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DECAY STUDS OF SOME  

IEUTR0N-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 helium-ion, 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 mm, 30 ± 5 mm, and 

7 ±2 miii, 

New half lives discovered for light tellurium isotopes are 

7.5 ± 1,5 hr, l,IL± 0.2 hr,.and .16 ± 2 miii, 

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 

• 	 Ann Rhodes 

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

August 1951 

I. INTRODUCTION 

A. Purpose of the Research 

The information at present available on the lightest isotopes 

of antimony and tellurium is summarized, in the General Electric Chart 

of the Nuclides as follows. 1 

Te116 Te117 Te118 Te9 
2.5h 6.od 16h 	4.5d 

2.5 K K 
(3.l) y.56 	yl.6 
(y.11) e 	e.2,.5 

Sb116  Sb117  Sb1 
8 

15m 	6Om 2,8h 3.5m 5.111 

2 	, 	l K P 3.1 K, 	7 

yl.27,.9, 	'rl.27,.9,  y.16 IT.1l e.2 

2..2E4.7 1 	41E4.7 e 	• Ell-li.26,],.5 

• 	 It should be possible to prepare yet lighter  isotopes 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 isotofes, and the partial 

determination of their modes of decay. 

Because tin has a .cLzsed shell of .50 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 



_rz - 

with which we are concerned lies . apprQximately midway between .the neutron 

magic numbers 50 and 82, we may expect some difficulty in making a .theo-

retical interpretation of the energy levels. 

B. Previous Work in This Region 
116 

The existence of the two isomers of Sb 	has until fairly re 

cently caused a certain amount of confusion in this region. 

In 1949, Temmer 2  prepared ahd identified 60-min Sb116  by bom-

bardment of In115  with helium ions with .energies ranging up to 37 Mev. 

Two years later Blaser, Boehm, and Marmier 3  tried to make the sme 

isotope by a (p,n) reaction on Sn 11  , and found only an extremely low 

yield of the 60-min activity. To explain this they hypothesized a 

semimagic number of 66, corresponding to closure of a subgroup, which 
116 

would give Sn 	unusual stability. 

In 1953, Sti helin and Preiswerk, 
4 surveying the energies of first 

.116 
excited states of even-even nuclei, found that Temmerts  value for Sn 

was inconsistent with the general trend they had observed. Therefore 

they repeated the (p ) n) reaction on tin, and thus prepared a 15.5-mm 
116 	 - 

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

previous1r been thought to belong to the 1L5-min  Sb120 , 	and they 

suggested. that Temmer's 60-mixa antimony1may better be interpreted as 

beng Sb.115 . This, however, must be regarded as extremely unlikely, 

considering that the production of this isotope from In 115  wOuld involve 

an (a,lI-n) reaction, and the maximum bombardment energy. Tmmer used was 

37Mev. 	 . 	 . 

The problem appears to have been resolved. when Aten, Manassen, 

and.DeFeyer succeeded in making both. :a 60-mm anda 1 4-min isomer of 
116 

Sb 	at the same time, by alpha bombardment of indium. 
116 	117 

- Te 	and Te . have not been so thoroughly investigated.. 

Dropesky and Wiig7  report that proton bombardmnt of 1 	 yields a 2.5 

± 0,17hr tellurium activity,, which decays to 2.8-hr antimony (presumably 

Sb117 ), arid aiiother 2- to 4-hr tellurium isotQpe which decays to a 10-

to :.20-min antimony. This work has not been published. 
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II. EXPERIMENTAL PROCE] URES 

Bombardment Techniques 	 . 

In the research described here, bombardments of four types were 

carried out in the 60-inch cyclotron. Indium was bombarded with helium 

ions, and .tin with .deuterons and protons, to produce antimony isotopes 

directly. Also, tin was bombarded with helium ions to produce tellurium 

isotopes, which then decayed to antimony. 

Approximately 0.5 mg Of 1n203  powder was used for target material., 

This was placed in a small depression at the .center of a 10-mil platinum 

disc, covered with .0.25-mil  platinum foil, and mounted in a water-cOoled 

microbloàk assembly. 

Bombardments were generally of onehour's duration, using a beam 

current of 8 amp. In most cases the full energy available was used, 

that is, approximately 48 Mev for helium ions, 24 Mev for deuterons, and 

12 Mev for protons. A few lower-energy bombardments were also carried 

out, 
113 	. 	 i 	

.112 
Samples of In 0 enriched in In 	and of SnO enriched n Sn 

fl1. 	 23 	 2 	8 
and Sn were obtained from Oak Ridge National Laboratory, Their 

chemical purity was states to be better than .99%, and their isotopic 

compositions to be as listed on page 8 under 'Abbreviations used in 

Table of Data," 

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 this factor which ruled, out the otherwise very con-

venient anion-exchange method described by Smith and Reynolds 9 . in which 

tellurium, antimony, and tin are successively eluted from ..Dowex-1 resin 

with oxalic acid, ammonium oxalate, and sulfuric acid, respectively. 

