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BETA EMITT nm ISOTOPES OF TIN 

A~ So Newton and Wo" Ro McDonell 

Radiation Laboratory and Department of Chemistry 

University of California!> Berke1eY9 California 

ABSTRACT 

The ~-emitting isotopes of tin have been investigated using deuteron bombardments 

of enriched Sn isotopes.. The n40 minute ff period has been shown. to consist of two 

o 121. = periods3 a 4] .. =mJ.n Sn WJ.th a ~ energy of about 2 .. 5 M9v accompanied by, a ga.rnnJa ray 

of about 0027 M3v!, and a 39 minute period assigned to Sn123 with a p= energy of about 

L 7 :Ri@v accompanied by a gamma ray of about 0.17 Mev and antimony x-rays. The 905-dlJ.:,Y 

period has been shown to emit a p"" of energy 2038. Mevs no antimony or tin x=raysl) and 

probably no gammaso The 130 day period has been assigned to mass 1230 The assignment 

of these and other tin periods is discussedo 
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Studies o~ the isotopes o~ tin have been made since 1936(1) and still the ~~ emitting 

(1) J. J .. Livingood and G. T" Seaborgg Phys. Rey" ~9 435 (1936). 

isotopes are largely unassigned as to mass number~ Livingood and Seaborg(I.2) bombarded 

(2) Jo J" Livingood and G .. To Seaborg" Physo Rev .. ~9 667 (1939) 

Sn with 2 .. 5 and 5 Mev deuterons and ~ound tin periods o~ 9 min. s 40 mins 26 hr.£) 10 

days,un 70 days and 400 days. Except ~or the 400-day periods analogous activities 

were also found with slow neutron activation" but ~ast neutron activation failed to 

produoe the .9-minute period. Pool, Cork and Thornton (3) had also bombarded tin with 

fast neubrons and found only a 47:-minute periods short lived periods only being observed. 

(3) Me Lo Pool, J. M. Corks and R. L. Thornton£) Phys. Revo ~v 239 (1937) 

There.fore ,the 9-minute p3 riod was assigned (2) to Sn125 and no change has been !lade in 
.~~; 

this assig~ent since that time. In the ~ission of u;r:-aniumv periods of 20 min~ 70 min, 

62 hours, 10 days, and 130 days were found. (4) The 70 minute period has been assigned 

(4) "Nuc1eii Formed in Fission"" Plutonium Project v Jo Am" Chern. Soc" ~D 2411 (1946); 

.Rev .. Mod. Physo ~, 513 (1946). 
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to Sn126 on the basiS of its decay to 8b126
1) (5,96) though 8e i1er(7) vms unable to confirm 

(5 ) Yo Nishina,9 K. Kimura, To 
'j; 

Yasaki g and M" Ikawa g Zeitso f" Physik ~b 195 (1942). 

(6) 0" Hahn and Fo Strassmann~ Zei ts ~ fo Physik .ili.~ 729 (1943 )" 

(7) J" A" Seiler!) Plutonium Project Report CN=2126 g p. 3,9 (Septo 1944)0 NNES1-PPR 

Vol~ 9B9 Paper No~ 7,,26.1 (1946) (to be issued)" 

this relationship" These results leave the 40~min. [) 26=hour9 62-hour g 10=da,y and 130= 

, 121 S 123, S 125 h 70 d d 400 d db' day periods to be assigned to Sn s n or n ,9 t e ,~ay an . ~ ay perio s eJ.tJg 

neglected since the first is no longer observed and the second is too long to See 

following the 130=day period in our experiments ~ It is now recognized that the 26~hour 

and 62-hour periods are probably the sameg(8~9) and this was assign6,d 'bo sn121 by 

----------------------------~ ---~----------------------~--~~-~------- -----
(8 ) 

(9 ) 

