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This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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ABSTRACT

The nuclear opins of three neutron-deficient radioactive isotopes of

indium have been measured by the use of the atomic-beam magnetic-resonance

8
technique., Results are I= 9/2 for 4.3-hr Inwc’; 1= 7 for 5.0-hr In°wm; and

1= 9/2 for 2.8-day Inu Eo
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Howard A, Shugart, and Henry B. Silcbee
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EXPERIMENTAL METHOD

The atomic-beam magnetic-resonance flop-in technique using radioactive
detection hag been applied to the measurement of the spin angular momentum of
three indiusmn isotopes. The spin-measuring procedure, which invoives observia:
ot mp s % 1 transitions iun the linear Zeeman region, has been given earlier. !

Of the two electronic states QZPI /2 and Z'P3 /2}) that are populated at the temp-
erature of the oven, the P3 /2 state gives larger resonances with our apparatus
and was uced for the measurements described here., In particular, Table I
gives the transitions that have been observed for the various isotopes., A second
oven containing rubidiurmn bromide and calcium provided an easily detectable
atomic beam of rubidium for field calibration.

TABLE I
icotope Electronic F , mg
State
109 Zp 6 - g oo -5
3/2
g -3 a4
110m Zp 17/2 - 13/2 = - 15/2
3/2
111 ’p 6 -4 oo .5
3/2

e oy v o ts
el iy

“Research supported jointly by the U, 5. Atomic Energy Commiopoion and the
Office of Naval Research.

Profeggor in the Miller Institute foxr Basic Research in Scicnco.
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110m 111 3

The isotopes ian (4. 3 hy), 2 In (5.0 hr), 3 and In (2.8 day)
were made in the Crocker 60-in. cyclotron on the Berkeley campus, using (e, kua:
reactions in 0.010-in. silver foil. Following solution of the silver foil in con-
centrated nitric acid with about 10 mg of indium carrier, the silver was pre-
cipitated as the chloride by the addition of concentrated HCl. After the precip-
itate was separated by centrifuging, oxalic acid or Rochelle salt was added to the
supernatant for plating purposes. From a slightly acid solution the indium waso
then electreoplated oanto either a platinum or indium electrode, usiag 0. 2 amp
plating current. At first the electrode was placed directly in either a carben or
a tantalum oven, which was heated in the apparatus by electron bombardment.
Later experimeatation showed that a steadier beam resulted if the indium deposit
was scraped from the platinum electrode., The chemical separation required

about 1.5 houre,

INDIUM-111 RESULTS

Because runs 88 and 93 were made several days after the bombardments,
the shorter-lived isotopes had decayed, leaving relativsely pure Inu lc With
only a singie activity present in the beam, resonance indications must be deter-
mined on the basis of absolute counting rates. The results of opin searches are
indicated in Table lI. For runs 88 and 93 the spin-9/2 signals are an order of
magnitude greater than thoge for other half-integral values. Decay curves for

these resonances showed a single 2. 8-day componeant which indicated that In“i

111

was reaponsible for the signal. The In resonance has been cboerved from

4.8 to 7.8 Mc/sec. to establish the linear Zeeman dependence of the resonance

frequencies on the low-transition magnetic field.

INDIUM-110m RESULTS

Whea the target was processed imamediately after bombardment, it

contained in addition to In“i several other isotopes including (4.3 hr) Iuw9
and (5.0 hz) In”oma Because of low counting rates it is not peasible to
109

distinguish between 4.3 and 5, 0 hours by decay alone. However, In must

110m must have iategral spin, This information

have half-integral opia while In
along with an approximate half-life determination suffices to establiah the

identity of these short-lived isotopes.



