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DECAY STUBIES OF SOME
NEUTRON -DEFICIENT ISOTOPES OF ANTIMONY AND TELLURIUM

Ann Rhodes

Radiation Laboratory and Department of ‘Chemistry
University of California, Berkeley, California

August 1957

ABSTRACT

Helium-ion bombardments .of indium, and heliumiioh, deuteron,
and proton bombardments of tin in the Berkeley 60—inch.cyclotron have
led to the discovery of some new antimony and tellurium activities,

Four new half-lives have been observed in the neutron-deficient

“antimony region. These are 4,0 # 0.3 hr, 60 % 10 min, 30 #* 5 min, and

T = 2 min,
. New half lives discovered for light tellurium isotopes aie_
7.5+ 1.5 hr, 1.4+ 0.2 hr, and 16 # 2 min, ’

Energies of some gamma radiations associated with these activ-

- ities have been measured.

Discussion of their possible identities is included, but in
view of the similarity of half lives and prevalence of isomerism in

the region, no definite mass assignments could be made,
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DECAY STUDIES OF SOME

NEUTRON-DEFICIENT ISOTOPES OF ANTIMONY AND TELLURIUM

VAnn Rhodes

Radiation Laboratory and Department of Chemlstry'“'

. University of California, Berkeley, California

August 1957

'I. INTRODUCTION

Purpose of the Research

The information at present avallable on the lightest 1sotopes

of the Nuclides as follows,l

antimony and tellurlum is summarized in the.General.Electrlc Chart

Te116 - féll? Té118 Te 119
~3h - 2.5h’ - 6.0d4 16h h.5d
| et2.s) 82.5 kK, o |lx x
‘ . ' (B73.1) Y.56 |v1.6
o '(Y.ll) e” T.2,.5
. gprio sp1tT s
15m 60m 2.8h 3.5m |5.1h
pr2.b,.- | BTk [k o | B'3.1k,ETT
r1.27,.9, v1.27,.9, .16 IT.11le".2
22Eu7 L BRT| 7 Eu1y261,5

It should be p0551b1e to prepare yet ‘lighter 1sotopes of these

- elements by'bombardment of stable indium and tin, -using the full energy

of the Berkeley 60-inch: cyclotron

The object of this research was the

preparation and identification of such new 1sotopes, and the partlal

determination of their modes of decay. -

Because_tinehas-aRCIOSed'Shell-Qf.SO protons, it is probable

 that the[low—lying,excited states - of -tin nuclides are due mainly to

excitation of the neutron ‘structure. -

However, as the region of mass
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with which we are concerned lies approx1mately mldway between .the neutron
magic numbers 50 and 82 we may'expect some’ dlfflculty'ln making a theo-

retlcal 1nterpretatlon of ‘the energy levels,

B. Previous Work 1n Thls Region
' The existence of the two isomers of Sb116 has until fairly re-
cently caused a certaln amount .of confusion in this reglon

In 1949, Temmer® prepared and identified 60-min Sb— 16 by bom-

bardment of In 115 with helium 1ons.wathvenergles,ranglng up to 37 Mev,

3

Two years later Blaser, Boehm, and Marmier~ tried to make the same
isotope by a (p,n) reactionvonvSnll6, and found only an extremely low
~ yield of the 60-min activity. To explain this they hypothesized a
_hsemimaglc number of 66, corresponding to closure of a subgroup, which
would give Snll6 unusual stability. -

In 1953, Stahelin and Preiswerk, surveying~the energies of first

116

1exc1ted states of even—even nuclei, found that Temmer's value for Sn

. was 1ncons1stent with the general trend: they'had observed, Therefore

they'repeated the (p,n) reaction on tin, and thus prepared a 15.5-min

16

isomer of Sb . To this isomer they assigned gamma.rays that had

5

prev1ously been thought to belong to the 1k, 5-m1n Sb and they

suggested that Temmer's 60-min antlmony'may'better be 1nterpreted as

115 -

belng Sb Thls, however, must be regarded as extremely unlikely,

115

. con51der1ng that the productlon of this isotope from In would involve

an (a,L4n) reactlon, and the maximum bombardment energy Temmer used was
37 Mev, o '
The problem appears to have been resolved‘when Aten, Manassen,

and,DeFeyer6 succeeded in making both a 60-min and a 1l4-min isomer of
Sbll6wat.the same time, by alpha bombardment of indium.,
: 116 117
Te  and Te

. Dropesky andvWiigY.report that proton bombardment - of 1127 yields a 2.5

have not been so thoroughly investigated.

