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ABSTRACT

The spina of three radioactive silver isotopee have heen measured by the

atomic-beam magnetic-resonance method. The resulis are: for 40- day Agws,

. spin 3: for 8.3-day Agwé. spin 6; for 283-day Ag“om. spin 6.
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- EXPERIMENTAL METHOD

The spins of three radioactive silver isotopes, Agws (T, = 40 days, 1

1= 5). agh% (Ty = 8.3 days, 21 =6), and Agl1O™ (Ty = 253 days, 3 1=6),

g hmre been measured by atomic-heam techaniques similar to those previously
4

Agws and Agl 06 were produced in the Berkeley 60-inch Crocker cyclotron,

| v_both by the reaction Rh(a, kn)Ag and by Pd(p, n)Ag. After rhodium bombardments,
the target material was simply traneferred to the atomic-beam oven and heated
-until atomic -éi}%mdiifused out at a satisfactory rate. Di!fiéulty was sometimes

" encountered in getﬁng a sufficiently intense beam without melting the rhodium.

" If the rhodium melts, the silver comes out too rapidly for use, and the rhodium

flows into the oven slits and plugse them. The same technicjue was used for some

. v'pall'édium targets, but chemical separation of the silver proved more satisfactory.

The target was dissolved and the active silver (plus stable carrier) was pre-

 cipitated as AgCl. This was waehed and dissolved in ammonium hydroxide. 'I‘?i‘en

_ metallic silver was recovered by electroplating and transferred to the atomic

_ beam apparatus,

gllOm was produced in a 4-week neutron bombardment of nmatural silver

in the Arco reactor. The silver target evidently contained appreciable mercury,
since simple qualitative analysis using radioactive detection showed the preseance
of 46cdhy Hgms. The amercury tended to come from the atomic beam oven in

fResaa_rch supported in part by the United States Atomic Energy Commission
and the Office of Naval Research.

éProfesaor in the Miller Iusti‘tﬁté“'{or Basic Research ia Science.
13.R. Gum and M. L. Pool, Fhys. Rev. 80, 315 (1950).

2 G, Thompson, and Pool, Phys. Rev. 76, 184 (1949).

3K. W. Geiger, Phye. Rev. 105, 1539 (1957).

4Hobs‘en, Hubbs, Nierenberg, Silsbee, and Sunderland, Fhys. Rev. &_93' 101
{1956). v ‘ ' :
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- bursts and thus to give occasional spurious signals--which could be idgﬁtiﬁed.
however, by & crude analysis of their y-ray spectrum. |
Since the stable silver carrier is not readily detectable, it could not be
‘used to monitor the intensity of the atomic beam. Instead, the radioactive
"beam was collected for short periods when the stops in the apparatus were
removed. Under such conditions, the fast tail of the Maxwell distribution
-reaches the collector position in spite of the deflecting magnets, and the

o  counting rates from such "half-beam" exposures were used to normaliae spin

counting rates. _

A small amount of an appropriate alkali compound, e.g. CsCl, was included
with the radioactive material in the oven. Surface-lonization detection of this
material fﬁcilltated lining up of the beam apparatus at the beginning of the run,
| quibratioﬁ of the traunsition magaetic fleld was accomplishéd by observing
:hg-m:smnce'g of an atomic alkali beam from a second oven located behind the
radioactive one. The latter wae simply moved to one side to permit the
observations.

BILVER- 105

Table I indicates the results of the first spia search for Aglos. There is

a large signal corresponding to spin 4. There is also an above-background rate
at spi‘n'S/ 2, because the frequency appropriate to spin 3/2 has for its second
harmonic the spin-1 frequency. Thie spurious eignal disappeared when proper
precautions were taken. : |

Table 1. Results of spin search for Agms. | e
B Spin Counting rate - Spin Counting rate
. " _{epm) e ] ~_{(cpm)
0 0.15 + 0,05 ' ' 3 0.07 % 0.07
1z 48 202 4 6.5 £0.]
1 © 0.15 % 0,05 5 0.4 #0.1
3/2 , 1.4 £0.1 6 2.0 £0.2
2 0.10 % 0.07 7 0.5 £0.1