TABLE II

Table of initial counting rates of indium spin searches,

Zun i 2 5/2 7/2 4 9/2 5 11/2 6 7
g (11! only) . 0.5{1) ©.8(1) 5.2(2)

c3 gin*t? only) 0.6(1) 6.612) 0.461)

o5 0.9(3)" 0.501 0.8(1) 0.4(1) 2.3{2) 0.7(2) 0.4(1) 1.6(2}
104 8.2(3) 1.9{2) 4.5(2}
87 a i;esonance. sweep of IniOQ at 22 Mc/sec. )

08 a resonance sweep of In'10™ at 12 Mc/sec.

o

§
3.5(2)

“These rates {in arbitrary units) are corrected for counter background and normalized for variations

in beam intensity within a single run. All runs were performed at different values of magnetic field.

¥ Poor normalization

“The %P, :
¥ = i9/2, my = -15/2 o+ - 17/2 transition for I = 8 within the line width.

- =

- 2
F =5 mg= » 3= .4 trexsition for I = 9/2 occurs at the same frequency as the P3/2,

uga

ERTG-TTN DL
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Because three isotopes contribute to the initial counting rates, each
sample may be analysed for the relative composition of short (4.3-and 5.0-h~}
activity and long (2.8-day) activity. When this is done as shown in Table III
for run 104, the ratio of short to long components of the counting rate on the

"hailf -beam" sample {magnets on but stop-wire removed) at serc time iz 3, 1.

e

The spin-5 sample, theough very small in absolute counting rate, showe a
similar ratio (2. 4) for an apparatus background sample, as would be expected.
On the other hand, it is clear from Table Iif that the spin-7 sample containa an

110m

enhanced short component (In ). In fact the short cemponent cn the spin-7

sample is 2, 7 times the apparatus background {spin-5 sample}, while the long
components are essentially equal, Further confirmation of spin 7 for In“am
comes from information of yune 96 and 108. In run 96 {Table II} the normalized
counting rate for epin 7 is 3.7 timen the average rate for the cther integral
spins. (In run 104 the oignal at "spin 8" is the P, 30 F 5 mp = -3 o= o4
transition for the 9/2 material. This signal supports the 9/Z assignment of

Enmg and Inl 1 Ro )

TABLE I

Comp_;oiticm anali of‘l o n 10o Cc\mtingates are

not corrected for variations in beam iatensity.

Sample Short activity Long activitiy Ratio-ﬁ”—ggfz
{cpm) {epm) &
"Haif-beam" 276 (3) 90 (2) 3.1(2)
9/2 9.9(T 5.6 {4) 1.8 (2)
5 2.6(4) 1.1 (2) 2.4 (6)
7 AT 1.5 (2) 4.7 (8}

S——y

INDIUM-109 RESULTS

The spin-9/2 button of run 104 (Table III) shows significantly more short
activity (9.9 cpm) than a typical background sample, e.g. opin 5 with only 2.6
cpm of short activity. The exposures were roughly equal; so the enhancement by
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a factor 3.8 is attributed to a spin-9/2 signal from 131090 Likewine the

composition of the I = 9/2 sample differs frem that of the "half-beam' cample

109 and Enin over

109 and Xni 10

in such a way ae to indicate the relative enrichment of In
Enuom. The signal also hac about the right magnitude, for if In
were preduced more or less equklly, the "half-beam' ohows that each weuld
contribute about 1.5 times ap much initial activity as In”’lo The cobserxved ratio
of Xamg to inl” on the spin-9/2 sample is 1.8 before any apparatus background
corrections. Similar results from other runs have confirmed the 9/2Z-spin

asgignment to Inloqo

REMARKS

111 109

Spin 9/2 for In agrees with the simple shell-model pre-
110m

diction that the forty-ninth proton is in a Bg /2 state. 4 Spin 7 for In couid

arice from coupling of a g proton and a d neutron, which is predicted by
9/2 5/2 "1 10m 114m 5

the shell model in thic region. The series from In {(I=7 toin and

Knl%m {1 = 5)5'6 may then illustrate the transition from a dS/Z to an "1/2 level

and In

for the odd neuiron,
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