+ 0,1-hr tellurium activity, which decays to 2.8-hr antimony (presumably
11
Sb° 7), and another 2- to Y~hr tellurium isotope which decays to a 10-

to :20-min antimony. This work has not been published,
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II. EXPERIMENTAL PROCEDURES

A, DBombardment Techniques

In the researchvdescribed_here, bombardmenté of four types .were
carried out in the 60-inch cyclotron. Ihdium_was.bembardedrWith'helium
iens,'andetin with deuterons and pfbtons, to produce antimony isotepes
»'directly Also, t1n was bombarded with helium .ions to produce tellurium
1sotopes, which then decayed to antimony

Approximately 0.5 mg of In_O powder was used for target material,

' This was placed in a small depressfoi at the center of a 10-mil platinum
' dlsc, covered with 0.25-mil platinum foil, and mounted in a water-cooled
microblock assembly, B ' '

' Bomberdmentsﬂwere generally of one hour's duretion, using a beam
current of 8 pemp, In most cases the full energy.available'waSZused,
that is, approximately 48 Mev for helium ions, 24 Mev for deuterons, and

e12 Mev for protons,’ A_few.lowef-energy bombardments were also carried
out,

113 . | 112

Samples of In_O enrlched in In™" and of 8nQ, enriched in Sn

23
andﬂSnll& were obtained from Ozk Ridge National Laboratory,8'_Their
chemical purity was states to be better than 9%, and theif isotopic
comp031t10ns to be as listed on page 8 under "Abbreviations used in

Table of Bata.'

"B, Chemical Procedures

In view of the relatively short half lives involved, speed was
one of .the most important factors to be considered in the chemical sep-
'arations._>It,was'thie factor which ruled out the otherwise vefy>con-

9

‘venient'anionFexchange method described by Smith and Reynolds; . in which
4tellurium,‘antimony, and tin are successively eluted from Dowex-1 resin
with oxalic acid, ammonium oxalate, and,sulfuric”acid, respectiyely-

v A solvent extraction method using isopropyl ether, suggested
by . Pappas,lo suffers from the séme disadvantage. Actually; sepération
times of a few minutes were reported by Pappas, but attempts to repeat

this Were unsuccessful
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-The.procedurevfoung to;beﬁmqgt generally useful was a simple -
one involving precipitatioﬁ“of t;ilﬁriﬁm'as.the metal and antimony as
-the‘sulfide; T-he-SnO2 target, weighing approximately 0.5 mg, was dis-
solved in 5 ml of 6 M NaOH., The solution was_slightly acidified with
concentrated Hdl and~evaporéted,down;to a small volume; .Five mg each
| of antimony and tellurium carriers in' 3 M HCl were added, and the
volume made up to 20-ml with 3 M HC1,  :T& metal was precipitated by
adding 10 ml of 15% NﬂZNHZ-HCl solution and saturating with SO, gas.
The tellurium was filtered off, The filtrate was boiled to remove ex-
cess S0,, diluted to 2 M HCL, and saturated, while hot, with H,S to
precipitate antimony as its sulfide. At this acidity, tin,and indium
remain in solution., _ |
‘ . In203_targets'wer¢ treated in a similar way eicept that they
were initially dissolved in hot 3,MIH2SOA, and the steps involving
tellurium were emitted, The tin was held in sclution by complexing
With_HF, after. first reducing the antimony to the trivalent state to
avoid losing any of it by‘complexing.

