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RADIOACTIVITY OF TIN-110, TIN-108,. ANDINDIUM-108 

Warren Mead 

Radiation Laboratory and Department of Physics 
University of California, Berkeley, California 

August 6, 1956 

ABSTRACT 

An attempt has been made to extend the knowledge of the disin­

tegration behavior of the tin and indium isotopes of mass numbers 108 

and 110. Observations made with tin sources obtained by alpha bom­

bardment of enriched cadmium is otopes indicate that the 4-hour tin 

activity should be assigned to Sn
110

, rather than to Sn
108 

as previously 

reported. 4, 5 The decay of In 108 has been investigated, directly with 

the aid of enriched Ag
107

Cl, and also as the daughter activity of Sn 108 

The evidence obtained suggests a decay scheme for In108 which closely 
. 110 

parallels that of In . The growth ofa 3. 5-Mev positron activity 

identified with the ground state of In
I08 

has been interpreted in terms 

of an approximatel y 9-minute paren,t, and this half life has been tenta-

t ' 1 . d S 108 S d) d h f h ' lye yasslgne to n uggeste ecay sc emes or t ese Isotopes 

are presented in Figs. 1 and 17. 
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RADIOACTIVITY-OF TIN-ll 0,TIN~J'08i :ANb-II'{DIUM~l 08 

Intr;oduction : ~ 

The evolution within the last several years of relatively satis-; 

factory nuclear models with which to associate low-energy experimental 

data has resulted in a gradual shift of emphasis in the field of beta and 

gamma spectroscopy. In contrast to the earlier preoccupation with the 

determination of half lives and transition energies as ends in themselves, 

recent experimental works have been frequently concerned with provid­

ing evidence that may be of assistance in evalu;ating some aspect of a 

nuclear model. The investigation of isomerism, for example, has pro­

gressed from the determination of half lives to more selective and 

detailed experiments whose purpose is to provide experimental esti­

mates of the matrix elements for various transition types. These 

empirical matrix elements can then be compared with theoretical 

estimates that have been calculated on the basis of a particular nuclear 

model. . Such an analysis provides a very useful check on the applica­

bility of the model under consideration. 

_ Among the most significant predictions of the shell modell, 2 

are those relating to the special nuclear characteristics to be expected 

in the region of closed neutron or proton shells. It seemed worth while, 

therefore. to attempt to extend the knowledge of disintegration behavior 

in such a closed- shell region, and to evaluate the new infor-mation in 

terms of the shell model and the trends encountered by other investiga­

tors. The closed":proton-shell isotopes chosen for investigation, and 

for which disintegration information has been mis sing or incomplete, 
110 108 108 

ar e Sn.- ,Sn ,and In . 

It is -interesting to notice that the nuclear properties that make 

studies in a closed-shell region of particular importance often result 

in certain characteristic difficulties in connection with such an inve-sti­

gation. The prevalence of isomerism, for example, complicates the 

proper identification of the radiations encountered. The assignment of 

tin activities -to the proper mass number is further complicated by the 

relatively large number of stable cadmium. isotopes from which tin may 
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bepr~qu_c,ed by' alpha bombardment. Such difficulties appear to be 

partly responsible for the confusion that has existed with regard to the 

radioactive isotopes in this region. 

(1 
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Tin-110 

The half lives of the neutron-deficient isotopes of tin down 

through-Sn
l08 

are listed in the current literature, with the exception of 

.Sn
llO

. In attempting to determine the half life of Sn
llO

, it is helpful to 
, 3, 110 

consider the decay scheme of In110 because when Sn is produced a 
110 

growth of the In radiations is exp·ected. (Fig. L) Since it appears 

l 'k 1 th t th d f" S 11 0 I 110 k" '1 ' '1' h 1 e y a e ecay rom n to n ta es pace primari y in suc 

a way as to involve the ground state of In 11 O. rather than the 5+ iso­

meric state, both the 660-kev gamma ray and the 2. 25-Mev positrons 

should be present in the radiations resulting from Sn 11 0 .>~ A growth 

and decay of these radiations should be interpretable in terms of the 

decay period of Sn 11 0 
110,' , 108 

Sn was produced by bombarding cadmium enriched inCd 

with alpha particles of about 30'Mev: The '(a.. 2n) reaction, leading to 

Sn
llO

, should predominate at this energy. After separation of indlum, 

sources were prepar,ed from the tin ffaction and were observed with a 

magentic-lens beta-ray spectrometer, and with a scintillation counter 

and continuous recording pulse-height analyzer. (A brief description 

of the apparatus and of chemical techniques win be found in the Appen­

dix. ) 

A gamma ray of approximately 660 kev, identlfied with In
llO

, 

was observed with the spectrometer and with the scintillation counter 

and pulse -height analyzer. This gamma ray was followed for about 35 

hours with the scintillation counter, and was observed to grow ininten­

sity for about 1. 5 hour s, followed by a decay with a half life of about 4 

hours. (Fig. 2.) Subtraction of the initial activity from the extrapolated 

4-hour period yields a decay with a half life of about 65 minutes (Fig., 3), 
110 

which has be~n identified with the period of the ground state of In . 

3 ' . 110 * Bleuler et a1. have not made definite spin assignments for the In 

isomers; the ~alues referred to in this discussion represent p.ossible 

assignments suggested by these investigators. 
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-......--- 4 HOURS 
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MU-12019 
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110 '.. . 
Fig. 1. Suggested decay: sfheme of Sn and the previously reported 

decay scheme of In~ 10... . . 
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2.25 Mev POSITRONS 

660 Kev 7-RAY 

283 Kev J'-RAY 

1.0 L--b...:......_~_-~...:...-~~----;t::---:--~---,,; o 5 10 35 
HOURS AFTER CHEMISTRY 

MU-12020 

Fig. 2. The decay of radiations utilized in assigning the 4-hour 
period to Sn 11 O. . 
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A positron spectrum was also obtained (Figs. 4 and 5) and 

appears to consist primarily of positrons having an end-point energy of 

about 2.25 Mev. This is in agreement with the energy previously 
'. 3-assigned to the positrons of In 11 0: ~,: A plot of the positrons of maximum 

intensity (Fig. 2) also shows the effect of an initial growth, followed by 

a de~ay of about 4 hours., A value of 4.0 ± 0.2 hours has been assigned 

to the decay period exhibited by the 660-kev line and the 2.2 5-Mev 

positrons. 

