·chilled 

and one half-ml·of 70% HQlO -wa-s added- ·to ~ipitate th~·-rubiditUit . . - - - .. 4 
as RbGlO " ~-'!'his -preei-plta-t--e·--wa-s·--wa-sh-ed -onee·with -50% -ethanol, -once -- . 4 . .. - .. 

with 95% ethanol and fi-r:w;lly -slurri-ed--up -wit-h -one -half ml of' -95% 

ethanol Ol1tO a previoUsly Wt?i-ghed al~-mlm d~sh 0 The -ethanol -was 

evaporated with -a--heat l-amp, -The -sampl-e -wa~ ·a+lowed t-o- -cool and· was· 
: ' ., :, ! 

then weighed- -t-o ·-de-term±tre -the- -clremiool-yi:el-d- ·of' --rubidium o The-- sample 

was mounted --on -a sampl-e -hul-d-er ·an(J.---cwunt~d--wi-th-an ·end--window geiger 

c·ountero 

Radioac~ive--krypt~-~-~li$-d -f~ -ribi-dium ~l~s- -by 

h~ting ·the -rnbid~ Sample -with a· -btlmren ~r t-o·-dull-rednesso 

For. the purp-osesu o-f th!-s separat±-on, the-rubi-d:ium--wa-s--mount-ed. -on 
\ ·. 

Oo020" monel metal diskso 



RADIOACTIVITY MEASUREMENTS 

Decay and absorption ·measurements were _made with "Amperex, 11 

chlorine quenched, Ha-rgon fill--ed, -~ ~indow; Geiger .. Mftll-er -counters .. 

Th'a window thickness -was app~·ox:bnat-ely 4·-n;rg/crrl- ·of -mica; Alumimm1 

absorption measurements--were ·-mane in the ·eonvent±onal:-nranner.. Then 
. ,. . . 

sufficient beryllium -t-o -absorb -all -part~eles present was interpos-ed 

between the sampl-e and· the counter. An aluminum absorptiOn. of ttte 

electromagnetic -rcldiati-on -present was then -ma-d-eo Subtraction of the 

electromagnetic component (-after correction -f-or the eff-ect of the 

beryllium) yielded compl-ex particle absorpti-on -curves ·which could 

not be resolvad readily., S·oft elect~netic components of approp

riate half=thickness in aluminum-were interpreted -as -k-x=rays., 

Their abundance was -determined -by -~btraction of -the harder components 

from the curve for alumi:tmm -absorption -of electromagnetic radiation-, 

with correction for the effect of the beryllium-.. Lead absorption·_ 

measurements -~ taken at low- geometry, usi-ng t-he -count-er without 

its conventional lead shield., Lead absorbers ·were. plaeed -between two 
.. . . 

beryllium absorbers-of ·suf-f-i--ci-ent -thickness t-o absorb all primary 

a·nd secondary--particles .. -Rubi-dium ·and ·K-rypt-on K-x'"'I"ays (a-pout 13 Kev) 

were as$Umed 't-o count-with- 4· .. -5% -ef-fi-ciency--and -gamma·-rays· -over Oo5 

Mev with an ef-f-i-ciency--of 1.,0% -per-·Mev. ·'Posi-trons-and -conversion 

electrons· were-assumed to--connt-wi-th--only 4-5% effi-ciency., No ·estimate 

of the apprcr.id:mate branching rati-oS -f-or th-e -de-cay -via positron--emission 

and eleGtron capture has been made due to the extreme Gomplexity of 

• 

;,· 

.-",; 

I • 
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the ~adiations:, ioeo, -at least two -eonvers-i:on -el:eetrons or- unknown-

intensity and- oonve~i~ eoeffi-ei~t---with- -ea-eh -strontium ·isotope, which 

makes it impossi-ble to d-etermine th-e true ---numb~ -of --orbital --el-eet-ron 

captu~e event~o 

Forr-~1-e-s -of low activity -or~- half .. life ~ -rou-gh -mea-sure

ments of the- -parti-cl-e -energi-es -wer8 --made- with a erud-e 1-80° magneti-c 

s p~ot~og~aph -with- -about --a 4 ®ntimet~ -ra~-iu-s o This instrument -was 

ala~ useful to --Qi~i1'lglli-sh --the -si-gn -of --the -pa;-ti-cl-es in ·-pr'eliminacy 