~This procedure was completed in about half an hour,

. C. Counting Equipment

Over-all decay curves of antimony and tellurium samples were
followed on a Ggiger—Mﬁller counter,

' Gamma-scintillation spectroscopy was carried out on three types
of instrumenté. In the ‘early experiments a single-channel gamma ana-
lyzer with a Spéedomax recorder and a 50—channel bulse-height analyzer
were ﬁsed; Mést of the work was done, however, with a Penco 100-channel
- gamma analyzer; using a,NaI,(Thallium-éctivated) scintillation crystal.ll

| For beta,speétrbscopy5 a magnetic-lens specﬁroﬁeter employing -
 anvanthracene scintillatipn detector was used. This spectrométer has

’been,deécribed:élsewhereé

c
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III, SUMMARY OF -RESULTS -

Results are presented in Table I; somé'ﬁyﬁiéélISﬁectra:aiéiéhown

in Figs. 1 and 2.

Abbreviations Used in Table T

..Instruménfs- G-M = Geiger-Miller counter,
~ 1-ch = 'Sincle—channel.gamma analyzer,
 50=ch = 50-channel gamma, analyzér}
Penco =  100-channel gamma-analyzér,
‘MLV = ‘Magnéticrlens‘beté;spectrométér.

Target materials - :
Nat, In -~ = = 95.8% In"”, h.2% In" >,

W L 65 ™, suep P,
a.ASO%.SnllA = - isotope mixture of composition.
' Isotope - Atomic %

112 _ - 2.63
11k : 50.03
o115 2.8l
116 . . 19.h2
117 - - ko
118 . . 8.56
119 - 2.55
120 7.24
122 ' 0 .1.08
, 124 ' . 1.26
: - 112 SN L . .
T2% Sn™- = . . isctope mixture of composition.
- Isotope  Atomic %
z - 72,49
11k - 2,76 -
115 - 0.48
116 . 6.64
- 117 - 2.11
119 : R 4
120 . 5.83

2k 1.49
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Teble I, Table of Data

Observed half

Bombard-  Target and type Counting “Activity
ment of bombardment  instrument  lives, energies . ., to which
number - ' ' - . ' assigned
‘in dis-~
__ cussion,
-1 Nat, In. - a-M 50 min; . '”Sbll6
+ 48-Mev @ (and longer) and A
~1l-ch 4 peaks,'énergies Sblig '
( ' uncertain, and A
tl/z = 60 min
' o 117
N 1 peak, t, ), = 2.2 T Sb
3 " - G-M 50 min ,Sb;l6
: and A
2.5 hr
(and longer) spt7
50-ch 3 peaks,. energies Sb;l6
: uncertain, and A
tl/2 = 55 min
5 and "o 50-ch Y-ray energy tl N
6 - ' “{kev) Y
90 % 10 1nr spt
120 + 10 73 min sp110
155 2.5 hr Sl
385 73 min o6
510 composite, °F &
T, " ML Conversion line
' ~1.3 Mev sp110
g* 0.75, 1.10, ot
and 1.5 Mev o110

(resolution of
Fermi plot)




~10-

Table T (continﬁed);_

Bombard-

‘Target and type Counting

Observed half -

- Activity
‘ment .of bombardment instrument. 1lives, energies. -to which
number ‘ ' “assigned
in dis-
cussion,
T -.Nat. In . Pénco Y-ray energy mi.tl 5
' + 48-Mev & ' (kev) i / A
60 60-71 min Sb
90 63-65 min S
120 62-70 min sp10
160 “ sptt?
400 52=-60 min ‘Sbll6
510 50-60 min sbA and
' spll6
950 - : p
1350 - gott
22 Nat. In Penco Ysray energy . ti/2  -’>
+ 33=Mev & (kev) . ‘ o
75 - N
110 - -sb;l6r
160 - Sb llT.
. 250 L.3 hr SbDl_
- 1070 complex Sbll6 o
' - ~and ?
1260 1-4 h;
4 Inll3’115., : } A
+ 25-Mev @ Ge=M 40 min. Sb’
' ' _ (and longer) '
l-ch ray t
‘lzch Y-ray energy ‘1/2
(kev) B 117
160 . 2.7 hr Sb
540 U7 min sbt
250  complex SpP
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Table I (con11nued)

