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E calculate here the effect of spin-orbit coupling on the
electronic g value expected in a spin-resonance experiment

on metallic Na in a field II. On account of the strong coupling
between electronic spins, it is assumed that in most of the transi-
tions only the component of the total spin along H changes.
Correlation and exchange e6ects do not aA'ect the energies of
such transitions and since we will not attempt to calculate line
widths, ' we may neglect such effects and use a sum of one-electron
Hamiltonians,

JQ=Z [{11'/2m){—iV+n)'+V(r)+)(r)1; s;];
n =eHX r/21tc; X(r) = (M/2ru'c'r) [d V(r)/dr].

(1)
1

The sphere approximation was made, and the Prokofjew field of
the free ion used for V(r). The result is not sensitive to the e6ect
of a correlation hole around the electron. Nuclear spin-electron
spin interactions, not included above, are comparable to the spin-
orbit effect only at temperatures low enough to have a large
nuclear alignment; that is, when T(1'K.

The approximation (1) allows us to treat the absorption in
terms of one-electron spin Qips. Since k is conserved, only electrons
at the top of the Fermi distribution need be considered. Because
of the quenching of orbital angular momentum by the motion
through the lattice, one expects g to be close to g,p' 2,0023.
The spin-orbit interaction can be treated as a perturbation, the
unperturbed states being pg(x)n and pl, (x)p, with the spin
quantized along II. Let 00 be the angle H, k; 8, y and 0', q' be
the polar angles from k and I, respectively. The calculation is
done by a development2 of the Bardeen method 3 rather than
calculate matrix elements, we solve the nonhomogeneous linear
equation of the first order in the spin-orbit parameter and satisfy
the proper boundary condition at the surface of the atomic
sphere by adding a solution to the homogeneous equation. We
have,

Pk(r) =uk(r)e'"' = [ue(r)+uq(r)+ ]e'
where the functions u„(x) have a cos"0 dependence on angle for
an s-band. The series in the u„'s converges rapidly only for small k.
Near the top of a band, k is not small, but still each u for n&0 is
small compared to uo(r) because of the smallness of Vuo(r) over
most of its domain. Since the 3p states are energetically ~10 or
more times closer to the 3s state than the higher states, it has
seemed reasonable to retain terms only up to uI(x).

Let X (r) = {[us(r)+es(r)]ee+gs(r)p)e' 'r be the first-order
solution; 2l&(r) is unimportant for the calculation and may be
neglected. The functions uo(r) and ui(r) are given in reference 3,
and the resulting equation for q k is, in atomic units,
—q(V'+2ik V) eg+ V(r) pa ——',k sin8eX(r) [r 'P(r) sin8 sine

+ikr(r 'P(r) rue(r) I sin8 cos8 sing]=Eee—t,
l

r 'I'(r) being the radial p function denoted by the same symbol
in reference 3, and E0= —0.6 Ry. The p part of qlr is given by
&by nonhomogeneous term with angular dependence sing sin@.

Let es(r) = [/(r)/r] sin8 sine. The equation for f(r) becomes
—$(d'f/dr' —2f/r')+ V(r)f—$k sin80) (r)P(r) =Eof,

where k=0.485ao '. This equation was solved numerically by
Stormer's method4 for the solution f(0) = (0); the boundary con-
dition is f=0 at the surface of the cell. The fact that the 1/r3
dependence of X(r) is not meaningful in the immediate vicinity of
the origin may seem to invalidate the physical meaning of the
procedure. However, it can be shown that because of the fact
that r =0 is a singular point of the homogeneous equation, the
details of the cutoff for )(r) do not affect the solution in a dis-
continuous way.

From x it is required to show that Ag=2J;, » x *L,x dr/
J~n g~ x~dr. This relation is not obvious when x - is an arbitrary
Bloch function, and it seemed worthwhile to establish it. The
proof consists of expressing x as a sum of bound functions,
p~ =Z& p&(r —r&) ei~ '" where the @z are determined essentially
by a method by Wannier, 5 'making a gauge transformation6 and
summing over the lattice in a way that yields the required result.

The answer is Ag= —3.7X 10 ' sin'80, and the strongest absorp-
tion occurs for 00=90', so that g, =2.0019.
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and for many helpful discussions, and Professor J. Bardeen for
kindly furnishing tables for the wave functions.
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Y using a recording radiofrequency spectrometer similar to
that described by Proctor, ' we have observed' a nuclear

magnetic resonance signal in liquid TiC14, and in an aqueous
solution of H&TiF6. This resonance occurs at a frequency of about
2.39 Mc in a magnetic Geld of 10,000 gauss and may be ascribed
to either Ti'~ or Ti", which are believed to be present in our
samples in their natural abundance of 7.5 percent and 5.5 percent,
respectively. The resonance signal in TiC14 is not simple, but
appears to consist of two partially resolved lines, symmetrically
spaced about a central line, the width of the total structure being
about 7 gauss. The ratio of the resonance frequency of the central
line to the resonance frequency of protons in H20 in the same
magnetic field has been found to be

I T;/I H =0.05638+0.00001. (1)
The-nature of the structure is not yet understood, but it may be
due to chemical effects or a mechanism previously observed
by Proctor and Yu' and by Gutowsky and McCall;4 however, if
the structure were due to this latter mechanism, 13 lines would
be expected instead of the 3 observed. The resonance signal from
the H2TiF6 sample is a single normal one and indicates a negative
magnetic moment. Also it occurs at a frequency lower than that
in TiC14 by about 0.1 percent; this is presumably a "chemical
shift. "~ In attempts to measure the spin we have compared the
amplitude and width of the Ti resonance signals in HgTiF6 with
those of N" in HNO3. However, our H2TiF6 samples appear to be
unstable and to exhibit variable quadrupole broadening depending
on slight variations in the method of preparation. This indicates
that the degree of dissociation into symmetric (TiF6) ions
depends sensitively upon chemical factors. Using the H2TiF&
sample showing least quadrupole broadening and assuming that
there is nearly complete dissociation& our measurements give a


