
.( 
·~ 

1 - \ 

UCRL 8137 

UNIVERSITY OF 

CALIFORNIA 

adiation 

TWO-WEEK LOAN COPY 

This is a Library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 

Tech. Info. Diuision, Ext. 5545 

BERKELEY. CALIFORNIA 



DISCLAIMER 

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. 



UNIVERSITY OF CALIFORNIA 

Radiation Laboratory 
Berkeley. California 

C.ontract No. W-7405-eng-48 

UCR.L-8137 

THE SPINS OF SILVER.-105, SILVER-106, AND SILVER-110m 

W. B .... Ewbank. W. A.· Nierenber1, H. A. Shugart, and H.~! -~_!~ebee 

January 16, 1958 

.... ..... -

Printed for the U.S. Atomic Energy Commission. 



-2- UCRL-8137 

THE SPINS OF SILVER .. lOS, SILVER~ 106, AND SILVER-110m 

W. B. Ewhank, W. A. Nierenberg, H. A. Shugart. an.d H. B. Silsbee 

Department o! Physics and Radiation Laboratory 
U:niver.sity of California, Berkeley, CalUorn.ia 

Jartuary 16. 1958 

ABSTRACT 

The spins of three radioactive silver isotopes have been measured by the 

atomlc•beam magnetic-resonance method. The results are: for. 40-day Aa 105, 
apln i; for 8.3-d&y .Aa106, spin 6: for 253-day AgllOm, spi•n 6. • . . ..... 
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THE SPINS OF SlLVER-105, SILVER-106, AND SILVER-110m* 

W. B. Ewbank, W. A. Nierenberg, ' H. A. Shugart, . and H. B. Silsbee 

Department of Physics and Radiation Laboratory 
U~lversity o£ California, Berkeley, Caliioraia 

January 16, 1958 

EXPERIMENTAL METHOD 

. 105 1 
The epiua -of three radioactive silver isotopes, Ag (T 1_ = 40 da.ye, 

1 . 106 · 2 11Om a 3 
I= "1), Ag (Ti = 8.3 .days, 1 = 6), and Ag · (Ti·:: Z53 days, I.= 6), 

have been measured by atomic-beam teebnlquea similar to those previO\Uily 

d.eec:ribed. 4 

105 . 106 . . . 
Ag and Ag were produced in the Berkeley 60-ia.c:h Crocker cyclotron, 

both by the reaction Rh(a., kn)Ag and by Pd(p, n)Ag. After rhodtwn bombardments, 

the targ•t material wae simply transferred to the atomtc .. beam oven and heated 

· tnttll atomic: -•il~diffused out at a eathfactory rate. Di££iculty wa.s sometimes 

enc:ounte.red in getting a sufficiently intenee beam. without melting the rhodium. 

·u the rhodium melts, the eilver comes out too rapidly for use, and the rhodium 

flows into the oven eliU ant! plugs them. The same technique was used !or some 

palladium 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 washed and dissolved in ammonium hydroxide. Tb.en 
• 

metallic silver was recovered by electroplating ae'J.d transferred to the atomic 

beam apparatus. 

.. AlllOm was produced in a 4 .. week neutron bombardment of natu~al silver 

in the Arco reactor. The sf.lver taraet evidently contained appreciable mercury. 

since simple qualitative analysis using radioactive detection showed the presence 

of 46;..ctay Hgl03. The atercury tended to come from the atomic beam oven. in 

*Research supported in part by the United States Atomic Energy Commission 

and the O£fice of Naval Research. 

+Professor in the Miller lastitutilor Basic Research in Science. 
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3K~ W. Geiger. Phye. Rev. 105, 1539 (1957). 

4Hobson. Hubbs, Nierenberg, Silsbee, and Suaderland, Phya. Rev~ 104~ 101 
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bursts artd tbue to give occasional spurious etgna\8·-whicb could be identified, 

however, by a crud.e analysis of their y-ray spectrum. 

Since the stable silver carrier is not readily detectable, it could not be 

uaed to momtor the intensity of the atomic beam. Instead, the radioactive 

beam was collected tor short periods when the stops in the apparatus were 

· .-emoved. Under such conditions, the faet taU of the Maxwell distribution 

·. r•aches the collector position in spite of the deflecting magnets, and the 

counttna l'ates from such ''half-beam tt exposures were used to aormalbe s~in 

c:ountin.g rates. 

A small amount of an appropriate ~lkall cOMpouacl, e.g. CsCl, was included 

wlth the radioactive material in the oven. Surface-ioolzation detectL~n of this 
·..-, . 

material facilitated Uning up o£ the beam apparatus at the beaituung of the run. 