Target and type

Observed: half -

© Activity

1.5 hr- -

' Bombard- Countlng :f
- ment of bombardment ° instrument: lives;" energ;es " to which
number i : - assigned
in dis=-
cuseion.
9 Inll3?ll5_ G-M 35 min sphsD
+;h8-MEV a (and longér)
Penco Y-ray energy t
' (kev) 1/2
30 93+ 5 2
75 157 = 7 min spT g
. 116
105 57 %= 10 min " Sb
160 3 -4 nr ‘Sbll7
%00 50 min bt
510 42 * 8 min SbA_and
, qpl16
- 10,1k, 50% ant* : o o
15, and + L48-Mev a G-M Te: 1,7 hr Te
17 9 hr e’
Penco Te: - 
Y-ray energy t.
(kev) ~  ME
95 1.2:2.5.hr Te
115 = 8b
‘daughter?
510 1.5 hr s
750 1.1 hr e’
960+10 1.8 hr
107010 . -
C
132010 2 hr Te
G-M Sb (daughter of above B
: Te ) * 26 min Sb

*
Chemlcally separated from active tellurium fractlon 90 min after

bombardment and 60 min after tellurium purification.
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Table I (continued)

 Bombard- Target and type Counting - Observed half =~~~ “Activity
~ment . - of bombardment  instrument lives, energies A 'to which
number . BT - assigned
v : : ’ in dis-
. _ . ] ‘ ‘ . . o .. cussion,
11,21 50%'Snlig : - G-M 30 + 10 min SbA andB '
4+ 2h-Mev 4 . (=nd longer) ’ .
- Penco Y4ray energy - t..
' (kev) 1/2
105" B
155 Sbll7_
245 3-4 hr ‘SbD_
4500  1.7-2.3nr spit
. 510 1 hr -Sbll6 A
970 A and Sb
L 1250 1-2 hr Sbll6
18 504 saitt o § . . | s B
'+ 13-Mev d G-M 37 min - Sb™ or.
| | | 4.5 hr spP
Péncd . ‘Y-ray energy t '
w050 - Sb
165 - sbll7
510"
1,000 complex 2
1,280
; b

12500 45 hr - Sb
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Table I (continued)

Bombard- Target and type'-Céﬁnting“fﬂﬂ;bbse£§§d £éifVI”‘;; ;;. Activity
.ment - .of bombardment  instrument lives; energies _...to which
number ' o ’ o ., assigned
' “in dis-
. cussion,
19 504 sttt M C 17 min. 7
+ 12-Mev D 1.6-2.0 hr | gptt0
Eenco 4 Y=ra%k233rgy 'tl/z \
60 - -8b
100 1.5 hr =~ SbP
150 - 'Sbll7
255 b hr o SOP
511 22 min Sb3
960 50 min. 'Sb‘;lgr |
Sb™
| ~1320. | 36 min SbA or B
13,16 72% snllz G-M " Te: 15 % 3 min e’
| | + L48-Mev & _ | 2-3 hr Tell6;1l7
Penco : Te:
Yfraikigirgy tl/z
80 -
10+5 3 meltT
130 S -
165 -
.. 280 ) -
510 L=
670\ 6nr e
750 1.3 hr Te’
920 - |
960 -
1060 =

1350 30 min spht oD
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Table T (pontinued),

Bombard- Target and type Counting Observed half Activity
- ment of bombardment  instrument  lives, energies to which
~ number ' ' ' : assigned
' in dis-
cussion;
12 _'72%33n112 @M Tmin »SbE‘
+ 24-Mev & - - 35min - - o0
| 2.5 hr (and - spt?
lopger)
Penco | y-ray energy
' (kev). -1/2 A
90 - Sb -
©110 - -
170 1-3 hr goT7
210 - ?
230 -
510 shorter
- 670 -
1090 - -
1300, - Sbll6‘.f
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03 05 07 09 11 13 15
- Electron energy (Mev)

MU-13931

Fig. 1. Resolution of Fermi plot, Bombardment 7.
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Thohsonds of counis/ 3 min

i00 200 300 400 - 500
Energy (kev) -

MU-13932 -

. 'Fig. za. Gamma spectrum, Bombardment 21, low-energy region..
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Thousands of counts/ 3 min