A solvent extraction method using isopropyl ether, suggested 

by Pappas, 1°  suffers from the same disadvantage. Actually, separation 

times, of a few minutes were reported by Pappas, but attempts to repeat 

this were unsuccessful, 



The procedure found to .,1e most generally useful was a simple 

one involving precipitation of tellurium as the metal and antimony as 

the sulfide. The•8n02  target, weighing approximate:ly.5 0 mg, was dis-

solved in 5 ml of 6 M NaOH. The solution was slightly acidified with 

concentrated HC1 and evaporated, down., to a small volume. Five mg each 

of antimony and tellurium carriers in 3 N HC1 were added, and the 

volume made up to 20ml with 3 M HC1. .Te metal was precipitated by 

adding 10 ml of 15% I'1112NH2 •HC1 solution and saturating with SO 2  gas. 

The tellurium was filtered off. The filtrate was boiled to remove ex-

cess SO2 , 	 C1 diluted to 2 ,M H, and saturated, while hot, with HS to 

precipitate antimony as its sulfide. At this acidity, tin and indium 

remain in solution. 

1n203  targets were treated in a similar way except that they 

were initially dissolved in hot 3 ,M H2SO, and the steps involving 

tellurium were emitted, The tin was held In solution 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 

foflowed on a Geiger-Miller counter. 

Gamma-scintillation spectroscopy was carried out on three types 

of instriments. In the early experiments a single-channel gamma ana-

lyzer with a Speedomax recorder and a 50-channel pulse-height analyzer 

were used. Most of the work was done, however, with a Penco 100-channel 

gamma analyzer, using a Nal (Thallium-activated) scintillation crystal. 11  

For beta .spectrosc.opy, a magnetic-lens spectrometer employing 

an anthracene scintillation detector was used. This, spectrometer has 

12  been described elsewhere.  
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III. SUvARY OFRESULTS 

Results are presented in Table I; some typicaispectra are shown 

in Figs. 1 and 2. 

Abbreviations Used in Table I 

• 	Instruments. 	G-M Geiger-MUller counter. 

l.-ch = 	Sincle-channel gamma analyzer.  

50-ch = 	50-channel gamma analyzer. 

Penco = 	100-channel gamma analyzer. 

ML Magnetic-lens. beta spectrometer. 

Target. materi8ls 

Iat 	In = 	95.8% In115 , 42% In 3 . 
In113 ' 115  = 	65 4% In113 , 34 6% In115  

114 
50% Sn = 	isotope mixture of composition 

Isotope 	 Atomic % 
112 	 2.63 
114 	 50.03 
115 	 2.84 
116 	 19.42 
Ui 	 .4.40 
118 	 8.56 
119 	 • 	2.55 
120 7.24 
122 	 1,08 
124 	 1.26 

72% Sn*12  = 	isotope mixture of composition 

Isotope 	 Atomic % 
112 	• 	 72.49 
114 	 2.76 
115 	 0.48 
116 	 6.64 
117 	 2.11 

• 	
• 

 

118 	 5.23 
119 	. 	 . 	• 	1,77 
120 	 5.83 
122 	 1.20 
124 	 149 
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Table I. 	Table of Data 

Bombard- Target and type 	Counting Observed half Activity 
ment of bombardment 	instrument lives, energies 	.. to which 
number assigned 

'n..dis- 
cussion. 

1 Nat 	In 	G-M 50thn, ,116Sb 
+ .48-Mev a (and longer) and A 

• 	 l-ch iipeaks, energies Sb 116 

uncertain, and A 
t 	=6Omin
1/2 

1 peak, t112  = 22 hr Sb 7  

3 TI 	 G-M 50 min Sb 6  
andA 

2,5:hr 
(and longer) 117 

50-ch 	3 peaks,. energies 
116 Sb 

uncertain, and A 
t112 = .55 Mn 

5 and 	 50-ch 	.1-ray energy 	t. 1/2 (key) 

90±10 	ihr SbA 

120 ± 10 	73 mTh Sb 6  

155 	 2.5 hr Sb117  

385 	 73 min Sbh16 

510 	composite. orA 

7 	. 	. 	 ML 	 Conversion line 	 116 

	

"13Mev 	Sb 

0.75,1.10, 

	

and 15 Mev 	Sb 6  
(resolution of 
Fermi plot) 	 * 
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Table I (continued) 

Bombard- Target and type Counting Observed half 	: Activity 
ment of bombardment instrument lives, energies to which 
number . assigned 

indis- 
cussion. 