E., Po Stedn:t>e:rg,g Private Co:mmunication., 

"-
A. S" Nm7ton~ Physo Rev. ~g 17 (1949)~ 

(10) 120 
Linder and Perlman on the basis of deuteron bombardments of Sn ., 

p , 
(10) Mo Lindner and 10 ' erlmaI,llJ Phys. Rev .. 73~ 1124 (1948)0 

Exper imen ~1 

Enriched isotopes of tin were bombarded with 14 Mev deuterons in the Crocker 

Laborato~ cyclotrong the energy being reduced from the impinging energy of 18 Mev 

by placing a tantalum foil over the target" The isotopes IpS8ci were obtained from 

the Isotopes Division of the Atomic Energy Commission Which also provided isotopic 

analyses of the respective materials as shown in Table I'~ 
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~ Nhss No" 120 -;-

+ 
.; 

ll2 101 = 0.1 
" -

114 0 .. 2 + 0 .. 1 = 

115 0.1 

116 
' + 0,,4 = 0.1 

Ta'ble I , 

, 122 , 

0 .. 2 

0 .. 2 

0.,2 

6.3 + 0 .. 3 ... 
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124 

70~1 

0&1 

0 .. 2 + 0.2 -
~:: 

. + 007 ... 0 .. 4 
-

117 + 101 .". 0.5 + 5.0 .;" 0.2 + 5 .. 4 en 0 0 8 
~ om -.-....-< (1-

118 008 + 0.1 10.5 :t. 0.2 + 0~5 <= 104 "" ; - _. 
+ 0.5 6~2 

+ ' + 0.8 119 1.3 = .,., 0,,2 5.3 ... 

120 95.4 + 0.1 19 .. 2 + 0.,5 2.6 + 
0 .. 2 

... 0.,5 
= 

+ 0.1 , + 
122 0.2 0.2 45.,8 + 0.1 = eo L4 CD' 0.5. 

+ 0.1 
124 0;3 0.3 7.1 + 0.2 

' "", + 
3.0 .,.; 83 .. 1,:" 

These isotopes were obtained as SnOZ and reduced to metallic tin by fusion with 

potassium. cyanide. The pellet of 1m tal thus obtained was mel ted onto a oopper interr~ 

ceptor target and bombarded.. After bombardment the tin was dissolved from the target 

with hydrochloric acid and bromine~ a small amount of nitric acid being a'dded when 

necessary to effect ra.pid solution. To the solutions antimony carrier was added, and, 

the antimony plus any' copper dissolved from the target wa.s reduced to metal with iron 

pcr,vder" The tin in the filt ra te was then oxidi zed to the stannic state with bromine s 

-

the acidity reduoed to 1 .. 5 N hydrochloric aoid, and stannic sulfide precipitated.. This 

vvas dissolved in hydroohloric acids ferric chloride carrier and sodium. hydroxide added 

and ferric hydY'oxide scavenging precipitates mde: Two further antimony=tin separa-

tions were :un de by selective sulfide preCipitation. The tin was finally precipita.ted' 

as matastannio acid and mounbed on small watch glasses--by-e-vaporating aliquots of the 

slurried precipitate. This chemistry require~ about 1 .. 5 hours so periods' shorter than 



20 minutes were not seen. 

~ shawn in Fig. Is bombardments of Sn
120 

yielded a 41=mino period~.a 27-hour 

periods and a very small tail of an approximate 10-day periods the tail probab·ly being 

due to contamination of the Sn120 since Lindner and perlman(lO) did not observe thiso 

Bombardments of Sn124 with deuterons gave periods of 39 minog 905 days and 130 days 

as shown in Figo 2" 
122 ..... . 

Bombardment of the Sn with deuterons produced all of these 

periods but the two short periods were not differentiated in themixtlre: In Figure 3. 

are plotted beryllium absorption curves of the ~==radiation emitted by the 41 mino 

120 
and 39 min" periods respectively. The 41 mino period produced from Sn $ curve As is 

=. 2 
seen to have a ~. with a range of about 1260 mg/cm I} an energy of about 205 Mevo 

There is a gamma ray background corresponding to ab~ 1% of the total oounting rateo 

