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ABSTRACT

The ﬁw emitting isotopes of tin have been investigated using deuteron bombardments
of eariched Sn isotopeéo The “40_minute“ period has beenvshown to consist of two
periods: a 4l-min Snlz; with a 5m energy of about 2.5 Mev accompanied by a gamma ray
of about 0.27 Mev, and a 39 minute period assigned to SrJ,:i’_z3 with alﬁn energy of about
1.7 Mev accompanied by a gamma ray of about 0.17 Mev and antimony x-rays. The 9.5-day

s period has been shown to emit = Bm of energy 2.38 MNev, no.antimony or tin x-rays, and

probably no gemmas. The 130 day period has been assigned to mass 125;‘ The assignment

of these and other tin periods is discussed.
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Introduction

Studies of the isotopes of tin have been made since 1936(1) and still the B~ emitting

(1) J. Je Livingood and G. TO‘Seaborg, Phys. Revo 50, 435 (1936).

?

isotopes are largely unassigned as to mass number. Livingood and Seaborg(l’z) bombarded

(2) Jo Jo Livingood and G. T. Seaborg, Phys. Reve 55, 667 (1939)

Sn with 2.5 and 5 lev deuterons and found ﬁin periods of Q\FinOQ 40 min, 26 hr., 10
days,;uv» 70 days and 400 days. Bxcept for the 400-day period, analogous activities
were also found with slow neutron activz;mtions but fast neutron activation failed to
produée the 9=minuté period. Pool, Cork and Thornton(3)‘had also bombarded tin with

fast neutrons and found only a 47-minute period, short lived periods only being observed.

(3) M. L. Pool, Jo M. Cork, and R. L. Thornton, Phys. Rev. 52, 239 (1937)

125

Thefefore.thé 9-minute period was assigned(z) to Sn and no dhange has been made in

5

this assign@éht since that time. In the fission of uranium, periods of 20 min, 70 min,

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

i

(4) "Nucleii Formed in Fission", Plutonium Project, Je Am. Chem. Soc. 68, 2411 (1946);

‘Revo Mod. Phys. 18, 513 (1946).
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126 on the basis of its decay to Sb

%0 Sn 1269(596)

though Seiler(T) was unable to confirm

(5) Y. Nishina, K. Kiﬁpra, T. Yasaki, and M. Ikawa, Zeits. f. Physik 119, 195 (1942).

5

(6) 0o Hahn and F. Strassmann, Zeits. f£. Physik 121, 729 (1943 ).
(7) J. Ao Seiler, Plutonium Project Report CN-2126, p. 3, (Sept. 1944). NNES-PPR

Vole 9B, Paper Noo 7.26.1 (1946) (to be issued).

this relaticnshipg These results leave the 40-min., 26mhour9 62-hour, 1l0-day and 130~

21 123 25

day periods to be assigned to Snl‘ s Sn or Sn’L s the 70-day and 400-day periocds being

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 vecognized that the 26=-hour

(8,9) 121

and this was assipgned to Sn

and 62-hour periods are probably the same, y

(8) E. P. Steinberg, Private Commmication.

\ .
(9) A. S, Newton, Phys. Bev. 75, 17 (1949).

Linder and Perlman(lo) on the basis of deﬁtercn bombardments of SanGO

(10) M. Lindner and I. ferlman, Phys. Rev. 73, 1124 (1948).

Experimental

Enriched isotopes of tin were bombarded with 14 Mev deutérons in the Crocker
Laboratory @yclotron; the energy being reduced from the impinging energy of 18 Mbv,

by placing o tantalum foil over the target®. The‘15otopesipsed 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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Ta‘qle I

 Amalysés of Tin Isotopes Used

sotope _
Mass Nos | 120 ¢ 122 : 124

112 | 1.1 % 0.1 0.2 | 7001
114 002 £ 0.1 - 0.2 0.1
115 0.1 : 0:2 | 0.2 £ 0.2
116 0.4 < 0.1 » 6.3 = 0.3 007 & 0.4
117 11 to.s 5.0 % 0.2 504 £ 0.8
118 0.8 L0 10.5 % 0.2 1.4 £ 0.5
119 o 1.3%05 6.2 & 0.2 5.3 & 0.8
120 95.4 7 02 19.2 £ 0,5 . 2.6%0.5
+ 0.1 N Dy
122 - 0.2 = 0.2 45.8 £ 01 - 1.4 £ 0.5,
+ 0.1 SR e g
124 ) ) Oa‘3 = 003 ’ 701 = Oqz - 8301 = 500