The- p~tiele-s---from~~J --and-SrS2 , --whiw·-were---pr>Odueed in 

E!Ufficient b:tensity·-were--obsEn ved··-w±-th-th-e- 270C,----doable ·foeusing, 

beta=ra:r speetrometer-desei ibed ·-by Karraker--and --lfempl--e~ono 6 -Samples 

for this .instrtm!ent---were mounted~-- bygon--f'i11llS --or~ 20 ·to .30 -~:tcrograms 

per squa:r,oe eent:b~Iet~;, ---wi-th· ·about -1-o -to· -50-1llierograms---of ·111aterial 

in the sampl-eo · ·-fhe-·-~k-scattering··from· -th-es-e- -sa-mpl-e-s-·was--not -sj!'riou-s 

in the ~ange of ene~gi~s of the particl-es ~bs$rvedo 

--JMSS A:SSIGNMEN'fS 

using p~otons--of' -2-5--Mev· energy- f-or a -peri-od--of- -one--hour-was·-madeo 
' I ' , • ,' , 

'rh~ ~ange of---energi-es -or: ·the· protons---i-tt: this~mbardment -was·-sueh·that 
I -·- --

. + . . • 
the Jllaximum---energy---was 2-5 "" 1-·Mev_-_-whii-e-t-he 1lll.-n-irpum--ene~----was···unknown 

but muGh smallero "l."he strontitunH-aet-i-viti-e-s ·-f-oi"med--were -separated 

and counted --within----one---hottr---of-the-·'end--of-the---bombardlnentc, ·--'fhe 
•• ·• ' ' . . i ' \,I • .: • •:' 

following st~ontium activities we~e nQt~d~ (Figo 1) s~S5m 70 minutes 
r ' . . 
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85 
half~life, Sr 65 d,ays ·half=lifi3; 

unknown 38 hour half-life. Subsequent bOJl1bardments at higher energies 

have also shown this n'ew activityo. To assign a mass number to this 

isotope, the foll-owi-ng -experime¢ was perf()I'I!led. From a single aliquot 

of strqntium activity, ·rubi"dium·.was ~pa:rated, as described p:- eviously,. 

several times -at -equal -int-ervals- -of ·time.. '!'he ·yield of -rubi-dium 

activities when plotted logarithmically -against the time of separation 

will produce -a- strai-ght line, the--slope -of -vvhich correspond~ to the 

half=life of-the--parent -strontium aetivl;ty,. In this case the time 

interval chosen -was 24 -hours and the --experiment was continued for 

one week., The sl-ope of the--yield vs time -curve "WaS 34 hours (Fig., 2) o 

The shortening of half .. life·was- probably -due to incompleteness· of 

the strontiuni nitrate precipitation.. "rh:e indivi"dual rubidium-samples 

all showed a-marked growth- in activity -during the first few hours 

(F~g., 2) ., This· ·growth is due to Kr$)~ 11--? minute -half .. life7 

activity {Fig., 3) .. This'{nlrt of the ·decay chain· has not previously 

been reported.. Decay of the individual rubidium -samples was followed 

for a period exceeding two months, showingthateaehsample decayed 

with a half ... life of ·approximately 100--days in--good -agreement with the 

va~ue given -by Karraker and 'fempleton -of 107 -days for this isotope 

(Fig., 4) .. In two q-of -the -samples ·strontium activity is to '"te- noted· 

giving support to the reason for the short~ning of the half-Jif~ 

of the parent strontium., 

With ~r?tons -of 60 M~v energy and above, another activity 

in the strontium fraction was observed., The half=l~e of this isotope 

..... ~-
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was found to be appro~imately 29 minutes (Fig. 5). The experiment 

de~~ribed $bQ.ve. ~o determine the mass assignment of this activity was 

pe#'o~ed~t • ~e time interval chosen was 20 minutes, and the experiment 
. . 

wa~ continued for a period ot four hours. The yield of rubidium 

activitywhen plotted vs time, as before, gave 22 minutes as the 
' . . ' I 

halt-life of the parent strontium isotope (Fig. 6) • Again the 

shorten!~· of the halt-life was as~uine4 due to incomplet.e precipita

tion or the strontium nitrate. In an attempt to further verify the 
. . . i 

~. alue of the strontium activity half-life, the following ~periment 
. . I 

. . . . . . 

was carried out. Strontium was separated from several of the afore-.. . . ~ . -~- . . . . . . .. 
. . ' . . . . 

ment~oneQ. ali.quots at arbitrary intervals. The initial counting 

rates of .;~ samples will have no "daughter" activities present. 