The assignment of this 4 ..... hour period to Sn 110 depends upon the 

as sumption that these decays nei ther result from the 4. 9-hour isomeric 

level of In 11 0, nor are appreCiably altered by its presence. The possi.­

bility that this isomeric level is involved in produCing the observed· 

pattern of growth and decay" appears to be excluded for several reasons. 

Bleuler eta!. 3 have estim~ted that the isomeric transition to the ground 

state represents only about 0.6% of the total decay. the remainder 

k ' 1 b I h' h' ., d fed 1 1 0 ta lng pace y e ectron capture to 19 -energy exclte states 0 

Therefore, the isomeric state could not of itself produce the growth and 

decay observed. Furthermore, neither the 121-kev isomeric tran'sition 

-" nor either of the high-energy gamma rays of In 11 0 was observed. This 

is in agreement with the assumption that the decay from the 0+ ground 
110 ' 

state, of Sn would be unlikel y to take place in such a; way as to involve 

the 5+ isom,eric ,state of indium in preference to the 2+ ground state. 

Finally, when silver was bombarded to produc,e indium directly. the 

121- and 660-kev lines were found to have half lives of about 5 ho~rs. 

which appeared to be ~lear1y distinguishable from the 4-hour period 
'", ,'., . . 

observed when tinis produced. 

It is of interest to notice that the time after the chemical separa­

tion at which t~e maximum activity of the 660-kev gamma ray occurs is 

in approximate agreement with that predicted by calculations for a 4-

hour activity decaying into an initially absent 66-minute daughter. This 

indicates that the chemical separation of the indium was reasonably 

effective. 

Another question that arises in connection with the as signment of 

th 4 ' h ' d 11 0 h' bi ff f h e - our perlO to Sn concerns t e POSSl e e ect 0 t e presence 
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106 . 108 
of Cd in the samples of enriched Cd . The (n, 2.n) reaction with 

Cd
l06 ... ld S 108 "" .. " 4, 5 h "d . Yle s n . Two preVlOUS lnvestlgators ave asslgne a 

period of about 4 hours to Sn
l08

, and a 55-minute positron activity of 

about 2. Mev to In 108. _ Since it seemed quite pos sible that In 108 might 

also contain a gamma ray in the 650-kev region, these similarities in 

the two pairs of isotopes appear to cast doubt on the assignment of the 

observed 4-hour activity to Sn 110. Therefore, a series of exper~ments 
was undertaken in which enriched Cd 106 was bombarded. and which in­

volved experimental procedures similar to those described above. 

Observations of the tin sources obtained by bombarding enricl1ed 
106 " ' . 

Cd mcluded a decay curve of the positron annihilation radiation. 

These data were obtained by means of a coincidence arrangement con­

sisting of two scintillation counters placed at 1800
, each lead;ing to a 

pulse-height analyzer set to observe pulses in the annihilation region. 
4 

The curve obtained is similar to that reported by Mallory a~d Pool 
"-

an initial growth followed by a decay having a half life of about 4 hour s. 

A positron spectrum was also obtained with the beta spectrometer. and 

appeared to consist primarily of posltrons of about 2. Mev .. However; 

the intensity of these positrons was generally less by factors of 10 to 

100 than when enriched-Cd 
1 

08 was bombarded. It appears, therefore, 

that they result from the small amount of Cd 
1

08 present in the enriched 

Cd
l06

, and that the 4-hour period should be 'assigned to Sn
llO

, rather 
108 

than Sn ;; Further investigation has served to confirm this conclusion;. 

The positron decay curves obtained with the sources prepared 

from the bombarded Cd 106 contained. in addition to the 4-hour half life 

referred to above, indications of additional activities with half lifes of 

roughly 2. hours and 43 hours. Neither of these periods has been 

positively identified. 

An internal conversion line was seen at about 660 kev. It ap-
" . 110 

peared to result In part from In and in part from the 650-kev line 

" 1" d "f" d . th S 109 preVlOUS. y 1 entl le Wl . n . Other conversion peaks observed 

were generally identified with known tin or indium isotbpes, and none 
" 108 108 was seen that could be asslgned to Sn or In However, in order 

to eliminate short-lived activities. these tin sources were not prepared 

,until about 2. hours after the end of the bombardment. 
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.Therefore, the failure tQ see radiations that could be identified with 

SnI08 or In l013 suggested that the half life of Sn 108 might be relatively 

short compared with the4-hourperiod previously assigned to it. 

In·the tin sources obtained from the bombardment of enriched 

Cd 
1

08, a strong· internal-conversion peak was found corresponding to a 

gamma ray of 283 kev. A gamma ray of 285 kev wa~ obs.erved by 
. 108 

McGinnis and assigned to In MCGinnis'.s tin sources were obtained 

by alpha bombardment of n.atural cadmium. With enriched isotopes, 

however, it has been folind that this gamma ray is always much weaker 

when Cd
l06 

is bombarded, so it appears to belong tbthe 110 decay 

. sequence. Its decay has been foHowed for peri,ods up to 61 hours and 

.the half life observed is the same, within experimental error, as that 

assigned to Sn 110 Although both the 2.2 5-Mev positrons and the 283-

key gamma ray are much lower in intensity when Cd 
1

06 is bombarded, 

the ratio of the 283-kev line to the positrons is the same as in the sources 

obtained from enriched Cd 108 .. Finally:. since no growth of the 283-kev 

line was observed when observations were begun 24 minutes after the 

chemical separation of indium, this gamma ray has been assigned to the 
110 

~ decay of Sn A portion of the decay curve of the 283-kev line is 

. shown in Fig .. 2 .. 