These isotopes were obtained as SnOZ and reduced to metallic +tin by fﬁsion with
potassium cyanide. <The pellet of metal thus obtained was melted onmto 8 copper inter-
ceptor target and bombarded. After bombardment the tin was dissolved from the target
with hydrochloric acid and bromine, & small amount of nitrie acid being added when
necessary o effect rapid solution. To the sclution, antimony carrier was added, and
the antimony plus any copper dissolved from the target was reduced to métal with iron

- powder. - The tin in ’cﬁe filtrate was then oxidized to the stannic state with bromine,
the acidity reduced to 1.5 N hydrochlorie acid and stannic sulfide precipiﬁated,o This
was dissolved in hydr*ochlor'ic acid, ferfj‘.g chloride carrier and sodiq;n hydroxide added
and ferrie hydroxide scavenging precipitates mdes Two further antimony=-tin separa-
tions were made by selective sulfide precipifationa The +in was finally pmd.ipita.ted-
as metastannic acid and mounted on small ﬁr&’cch glasses by evaporating aliquots va the

slurried precipitate. This chemistry required about 1.5 hours so period s shorter than
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20 minutes v?ere not seen.

* &5 shown in Pig. I, bombardmsntsvof 3020 yielded a 4l-min. period,.a 27-hour
period; and a ver“y small tail cﬁ‘ an approximte 1l0=day period, the il pi"o'bab‘ly being
due to contamination of the Snlzo_since Lindner and Perlmn(lo) did not ’observe this.

Bombard.men’cs of Sn124 with deuterons gave periods of 39 min., 9.5 days and 130 days

122

as shown in FPig. 2. Bombardment of the Sn with deuterons produeed é.'li of these

periods but the two short periods were not differentiated in the mixtweo In Figure 3

are plotted beryllium absorption curves of the B:radia‘cion emitted by the 41‘min$

and '59 mine. periods respectively. The 41 min. period produced from Snlzo, curve A, is
seen to have a ﬁm‘) with a rang‘e of about 1260 mg/cng an energy of aboubt 2.5 Mev,

There is & gamma ray background correspondiﬁg to abat 1% of ﬁne. total counting rate.

The g;’ of fhe P-minute period produced from Sn12-49 curve B, has a range of about 800
mg;/cm2 of beryllium cor;responding Yo an energy of abpuﬁ; 1.7 Meve It also has & gamma '
ray background of about 0;5% of the towml éounﬁng rate. A search for x»ray's associated
with each of these two periods by crvi;bical absorption measurements in cadmium, silver
and palladium absorbers ué ing a berylliwn=absorber~beryllium sandwich showed no .

120;, but measurements

eritically absorbed x-rays with the 41 Mev period produced from Sn
on the 39 min. period from Sn124 showed the presence of an antimony X-ray associated

with it. As seen in Figs. 4, the radiation is critically absorbed by silver and

- palladium but not by sadmium, 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. 5. Cur‘?e A shows that of the 4i-mino pe;iod ﬁith a
i _ . A

half thickmess of sbout 1350 ng;/cnf2 corresponding to an emergy of 0.27 Meve No x-rays .
are seen inm this absorptioxi gurve. Curve B shows the absorption of the x-rays and gamms.
rays of the 39-min. period from sn %, The x-ray is czlearljr seen in the initial part
of the curve being followed by a gamma ray of half thickness ¥¥00 mg/c:m2 Pb, a gamma
energy of ab‘out 0.17 Mev? The x-ray has a half thickness in lead of about 20 mg;/cmz

equivalent to an energy of about 29 Kev, approximately correct for K x-rays in tls -

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

8

3
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is great enough to meke certain that they are different isotopes.,

The 27==hm9 9 5 day and 130 day perlods exhlbxted the > seme radiation characterlstlcs

