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converged rapidly, and at most two terms were needed.
If one uses only the first term, the results for ion s
have the form

c(s)=A, [gp(s) (', b(s)=8,
~
(der/dr), ~',

where r is the distance from the center of the vacancy. '
The coeKcients 3,, and 8, are properties of the ion
and its nucleus alone, and fr and its radial derivative
are evaluated at the nucleus of the ion, The above
formulas are useful for extrapolating results from one
substance to another since the parameters of fr vary
smoothly with interionic distance.

The calculated results, in Mc/sec, are a(K")=35,
b(K")= 1.0, and a(CP') = 12. Feher's experimental
results are a(Ks') =21.6, b(K")=0.95, and a(Cl")= 7.0.
The calculation of b(Cl) has been omitted because of
failure of the asymptotic series. More laborious methods
could be used, but it is inadvisable in view of the
sensitivity of calculations involving the negative ions
to small changes in the variational parameters of fr.

These results do show that the relatively simple
wave function used can give the correct order of
magnitude for most of the magnetic hfs constants.
Consideration of these results and those of I indicates
that the positive-ion results are the most reliable, the
agreement improving with increasing interionic distance.

The author is indebted to Dr. G. Feher for the
opportunity of seeing an advance description of his
experiment. Miss Martha Neuman did the numerical
calculations.
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'HE discrepancy between the spin value of Np"'
as measured by Conway and McLaughhn' using

optical hyperfine structure (I= -', ), and the value
inferred from various decay scheme studies' (I= s) has
led us to redetermine the spin by an independent

method: microwave paramagnetic resonance absorp-
tion. ' Using this technique Bleaney, Llewellyn, Pryce,
and Hall4 have investigated the paramagnetic resonance
of long-lived Np"' incorporated as Np02+' ions in a
single crystal of UOsRb(NOs)s. Their results are in
good agreemei. t with a spin Hamiltonian:

AC= g„pH,S,+g+(H,S,+H„S„)+AS,I,
+8(I,S,+I„S„)+PPI,' I(I—+.-1)j; (1)

where x, y, s are the crystalline 6eld principal axes,
S= ', , I(N-p"') = 'g =-3 40 g~=0.2, A = (+)0.1654
cm ' 8=0.0178 cm ' P= (—)0.0301 cm ' P=Bohr
magneton. We have prepared 4 ttg (~1 curie) of Np'ss

by thermal-neutron irradiation of U"' in the Materials
Testing Reactor at Idaho Falls, Idaho. This was
incorporated, together with 3 pg of Np"', as Np02+'
in a single crystal of UOsRb(NOs)s weighing about
200 mg; KBro3 was added to the aqueous growing
solution to maintain the Np (VI) oxidation state. The
crystal was installed in the microwave cavity of the
paramagnetic resonance apparatus previously described'
with the crystalline s axis approximately parallel to
the dc magnetic 6eld H. Examination of the spectrum
at 4.3'K showed a pair of lines near g«—3.4 which we
attribute to Np"'. We thus conclude that I(Np'") =-'„
confirming the earlier result of Conway and McLaugh-
lin. ' The Np"' resonance lines were first seen with a
signal-to-noise ratio of about 20; this decreased to unity
after about 12 hours because of radiation damage. No
lines attributed to Np"~ were observed, presumably
because the large quadrupole interaction in this case
makes them more susceptible to radiation damage.
Thus our experiment does not rule out the possibility
that there is perhaps an isomeric state of Np'" with
I—2