Because of the relatively high intensity of the 283-kev gamma 
. bl h h d f SIlO. ' ... t ' 'I ray, lt seems reasona e t at te ecay 0 n may conS1S. prlmarl y 

of electron capture to a 283-kev excited state. of In
llO

. A value of 8.0 ± 

1.:0 has been obtained for the K/L ratio of the 283-kev line. An exam-
, 6 

ination of the empirical curves of Goldhaber and Sunyar suggests the 

possible transition types Ml, M2, M3, or E2, where the transition 

types in closest agreement with the measured K/L ratio are listed first. 

. The se empirical curves do not yield a decisive answer in 'this case, 

partly. because of the necessity: of extrapolating the curves in order to 

apply them to a gamma ray of this energy. An approximate value of the 

K-conver sion coefficient has also been obtained with the aid of a gold 

converter standardized in terms of the 172- and 247-kev gamma rays of 
. III 
In "A conversion coefficient of about 6% is obtained when the values 

of the In III conver sion coefficients obtained by McGinnis 5 are used, 

and about 3% with the values of Boehm et aL 7 The theoretical 
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conYer si'on coefficients .£or.-a'.gammaray:oL this energy taken Jrom the 

curves of Rose eta1.
8
. are 2. 50/0 and.3~25% for Ml tthdE2,transitions, 

and 11 % and 12% forM2: Ci.rid:E3 tran~itions .. ' A consideration of .both 

the K/L ratio and the conversion coefficient. suggests an Ml transition 
, 

as being somewhat m'ore likely than the other possibilities mentioned. 

A ;spin of 2 with even'parity has been suggested for the ground 

s tate of In 110, by Bleuleret:aL 3 in consideration of the fact t/hat Ie s s 

than 3% of the 2.25":Mevpositron (em allowed ,transition with log (ft) 

about 5.5) decays go to, the .g:r:oundstateof Cd 110 (and the remainder to 

the' 2+ excited state). If this 2+ value is as sumed forthe ground state 

of In 11 0, a direct decay from the 0+ ground state ,of Sn 11 0 to the ground 

· state of indium would repres.ent a second-forbidden transition. If we 

. . h h' 1'1" . . f S 110 I 110. 1 th 283 as sume, ten, t at a . transltlons rom n.· to n Invo ve e -

key gamma ray, we can obtain an .estimate of the conver sion coefficient 

· by comparing the areas under the' clirves of the2.25-Mev positron spec­

trum and the 283-'kevinternal-conversion'peak .. The ratio of electron 

capture to positrons for the 2. 25-Mev transition can be e'stimated from 

; the theoretical values given by Zweifel, 9 and isapproximatel y 003'3.. 

The value obtained in this way for the conversion coefficient of the 283-

kev line is about 2%. This is in agreement with the assumption of an Ml 

· transition as suggested by the K/t. value and the conversion coefficient 

as measured directly: More significantly,' the above considerations tend 

to confirm the assignrnentof a 2+ value to the 'ground state of In 110 

An interpretation of the 283,..kev line of Sn
llO 

in terms of an Ml 

, transition to the ground state of indium suggests a spin of 1 and even 

parity for the exCited state.' Since spins of 1+ have been assigned to the 

ground states of.at least three even-A isotopes of indium,the occurrence 

.of this'levelas an excited state in In
llO 

appears reasonable. A possible 

decay scheme is suggested in Fig. 1. 
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Tin-l08 and Indium..; 1 08 

B h 4 h . d . 1 ." 'd S 108 b ecause t e -, our perlO prev10us y as slgne to n y 

"Mallory ana. Poo1
4 

could, not be confirmed, a further investigation of 

this isotope seemed indicated." When enriched Cd
l 

06 was bombarded, 

noac,tivitieswereobserved that could definitely be assigned to Sn
l08 

or In 108. However, because of the presence in the enriched Cd 
1

06 of 

c.onsiderable amounts of the other stabl!,) cadmium isotopes; ·and also 

because of the overlapping of the alpha-reaction curves, it seemed 

likely that activities resulting from Sn
108

, might have been oyerlooked 

in the presence of the numerous gamma rays and positron spectra 

resulting from, other tin and indium isotopes. 

A 1 ..., "h h' ., f S 108. t b . , n a ternatlve approac 'tote lnvestlgatlono, n .1S 0 eg1n 
108 .. 

. by studying the decay of In An important advantage of this approach 

is that, silver, from which indium may be produced by alpha bombard­

,ment, has only two stable isotopes. It is therefore possible to produce 

t:Qe desired indium isotopes much more s"el'ectively than those of tin. 

A · . "'. fI I08 . 1 fd' . t.l... fth . n 1nvestlgatlon 0 n 1S a so 0 lrect 1nteresuecause 0 e' pos-

,.sibility that.isomerism may be involved, as it is: for at least four of. the 

other even-A isotopes of indium,. 

Since the 283-kev gamma ray previously assigned to In
l08 

by 

McGinnis
5 

has been reassigned to Sn
UO

, there were no known gamma 

rays with which to identify In 108 When silver foil was bombarded with 

40-Mev alpha particles, the conversion peaks observed were generally 

identified with those expected from other known indium isotopes. The 

positron activity, followed bymeans .of the annihilation radiation, 

showed an initial 55- to60-m~nute decay, followed by a decay wi th a 

, half life of 4 to 5 hours. Both of these periods could be identified with 

In 11 0,. 

A more helpful approach was provided by aconsideration of the 
, , 108 10 .' , '108 ,108 

decay scheme ofAg , wh1ch beta-decays to both Cd· and Pd' . 

