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ABSTRACT

" 196m

The nuclear spin of 9.5-hr Au has been measured by the atomic-

. . 2 .
beam magnetic-resonance method. Measurements in the “S; electronic
2

ground state have yielded the result I = 12, which is consistent with predic-

tions of the simple shell model.
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I. INTRODUCTION

196

Trhve existence of the 9.5-hr isomeric.state. of Au was first reborte‘d
by McMillan.and <:o—workers1 (1937) and later by Wilkinsonz (1949). More
recé'ﬁtly, the decay sche'me.of‘thi‘s isomer has been studied by Van Leishout

' e.tv'.'w'é;li.r3 (1959), and independently by Kava.nagh4‘ (1960). . A nuclear spin of
I=11was predicted in both the latter ~s.tudies, based on electron conversion
ratioé for the isomeric transition. The direct measuremeﬁt of the spin of
this'ivso‘mer now has been made successfully, by the method of atomic beams.

The measured nuclear spin is'I = 12. >

-II. THEORY and EXPERIMENT

. An atomic-beam magnetic-resonance apparatus of the flop-in type

196

was used to measure the nuclear spin of Au m by observing the AF = 0 .

2 . C s
transitions in the S; electronic ground state at low magnetic fields. The
2

apparatus us:ed and the theory and technique involved have been described
-elsewhere. 6 Therefore, only a br.ief discussion of the method is given here.
The energy of a free atom. of gold in the ZS% electrqnic ground state
.may be represented in a magnetic field by the Brei’c-.Rabi formula. 7 At low
magnetic field, in the "linear'" Zeeman region, the frequencies of all possible
transitions (.including the multiple quantum transitions)8 for AF = 0 are the

~

same and can be written by
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v z(‘gj + ZIgI) p‘o Hz nwgJ‘IJ'O I o (1)
Z2i+ 1) h Zi+ Onh

where

-

I is the nuclear spin, g1 and gy are electronic’ and'mi'cilea'r,g factors,

o is the absolute value of the Bohr magnetori, :

h is Planck's constant, |

and H is the external magnetic field.
Therefore, in the Zeeman region, for a given spin the relation betweeo. the
frequency V and the magnetic field H can be:r\qareeented by a strafilg}jxg‘,t line-as
shown in Fig. 1 for'1 =11, 12, and 13. |

The r;dioactive_ isotope used in this experiment was ~p'roduced from ‘
natura.} _platinu;m‘foil by bombardment with 48.—Mev_, a ‘particle_s: fromAth.e.uC rocker

196m

6Ofi_r1ch cyclotron on the Berkeley campus. The Au was formed by the

196m

reaction-Ptlgé(Q, pn)Au -along with the much more favorable reactions
Pt(a, kn)Hg, for k'=1,2,3,4. The induced mercury activity was much higher
than that of gold. In order to separate the gold from this me.rcu;'y‘ and the
platinum target,. about 20 mg of gold carrier.and about 500 mg mercury carrier
were dissolved.along with the platinum target in hot concentrated aqua regla
Ice was added in order to make the resultant solution cold and dllute '_ A
standard ohemlcal method was employed to extract the gold chlorlde-frorn the
rest of the solut1on 1nto e.thyl acetate. After evaporat1ng the- gold bearlng
ethyl acetate, by pourlng 1t slowly into beiling dilute HCl solutlon, metalllc |
gold was prec1p1tated by add1ng water freshly saturated w1th SO

A standard tantalum oven body with carbon liner. a.nd carboo cap was
heaﬁed by eleotron . bombardment to provide the source of beam atome. The

usual slits were repla.ced by a carbon snout to ensure good collimation of the

beam.
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Sulfur-coated buttons were used to collect radioactive atoms for the
resonance detection. | After exposure each button was counted in continuous-
flow methane counters:

III. RESULTS

The spin-search experiments indicated a strong signal at a frequency

corresponding to I = 12, as shown in Fig. 2. The decay of these samples

196m (9.5-hr) over

showed/an enrichment of activity with the half-life of Au
the norma_,l compositién of the beam. Figure 3 shows the decay curves of the
beam; of ;ché activity on.spin I = 12, and a theoretical curve calculated for
9.5-31.' A-u‘1 96m decaying to the ground-state 6. l-daLy9 Au196.

| Seven resonances at different magnetic fields are shown in Fig. 1.
A plot of the magnetic field intensity against the corresponding resonance
frequency is also shown in the same figure. Note that all the points lie very
close to the line _give1"1~ by -Eq. (1) for I = 12. The decrease of resonance
he‘ight With increasing magnetic field shows evidence of multiple -quantum
transitions .b to ,Consequently the hyperfine-structure separation of Aulg(mr1
is probably very large. This evidence is supported by the fact that there is
no deviation of the observed points from the Zeeman line in Fig. 1.

Although the harmonic output of the Tektronix Type 190 oscillator
is ‘small, there was the possibility that the resonances might be produced by
some harmonic of the fundamental frequency of the oscillation. Such an
occurrence would imply a different value for.the nuclear spin. A simple
experiment was performed to eliminate this source of possible error. After
a resonance had been observed on I = 12, other exposures were made at fre-
quencies corresponding to 2, 3,5, and 7 times the resonance frequency. No

significant signal was observed. The resonance therefore could not be in-

duced by any output harmonic between the second and tenth. Since the seven
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resonances of Fig. 1l lie on.a straignt line of proper slope for I =-12; the
possibility of the resonances being associated with other spins is remote..
Only spins.I = 0 and I = 2 occur with.-a slope which is.an integral multiple of : -
the slope-for.'I = 12. Repeated exposur'es‘,‘aii:.the frequencies corresponding
to I = 0 and 2 have indicated no resonance of 9.5-hr activity. - On the basis of

this evidence the.spin assignment is unambiguous.

Iv. .ﬂ DISCUSSION

In thisv region of the periodic table the .s‘p..herical shell model 1s ex- |
pected to apply. There is only one po‘ssible coupling of levels thaf will ex-
plain the experimental result, I = 12. Nordheim's weak rule predicts that a
proton-in thg h1 1/ level aﬁd a neutron in the»i_13/2 level should c-ouplle to a
value.near the possible maximum. .In our case that maximum is:I = 12.
From pure shell-model orbitals the parity is expected to be odao .Even with
considerable quenclﬁng, the nuclear moment should be very 1arée compareci

to the other gold isotopes.
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FIGURE LEGENDS

() ‘ .
196m as observed at several different magnetic.

Fig. 1. Resonances of Au
fields. The circles represent a correlation of the frequency of each
resonance peak with the field intensity at which the resonance was observed.

The straight lines are the Zeeman lines for gold, corresponding to different

possible spin assignments.

Fig. 2. Spin search at H = 8.Y4 gauss for radiocactive gold produced Ly

Pt(a,hp.kn)Au reactions.

Fig. 3. A comparison of the decay of the beam activity and the décay of

I = 12 activity. The solid curve is a theoretical curve, assuming
9.5-hr Au196m decaying to its ground-state 6.1-day Au196.
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