· Calibration of the transition .magnetic field wae aecomplished by observing 

the. res ounces of an ~:t.tomic alkali beam from a second oven located behind the 

radioactive one. The latter wae simply moved to one &ide to permit the 

observations. 

z 
5/2 

4.8 :t: O.l 

O.lS :t: 0.05 

1.4 • 0.1 

0.10. 0.07 

0.10 • 0.05 

4 
5 
6 

7 o.s • 0.1 
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Figure 1 compares the decay of a spin-! exposure with that of a full-
# ... -~,.. 

beam sample from the same l'hocHo.m bombardment. The latter shows a mix· 

ture of 40 ... day Aa 105 activity with shorter-lived material (Ag106), whereas the 

spin button shows a clean 40 ... day decay indicating a sigDiflcant enrichment in 
lOS · 

Ag . · .. The spin-i sigoal ahowu la Fla. 2 ia observed from activity produced 

by protou bombardment of palladium. 

This isotope baa been obs.erved repeatedly at a variety of freque11des from 

7.4 Me to 15~4 Me. No sigDiiicarat quadratic Zeemaa shift wa" observable at 

· these frequencies with the pre sent Un.e width. 

SIL VEil ... 106 

Table I (from a rhodium bombardment) gives a hint tb.at the Ag106 activity 

baa spin 6. This was contirmect by the .results of a later palladium bombardtirl-~. 

as ladicated in Table D. The decay of the spln-6 sample is compa.r~d in Fig. Z 

with that of the full beam, and clearly shows enitichment of the 8.3~~ay activity. 

No quadratic Zeeman shift was observed between 2.4 and 15.7 Me. 

Spin 

t 
5 

Table 11. Results of spin search for Aa 106• 

Couatln,g rate 
(cpm) 

9.94. o.zz 
0.33 • 0.09 

Spln 

6 

7 

SILVER-110m 

Counting rate 
(epm) 

4.86 J!: 0.16 

0.56 • 0.09 

Re su.lte of a a pitt search on the Arco ma.tedal are indicated in Table Ill. 

There is a clear indieatloa of epln 6, which must be attributed to Z53 .. day AgllOm, 

sicce no other activity of oomparable life can be produced In such a bombardment. 

The long .. term stability of the counters may not be adequate for a reliable deter

mination of the half .. Ufe; however. a check. of two epin-6 buttons after 300 days 

ehowed a decrease in measured countln1 rates by a factor •t. 1, which may be 
I 

regarded as consletent with a ZSl·day balf.tife. Signah eorrespondima to spin 6 

wer.e observed at eeven trequeades, from Z.4 Me to 15.7 Me; the quadratic 

Zeeman term. U any is small. 
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Spin 

1 

z 
3 

4 

Counting rate 
(cpm)· 

Z.8 • O.l 
1. 7 !It: 0. 3 

z.z = 0.3 

1.7 * 0.3 
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Counting rate 
(c:pm) 

2.6 :;t: 0.3 

31.1 :1: 0.5 

z.o:!:: 0.3 

1..7 * o.z 

The reau.lt, spin i £or Ag 105, is not surprising, eince the stable isotopes 

Ag 107 and Ag 109 also have this spin: it is also consistent with the simple shell 

model 
5 

that calls for the odd proton to be in a Pol level. although the g
9

/ 2 level 
. . . . ·~ ~ ties c:lose. The odd neutron in Ag and Agll m is expected to lie in a dS/1. 

state. (However, the ground state o£ Cd. 111• with the aame neutron•n!UJ'ftber as 
110m · 1. · · · 1 ) · . Ag · , exhibits spin zt the !irst excited state, spin 5 Z. The observed spins 

of 6 cd~ld thus be attributed to-the eouplia.g of a g9/2. proton with a dS/Z neutron 

to give one le•s than the maximum spin, in agreement with Nordheim's "weak" 

rule, although other possibilities exist. tn· any event, one would expec.t a large 

positive magnetic moment. consistent with our failure to observe appreciable. 

quadratic Zeeman. term$". 
·.< 

. 5M. 0. Mayer and J. H. D. Jensen, Elementary Theory o! Nuclear Shell 
~$>,- ,···' .";,.''1'"'-- -;',tl·f":- ~...,..___,..,,",~. ,... _. •• ,.,.~'(.~?-;'[, ... ~ .... --~ •• ,... ........ -.--~- -· --· ....... -... ...... ·~. 

Structure (Wiley. New York, 1955), pp. 71-.9!. 
~~lli"i' .... +9•'" 
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FIGURE CAPTIONS 

Fi1. 1. The decay of apln-i sample from a rhodium bombardment ia compared· 

with a full-beam sample. The esaentia.Uy pure half-life of the spin-! 

sample serves to identify A,105 as responsible for the resonance sisn.al. 

Fia. 2. The decay·of ail 1 = 6 sample from a palladium bombardment identifies 

Ag 106 as responsible !or the spin 6 reaonaace. The Aa 105 sptu-1 resonance 

.. l.ri tl is observed by ~~e ot a different method ol productioa. from that showt1 
,·,:· \ .; 

. i•:',• 

in Fig. l. 
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