, About 0.80/0 of the (3-decays take place to an excited state oiCd 108 of 
108 

about 620kev. This transition may also occur in the decay of In 

into cadmium'. To check this possibility, a 0.3-rnil silver foil was 

bomba;rde,d with alpha particles of about 40 Mev. The (a, 3n) reaction 

. .' 
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110 108 110 
leads to both In "andln . , therefor:e the 660-kev gamma ray of In 

is expected to be present, a'nd p~rh~ps an additional line at about 620kev 

which could be idehtified with Inl 08. Becau:se a chemical separation did 

not seem essential~ a sourc'e for the beta":spect:tometer was made 

directly from the silver foil. In this way it was possible to obtain the 

first readings 10 minutes after the end of. the bombardment. 

The region fro-m 500 to 700 key was carefuUycexatilfned with the 

spectrometer for aperiod of 12 hours following the bo'n'ibardment. Two 

converted gamma rays were observed at about 637 arid 660 kev. (Fig. 6;) 

Although the two lines are not completely resolved; .the difference in 

half lives makes it clear that two s'eparate gamma rays exi'st. The de­

cay of the 660-kev line consists principally of a half life of about 5 hours, 

. .-. f d . '1 b h 4 9 h'· .' f I' 110 Th Slnce It IS, e prlmarl y y t e . -' our IsomerIC state 0 n . e 

637 -kev line decays with an initial half life of about 57 minutes into the 

5 -hour 'background resulting from the presence of the 660-kev line. 

After subtraction of this 5-hour background, the 637 -kev line shows a 

decay of about 52 minutes (Fig. ,7). in approximate agreement with the 

50- to 55-minute half life assigned to In 108 by the previous investiga-

t 4, 5 Th' , 'h f . 1 ' . 'd tIl 08 or s., ',' IS gamma ray was t ere ore tentatlve y as slgne 0 n , 

and is believed to represent the same' transition as occursiri'the decay 

of Ag
108

.,It is of interest to notice that the decay of the 637-kev line 

appears to involve only the 52-minute'period.' 

An' attempt to utiilizethe 637 -kev line of In 1 08. to determine the 

half life of Sn
108

was unsuccessful beca~se of the presence of the strong 
109 ',," 

gamma ray of Sn' that occur s at about 650 kev. Therefore, a more 

extensive investigation 6f In 108 was underfaken with the aid of silver 

chloride enriched (about 97%) in Agl 07. 
" 107,: . 

A number of bombardmeritsof the Ag , ,CI was made, using 

alpha particles of about 40 Mev. The bombarding energy and the energy 

rartge in the target material were varied in some cases in an attempt to 
, -

reduce unwan'ted activities~ The bombardment times were usually some-

what less than'l hour. ,Since the chemical-procedure employed was more 

complicated than was required-fOr 'preparing the tin sources, the first 

readings were not obtained until about '1 hour after the end of the bom-

bardment. 
, ,108 

Iriadditiontb the ta,3n) reaction', which leads to 'In ,the 
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Fig. 7. Decay of the 637- and 660-kev gamma rays. 
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adjacent reacti6rts(a, 2:n) and (a." 4n)a1so took place, so that the converted 
109 ,107 ,107 

, gamma rays of In and the IIi ,daughter, Cd ,werepresent to an 

appreciable extent. 

The following gamma rays were observed to gecaywith periods 
, 108 

of about 55 minutes, and have been assigned to In ',' .: 

Photon Ener gy 
(Mev) 

LOS 

0.878 

0.637 

0.330 

0.246 

Relative internal 
,conversion intensity 

3 

10 

33 

22 

l;~,O 

K/L 

4 

3.7 ± 0.5 

107 
A source prepared from the bombarded Ag Cl. was alsQ exam-

ined with a scintillation counter and continuous recording pulse -height 
. . . ' . 

analyzer. Gamma rays were observed with energies of about 1.07, 0.89, 

and 0.63 Mev. The lower-ene~gy lines were not separated from the 205-
, ' " 109 

kev line of In . 
108 

The 637-kev line, which also occurs in the decay of Ag ,ap-

pear's to be the fir st excited state of Cd 108 The level that leads to this 

t ,.' . h d f A 108 h b . d . f 2' d ransltlon in t e ecay 0 g as een asslgne a spin 0, an even 
, 10 

parity by Perlman et al. A value of 2+ for the iirstexcited states of 

even-even nuclei has been found to occur in at least 80% of the cases 

il1vestigated.l1 The energy of the 637-kev line agrees roughly with the 
" ' 

energies of the first excited states of the other known even-evep cadmium 

isotopes, 'although the expected trertd ll of incr'easing energy with de­

creasing neutron number suggests a somewhat higher energy of about 

680 kev. 
. 108 

In attempting to understand the decay scheme of In • it is of 
, . 

particular importance to consider the possibility that an isomeric state 

of indium may be involved. Isomerism occurs for the even-A indium 
. " 110 . 116 

,isotopes from In through In The similarities in the characteris-

tics of these four known isom~ric tra:i.sitions should be;:;of assistance in 
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'h f h d ' 'f I 1 08 W' th th suggeshng t e nature 0 t e suspecte 'isomer 0 n . ,'1 e excep-

tion of Inl1 0, the ground states 'of these even-A indium isotopes have . 
all been assigned spins of 1 with even parity. As has been noted, the 

, ,ground s'tate of In 11 ° appears to be 2+. The spins of the isomeric states, 
12 two of which have been recentl y measured, are 4 or 5 with even parity. ' 

, The transitions are therefore M3 or E4 with no change of parity. In all 

cases the isomeric state has the higher spin and a longer: half life than 

the ground state. 