124 The ~- of' the 39,~minute period produoed from Sn IJ curve Bg has a range of about 800 

2 mg/cm of beryllium corresponding to an energy of about 107 MBve It also has a gamma 

ray background of about 005% of the total counting rateo A.searoh for x-rays associated 

with each of these two periods by oritical absorption measurements in cadmium!) silver 
:' 

and palladium absorbers using a beryllium-absorber-beryllium sandwichshawed no 

S 120, 
cri tioally absorbed x-rays with the 41 Mev pe riod produced from n D but measurements 

on the 39 min .. period from Sn124 showed the 'presence of an antimony x-ray associated 

with ito As seen in Fig6 49 the radiation is critically absorbed by silver and 

palladium but not by oadmiump identifying it as an antimony x-ray.. Lead absorption 

curves made with a beryllium-lead-beryllium sandwich of the gamma radiation from these 

two :periods is shown in Fig" 50 Curve A shows that of the 4l-mino period wi th a 
. . . I 

2 . 
half thickneSs of about 1350 mg/cm corresponding to an energy of 0 .. 27 Mev" No x-rays 

are seen in this absorption curve" Curve B shows the absorption of the x-rays and gamma 

rays of the 39~minC) period from Sn124" The x-ray is clearly seen in the initial part 

of the C'Ur'V6 being followed by a gamma ray of half thickness 41\400 mg/om2 Pbl} a gamma 

energy of a bou to .. 17 Mev" The x-ray has a hal f thickness :i.n lead of about 20 mg/cm 2 

equivalent to an energy of about 29 Kev$ approxinntely correct for K x-rays in th3 . 

antimony region.. The difference in the radiation characteristics of these two ·periods 



w 

'. 

is great enough to make certain that they are different isotopes., 
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The 27=hr~ 9 9,,5 day and 130·-day periods exhibited the same radiation characteristics 

as those descrihed for the se periods as found in thorium fission(9) at¥l uraniumfis-

Sio~. (49 11 ) No x=rays were seen with any of these periods by critical absorption 

(11) G~ To Seaborg and I .. Perlman.9 Rev,. Mod .. Phys" !2,s 614 (1948). 

measurements and the 27 -hI'., and 130 day periods clearly had no gamma rays associated 

wi th them.. An aluminum absorption curve on the 9.5 day period indicated a gamma ray 

level corresponding to about 0.4% of the total radiations low for a gamma ray unless 

it is largely converted,Q and no:nnally too high for bremstrahlungo Lead absorption curves 

on this radiation indicated the possible presenoe of a 1.,5 Mev gamma.. Howeverv a 

large sample of the 9.5 day period (about 1/2 millicurie) made by'fission of thorium 

with deuterons and separated with 50 micrograms of carrierg was examined by Mr .. Ro 'V{ .. 

Hayward and Prof" A .. C. Helmholz on a beta ray spectrometer and no ga~ ray lines 

found.. The energy of the ~= from a Kurie plot was found -00 be 2038 Mev, with a small 

fraction «10%) of lower energy ~=vs present" Cole~n and Pool (12) have reported 

(12) K .. D" Coleman and M .. L. Pooll) phys ~ Rev.~,ll 1070 (1947)" 

tin x-rays to be associated with 1025 and 9-day periods in tinv but this was not 

found to be the case with our 27-hour and 905 day activity by critical absorption 

measurements ~. 

Attempts to separate an antimony daughter from either the 130=day!) 9,,5 day or 

39 min .. per iods produoed from sn124 wi th deute rons showed that -the 130=day has no 

antimony daughter of half-life less than about 200 years·sthe· 9.;5 day no daughter' 

of half=life less than 50 years and the 39 mino no daughter ,of half~1ife less than 

~. 125 10 years .. "'nerefore the 2,,7 yr. Sb cannot be a daughter of any of these activities. 

The minimum half~life which would have been observed in the separations of antimony 

from the 10~day and 130=day periods was about 20 minutes due tq the time taken for 
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.. the separationso . The---39~min"had total1~"decayed at the time of separation _of the 

antimony. 

Approximate cro ss seotions for the formation of these aotivi ties from the various 

Sn isotopes are shown in Table II" These oross sections are probably not aocura te 

to better' than a. factor of 2 or 3 since chemical yield determinations were not mde 

and in some cases the cyclotron. bombardment current was known only approximately. 

