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SPIN POLARIZATION IN ELECTRON SCATTERING FROM MOLECULES
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Theoretical results, obtained from the coherent superposition of the waves scattered
from the individual atoms, are presented for the spin polarization of 300-eV electrons
scattered by C2HBI and I2 molecules, and are found to be in good agreement with experi-
ment.

In a recent Letter, Hilgner and Kessler' pre-
sented results of the first measurements of
the spin polarization of electrons scattered
from molecules. They suggested that these
polarizations (for electrons of energies of the
order of a few hundred electron volts) could
be predicted by the coherent superposition of
the scattered waves from the individual atoms
which make up the molecule. Nonrelativistic
calculations have shown that the differential
cross sections can be predicted quite accurate-
ly using this model, but the calculation of the
polarizations requires the scattering amplitudes
calculated using the Dirac equation. In this
Letter we present the results of two such cal-
culations which show that this model does in
fact give results which are in reasonably good
agreement with experiment.

The relativistic treatment of the problem fol-
lows the same lines as the nonrelativistic ap-
proach, except that the scalar wave functions
in the asymptotic forms are replaced by the
four-component Dirac wave function

=a e +e u(6, p)/r (A. =1, 2, 3, 4).

If an average is taken over the possible orien-
tations of the molecule and over the initial spin

polarization of the electron beam, we obtain
the expression
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for the differential cross section, and

(2)

for the spin polarization, where f; and g; are
the relativistic scattering amplitudes for atom
i, s = 2k sin2 8, and ~ij is the distance between
the ith and the jth atoms.

The two cases considered have been scatter-
ing from I, and C,H,I molecules at energies
of 300 eV. The atomic scattering amplitudes
were calculated using the relativistic Hartree
structure and scattering programs developed
by Schonfelder. 3 In both cases the calculated
differential cross sections agreed to within
2% with those measured by Hilgner and Kessler.

The calculated polarizations are shown com-
pared with experiment in Fig. 1. The theoret-
ical polarizations for I, [Fig. l(a)] are the same
as those for atomic iodine, and do not depend
at all on the interatomic distance. The curve

827



VOLUME 20, NUMBER 16 PHYSICAL REVIEW LETTERS 15 APRIL 1968

0.4-

0.3-

(a)

0.2-

~ -0.'l-
D

~ -0.2-

V)

&-0 3-

C) -0.4—
CL

0.10-

Theory

Ex per irnent
(Hilgner 8

Kessler)

130' 150'

vapo ~l 'I

0.05-

-0.05-

-0.10-

FIG. 1. Spin polarization of 300-eV electrons scat-
tered by (a) I2 moleeules; (b) C2H&I molecules, as a
function of scattering angle &.

agrees well with experiment in all except the
peak region around 100', where the observed
polarization is less than half that predicted
by theory.

For C,H,I two models were used, one exclud-
ing and one including the hydrogen atoms. The
results obtained differed by less than 1 /o, which

is not surprising since the total cross section
for atomic hydrogen at this energy is much

smaller than those for the other atoms, being
6&& 103 natural units as compared with 4X 10'
for iodine and 9x 104 for carbon. The results
for the simplified model are shown in Fig. 1(b).
The theoretical curve again shows a slightly
higher polarization than the experimental. Com-
parison of this with the curve for I, demonstrates

very clearly the idea of "dilution" of polariza-
tion discussed by Hilgner and Kessler, in which
the very small polarization from the carbon
atom (the maximum is 0.16%) reduces the re-
sulting polarization, from the molecule as a
whole, from the 35Vo of the iodine atom alone
to only 8%. It must be stressed, however, that
this effect is due to the carbon atoms only, not
to both the carbon and hydrogen atoms as Kess-
ler and Hilgner suggested; since although the
electrons scattered from the hydrogen atoms
are virtually unpolarized, their contribution
to the scattering is negligible.

The differences between theory and experi-
ment could be due to any of the following three
causes: (i) errors in the atomic scattering am-
plitudes; (ii) errors in the interatomic distanc-
es used in the calculations; or (iii) modifica-
tions in the atomic potentials due to the prox-
imity of the other atoms in the molecule.

The first of these could arise because of ex-
change effects, the distortion of the atom by
the incoming electron, or correlations between
the motions of the atomic electrons; but this
is unlikely since at this energy these effects
are known to be small. The second source of
error is irrelevant for I„and in general should
be smaller for the polarizations, which depend
approximately on the ratios of the interatom-
ic distances, than for the cross sections, which
contain them directly and which are in good
agreement with experiment. This leaves the
final possibility, the modification of the poten-
tial due to the presence of the other atoms,
as the most probable cause of significant dis-
crepancies. If this is the case, then the polar-
izations can be used to obtain more informa-
tion about the precise form of the molecular
potential than is possible with the cross sections,
which appear to be relatively insensitive to these
changes.
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