These characteristics of the ,known even-A indium isomers indi-

h t h 55 , ', d f h 'd t'f' d 'th I 108 cate tat e -minute perlo ,0 t e gamma rays 1 en 1 le Wi n 

might result from an isomeric state of indium, rather than the ground 

state. This possibility is suggested by an extrapolation of the spin 

characteristics of the even-A indium isotopes, and of the general tend-
, .... _' 

encies with regard to the spins of excited states of even-even nuclei., 

That is, if the ground state of In
108 

has a low spin, as is suggested by 

the situation for the other even-A indium isotopes, then the decay to 

cadmium wouldtake place primarily to'low spin states. It seems un-;', 
,108 ' , 

likely, however, that all the gamma rays assigned to In would result 

from levelS with sufficiently low spin to be fed by the presumably 10w-
108 

spin ground s~ate of In The ground states of the other even-A indium 

isotopes. for exarriple, feed, at most. one excited state of the cadmium 

d h 
,108 

aug ter. These considerations suggest that the In, state that gives 

rise to the observed gamma rays has a spin greater than 1 or 2, and 

may therefore, be an isomeric state. 

Further' evidence' for the interpretation of the 55-minute period 

in terms of an In 
1

08 isomer was suggested by subsequent obs'ervations 

of the ~adiati,ons resulting from Sn 108, from which at least some of the 
108 ' " t,' 

In gamma rays appeared to be absent. ' Such a situation would be 

consistent with the assumption that the decay from the zero-spin 

ground state of Sn 
1

08 takes place in such ~ way as to involve the ground 
"108 "", ' 

state of In • rather than the isomeric state which alone feeds all the 

1 1 'b' d' h ,,108 d eve s attrl ute to t e In eca y. 

In c'onsidering the pOSSIbility o{ isomerism i~connection with 

In 108. the two lower -energy gamma rays observed ate of particular 

interest, sin~e they might result from isomeric transitions. A portion 
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of the internal conversion spectrum which includes these two gamma 

rays is shown in Fig. 8. The K/L ratio of 3.7 obtained for the 246-kev 

line may be used to obtain an estimate of the transition type by means 
6 

of a comparison with the empirical curves of Goldhaber and Sunyar. 

The K/L values suggest'ed by these curves for a gamma ray of this 

energy are indicated in the following table: 

Transition ·type E4 E3 M4 E2 M3 

K/L 1.7. 3.2 3.7 5.2 6.4 

In utilizing the measured K/L ratio of the 246-kev line to obtain an 

estimate of the transition type, it is important to consider a possible 

source of error which may have affected the value obtained. A gamma 

ray of 220 kev with a half life of about 30 minut~s has been assigned to 

I 107 b C ' d M "k 13 S" h "1" £ Cd107 
n y . assatt an eln e. lnce t e conver Slon lnes o· 

were observed, this 220-kev line must have been present. Its K/L ratio 

has not be'en reported, but the L-conver sion peak would coincide approx­

imately with the K peak of the 246-kev line assigned to In
108

. ,Although 

the decay of the 246-kev line appeared to show no evidence of a shorter­

lived component. it is possible that the 220-kev line was present to a 

sufficient extent to alter the apparent K/L ratio. 

The empirical curves suggest that the 246-kev Hne. r,ep;r.esents an 

M4 transition. An examination of the known M4 transitions in th~s energy 

range indicates a half life of roughly 2 days. This would require that 

only a small proportion of the decays take place to the ground state, and 

this situation appears to be compatible with information obtained from 

an analysis of the relative number of conversion electrons and positrons. 

A difficulty in connecti.on with the interpretation of the 246-kev line as an 

M4 . " " . f 108. h 4 " " d lsomerlC' tranSl tlon 0 In lS t at M transltlons 0 not seem to 

occur in odd-odd isotopes. 14 Furthermore. an M4 transition requires 

a negative parity level, none of which are found among the known even-A 

isomers of indium. 

The two transition types adjacent of M4 in the above table, whose 

K/L values are close to the measured value, should also be considered. 

An E2 transition could not lead to isomerism .. The E3 possibility, which 

',"" 

~ , 
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also requires a negative parity state p is probably too fast a transition at 

this energy to account for a 55~miriute isomer. ' 

. An approximate K/L ratio of 4 has been measured for the 330-

key gamma ray. The empirical curves suggest anE3 tr'ansitiong which 

is unlikely to account for a 55-minute isomer .. The' possibility of an M4 

transition cannot be excluded, and sticha transition would be compatible 

with a 55-minute half life. It should be noticed that the K line of the 347-

key gamma ray of In 109 falls at approximately the same position as does 

the L line of the 3?0-kev gamma ray of In 
1

08. ' The measured K/L ratio 

may therefore be lower than the correct value. 

It is of'interest to notice that the energies of the isomeric states 

of the three even-A indium isotopes with known transition energies-are 

closely proportional to the numbers of neutrons of the respective isotopes. 

An extrapolation of thi~ trend suggests an energy of about 85 key for the 

isomeric state of In 108. A careful search of the low-energy region 

failed to reveal any additional gamma rays that could be assigned to 

In
108 

.. However~. the presence ofth~ K and L conv'ersion peaks of both 

the 58 -key line of In 109 and the 94-kev line of Cd 107 may have masked a 

. gamma ray of low intensity. It is also possible, of course, that an iso­

meric state may exist from which transitions to the ground state of 

indium are negligible. 

A different interpretation of the 246-kev line. in terms of excited 

states of Cd1 08, is suggested by the fact that the sum of the energies of 

the 246- and 637-kev lines is equal to that of the 878-kevline, within 

better than 1 %. This suggests the possiblli ty that the fir st two excited 
108 ' , 

states of Cd may be 637 and 878 Mev, with the 878-kev gamma ray 

representing across-over transition from the second excited state to the 

ground state. Such an arrangement, however,. presents several diffi­

culties, particularly if the first excited state of 637 key is 2+ as expected. 

Both isomerism and negative parity states" required by the assumption 

of an E3 or M4 transition type for the 246-kev line. are extremely rare 

1 0 H,15'F th . "t 0 dOff" lt't 1 0 among even-even nuc el., .. ' ur ermore, '1 1S 1 leu 0 exp aln 

the required competition between the two modes of decay from the 878-

key level. Transition probabilities calculated by"-means of the single­

particle~ formula
16 

appear to indicate that the 878- and 246-kev 
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transition$ fr<?ID, ,th~8 7~ -:kev le,vel would not compete sufficiently to 

account for their o"ser~~dintensities. Since the single-particle formula 

cannot properly ,be applied to an even-even nucleus, this arrangement of 

excited lev,els ,cannptbe rejected on the basis 'of such calculations alone. 