The previous data available on deuteron cross sections with enriched tin isotopes is 

Lindner and Perlman 's (10) ~lue of O .. O~ x 10-24 om2 for the fo:rna tion of their 

28-hour period from Sn120 with 18 Mev deuterons .. 

Aotivity 

Target 

Sn122 C19 Mev) 

(14 Mev) 

Table II 

Cross Seotions for Formation of Sn Activities at 14 Mav 

(in units of 10-24 cm2 ) 

I 
. I 

27 hr .. 41 min. 39 min .. 130 d 

0.016 0.009 0.0002 ? 

0 .. 021 0 .. 005 

,,02 0 .. 08 0.004 

/ 

0~2 ,,01 0 .. 007 0 .. 08 

0.08 0.16 0 .. 02 

0.1 0 .. 015 

0 .. 12 0 .. 17 

Bombardments of. normal antimony,rtith fast neutrons gave periods of 40 min., 

27 hI'S. and 130 days D the 9.5-day period not being observed.. The aotivi ty was too 

- -
low to run absorption curves on the 40 -min .. period so it is not known whether both 

the activities of this half-life were present. The formation of the 13().oday activity 

123 
in this bombard~ent is evidence that it can be correctly placed at Sn s but the 

absence of the 9.5 day activity is not indicative regarding assignment of this period 

since all isomers of a given mass number need not be produced in good yield by any 
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given type of bombardment" Bombardment of isotopic antimony samples with fast neutrons 

gave too little tin activity to evaluate due to the low flux of fast neUrons and. 

small samples of enriched antimony available .. 

Discussion 

From the results reported above it is apparent that the "40 minute",period is 
.' .......•... " 120 

actually two periods of 'nearly equal half=life. The 4l-mino produced i'rbmSn must 

be assigned to Sn12l
g thus giving Sn121 two isomerso a 41-min6 period emitting a ~= 

wi th energy of U\ 2,,5 Mev and a gamma. ray of energy Ul 0 .. 27 Mev~ and a 27 hour ~= period of 

(10) -
energy 0.,4 Mev and no ~ "It is not known whether the gamma. transition between 

these states in Sn121 occurs since the gamma .ray absorption curve on the 41 mino 

period coula not be carried to thick lead absorbers .. 

123 = From the present data 9 three isomers must be placed at Sn ; a 39-min ~ period 

of energy '" 11>7 Mev accompanied by a 0017 Mev grumna and antimony x-rays',) indicating 

that, the 39-minute period decays to an excited state of Sb123 followed by grunma emission 

to the ground staten the gamma being partially converted; a 9.5 day period with a ~= 

energy of 2 .. 38 lvIev and no g!'l.mma p and a 130 day period with a f energy. of about 1.5 

Mev and no gamma. (4,911) This assignment is not very satisfactory fOl"it is difficult 

to understand how the gamma transition be~leen these states can be forbidden to suoh 

an extent.. An alternative explanation placing one or more of these activities at 

125 '.. .... . 125 
Sn would demand the exis:tence of a longer lived isomer of the 207yri; Sb • The 

assigmnent of these periods to mass number 123 is in accord with the cross section data 

reported in Table II if it is assumed that the d~p cross section for th3 formation 

of the. 9.5 day period from Sn
l22 

is small: It is s.een that in the bombardment of Sn120 
s 

.' ..... .:, . 

the 41-minute period which is the higher lying level is formed in lower yield than 

the lower lying 27=hour levelo On the other hand the d-T cross sectionsin'the 

124 bombardment of Sn seem to go in the opposite direction" The 905 day which is the 

highest lying level in sn
123 

is fornied in greatest yield while the 39 mino and 130 day, 

which are successively lower lying levels i are lower in yield in the same order. On 
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the basis of the isotopic abundance. of Sn
l24 

in the Sn
122 

sample $ the yield of the 

965. day period is then about the right order of magnitude. 

Past attempts to study tin activities on a mass spectrograph in this laboratory 

have failed due to the low efficiency of ionization of tin, but it is hoped that soon 

the assignment of at least the 9.5 day and 130-day periods can be confir.med in this 

ma.nnert) which will do much to clarify the situation. 1'b.e present assignable f 
emi tting tin isotopes are presented in Table III together with the known characteristic s 

of their radiations. 