400 800 1200
Energy (kev)

MU-13933

‘Fig. Zb. -Gamma spectrum, Bombardment 21, high-energy region.
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IV. DISCUSSION OF RESULTS

From the reSultsvof these bonbardments it seems poésible.to~ex-
tract  seven new activities. As the mass assignments are by no means

clear, these activitiee‘ere.represented'by'letters)*as7fbllost7

Activity =~ Half life  Characteristic radiation cbserved

. : S and ‘energy (Mev)
st 7 60 :10min  1:0.06, 0,09, (0.12 7)5 £¥0.75,1.10
So° : © 30+ 5min - T (1.3 7) |

g 4.0 + 0.3 hr 1:0.25
Sp . 7+2min - - : :

- me” ‘L4 o2hr B'; r:0.75,(0.10, 0.12, 1.0, 1.3)
pe¥ 16 + 2 min, et |

e 7.5

1.5 hr - y:10.67

" The .difficulty in mass assignment is due.to two. features; 'One,
which is unavdidable, is the presence of many metastable isomeric states
“in this region, which prevents one from assuming that each half life be=-
~ longs to a different mass number. The other is that .even the isotopically
-enriched samples of tin contain such a mixture .of isotopes that .one could
never be sure_which starting‘material was responsible for a given product.

e The possible identities .of the new activities are briefly con-
‘sidered here, |
3@bA' when natural ihdium was bombarded with h8-Mevvhelium ions, noenew

half life was seen, although &t this energy one would expect 4 high yield

of Sblls, the (a, kn) product.
One has a choice of three explanatlons of this negative result
1
15 may be too long-llved to see, or too short llved or it may have

Sb’
Lhe same half life as another isotope which is also produced in the
bombardment. This last explanation is favored by the fact that three new
gamma, reys of l-hour half 1life have been observed, -Of these, two (at 60
kev and at 90 kev) were seen onlj in bembardments in whieheSblls
15 (ct,4n),. The third,

was ex-:: .

pected to. be produced in reasonable yleld (e.8.4 In
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at 120 kev, was.seen'whenever Sbll6jVas prdduced; and its intensity re~-
lative to .other known gamma rays of Sbl;évdid not vary under differeﬁt'
' bombarding conditions (e.g;, in Bombardments 7 and 22). . This suggests
that the 120-kev gamma ray belongs to.Sbl}6aend.that the:ofher two may
belong to Sblls. 1 »
Bombardment T would also seem to be attributable to this 1sotope ' Temmer2

The 0,75-Mev and 1.10-Mev positron groups seen in

. examined the electron Sspectrum of S'bll6y using a magnetic lens spectrom-
veter,'and.reported.only a 1.k-Mev positron group. v
'§§Eb A 20- to 30-min activity waé.seen,seﬁeral timesvinvthevComplex
| . Geiger=Milller .decay curves for antimony samples. The oniy gamma.ray that
,might be associated with it is at 1.3 Mevl This gamma was seeﬁ twice,
once in antimony resulting from proton bombardment of the 50% SnlllL
mixture, and once in a tellurium sample from 48-Mev helium-ion bombard--
ment of 72% Sn . As the (p,n).reaction 1s the predominant .one at the
energies available at the 60einch:byclotron, Sbllk is indicated as the
most likely ch01ce for this activity. However, the existence of a gamma,
_ray in 60-min Sbl 16 of . approximately the same energy makes one hesitate
.to draw any definite conclusion!. ' -
§§Ebv' The existence of a 4-hr antimony'act1v1ty is based on the .ob-
servation of a well defined 250-kev gamma ray having this half life, It~
was seen in various different types of bombardment, and its half life is

‘sufficient to distinguish it from Sbll6, SbllT and Sbllg; We may com-

pare its intensity W1th that of known gamma rays of . Sb 16 and7Sbll7 in

different bombardments,

Table II
‘ ea ' o D 116 . .. 7 e .
Comparative abundances of Sb~ and Sb radiations (in arbitrary units)
250-kev ¥ - © 1,3=Mev 1 of 60+min.Sbll6