Some further evidence relating to this interpretation ·of the 246-kev line 

h b d b - l' f h' l08 . as een suggeste y an ana YSiS 0, t e In positron spectr,um. 
4 

Mallory and Pool report an energy of about 2, Mev for the posi-

o tro~s that they identified with t~e decay of In 
1

08 More recently. 

McGinnis 5 obtained the value 2 .3~~ev. As rn~1!l.tioned,p:teViQ~~lY. }.1cQinnis 

obtained his sources from the bombardment of natura:i cadmium. so it 

is possible that his value was in£lueI1-ced by the presence of the Inll 0 

positrons. A positron spectrum obtained with a source prepared from 

bombarded Ag1 07 CI is shown in Fig~ 9; The points represent the meas-. 
ured intensities, divided by quantities proportional to the momentum, 

about 1.5 hours after the end of bombardment. The high-energy p.ortion 

of the spectrum is incomplete? since the upper Umit of the spectrometer 

is about 2.5 Mev. Repeated observations of the spectrum indicate that 

the positrons in the region of maximum intensity decay with a half life of 

about 55 minutes. while the higher,;.,energy portion of the spectrum decays. 

at first, with a shorter perio~ of 30 to 45 minutes. 

An analysis of the positron spectrum is complicated by the pres­

ence of the 750-kev positrons of In l09• the approximately 2-Mev positr~ns 
of In

107
, and possibly the 2.25-Mev positrons of In

llO
• in addition to the 

In
l08 

positro,ns. A KUrle plot is shown in Fig. 10. The high-energy 

points 'are particularly interestingbecaus.e they suggest a positron compo­

nent having an end-point energy greater than 3 Mev. Such an energy ap­

pear s to be too high to be identified with the positrons of In 
1

07 With the 

aid of subsequent data. an attempt has been made to subtract out this 

high-energy component. The resulting Kurie plot shows a low-intensity 

component of about 2. 2, Mev. - When this component is subtracted, the 

Kur~e plot (Fig. 11) is still complex, but appear s to consist largely of a 

component- ~the majority of the positrons observed- -having an end-point 

energy of 1.4 ±. 0.1 Mev. The upward deviation at low energies may be 
-, 109 

partly due ,to the presence of the 750-kev positrons of In '. The 1.4-
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Mev positrons decay with a period of approximately 55 minutes and are 

assumed to represent a primary mode of beta decay from the 55-minute 

f I 
108 

state 0 n . 

In order to, obtain further information concerning the high-energy 

positrons, an additional bombardment was made using enriched Agl 07 Cl. 

In this case, the target material contained less than 1% Ag
l09

. With a 

source obtained from this bombardment; the decay of five points of the 

high-energy positron spectrum was followed for a period of about 12 

hours. (Fig. 12.) These points all decay initially with half lives 0.£ 
approximately 45 minutes. Subtraction of background activity suggests 

a half life for this positron component 'of about 42 minutes. The Kurie 

plot obtained from these points is shown in Fig. 13, and again appear s 

to contain a component having and end-point energy of roughly 3.5 Mev. 

The deviation, 'from the straight line s~ggested by the highest-energy 

points, appears to b,e due to positrons of about 2.2 Mev, which may re-
. 107 

sult from t~e presence of In 

Since the high-energy positrons have an end-point energy and 

half life which suggest that they do not belongtoln
l07 

or Inl09, an 

. .. f h 108 d h . 'd If h Interpretatlon In terms 0 t e In ecay sc erne IS suggeste. t e 

55 ' t f I 108 .'. . h h ' ' . -mlnute sta eon l'S an IsomerlC state, t en t ese posltrons may 
'" 108 ' 

represent the transition from the ground state of In to the ground 

state, or fir'st excitE!d state, of Cd 108. In this case, thesep'ositrons 

should be present among the activities resulting from Sn l08 Since they 

are of higher, energy than the other known tin and indium positrons in 
, , 

this region, they should be distinguishable evenin the presence of the 

many activities that result from the bombardment of enrich~d Cd
l06 

To test this possibility, Cd
106 

was 'bombarded and a source prepared 

from the separated tin fraction. The positron spectrum, particularly 

the high-energy region, was observed for more than 12 hours beginning 

about i hour after the end of the bombardment. "The d,ecay' of the point 

on the positron spectrum corresponding to an energy 6f 2.3 Mev is shown 

in Fig. 14. Its half life appears to be 40 ± 2 minutes. The decays of 

points on the spectrum representing lower energies were also followed 

and were observed to decay into a longer half life of about 4 hours. This 

background has been subtracted from the values used to obtain the Kurie 
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plot shown in Fig. 15. An extrapolation of the line indicated by the 

highest-energy points of the Kurie plot suggests an end-point energy of 

3.5 ± 0.1 Mev. This is believed to represent a more accurate value than 

was obtainable from the Kurie plots referred to previously. The log(ft) 

value 'for positrons with this energy and half life is approximately 6; 
" 

that is, near th~ upper limit for an allowed transition. Because of the 

agreement in energy and half life, it has been assumed that these posi­

trons are the same as those observed when indium is produced directly. 

In addition to the 40-minute and 4-hour half lives, there was some indica­

tion of a lower -energy positron activity ,with a half life of roughly 2 

hours. No definite assignment of this activity has been made. 