7 Nat. In 	. Penco i-ray energy 	t 2  
+ Ii.8-Mev a (key) 

60 	 min 
A 

60-71 Sb 

90 	63-65 mm 

120 	62-70 miii 
.116 
Sb 

160 	- Sb117  
• 	 . 

. 

	

400 	5.2-60 mm 

510 	0-6o miñ SbA and 
Sb116  

950 
Sbh16  1350 	- 

22 Nat 	In Penco y-ray energy 	t 2  
+ 33-Mev a (key) 

75 	- 

116 
110 	

-. 

160. 	._ 	. Sb117. 

250 	4 .3 hr SbD 

Sb116 1070 	complex 
and? 

1260 	14 hr 

• 	
• . • . . 	 . 	 . 

+ 25-Mev a 	. . GM 40. mm. Sb 
• (and longer) 

1-ch i-ray energy 	t 
(key) 
160 	2.7hr 

11 
Sb 

51O 	47 miii SbA. 

• . 	 • 	 . 	 . . 	 . 	 . . 	 .250 	complex . SbD 



Table 1 (contInued) 

Bombard- Target andt' Counting. 	Observea half Activity 
ment of bombardment instrument 	lives, energiès to which 
number .ass1ed 

indis- 
cussion. 

9 In113 ' 115  G-M 	35 mm 
+ .-8-Mev a. (and 1onger) 

Penco 	y-ray energy t
2  (key) 

30 	93± 5 

75 	.157 ± 7 min Sb117  
116 

105 	57 ± 10 min Sb 

160 	3 - hr Sb117  

• 	 1 00 50 min Sb 6  

510 	42 ± 8min SbA  and 
Sbhl6  

• 

 

10 11, 	50% 
Sn 114 

- 15, and 	+ 48-Mev a 	G-M 	Te: 	1,7 hr C Te 
17 9hr TeG 

Penco 	Te.: 
i-ray energy t 	

2 (key) 
95 	12-2,5hr 

C Te 

115 Sb 
daughter? 

	

510 	1.,Sbr 

	

750 	i,lhr 	TeC 

960±10 1.8 hr 
1070±10.. 	- 

	

1320±10 2 hr 	Te 

GM 	Sb (daughter of above 

	

Te)* 	26 min 	Sb 
• • 	1.5hr- . 	? 

* 
Chemically separated from active tellurium fraction 90 mm after 

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

• 	

Bombard- Target and type Countin: Observed half Activity 
ment of bombardment instrument lives, eñrgies to whicb 
number asigned 

• 	

. in dis- 
cussion. 

11 1 21 50% Sn G-M 30 ± 10 min SbA 	d B 
•+ 24-Mev d. (and. longer) 

Penco y-ray. energy • 
(key) 
105.. 

155 Sb111  

245 	3-4 hr SbD 

OO 	1.7-2.3hr. Shh16 

Sb116 A 510 	1 hr 

• 	

• 970 andSb 

- 1250 	1-2 hr 
11 

Sb 6  

18 114 50% Sfl 
+ 13-Mev d G-M 37 mm • 

A 	B Sb 	or.  
• SbD 

• Penco 	• 1-ray energy 	
t 1/2 (key) 116 

• 105 	- Sb 

• 	 • • 	 •. • • 	 165 Sb117  

510 
• • 	 : • 

. 	 1 19 000 	complex 

1,280 

250 	1I-5br SbD 
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Table I .(ontinued) - 

Bombard- Target and type Counting :. 	0bservd ha].f ActiVity 
ment of bombardment instrument 	lives, energies to which 
number assigned 

.indis - 
CUSSIOfl 

19 50% Sn 114 G-M 	 17 mm 

+ 12-MeV p 1.620 hr 	
:• Sb116 

Penco 	y ray  energy 	t 
(key) 	 A 
60 	- 	Sb 

100 	1.5 hr SbA 

150 	- 	Sb 7  

255 	1hr SbD 

511 	22mm 

960 	50 mm.. 