Hence if the initial countin~ rates are plotted vs time, the slope of 

the line obtained will be the true half-life of the strontium activity. 

This gave a value of .31 minutes i1:r the half-life of the strontium 

JFig. 7). The decay of some or the individual rubidium samples was 

followed for approximately .30 hours. The half-life of the rubidium 
. . . . 

activity ~s 4. 7 hours (Fig. .S). An absorption experiment using 

altllllinum>absorbers gave 1.1 M~v as the energy of the positrons presento 

(Fig. 9). •The crude magnetic spectrograph Showed the presence of 

conversion electrons as well as positrons. The conversion electrons 

could r~adily be reduced in number by flaming the sample, although 

the co~version electron count~ rat~ increased very rapidly as soon 

as the ~~~tipg cea~~d· The ener~ of the conversion electrons was 
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not measured precisely but from the distribution given by the crude 

spectrograph, the energy was estimated as 0.2 Mev" These conversion 

electrons ~elong to 13 sec Kr81• This rubidium activity is therefore 

the 4 e 7 hour Rb81• Thus the 29 minute half=life belongs to sr81
o 

With protons of 40 Mev energy and above, a 25o5 day half=life 

strontium activity was observed (Fig. lO)o The experiment to determ:ine 

the mass assignment of the strontium activity was performed but no 

rubidium activity of half=life lqnger than a few minutes or shorter 

.than a year was observed. This 25.5 day half-life activity has been 

tentatively assigned to Sr82 from the energy protons needed to pro-
. . 82 

duce it. The 6.3 hour half=life of Rb has not been observed. If 

this 25.;5 day half-life activity is sr82, there must exist isomerism 

for Rb82 • Sr activity when passed through a cation exchange column 
b·!:' . 

showed no difference, in decay curves or in the ratio·of 25o5 day 
~ ~~ ~) 

half-life activity to 38 hr. half-life activity, from another aliquot 
~''U· . 

of Sr activity which was not passed through the cation exchange column. 

In addition, no other isotopes have been reported which have approxi= 

mately this half-life with the correct radiation.characteristics., 

It is not surprising that Rb82 exhibits isomerism, since many other 

. ·~~d-odd nuclei in this·~irumediate region are known to do soo 
'-'';~"J.-£.2.." 1 

The mass relations of these isotopes are shown in Table I. 

Radiation characteri~tics of each isotope will be discussed separately. 

·~· f·· ,, 
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··~ 79 80 81 

Sr 29.m 
e=,K 
~+ ,y_ --

Rb 

13 s 
IT'? 
e,.._.t_y 

~r 34 h I Stable 
+ 

K,~_ -~y 

~r Stable 4of., h 
IT,e-,Y Stable 
18m ·•· -.. - - .... +-a-,Y ,a 

' 
' -! • 

Table I 

Isotope Charta 

82 

25.5d 
e-,K . 

-~~-~r.-

Stable 

34 h 
~=,y 

83 

38h 
e-,K 

.. ~:+, "(_ .... 

113m rr' e-,--r 
Stable 

2.4 h 
~-

84 85 86 87 88 

Stable 70 m Stable e=)!IoTo,IStable 
e-;r _Y'a, 2o7]! 
65 d Stable 
K,Y 

Stable -
Stable _ ~:_;r~ · _ ... l.sta-ble_ .I ;! ~ 1~-h' ...... - .... - ~ 

30m 1· 3o00m 
~-,y ~-

a G. To SQaborg and I. Perlman, Revo Mod. Physics ·20, 585 (1948) o 
. -

t . . ' 

to 

.(j 

B 

{:; 
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RAPIATION CHARACTERISTICS 

38-hour sr83 

0 -
Measurements on the 270 beta-ray spectrometer have shown that 

sr83 has positrons with Ll5 :! Oo05 Mev energy limit as determined by a 
8 

Kurie plot of the spectrum (Fig .. 11)., Measurement of the conver-

sion electrons with the 270°-beta-ray spectrometer showed the presence of 

five pairs of lines corresponding toK :and'L cpnver~ion or gamma rays of 

0 .. 040, 0.,074, OolOl, 0 ... 151, and O.,i65 Mev energyo 

The presence of K x-rays has been established by following the 

decay of strontium a:ctivity through sufficient beryllium to absorb 

all particles emitted and then through the same amount of beryllium 

plus sufficient silver to reduce the intensity of the K x-rays by 

a __ fac~or of Oo6 {60.41 mg Ag/cm2) .. _The resulting curves sl:ww: identi

cal half-lives, and the percentage difference between the two curves 

remains the same throughout the experiment .. _(Fig., 12)., The presence 

of gamma rays of 38=hr. half=life was noted in -lead absorption measure

ments, but it_ was not "possible, to dete~ine the energy of these gamma 

82 rays because of the presence o,f25 .. 5 day Sr activity" 