©) ant w

as those described for these perlods as found in thorium flss1on and uranium fis-

- (4,11)

sion. No x=-rays were seen with any of these periods by critical absorption

(11) G. T. Seaborg and I, Perlman, Rev. Mod. Fhys. 20, 614 (1948).

measurements an@_the 27whro énd 130 day periods clearly had no gemma rays associated
with themo An a luminum absorption curve on the 9.5 day period>indicaﬁed‘a gamma ray
level corresponding to about 0.4% of the total radiation; low for a gamma ray unless
it‘gs largely converted, and nofmally too high for bremstrahlung. Lead absorption curves
on this radiation indicated the possible presence of a 1.5 Mev gammao However, 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 carrier, was examined by Mre R. Wo
Hayward and Prof. A. C. Helmholz on a beta ray spectrometer and no gamma‘ray lines

founds The energy of the ﬁm f;om a Kurie.pioﬁ was found to be 2.38 Mev, with a small

fraction G(lo%)yqf-lower énérgyﬂpﬁvs presento Coleman'andrPool(lz) have reported

(12) Ko Do Colemen and Mo L. Pool, Phys. Rev. 72, 1070 (1947).

tin x~-rays to be'associated with 1°é5 and 9-day periods in tin; but this was not
found to be the case with our 27=hour and 9.5 day activity by criticai absorption
Measur cments » ’

‘”Attempts to sepafate'an antimony daughter from either the 130-day, 9.5 day or

39 mino'periods produced from Snlz4

with deuterons showed that %heVISOmday has no
‘antimony'daughter of half-life less than about 200 yearSg'the¢955 day no daugh%er

of malf-life less than 50 years and the 39 min. no daughter of half-life less than-

10 years; Therefore the 2.7 Jre Sblz5 cannot be a daughter of any of these activities.

The nunlmum.halfwllfe which would have been observed in the separatlons of antlmony

from the 10~day and 130-day perlods was about ZO mlnutes due to the time taken for

i
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“the separations. The--39=min- -had totallyideCayed at the time of separation of the
antimony.
-Approximate cross sections for the formation of these activities from the various

Sn isotopes are shown in Table II. These cross sections are probably not accurate

2

to better than a factor of 2 or 3 since chemical yield determinations were not made
and in some cases the cyclotron bombardment current was known only approximately.

The previousvdaﬁa available on deuteron cross sections with enriched tin isotopes is
(10) 24

N

value of 0.02 x 10~ cm? for the formation of their

Lindner and Perlman's
28-hour period from SanO with 18 Mev deuberons.
Table II1

Cross Sections for Formation of Sn_Aptivities at 14 lbv

(in units of 10”2% on?)
Activity .
Torget 27 hro 41 min. 39 min. 9.5 d. 130 4
snt20 0.06  0.009 0.0002 ? e
0,021  0.005

snt?? (19 Mev) .02 0.08 0.004 0.03
(14 Yev)  .Of 0.2 0,007 0,08

snt?4 0.08 o.ie 0.02
0508 0.1 10,015

0,12 0,17 ———

Bombardments of normal antimony'with‘fast neutrons gave periods'of 40 min.,

27 hrs. and 130 days, the 9.5-day period not being observed. The activity was too

low to run absorpﬁlon curves on the 40 -min. ﬁeriod‘so it is not known'whetherdboth

the activities of this half=-life were present. The formatipn‘of the 150ed?yractivity

in this bombardment is evidence that it can be correctly placed at Sn

128 but the

absence of the 9.5 day activity is hot indicative regarding assignmént of this period

since all isomers of a piven mass number need not be produced in good yield by any
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glven type of bombardments Bombardment of isotopic antlmpny samples with fast neutrons

gave too llttle tin act1V1ty to evaluate due ‘o the low flux of fast neurons and
sma.li samples of enriched antimony availableo

Discussion

From the results reported‘above it is apparent that the “40 minu%é“iperiod is

actually +two pefiods of nearly equal half-life., The 4l-min. pWoduced from Sn1 0 must

‘ 121,, thus giving Sn121 two isomers, a 4l-mine period énﬁt‘cing a8

(=

with energy‘of&n 2,5 Mev and a gamma ray of energy (n 0.27 Mev; and a'27_hour ﬁm period o

energy 0.4 Mbv and no gmnma(lo) It is not known whether the'gamma tf%nsition between

121

these states in Sn occurs since the gamma ray absorption curve on the 41 min.

period could not be carried to thick lead absorbers.