1320 	36 min. SbA or B 

13,16 	72% 112 	GM 	Te: 1 ± 3 min 	Te 

+ 48-Mev a 	 2_3 b± 	 Teh1611 

Penco 	Te: 

yray energy t 
1/2 (key) 

80 - 

T161117 110 :± 5 3 hr 

130 - 

165 - 

280 

510 - 

• 	 •60 6 hr.  TeG 

750 1.3 hr TeC 

920 	• - 

• 	 960 - 

1060 

1350 30 mm A or Sb 	.D 



Table I (contInued. 

Bombrd- 	Target and type 	Cotiting Observed half Activity 
ment 	of bombardment 	instrument lives, energies to which 
number assiied 

in.dls- 
- cusion 

12 72% Sn 2 	G-M 7 min si 
+ 24-Mev d 35 min Sb 

2 5 hr (and. Sb117  
longer) 

Penco 'y-ray energy 	t 
1/2 (key) 

90 
A 

Sb 

•• : iio.  

170 	173 hr Sb117  

210 	 - 

.230 

510 	shorter,  

670 	 - 

1090 	 - 

Sb 6   13 00 	* 
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0.3 	0.5 	0.7 	0.9 	I.! 	1.3 	1.5 
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MU -13931 

Fig. 1. Resolution of Fermi plot, Bombardment '7. 
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0 
-C 
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Energy (key 
MU-1393 3  

Fig. 2b. Ganmia spectrum, Bombardment 21, high-energy region. 
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IV. DISCUSSION OF RESULTS 

From the results of these bonibardments it .eems possible to ex-

tact seven new activities. As the masassgnmentsarebyno means 

clear, these activities are represented by letters, as follows: 

Activity 	 Half life 	Characteristic radiation observed. 
and energy Nev) 

6O ± 10 mm 	yOO6, 009, '(O12 ?') 	O.75,l.1O 

Sb 	 O ± 5 mm 	 : (1.3 ?) 

.O ± 0.3 hr 	y:O.25 

si 	 7±2mm 	''• 	- . 

Te  C 	 1.± 0.2 hr 	 y: 0 .75,( 0 . 10 , 0.12, 1.0, 1.3) 

Te  F 	 16 ± 2 mm 	 . 
• 	.TeG 	 7..5 ± 1.5 hr 	.y:0.67  

The difficulty in mass assiment is due to two. features One, 

which is unavoidable, Is the presence of many metastabie ,isomeric states 

in this region, which prevents one from assuming that each half' life be-

ions. to a different mass number. The other is that .even the isotopially 

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. 

The possible identIties of the new activities are briefly 'eon 

sidered here'. 	 . 

A. 	
When natural indium was bombarded with 48-Mev helium ions, no new 

half life was 'seen, althOugh .t this energy one would expect .a high yield 

of Sb115 , the (a,In) product. 

One has a choice of three explsationS of this, negative .reult, 

Sb115  may be too long-lived to see, or too short-lived, or it may have 

the SariS 'haiflife as another isotope which is also produced in the 

b.ombardmnt.. ' This last explanátion.is favored by the fact that three new 

gamma rays of 1-hour half life have been observed. Of these, two (at .60 

key and at 90 -key) were seen only in bombardments in which .Sb3 	was ex-.: 

pected to. be produced in reasonable yield (e.g., IJ 15  (a,l1-n). The third, 



116 	 .. 
at 120 key, was. seen whenever Sb 	was produced, and its intensity re- 

lative to other Imown gamma rays of Sb °  did not vary under different 

bombarding conditions (e.g., in Bombardments. 7 and .22). .Thia suggests 
11 

that the 120-key gamma ray belongs to .Sb 6  and that the other two may 

belong to Sb
115

The 0 75-Mev and 1 10-Mey positron groups seen in 

Bombar.dment 7 would also seem to be attributable to this isotope. Temmer 2  

examined the electron spectrum of Sbh16 using a magnetic lens spectrom-

eter, and reported only a 1.4-Mev positron group. 

Sb. 	A .20- to 30-min activity was seen several times in the complex 

Ge.ige.rMfih1er de cay curves for antimony samples .. The only gamma ray that 

might be associated with it is at 1 3 Mew This gamma was seen twice, 
114 

once in antimony resulting from proton bombardment of the 50% Sn 

mixture, and once in .a tellurium sample from 48-Mev heLLum-ion bombard-

ment of  72% Sn . As the (p,,n) reaction is. the predominant one at the 

energies available at the 60-inch cyclotron, Sb 1  is indicated as the 

.mos,t ..likly.choice for this activity. However, the exstence of a gamma 
116 

ray in 60:min Sb 	of. approximately the 8ame energy makes one hesitate 

to draw any definite conclusion. 	. . 