25-.. 5-Day Sr82 

Measurements .on the 270° beta-ray spectrometer have shown 

that sr82 has_ positrons with 3 .. 15 ! 0.03 Mev energy limit as determined 

by a Kurie pl,ot of the spectrum (Fig., 13)~ Conversion electrons of 

sr82 were observed on the crude magnetic spectrograph, but the intensity 

of these electrons was too low to observe on the 270° beta-ray spectro

meter.. The distribution given by the crude magnetic ~pectrograph 

indicates at least two lines of conversion electrons corresponding to 
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gamma-ray energies of 0.15 and 0.40 Mev.. K x-rays hl:!.ve been identified 

by absorption measurements in aluminum (Fige 14). A gamma-ray of 

0.95 Mev.energy •and one gamnia~ra:y of.O.l5 Mev energy have been 

observed by an abs01;-ption measurement in lead (Fige 15) o The measure-

ments on this isotope were made approximately five weeks after born-

bardment and was consequently-free of all other activities .. 

. · As no rubidium daughter activity was observed in this fraction, . . . . ·~ 

the mass assignment is still in some doubt ... If we assume, as is · 

probable, that the long range pos~tron belongs to the rubidium daughter, 

the half-life of this daughter, if an unforbidden decay, will be of 

the order of ten seconds and would not.have been observed by the 

separation techniques used. 

Since the half-life of this isotope is so short, and the 

activities due to sr82 and sr83 are always present whenever investiga

tions of srBl are being made, the use of the 270° beta-r~y spectre-

meter was not possible. Use of the crude spectrometer shows the 

presence of both positrons and conversion electrons, the energies 

of which have not been determinedo The presence of K x-rays has 

not been definitely established although there is some evidence 

for their presence.. The half-life of this isotope is so short that 

time did not permit a lead absorption measurement for detection of 

, gamma-rays. 

107-day Rb83 

Approximately 4 x 104 counts per minute of this activity have 

been isolated from the 38-hour Sr83o Aluminum absorption measurements 
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have shown the presence of K x-rays (Fig. 16). A gamma ray of 0.,8 .Mev 

energy has been observed in an absorption in lead (Fig. 17) o · .The: 

activity was too little to use the 270° beta-ray spectromet·er,' btit the 

crude spectrograph has shown the presence of two lines.of conversion 

electrons ·corresponding to gailllila rays of approxim~_tely 0.15 and 0.45 

Mev energye No positrons were observed in the sample but the sensitivity 

for detection is poor~ Assuming no positrons present, the ratio, con

version electrons: K x-raysr gaiilii;la-rays is 3 x l0-2:ld. 
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Fig. l 

Decay ot Strontium Activities Produced at 

25 Mev Energy 

A. Gross decay with 350 counts/min of 65-day srS5 subtracted 

· B. 38-hour sr8.3 __ 

C. 2.7-hour Sr$7~ 

D. . 70-minute sr85m 
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Fig. 2 

Yield of Rb83 vs. Time of Separation From SrS3 

A, B, c, D, E, F. Rubidium samples showing initial growth 

and little decay during the week of the 

experiment. All samples correc'ted for 

chemical yield. · Samples A & B corrected 

for pres~nce of strontium eontamination. 

G. Yield vs. time curve, slope equals 34-hour half-life • 
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Fig. 3 

Rb83 Sample Show~ng Growth of KrS3 

A. Gross.decay showing growth 

B •. Negative of Kr83 growth curve.Bl.ope shows 111-minute 

. 83 half-life for Kr • 

.. . 
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Fig. 4 

Gross Decay of Rb83 After Initial Growth Period Is Over 

Uncorrected for Chemical Yield. 

A. and B. Samples contaminated by sr82 and sr83. Slope 

equals SO days. 

C, D, E, and F. Samples ~ncontaminated. Slopes equal 95 to 105 days. 