Detailed resonance data were obtained by rotating
the wave guide and cavity containing the crystal about
an axis perpendicular to the B field; The position of
the two Np"' lines was found to fit within about 1%
the first order theoretical expression H, =(Ito&—',A)/
g„P cos(), which is obtained from the Hamiltonian (1)
for I=-,', assuming 8(45', where 8 is the angle between
H and s, and v is the microwave frequency (9380
Mc/sec in our case). The best fit is obtained by taking

g =3 40 A (Np'") =0.0503+0.0005 cm ' and cosi7
= cosn cosf where P is the (variable) angular position
of the crystal about an axis perpendicular to EI, and
o,—19' is the fixed minimum angle between 2 and H.
The angle 0. should be zero if the crystal were perfectly
aligned in the cavity; in our case this is not true because
the active crystal was quickly aligned by simply sighting
with the eye. The excellent fit of the observed lines
to the theory establishes them as certainly a hyper6ne
doublet, and we believe that the observed spectroscopic
splitting factor g„establishes their chemical identity.
They clearly could not be due to Pu"' (I=—', ) as PuOs+s,
for which Bleaney et a/. ' report g» =5.4, g~~o, 3=0.0862
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cm ', B 0 in the crystal used here. There remains
the remote possibility that the Pu'" in the crystal,
resulting from the decay of Np"', exists as Pu (IV)
and might be observed with, fortuitously, the g factor
of NpO2+'. An experiment to rule out this possibility
will be attempted.

A crystal containing 0.3 p,g Np'" and j.00 pg Np"' was
also prepared. This showed only the Np"r lines (both
allowed and forbidden), but the Np'ee lines were too
weak to be seen.

A separate experiment in which we attempted to
dynamically polarize Np'" nuclei by saturating the
forbidden paramagnetic resonance transitions as sug-
gested by Jeffriess was also performed. No &-ray
anisotropy was observed (e(0.05%), which is con-
sistent with I(Np'ss) = -', .

Using the value 2 (Np"') of Bleaney et al.' and our
value A. (Np'se) quoted above yields the ratio of the
nuclear g factors:

I
c(Np"') I/I g(Np'") I

=~ (Np"')/A (Np"')
=3.287&0.04.

Neglecting hyperfine structure anomalies, this gives for
the magnetic moment ratio

[ p(Np"') I/ I
Ic(Np"')

I
= 16.45&0.17.

Taking the value IIc(Np"') I
=6&2.5 nm of Bleaney

ef a/ ,
' we find . IIc(Np"') I

—0.3 nm.
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HE properties of BaTi03 have been shown to be
sensitive to impurities. ' ' Work in this laboratory

has revealed that BaTi03 containing samarium has very
unusual electrical characteristics associated with its
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crystallographic transitions (Fig. 1). In the tetragonal
region (0—120 C) the resistivity is almost independent
of temperature, but at constant temperature it decreases
with increasing applied voltage (noted also in other
temperature regions). This voltage dependence is too
large to be explained by non-ohmic contact sects. As
the temperature increases above the Curie point
transition (about 120'C), the resistivity rises rapidly
through several orders of magnitude until about 250'C
(not shown in the figure) when the resistivity then
decreases with increasing temperature. The resistivity
in all temperature regions varies widely with a small
change in the percentage of samarium.

Below the O'C transition the material displays
characteristics of a semiconductor with a small thermal
activation energy (0.1 ev). The —80'C transition
produces a very small jump in the curve (unnoticeable
in Fig. 1) but results in no apparent change in properties.
Thermal hysteresis is observed around the various
transitions.

At room temperature the material gives large front
to back resistance ratios, when tested with a phosphor
bronze point contact using dc voltage. Alternating
current, however, experiences little or no rectification.

Optical measurements indicate that samarium intro-
duces one or possibly two absorption bands between
0.9 and 1.5 ev below the optical absorption edge (3.1 at
room temperature).

The only electrodes employed so far have been silver
paint, indium-gallium, and evaporated silver (soldered
with indium). The latter two are by far the best,
though not entirely ohmic. Aging effects at room
temperature, in the form of an increase of resistance
with time, are ascribed to contacts. Temperature
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Fio. 1. Resistivity es temperature for BaTiOe+0.1 mole %
SmeOe. Note the change of abscissa scale from 10'/7' ('K) '
in the left-hand portion to T'K in the right-hand portion.


