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The J=O—&1 microwave transition of Si"D3F has been examined under high resolution for hyperfine
structure due to Si". No hyperhne structure was found, which sets an upper limit of 1)&10 "cm' to the
quadrupole moment of Si '. This is good evidence that the Si' spin is 1t2. The measurement also allows an
accurate determination of mass difference ratios for the Si isotopes.

i~ONFLICTING and somewhat inconclusive pieces~ of evidence on the spin of Si"are already available
from microwave and radiofrequency spectroscopy. ' '
Although a recent angular correlation experiment ap-
pears to provide evidence that the spin is 1/2, it
seemed desirable to press the microwave measurements
somewhat further than has previously been done.

If the spin of Si" were greater than 1/2 and the
nuclear quadrupole moment nonzero, the rotational
microwave spectra of Si" compounds would be expected
to exhibit hyperfine structure arising from the coupling
of the nuclear quadrupole moment to the molecular
6elds. The spectrum of Si"DSF was examined with a
high-resolution spectrometer in this laboratory, and no
such hyperfine structure was found.

'If the nuclear quadrupole coupling constant, egQ,
were small, an unresolved hyperfine structure appearing
as line broadening might be expected. The J=O—+1

transition of Si"DSF has been measured to have a line
width at half-intensity of 64+6 kc/sec at —78'C in
X-band waveguide at a pressure less than 10-' mm.
The same transition in Si 'D3F under identical condi-
tions was observed to have a half-wid. th of 63~3 kc/sec.
Si"may be assumed to have spin 0, and hence no hyper-
6ne structure. No evidence of line broadening in Si"D3F
is indicated. A quadrupole coupling constant egQ of
50 kc/sec would give a line broadening of over 10
kc/sec. Hence if the spin of Si" is not 1/2, its eqQ is
less than 50 kc/sec in the compound examined. This is
2000 times smaller than the quadrupole coupling con-
stant of Ge~' in the similar chemical compound GeH3C1.

One can calculate approximately what the maximum
quadrupole moment of the Si" nucleus might be con-
sistent with the upper limit of 50 kc/sec on eqQ. This is
accomplished by obtaining an approximate value of q,
the gradient of the electric 6eld along the molecular
axis, from a knowledge of the bonding structure. ' In the
covalent structure of SiDsF the three p orbitals are
equally populated, hence are spherically symmetric and
cannot contribute to q. In the ionic structure one p
orbital is 75 percent vacated, assuming tetragonal

hybridization. The Si—F bond might be expected to be
70 percent or more ionic on the basis of curves' of ionic
character versus electronegativity differences, as well as
from the bond length. ~ I,et us assume then that the
ionic structure is 80 percent important. Then the q in
SiD3F would be 60 percent of that in Sioux. The q of Sin
may be calculated by the usual method from the known
doublet separation, 287 cm ' to be q=8.5)&1015 esu.
Hence, for the partially ionic structure of SiDSF,
q=5.IX10" esu. This makes the quadrupole moment
of Si" a factor of 30 smaller than the smallest value
observed for a nucleus (the deuteron) with a spin
greater than 1/2, and a factor of several hundred smaller
than the moments for neighboring nuclei. The quad-
rupole moment of Si" would not be expected to be
large from what is known of its structure. However,
if the Si'~ spin is not one half, its quadrupole moment
should be roughly 100 times larger than the upper
limit set by this experiment.

From the above, it may be seen that our failure to
observe hyperfine structure in the Si"D3F spectrum
affords strong evidence that the spin of Si" is 1/2.

The isotopic mass ratio for the stable silicon isotopes
was also measured. The frequencies of the J=O—+1
transition of the various isotopes were as follows:

Si"DsF= 24 203.898+0.002 Mc/sec,

Si"DsF= 24 351.160&0.003 Mc/sec,

Si"DsF= 24 506.229&0.003 Mc/sec.