Bombardment 21 3.1 ' o 1.0
(50% Snll + zh-MEV 4) = - -

Bombardmentvzz | 0.6 1.0
(Nat, In 4 33=Mev @) ‘ '
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’SBD is thus something £hat is formed in relatively lo#‘abundance
“in Bombardment 22,'«As the eﬁergy is.too-low to permit (a,hn)'reactions,
the only_explanatibnvseéms:to be that it is a product fesulting from the
4 of I

in. the target. The results are con51stent with the assign-
ment of . SbD ag an isomer of Sb '

llh

A_further rough qomparlson.may be made as“éhown in Table III.

Table IIT
. ae s e D 11T e a e oo .
Comparative abundances of Sb and Sb™ ~ radiations (in arbitrary units)
250-kev Yy  160-kev ¥ of gb!
Bombardment 21 10 o 1.0
(50% snll* 4 2h-Mev &) - . .
- Bombardme t 1 1.0 D 2.3
- (509 sntl* 4 13 Mev d) - AR .
Bombardment 12 1.0 0.3

(72% snli2 4 2h-Mev' d)

© One should not attach too much 1mportance to this comparlson
We would be Justlfled in regardlng the difference in relative intensities
-as s1gnificant only if we knew how to compare. the amount of Sbll7 formed
. in each bombardment But Sb 7 may be made by various different re=
actions, e.g., s (a,4m), 5078 (a,30), 7 (a,20), 80110 (a,m).
3Ehesé tiﬁlisotoﬁes_are present 1n:d1fferent‘abundances_ln,the‘two iso-
ﬁ _topic mixtures, As we do not know what proportion;of the produét is due
to a given. reactlon, we are unable to take this into account, However,
of one thing we may be sure, As SbD was. seen in Bombardment 22 it can
be no lighfer_than 11k, . ’
§§?¥ This isotope is,apparEntly'morerneutronédefiCienf'than.any,of
the other isotopes g6 far considered, ' It was geen as an apprbkimately
T-min component of the Geiger decay curve of the antimony products .of

Bombardment. 12 (72% Snllz + .24 -Mev deuterons) and on no other occasion,

ThlS would 1ndlcate that it 1s no heav1er than Sb112
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: Tec; . This. was made wﬁen'SO% Snllu-wasvbombarded with 48-Mev helium

ions, -Its most distinctive gamma ray, at 750 kev, was also seen-in
- Bombardment 16-(72% Snl;z

rays in the tellurium sample have energies that are distribingly similar
"to those of Sbll6, which might suggest that-we are dealing with a very

: - 1 . L .
-short=1lived isomer of Te 16. Be that as it may, however, the T750-kev

+ 4B-Mev helium ions). The other 1.5-hr gamma

gamma does not coincide with any of the antimony gemmas, and therefore
one feels "justified in regarding the "1.5 hr-tellurium" as being- in

114 115

fact te;lur;um and not antlmony. Te" or Te appears”to ‘be the most

prqbable assignment,

»TeF; This is'probably the least well substantiated of the new acti-
vities. It appears only once, when T2% Sn N2 ves bombarded with 48-Mev
helium ions, No gamma rays having this 15-min half life were seen, As
it did not appear among the products -of helium-ion bombardment of 50%

11k 112 -
Sn , We may gather that it 1s no heavier than Te .

Egi. In the Gelger decay curves of the products of Bombardments 10,
1L, 15, and 17, me® was found with TeF, Its half life each time ap-

' peared £o be close to 9-hours, ‘The 670-kev gamma ray which has been

' prorisidhally associated with it was seen only in Bombardments 13 and
16 (72% Snll2 + 48-Mev helium ions) and not in the Snllh bombardments .
The helf life measured for this gamma'ray wag closer to 6 hours, which
could  conceivably be regarded as agreeing within the limit of experi-
mental error. If it is the same isotope, however, we are left wondering

A why the'gamma ray was not seen in'the Snllh experiments,
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