‘From the present data, three isomers must be placed at Sn;zzg'a 39-min Bw period

of energy (\ lo7 Mev accompanied by a 0.17 Mev gamme and anbimony x-rays, indicating

123

that the 39-minute period dedajs to an excited state of Sb followed by gamma emission

to the ground state, the gamma being paftially converted; a 9.5 day period with a Bm
energy of 2038 Mev and no gamme, and a 130 day period with a p energy of about 1.5
Mev and no gemme.. (4, ll) This assignment is not very satlsfactory for 1t is dlfflcult
to understand how the gamma transition between these states can be fqrbldden to such

an extents An alternative explanation placing one or more of these adtivities_at

snt?° would demand the existence of a longer lived isomer of the 267'yf;‘3b125° The

assighment of these periods to mass number 123 is in accord with the~cr§ss section data

reported in Table II if it is assumed that the d-p cross section forsza formation

122

of the 8.5 day period from Sn 120

is small, It is seen that in the bombardment of Su ",
the 4l=minute period which is the higher lying Tevel is formed in lower yield than

the lower lying 27-hour level. On the obher hand the d-T cross sectioms in the

124

bombardment of Sn seem to go in the opposite direction. The 9.5 day“which is the

highest lying level in Sn'”° is formed in greatest yield while the 39 min, and 130 day.

which are successively lower lying levels, are lower in yield in the same order. On
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the basis of the isotopic abundance. of Sn124 in the Sn122 sample, the yield of the

9.5 day -periodvis then abéut the right order of magnitude. ’

Past attempts to study tin activities on & mass épectrograph 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 confirmed in this -
manner, which will do much to élarify the situation. The present assignable §~

emitting tin isotopes are presented in Table III together with the known characteristics

of +their radiations.



" Present Status of the P~ Emitting Isotopes of Tin

Table III -

I

) - Produced by
(11) Type of Energy of Radiation in Mevw (See Ref. 12 for
Isotope Class ! Rgdiaﬁion Half=Life Particles Y=Rays Other Reactions)
120 Stable - |
o1 A - 27 hre<%§ hr, 10 0.4 Abs. A1410) 800 a-p
: : B 26 hr. ‘ Sb=n=p
121 B 87,Y 41-min. 2.5 Abs. Be 0427 Abs. Pb | sa'%%a-p
| ' Sbn"'P ?
122 Stable
123 A B 130 4 o 1.5 Abs. a1 B4 o Y(ll) snt?tagar
‘ Sb=n~p )
_ - 9.5 4@, 10 Probably no ¥ 124
123 C B. 11 a, 9 d(?l) 2.38 spect. specs oonve Sn d=T
- - ' | snt®tger
123 B BT 39 min. w 1.7 Abs. Be W 0.17 Abse Pbo | o °%
: X-Rays (Sb) neps
124 Stable
125 5(11) B7,Y 10 min, 9 min1) o, 2.248) o~ 0,721 Sn=d=p§%i%’
Sn=n=Y
.126 p(M) | gy 70 min. (1) 0.7 or 2.8%) 1.2(11) uen (11

2T o3w8g
868~TI0N
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Figure 1

Decay curve of activities produced by bombardiag snl20 with

ac
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Figure 3

Beryllium aebsorption curve of beta—rays from 41 and 39 minute periods in tin

Curve A = snl20 4 deuterons, 4l-minute period.

Curve B = Sn124 + deutérons, 39=nminute period.
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Figure 4
Critical ebsorpbion of _x=rays from 394-ming’ce period produced by deuterons

124

on Sn~**, showing presence of Sb x=rays-e
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Figure 5

Lead sbsorption curves of 41 and 39 minute periods in

Curve A - Snt20 4 deuterons, 4l-minute period.

Curve B ~ Snle4 .4 deuterons, 39-minubte period.
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