The initial points in the decay of the positrons of 2.3 Mev seem 

to iridicate that a growth of the 40-minute activity has ~aken place. To 

investigate this growth, another tin source was prepared with which it 

was possible to obtain the first readings of the high-energy positrons 13 

minutes after the chemical separation and 20 minutes after the end of the 

bombardment. The decay of the positrons at 2.3 Mev was followed for 

about 6 hour s. Figu,re 16, shows the initial growth and the extrapola,ted 

40-minute decay. Subtraction yields a half life of approximately 9.5 

. t h' h h b . 1 . d S 108 mlnu es, w lC as een tentatlve y asslgne to n 

In order to obtain further evidence to aid in the proper a~sign­

ment of the 3.5-Mev positron activity, an additional set of two bombard'­

ments was carried out. ' The intention was 'to compare the high-energy 

positron intensities of sources that had been similarly prepared except 

for the bombardment energy. To do this, two "compourid targets" were 
, 

prepared. In the first target, two quantities of about 3.4 milligrams of 

Cd 1060 were placed in small platihum "hats " and assembled into a single 

target in' such a way as to be separated by 1.5 mils of platinum .. The 

purpose of this arrangement was to obtain an alpha energy of approx­

imately28 Mev on the first quantity ofCd
l060 and about 16 Mev on the 

second. These energies were chosen with the intention of permitting a 

comparison between the source activities resulting from (a. n) and (a, 2n) 

reactions. ' Following the bombardment, almost simultaneous chemical 

separations were performed on both quantities of Cd 1060 . The chemical 

procedures were chosen so as to yield two sources as nearly the same 
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as possible. 'The positron activity at 2.3 Mev and several internal con­

version peaks were observed alternately with the two sources. " (Each 

source was inserted separately into the' beta-ray spectrometer . ) 

Approximately 3 minutes elapsed between the, end of a r,eading with one 

source and the beginning of a reading with the other. The first readings 

were obtained about 20 minutes after the end of the bombardment. With 

the source obtained from the (0., 2n) reaction (which should produce 

. '1' S 1 08 ) h h' h . . ' . th th prlmarl y n t e 19 -energy posltro~s were more lntense an ose 

observed with the other source and showed a decay, of about 45 minutes. 

The positrons at 2.3 Mev obse'rved with the (a.,n) source decayed with a 

half life of about 19 minutes. * The intensity of the 205 kev gamma-ray 
109 . ' '. 

of In was greater by a factor of about 2.5 ln the (01., n) source. 

In the second bombardment the (0.. 2n) and (0.., 3n) reactions were 

to be compared, and the energies chosen were approximately 22 Mev and 

40 Mev. The same procedure as outlined aboy:e was followed in preparing . , 

the two sources. In this case, the high-energy positrons in the{OI., 2n) 

source were only slightly more intense than with the (n,3n) source. 

However, their inten'sity in the latter source was expected to be approx­

imately 10 times as great as in: the former if they had resulted from an 

(.0I.,3n) reaction. These two sets of observations tend to confirm the 

assignment of the 3.5-Mev positrons to an isotope of mass number 108. 

The relatively high end-point energy of the 40-minute positrons 
108 

suggests that they result from a tra.nsition from the ground state of In 

to the ground state or first excited state of Cd
108 

An estimate of the 
108 . 108 

, transition energy available for the decay from' In mto Cd ' can be 

obtained by reference to the empirical curves of Way and Wood. 18 The 

value suggested for the decay of In 108 to Cd 108 is approximately 4 Mev. 

If the energy of the first excited level of Cd
108

(637 kev) is subtracted 

from this total transition energy, a value of 3.36 Mev is obtained. The 

agreement with the measured positron energy suggests that the positrons 

':. For a discussion of the I8-minute activities observed, refer to M. D. 
17 ',,'" ' 

Petroff, who collaborated in this part of the investigation. 
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108 
observed represent a decay to th~63 7 -kev level 'of Cd .. ,l'he i?ternal 

conversion spectrum in t4e region of 650 kev was examined with tpe tin 

source wi.th which the high-ener~y positrons were followed. Although 

several gamma rays are expected in this region, the maximum intensity 

Z hour s after bombardment occurred at approximately 637 kev. Since 

the half life attlja,t time was roughly 40 minutes, it'seems likely that 
108 

the activity conais ted primaril y of the 63 7 -k~v line of In . . Assuming' 

that thi-s gamma ray results frQm an· EZ transition, and estimating the 

area under the extrapolated Cl,lrve repr~sentiIitg tllEil 3 .. 5-Mev positrons, 

one can compare these two activities. The result of this erude estimate 

is consistent with the interpretation of the 3.5-Mev positrons i.n terms 

of a decay that takes place primarily to the fir st excited state of Cd 108 

Itis interesting to nQtic~ thattbe ener~y of the 40-minute posi­

trons helps to distinguis1;l the:p:1 from positrons b~donging to the adjacent 

odd-A isotopes. That is, the transition energies available to the odd-A 

isotopes in this region appear to be at least 1 Mev less than: for the 

even-A isotopes. 

The approximate energies of the two positron activities. attributed 
108 . 

to In proVlde some evidence as to the' general characteristics of the 
108 

In decay schen;le. The sum Qf the lower-energy positrp11s and the two 

highes t-energy ga:q:1p1a rays is 3.33 Mev - -the same, within 200 kev, 

as the end-point energy of the high-ener~yplOsitrons. H the. 3.5-Mev 

positron decay takes pLace primarily to ·the 637-kev.level .• this suggests 

that the three high-energy gamrpa rayso£ ~nl08 are in cascade, with the 

highest level, or one close to it, being fed by the lA-Mev positrons. 

Such an arrangement would be inconsistent with the possibility, men­

tioned earlier, that the 878-kevline arises from a level just 246 kev 

above the first excited state. This suggests a further consideration of 

the possibility that the Z46-kev line may r~:present the isomeric transi­

tion. If it is an M4 transition, its half life is expected to be long com-
; 

pared with 55 minutes. However, the energy of the l.4-Mev positrons 

appears to be compatible with a 55-minute half life, as the corresponding 

log(ft) value is about 4.8. This itnplies a branching ratio fl.'om the iso­

meric level such that only a few percent of th~ decays take place to the 

ground state of indium. The observed ratio of the l.4-Mev positrons to 
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the 246-kev conversion electrons is not inconsistent with the assumption 

,that the 246-kev line is an M4 isomeric transition of In
l08

; In this 

connection, it will be noticed that if the energy of the 330-kev gamma 

ray is added to the value of 3.33 Mev referred to above, and 246 kev is 

,added to the 3.5-Mev positrons. the agreement between the two final 

energies is somewhat better than before. These speculations, however, 

are not considered sufficient justification for ,definite assignment of 
, , 108 

either of the two low-energy lines of In . 