Table III . 

Present Status of the ~= Emitting Isotopes of Tin 

- _. - .. -

Class (ll) 
Type of Energy of Radiation in W~V 

Isotope Radiation Half"'Life Particles Y=Rays 
--

120 Stable 
--- .. ,-, 

27 hro ~~~ hr. (10) 0~4 Abs~ Alt lO ) 
121 A ~ 

= 
26 hr~ '_.; 

121 B f9 Y 4l=mino lJ) 2.5 Abs e Be r..n 0.27 Abso Pb 
I 

122 Stable 

123 A f 130 d ~ 1~5 Abso Al(11~4) no 1"(11) 

£ c,"i.:. 

123 c- ! L' 9.5 d, 10 dl) 2.38 spect. Probably no Y 
; ~ 11 d, 9 d spec. conv. i 
I 

123 B p= 9Y - --
39 min. lJ"\ L.7 Abs.. Be lJ) 0.17 Abs" Pb~ 

X=Rays (Sb) 

, 124 Stable 

-

125 B(ll) ~=9Y 10 min~ 9 min (11) t.I\' 2.2 (11) V\ 0.74(11) 

_ 126 
, D(ll) f sY 70 . (11) 

m~no 0~7 or 208(11) 102(11) 
--.-:... .. -----.~~ -~ -

Produced by 
(See Refe 12 for 
Other Reactions) 

120 -
Sn =d~p 

_Sb-n-p 

120 
Sn =d=p 
Sb=n~p ? 

sn124_d~T 
Sb-n-p I 

sn124~d=T 

sn124':'d=T 
Sb-D=p? 

Sn=d=p ~ll ~ I 

S 'Y 11 n=n-

u=n 
(ll) 

I 

I 

~~ 
~~ 
!-' CI'l 
NCO 

en 

'> 
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Figure 1 

Decay CUrY0 of actiyities produced by bombarding 3n120 viTi th douterons. 



.; 

z -:E 
....... 
en 
t-
z 
:;) 

0 
0 

z 

>-
t-

> 
t-
O 
<X 

2 
10 

10 

TI '= 27 HOURS 
'/2 

- ............. "'10 DAYS -- -- --- --

A 

T 1"'= 41 MIN 
. '12 

\ 

0, I .L.-_L.-_L.-_.l...-_J....-_J....-_..I....-___ ..I......---..I......-...L.--...L.-o...-...L.----' 

o 2 4 6 8 10 12 14 16 18 20 22 24 

. CURVE B - ,DAYS AFTER BOMBARDMENT 

FiG. I 



CURVE B DAYS AFTER BOMBARDMENT' 
5 3 6 9 12 15 18 2t 24 27 30 ' 42 

10 ~--~--T---~--~--~---r--~--~--~--~~~~--~--~~ 

• 

z 
i 10

3 

...... 
II) 

~ 
Z 
::) 

o 
u' 

z 

B - 130 DAY LIN Ex 10 

,Til: 9.5 DAYS 
- 2 

10L---~~~~~~--~--~--~--~~~--~--~--~--~--~ 

o 2 3 4 5 6 -7 8 10 " ~2 13., 14 

CURV,E A - HOl:JRS AFTER BOMBARDMENT 

FIG. 2 . 

" -

~w-'<!,,~,-.. , ' l!OZ .53'7 ,,' 
-- -------.......... _-_. ~--- ._"- ."'., ~.# 



UCRL-395 

Figure 3 

Bery11illi~ absorption curve of beta rays from 41 and 39 minute periods in tin 

Curve A - Sn120 + deuterollS e 41-minute period. 

Curve B ~ Sn124 + deuterons~ 39-minute period. 

. 
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Figure 4 

Critical absorption of x-rays from 39-minute period produced by deuterons 

on Sn124 ~ showing presence of Sb x-rays. 
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Figure 5 

Lead absorption curves of 41 and 39 .minute periods in Sn. 

Curve A - Sn12O + deuterons, 41-minute period., 

Curve B ... Sn124 .+ deuterons, 39-minute period. 
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