" 
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Decay of Strontium Activities Produced at or Above 60 Mev Energy 

A. Extrapolation or 25.5-day srS2 to beginning of experiment. 

Bo Extrapolation of 3S-hour SrS3 to beginning of experiment. 

C. ·combination of curve Band A. 

Do Gross decay curve. 

E. 4.S-hour slope due to RbSl. Curve D minus Curve c. 

F. 29-minute slope due to srSl • 
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Fig. 6 

Yield of Rubidium Activity Vs. Time Showing Slope of 22-minutes. 
-- -'--

Corrected for Chemical Yield and Presence of Small Amount of Rb83 
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Fig. 7 

Initial Counting Rate Vs. Time for Strontium Samples. 
- -·· ~ -

Corrected for Chemical Yield. 

A. Gross decay curve. 

B. 38-hour sr83 · 
. Sl c. 31-minute Sr 
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Fig. 8 

Rubidium Samples Separated From sr81• Slope. Shows 4.5 to 4.9 Hours • 

.. 
~ 
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Fig. 9 

81 Aluminum and Aluminum Plus Beryllium Absorption Measurements on.Rb 

. A.. Aluminum absorption (no beryllium present) 

B. Absorption of particles showing range to be equivalent to 

approximately 1.1 Mev energyo 

Co Electromagnetic Component Corrected for. B~rylli11m. 

Do Aluminum absorption with 800 mg Be/cm2 • 

2 E. Krypton K x-rays .half thickness equals 70 mg Al/cm 

F. Krypton K xdrays corrected for effect of beryllium. 
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Fig. 10 

Decay of Strontium Activities Produced at or Above 40 Mev Energy 

A. 25o5-day Sr82 

B. 38-hour Sr
83

· 

.. . 
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Fig. 11 

Kurie Plot of Positron Spectra of sr82 and sr83 

A. Kurie plot of both spectra combined. 

B. Extrapolation of data pertaining to sr82 only. 

C. Curve C equ~ls the square root of the difference of the 

squares of curves A and B. The end point energy is 1.15 

± 0.05 Mev. Curve C corrected for 38 hour decay as 12 

hrs. were required to take all data. 
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Fig. 12 

Decay of Strontium Activities Through 

18?6 mg Be/cm2 a~d 1876 ~g Be/cm2 "plus 60.41 mg Ag/cm2• 

Note percentage difference remains the same throughout the experiment. 

A. Decay through beiJ~;llium only~ Curve ~,resolves into 25.5 day Sr82 

and 38-hour sr83 curve C. Activity counted is rubidium K x-rays 

and gamma-rays. 

B. Decay through beryllium and silver. Curve also resolves into 

25.5-day sr82 and 38-hour sr83 curve D. Activity counted is 

rubidium K x-rays{in reduced intensity) plus gamma rays. 
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Fig. 13 
. 82 + 

Kurie Plot of Sr • End Point is 3.15 - 0.03 Mev energy. 

Initial part of curve represents activity due to sr83. 
- . 

This activity decays with 38 hr. half-life, leaving the 

3.15 Mev positron which decays with 25.5 day half-life. 
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Fig. 14 

Absorption of SrS2 Activity Through Aluminum Plus 1S70 mg Be/cm2 

A. Total e~-~c~romagnetic component of SrS2 

B. Rb K x-rays half-thickness equals about 70 mg A1/cm2• 



·,-- ·> r-
> 
ru 
<( 

) 

1 6o~--~--20~0--~--~4~0-0~----6~0~0--~ 
MG AL/CM2 

MU 861 



Fig. 15 

Absorption of sr82 Activity in Lead 

A. 0.15 Mev gamma-ray (half-thickness is 208 mg Fb/cm2) 

B. 0.95 Mev gamma-ray (half-thickness is 7.3 gm Pb/cm2) • 

• 



• 

.. -

. .; 

>-
1-
> 2 -10-
tJ 
<{ 

MU 862 



"' 

··~ 

• 

• 

Fig. 16 

Aluminwn and Aluminum Plus Beryllium Absorption Measurements On Rb83 

A. Conversion electrons of 0.15 and 0.45 Mev energy. 

B. Krypton K x-rays 

C. Krypton K x-rays corrected for the effect of the berylliumo 

D. Absorption in aluminum plus 188 mg Be/cm2• Electromagnetic 

component of Rb83. 

Eo Electromagnetic component corrected for the effect of the berylliumo 

Fo Absorption in aluminum only • 
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