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Figure 2. Change of isomer shift vs. pressure diagram for
“ionie” compounds.
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Figure 3. Change of isomer shift vs. pressure diagram for “co-
valent” compounds.

a (or AR/R). Walker, et al.,”® have assumed that the
configurations of Fe(II) and Fe(III) are 3d®4s® and
3d%4s° and have used the difference in measured isomer
shift (~0.9 mm/sec) as a scaling factor. On this
argument, one would explain the effect of pressure
entirely by reduced shielding because the 3d orbitals
have spread out, as discussed earlier. This explanation
was used by Champion, et al.'® On the other hand,
Simanek and Sroubec'® assume that compression of the
wave functions is the major factor in the pressure effect
and use the pressure data to evaluate a, obtaining a
number about one-fourth the magnitude of that derived
by Walker, et al. Gol’danski'” and Danon!® arrive at
values similar to that of Simanek and Sroubec on more
intuitive grounds. Simanek and Sroubec would assign
the difference between Fe(II) and Fe(III) isomer shifts
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(17) V. I. Gol'danski, “‘Proceedings of the Dubna Conference on the
Mossbauer Effect,”” Consultants Bureau Enterprises, New York,
N. Y., 1963.
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Vienna, 1966,
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entirely to fractional occupation of the 4s level in the
latter case.

Insofar as we can estimate, neither effect is insignifi-
cant. There are several factors which make us believe
that the change in shielding is more important. (1)
Both the range of atmospheric isomer shifts and the
range of changes with pressure are quite small. These
include ligands with many different propensities for
electron sharing.  If oceupation of the 4s levels were an
important factor, one would expect a large spread in
isomer shifts. In fact, it is difficult to reconcile the
small spread of isomer shifts observed with the results
of molecular orbital (LCAO) calculations which indicate
a high covalency for Ie(III) which varies widely with
the ligand. Apparently this type of wave function is
adequate for caleulating energy differences ohserved
optically, but is a poor approximation to the amplitude
of the ground state as seen at the nucleus. As men-
tioned earlier, changes in the tail of the wave function
are not necessarily reflected in the shape of the inner
part. (2) The change in isomer shift with pressure does
not correlate with the compressibilities, as would he
expected from compression of the s electronic wave
functions, but ferrous materials do tend to show a some-
what larger shift than the ferric materials, which would
be expected if the dominant mechanism were changing
of the 3d shielding. (3) Band calculations for iron!®
indicate that with decreasing interatomic distance the
energy of the 3d part of the conduction band lowers in
energy wvis-a-vis the 4s part. MNeasurements of the
change of isomer shift with pressure®2-22 ¢ombined
with the analysis of Ingalls!® are more consistent with a
large negative value of « as predicted by Walker, et al.,
than with the smaller magnitude caleulated by Simanek
and Sroubec. One can relate this to the dominant role
of changing 3d shielding. We wish to emphasize, how-
ever, that the change of isomer shift with environment is
still an open question, and an interesting one.

The Oxidation State of Iron

As discussed in the previous sections, the Mossbauer
spectra of high-spin I'e(II) and Fe(III) are entirely
different as regards both isomer shift and quadrupole
splitting, so that it is easy to estimate the relative
amount of one oxidation state in the presence of the
other from computer-fit areas. ~Although the difference
in spectra for low-spin states is less spectacular, the cal-
culation is still possible. One of the most interesting
results of high-pressure studies is the observation that
ferric ion reduces to the ferrous state with pressure, and
this is reversible, with some hysteresis.®!1=13  Typical
spectra appear in ref 9 and 11. A greater or lesser
degree of conversion has been observed in FeCls, I'eBr;,
KFeCly, LilFels, FePO,, Fey(S0,); Fe(NCS); Ie-
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Letters, 7, 465 (1961). ’

(21) M. Nicol and G. Jura, Science, 141, 1035 (1963).

(22) J. A. Moyzis and H. Gi. Drickamer, Phys. Rev., in press,




