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Using the simple Sawatzky model, we have made an evaluation of the "overlap" contributions
to the electric-field-gradient (EFG) components at the non-axially-symmetric Fe+ site in
FeOCl. The modifications to the EFG components calculated previously by lattice-sum methods
are considerable. For 0 and Cl polarizibility o values of 1.0 A, it was possible both to
match the experimental asymmetry parameter q value of 0.32 and to get a Q(Fe ' ) value of
0.19 b, close to the ferrous consensus.

Recently there appeared a determination of the
Fe' nuclear-quadrupole coupling parameters per-
tinent to the non-axially-symmetric Fe ' site in
FeQCl. ' Unfortunately, the fit of a self-consistent
monopole-point-dipole lattice- sum electric-f ield-
gradient (EFG) calculation to these data was not
very satisf actory. The dipole contributions to the
EFG, for 0 and Cl polarizibilities n varying over
the range 1-3 A, were at times comparable to the
monopole sums (cation polarizibility was neglected).
The only way that the EFG asymmetry parameter p
could be properly fitted within the a range used was
to set no= ac&=1. However, this led to a calculated
Q(Fe' ) of 0. 33 b, which, in the light of recent
analyses, is probably much too large. We present
in this paper an evaluation, in this system, of the
EFG contributions due to the overlap distortion of
the Fe ' closed-shell orbitals by the ligands. Such
calculations have recently been made in n-A1203
and o.'-FesO, by Sawatzky and associates and by
Sharma. From their analyses in sapphire-type
geometries, these authors have obtained values for
Q(Al ) and Q(Fe' ) which agree very well with
other data. We use the more simple Sawatzky for-
mulation here.

Clearly, the non-axially-symmetric Fe + site in
FeOCl provides a more searching test, of theoretical
EFG calculations than the symmetric Fe 'site in
&-Fe,Q, . Also, unlike n- Fe,O„the lattice-sum
calculations in FeQCl are relatively insensitive to
variations in crystallographic parameters. ' How-

ever, as noted above, anion polarizibility enters
relatively prominently here. Before proceeding
further, we summarize the FeOCl Mossbauer-ef-
fect results. The quadrupole splitting ~z was
found to be 0. 916 a 0. 001 mm/sec; the q value was
0. 32+0. 03; and the x, y, z principal axes of the
EFG were parallel to the crystallographic c, 5, a
axes, respectively (c &a &b) with V„negative.

In this system, Fe' is octahedrally coordinated,
having as nearest neighbors two oxygen ions at
1.964 A, another two oxygens at 2. 100 A, and two
chlorines at 2. 368 A. In calculating the overlap
integrals, we have noted the arguments of Sawatzky
and associates in assessing the relative magnitudes
of various contributions to the overlap. There-
fore, we consider here the overlap of the Fe '

2p
and 3p orbitals with (i) the oxygen 2p orbitals and

(ii) the chlorine 3p orbitals. The basic equation
for the EFG contribution (V,',)„from each set k of 2
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ligands is [see Eq. (4), Ref. 3(b)]

(V,',)3 = —
3 e (3 cos 83 —1) [ (S33) (1/r )33

+ (S33) (1/r )+, +2S33 S33 (1/r')3e, 3i, ],
where the 2P and 3P designations refer to the Fe '
wave functions. The single-electron overlap co-
efficients S„'~are compounded as follows:

Snp Smp-—SnpSmg Sng S~p+S~Sm

The V„'„andV,', contributions follow from Eq. (1)
merely by replacing the 3 cos 8~ —1 term with
3sin38scos itl„—1 and 3 sin 83 sin itis- 1, respec-
tively. These angles (83, ys) specify in the usual
way the angular orientation of the ligands with re-
spect to our coordinate system. The 3P wave func-
tion for Cl was obtained using the Herman- Skill-
man computer routine'; the 0 and Fe 'wave func-
tions were obtained from Watson's paper and re-
port, 7 respectively. The values of (r 3) for the Fe
3P, Fe 2P, and Fe 3P, 2P wave function combina-
tions were 56. 17, 461. 96, and —153. 13 a. u. , re-
spectively. The S-type overlap integrals were
evaluated by the methods of Mulliken' and his as-
sociates. Additional overlap calculations were
made by one of us (G. A. S. ) using wave functions
from various sources. The numerics entering in

Eq. (1) are listed in Table I.
The composite EFG then follows as

i i ( ) ( Ii)cverlss+ (1 r ) (Vii)lattice sum ~

(2)

We take the R and y„shielding factors as 0. 32
and —9. 14, ' respectively. In Table II we list, for
several different 0' and Cl o values, the dipole
moment values and the V«sums. For each com-
bination of n's we list the V;, sums with (below)
and without (above) the overlap contributions. For
each case, we have computed q; using this g and
the calculated V„value, we have computed Q(Fe5™)
from the experimental ~z result. A negative val-
ue of g in Table II indicates that the calculated x and

y EFG axes are interchanged from the experimental
ordering.

The apparently good Q fit of the zero-e lattice-
sum data is untenable because of the reversal of
axes reflected in the sign of g. The lattice-sum
data for the case a& = ec&= 1. A, as mentioned
earlier, give an "exact" fit to q, and a Q of P. 33
b. Inclusion of overlap contributions seems to de-
press the calculated Q and q values for most of the
entries in Table II. In the case ao = nc, =1 A, we
find an g of 0. 31 and a Q of 0. 19b. This provides
an excellent match for the experimental g value and
for the current Q(Fe' ) consensus.

We note that Sharma's overlap formulation4 in-
cludes EFG contributions from the ligand valence
orbitals. In his analysis, the nearest-neighbor
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TABLE II. Evaluation of EFG components, g, and Q(Fe5~ ).

Gp +C1 Po PC1
b

V)g Q
8

—0.41 0.19

—0.19 0.14

0.159 0.361
0.32 0.33

0.31 0.19

1.5 0. 248 0.356
0.73 0.43

0. 52 0.22

0.346 0.350

0.86 0.26

The units used for n are A, 3.
"The urits used for p are A.
'The units used for V«are A 3. The V+ are ordered

as i=a, b, c. For each set of 2 values, the upper three

V&; represent the lattice-sum results. The lower three
contain the overlap contributions as well.

We define q as (V~- VM,)/V~.
'The units used for Q are b.

dipoles then would be subtracted from the lattice-
sum dipole EFG computation. (The point charges
on the nearest neighbors are corrected similarly. )
This subtraction would remove almost all of the

oxygen dipole contribution and reduce the chlorine
dipole contribution considerably. It will be inter-
esting to see what might ensue from a more sophis-
ticated version of this model.
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