The assumption that the positron decay from the ground state of 

I, 108 t k l' , , '1 h f' 'd n a e space primari y to t e lr st excite state 
108 ' 

of Cd suggests 
108 

that the ground state of In may have a spin of 2 and even parity, as 
" 108 , 110 

has been assumed for In . In this case, the beta-decay from Sn 

is not expeCted to take place directly to the ground state of indium; and 

therefore one or more Sn
108 

gamma rays may be observed. In a rapid 
~, 16 

survey oLthe internal conversion spectrum of a tin source, Petroff ' 

observed three gamma rays which appeared to decay with half lUes of 

approximately 12 minutes. It may be that these gamma rays should be 

'd Of' d 'h S 108 1 enti ie Wit n . 
, . 108 108 

Some aspects of a possible decay scheme for Sn and In 

are indicated in Fig. 17. 
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:'.Conclusions 

, , 110 
In the consideration of the pos sible .decay schemes of the Sn , 

,108 108 
Sn ,", • and In ", it has been assumed that the 'ground states of the even-

A isotopes ,of tin and cadmium have spins, oLzerowith even parity. This 

assumption of ,0+ grotindstate's for the even-even nuclei appear s to be 

consistent with the experimental evidence, and is one. oLthe primary 

predictions of the shell model. 

The similarities in the known isomers, of the ,even-A indium iso­

topes have beenutilized,as a guide in suggesting the characteristics of 

the isomers of In
108 

.. Theeven":'A indium isotopespreviouslyinvestigated 

have ground 'states of low spin, and isomeric ,states of relatively high 

spin. The 1+ ground states of the 112, 114, and 116 isotopes can be 

readily understood in terms of the shell model. The spin of the odd 

neutron (or hole) in the g7/2 level subtracts, according to Nordheim's 

rule, 19 from the spin of the odd proton in the g9/2 level to yield a spin 

of 1. A correct shell..;modelinterpretation of the 2+ ground state, which 
110 . 108 

has been suggested for In , and posslbly In ,is less obvious. A 

possibl~ explanation is that the 3 or 5 neutrons in the g7/2 level combine 

to give a spin of 5/2, which, with the odd g9/2 proton, could result in a 

'spin of 2. However, such a coupling of spins to yield a resultant spin 

that is one less than that of the odd nucleon is generally encountered 

onl y in light nuclei. 

Of the two gamma rays considered as possible isomeric transi-' 

tions of In 1 08, the 246-kev gamma ray appears to be a somewhat more 

reasonable choice. However, no definite evidencew.as obtained to per-, 

'mit making this assignment with certainty. The gamma rays and posi­

tron spectra assigned to In 108 suggest that isomerism i~ involved, and 

appear to be compatible with the assumption of an isomeric slate of 

higher spin than the ground state, as for the other even-A indium iso­

topes. 
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Appendix" 

The principal piec,e of apparatus used in these inve~tigations was 

the magnetic -lens beta-ray spectrometer, It was constructed by 

,Raymond W. Hayward, Jr" 20 and is similar to the spectrometer des­

cribed by Siegbahn, 21 Its special feature is a magnetic field that is 

about 30% stronger at the two foci than at a point halfway between. A 

magnetfc field of this form reduces spherical abe.rration and results in 

a greater transmission factor for a given resohltion. ' Changes in the 

as sociated equipment made during these investigations include an im-

d 1 22, d' d G . b 17 . d . prove current. regu ator, a re eSlgne elger tu e, an· a rlng 

baffle.
22 

This additional baffle was used in obtaining most of the internal 

conversion spectra that have been discussed, and in some cases per­

mitted a resolution of better than 2%. 

The pulse-height analysis equipment used in some phases of the 

. work was designed by William Goldsworthy. 2,3 

In the.alpha,bombardments. the choice of bombarding energy 

was. in most cases, based on an examination of the excitation curves 
24 

for alphas on silver as reported by Ghoshal. The alpha-particle 

energy and the energy range in the target material were varied some­

what during the course of the experiments in an effort to achieve maxi­

mum production of the deslred isotopes, or to reduce unwanted activities', 

The tin sources were prepared by dissolving the target material 

in concentrated nitric acid containing tin and indium carriers. The tin 

was separated from this solution, presumably in the form of Sn02 , with 

the aid of a centrifuge. More elaborate separations were employed in 

some cases, but the increase in purity of the sources did not appear to 

be sufficient to warrant the additional time required .. Especially for 

the tin sources, the chemistry was continually simplified in order to 

obtain readings as soon as possible. The observed growth of the indium 

daughter activities could usually be interpreted as evidence that the 

separation was reasonably effective. 

The AgCl targets were dissolved by boiling in concentrated HCl 

containing indium carrier. The AgGl was then precipitated by the addi­

tion of water. ' After the AgCl was removed, the solution was boiled to 
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near dryness. Water was added,: and sufficient NH
4
0H to precipitate 

the indium selectively as indium hydroxide. In order to speed drying of 

the sources, which were 'deposited ontygon films, the source material 

was sometimes washed with dilute aceton~. 

The enriched cadmium was in the form of CdO a:nd GdS~ Some 
. .. 106 • . . . 106 108 
of the Cd ° was known to contain 19. 94% Cd and 0065% Cd . 

The concentrations of .the' other enriched cadmium samples are not known 

with certainty, but are believed to have been more highly enriched in the 

desired isotope than the Cd 1060 referred to above. 

':' ! 
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