The existence of a li--hr antimony activity is baaed on the oh-

servation of awefl-defined 250-key gamma ray,  haying this half life. It 

was seen in various d.iffernt types of bombardment, and its half life is 

suficient. to distinguish it, from Sb 6 Sb 	and Sb 8 .' We may corn- 

pare. its intensIty with that of known gamma rays .of.Sb '6  and Sb 	in 

different bombardmentS, 

Table IL 
... B . 	. 	. 

	

Comparative abundanes of Sb and .Sb 	radiations (in arbitrary units) 

250-key: y .. 	13-Mev y of 60.rnin Sb116 

Bombardmeit 21 	. 	1 	. 	 1.0 
(50% 	24-Mev d) 	. 

Bombardment 22 	 0 6 	 1.0 
(Nat. In 4- 33-Mev a) . 	. 	. 	 . 
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Sb 1 s thus something that is formed in relatively low abundance 

in Bombardment 22 As the energy is too low to permit (a,ll-n) reactions, 

the only explanation seems to be that it is a prod.uct resulting from the 
.113 . . 	. 	. 	 . 	..., )-% of In 	in. the target. The results re coisistent with, .the assign- 

fl14 
rnent.of.Sb asan isomer of Sb... 	.. 

A further rough comparison may be made as shown in Table III. 

Table III 	
. 	...... 	.... 	. 

Comparative abundances of S1DD  and Sb117  radiations (in arbitrary units) 

1-17 250-key i 	 160kev' of 

Bombardment 21 	 10 	 .. .. 	10 
(5% Sn-- + .24-Mev  

Bombardmeit 18 	 1.0 	 2 .3 
(50% Sn 	+ 13-Mev a) 	. 

Bombardment 12 	 1 0 	 0 .3 
(72% Snll2  + 24-Mev'd) . . . 	. 	. 	 . 

: One Should not attach too mu:h, importance to,thi5 comparison. 

We would be justified in regarding the difference in relative intensities 

as significant only if we knew how to compare the amount of Sb 111  formed 

in each bombardment But Sb117  may be made by various different re 

	

119 "' 	.118 	 117 	 .116 
actions, e g , Sn 	(d,li-n), Sn 	(d,3n), Sn 	(d,2n), Sn 	(d,n) 

These tin isotopes are present in diffeient .abundaces in .the two iso-

toplc mtures.. As we do not know what proportion of, the product is due 

to a given reaction, 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 lighter than 114, . . 

SbE 	This Isotope Is. apparently more n'eutrom-defic lent, than any of 

the other isotopes so fax considered It .äs seen as 'an approximately 

7-mm 'component of the Geiger de'cay curve of the antimony products of 
, 

Bombardment 	
112 

12 (72% Sn 	+ 2)-i--Mev deuterons) and on no other occasion 
112 

This would indicat.e that it is no heavier than Sb 
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Te. . Thia was made when 50% Sn 	 was bombarad w1t1 48-Mev helium 

ions. Its most distirctive, gamma ray,  at 750 key, wasalao seen in 

Bombardment 16(72% Sn112  + 48-:Mev helium ions). The other 1.5-hr gamma 

rays in the tellurium sample have energies that are distribingly similar 
116  

to those of Sb 	, which might suggest that-we are dealing with.a very 
116 	 - 

short-lived isomer of Te 	. Be that as it may, however, the 750-key 

gnma does not coincide with any of the antimony gammas, and therefore 

one feels justified in regarding the "1,5.hr-tellurium' t  as being in 
114 	115. 

fact tellurium and not antimony. Te 	or Te 	appears to be the most 

probable assignment. 

TeF. 	This is probably the least well substantiated of the new acti- 

vities. It appears only once, when 72% Sn was bombarded with 48-Mev 

helium ions. No ganmia rays having this 15-min half life were seen. As 

it did not appear among the products of helium-ion bombardment of 50% 
114 112 

Sn , we may gather that it is no heavier than Te 

G 
Te. 	In the Geiger decay curves of the products of Bombardments 10, 

lIt, 15, and 17, TeG was found with TeF.  Its half life .eah time ap-

peared to be close to 9hours. The 670-key gamma ray which has been 

provisionally asociated with it was seen only in Bombardments 13 and 

16 (72% Sn 2  + 1 8-Mev heliuñi ions) and not in the Sn1  bombardments. 

The half life measured for this gamma ray wa6 closer to 6 hours, which 

could conceivably be regarded as agreeing withinthe limit of experi- 

mental error. If it is the same isotope, however, -we are left wondering 

why the gamma ray was not seen in the Sn
11 
 experiments. 
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