From these frequencies one computes the mass ratio:

M (30)—M (29)=0.49934~0.00003.
M (30)—M (28)

This compares extremely well with the measurement of
Duckworth, Preston, and woodcock, ~ from mass spec-
trographic data:

M (30)—M (29)=0.49934~0.00006.
M (30)—M'(28)
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It also compares well with an earlier microwave determi-

nation by Geschwind and Gunther-Mohr. '

M (30)—M (29) =0.49941~0.00005.
M (30)—M (28)
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The E-conversion line of the 1.06-Mev isomeric transition following the electron-capture decay of Bi"' is
suggested as a useful energy standard for beta-spectroscopy. While the 50-year half-life and 10 percent
conversion coefficient are comparable to Cs'&', the 60 percent higher energy, larger percentage E to L,

momentum separation, and the possibility of making thin and more uniform sources may be advantageous.
Precision measurements have been carried out in a double-focusing spectrometer by comparison with the
1.02-Mev electrons of RaC. The Pb"' Z-line has a momentum of 4657s9%1.0 gauss-cm from which an
electron energy of 975.9&0.3 kev and a transition energy of 1063.9+0.3 kev are derived. Measurements
have also been made on the X/I and If:/(I+M) ratios, which are 3.95+0.25 and 3.00 &0.25 respectively.
When compared with data on other M4 transitions, these results indicate that deviations from the empirical
X/I. curves take place at high Z. The usefulness of Biso' as a test source for beta-gamma coincidence de-
tectors is discussed.

INTRODUCTION

BOVE 0.5 Mev the only generally useful internal-
conversion reference standards which have been

measured' up to the present with an accuracy of 2

parts in 10' are the 3381.3 gauss-cm line of Cs"' and
the 9986.7 gauss-cm line of ThX. Although the 1.33-
Mev gamma ray of Co" and two electron lines of RaC
at 1.02 and 1.32 Mev have now been determined' within
this accuracy, the Co conversion electrons are impracti-
cal to use because of low-conversion coeKcient, small IC

to L separation, and poor specific activity, while the
RaC has the difhculties of a 20-min half-life and a large
beta-ray continuum under the lines.

Bi"' offers the possibility of partially filling in the
wide gap between Cs"' and ThX, insofar as electron
lines are concerned. This isotope, which decays by
electron capture to Pb"', was 6rst reported' by Neu-
mann and Perlman. They estimated the half-life as
being approximately 50 years, and they found a number
of internal-conversion lines which they measured in a
shaped magnetic field beta-ray spectrometer at 1.5 per-
cent resolution. By far the strongest line occurs at
975 kev, corresponding to a transition energy of 1063
kev. A 0.9-sec isomeric activity in lead, observed
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somewhat earlier by Campbell and Goodrich, was in-
terpreted' by Goldhaber and Sunyar as belonging to the
1.06-Mev gamma ray of Pb", which they then assigned
as an 3f4 transition. Relative conversion coeKcients of
the 1.06- and 0.56-Mev gammas, derived by Grace and.
Prescott and by Wapstra, 7 supported this assignment.
Recently Friedlander et a/. have shown conclusively
that the 0.9-sec activity belongs to Pb"".

Although the decay scheme of Bi"' is not yet estab-
lished, it is probable that the isomeric transition occurs
in a fairly large percentage of the decays. The theo-
retical E-shell conversion coefficient of the isomer is
0.103, and one can expect a yield of conversion elec-
trons quite comparable to that from a similar source
strength of Cs" .Because there is no electron continuum
and the other lines in the Bi"' spectrum are relatively
low in intensity and widely separated, the E-1064 line
can be used with virtually no scattered background
eGects.

Aside from extending the energy range of electron
reference lines by approximately 60 percent above Cs",
the bismuth activity has several advantages over the
latter. One of these is the larger percentage momentum
separation between E and L lines resulting from the
higher atomic number. In the case of cesium the E to L
separation amounts to 3.5 percent in momentum. When
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