5/2 0.10 £ 0,08
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Figure 1 compares the decay of a spin-} expoisure with that of a full-
beam sample from the same rhodium bombardment. The latter shows a mix-
ture of 40-day Agms activity with shorter-lived material (Agmé). whereas the
_spin button shows a clean 40-day decay indicating a significant enrichment ia
Agms. The #spin-4 sigoal shown in Fig. 2 is observed from activity produced

by proton bombardment of palladium. .
| This isotope has been observed repeatedly at a variety of frequencies from
7.4 Mc to 15.4 Mc. No sigaificant guadratic Zeeman shift was observable at
these frequencies with the present line width,

SILVER-106

Table 1 (from a rhodium bombardmaent) gives a hint that the Agl 06 acti\dty

has spin 6. This was confirmed by the results of a later palladium bomnbardmeéns,
as indicated in Table II. The decay of the spin-6 sample is compared in Fig. 2
with that of the full beam, and clearly shows en#ichment of the 8. 3~day activity.
No quadrntic Zeeman shift was observed between 2.4 and 15.7 Me. | |

Table I1. Resulta of apin search for Agmb

Spin Counting rate Spin Counting rate
- (epm) . | (cpm)
i 9.94 %022 8 4.86 £ 0.16
5 0.334£0.09 7 ~ 0.56 +0.09
v A _mm A A E oA e T St e B s Vi sl n
SILVER-110m |

Results of a spin search on the Arco material are indicated in Table IIL
‘There is a clear indication of epin 6, which must be attributed to 253-day Ag
since no other activity of comparable life can be produced in such a bombardment.

llOm

The long-term stability of the counters may not be adequate for e reliable deter-
mination of the half-life; howsver, a check of two spin-6 buttons after 300 days
showed a decrease in measured counting rates by a factor 2. 1, which may be
regarded as consistent with a 253.day half.life. Signals correepoudmg to spin 6
were ohserved at seven frequencies, from 2.4 Mc to 15 T Mc; the quadratic
-Zeeman term, if any is small, '
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- Table III Results of spin aearcb for AgllOm
T e N N P R AR N SRS I S s Syt Mt P A AP S TR SIS NS \..WM i s i
Spin Counting rate Spin - Counting rate
| ~ {(cpm). | (cpm)
1 2.8 4 0.3 B 5 26403
2 1.7£03 6 31.1 £ 0.5
3 2.2 £0.3 7 2.0 % 0.3
4 1.7+ 0.3 8 2.7+ 0.2
e Ty ; SRR AR el : SRtV 2 R
REMARKS

105, is not aurpriaihg. since the stable isotopes

The result, spin 4 for Ag
Ag and Agwg also have this spin; it {s also coneistent with the simple shell
_ models that calls for the odd proton to beinap é level, although the Bg /2 level

| jg expected to lie in a ds/z

107

{ies close. The odd neutron in Ag aud Ag“
state, (However, the ground state of Cd“l. with the same neutron:number as

g“om. exhibits spin 1: the first excited state, spin 5/2.) The observed spias .
of 6 cduld thus be attributed to-the coupliag of & 8g /2 proton with a dg /2 neutron
to givc one less than the maximum spin, in agreement with Nordheim's “weak"
rule, although other possibilities exist. In any event, one would expect a large
N poéitive magnetic moment, consistent with our failure to observe appreciable .

quadratic Zeeman terms.

5M G Mayer and J. H. D. Jensen, Elementary Theory of Nuclear Shell

e T e P

Strpcture (Wiley, New York, 1955), pp. 71-%2
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" FIGURE CAPTIONS

Fig. 1. The decay of spin-{ sample from a rhodium bombardment is compared
with a full-beam sample. The essentially pure half-life of the epin-{
‘éample serves to identify Ag_ms as responsible for the resonance aignal.

Fig. 2. The decay of anl = 6 sample from a palladium bombardment identifies
A 106 108

8
s wis observed by use of a different method of production from that shown o

in Fig. 1.

ae recponsible for the epin 6 resonance. The Ag spin-4 resonance
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