
PHYSICAL REVIEW B VOLUME 52, NUMBER 16 15 OCTOBER 1995-II

Electronic charge distribution in crystalline germanium
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We use a recently published set of high-accuracy structure factors, based on p-ray measurements
[Dewey et al. , Phys. Rev. B 50, 2800 (1994)] to derive the charge density distribution in crystalline
germanium with a millielectron-level resolution. We use a multipole expansion model of the charge
densities represented as a superposition of orbital-dependent, nonspherical atomic charge densities.
We include in the model anharmonic and nonrigid atomic thermal motions. This model is then 6t to
the measured structure factors. We find (i) a considerable improvement in the fit residuals (especially
for the low-order structure factors) relative to our previous analysis, based on earlier measurements;
(ii) a factor-of-2 improvement in the agreement between experiment and our earlier ab initio density-
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by orbital nl and (At, At, () are fitting parameters.
The static structure factor p g,~(C) at the reciprocal
lattice vector G is obtained from Eq. (1) by Fourier
transforming p q,~(r). The dynamic structure factor
F (G) is then
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This is about twice the R, = 0.19%%uo value in
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TABLE II. Comparison of the "best estimate" experimental and fitted 8tatic structure fac-
tors p(G) for Ge units of e/atom. R, is the fit vs. experiment R factor [Eq. (3)]. bp(G) is

p,„~(G)—psq(G), thirteen values of p(G) are used to evaluate R values. The fit vs experiment R
in this table was calculated using static structure factors p(G) instead of dynamic structure factors
F(G) as in Table I, hence there are slight difFerences. Note that the R, for LZD is very different
from Table I, since we are now comparing with the current "best estimate" data instead of with
the old experimental data.
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Exp vs Fit

LDA vs Fit
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TABLE VI. The valence shell expansion/contraction pa-
rameter ~ ~ obtained by fitting the LDA-calculated static
structure factors pi, DA(G) by the multipole model in Eqs. (1)
and (2) for lattice vectors up to the indicated G „[denoted
by the corresponding (sin 8/A) „].iV is the number of struc-
ture factors within this limit. Negative values indicate expan-
sion. The fit to 13 measured structure factors yields values of
-10'%% to -17%, as shown in Table I.

Ab initio theory
Multipole model fit

Experiment

LDA
LZD ht
Fit A
Fit B
Fit C
Fit D
MKb
MB
TB2d

0.1135
0.1466
0.1304
0.1314
0.1469
0.1485
0.1330

+442
0.0026
0.0116
0.0098
0.0078
0.0111
0.0097

0.0079
0.0123

+e22
0.0020
0.0056
0.0047
0.0032
0.0041
0.0027

0.0070
0.0083

Reference 3.
Reference 7.

'Reference 26.
Reference 28.

TABLE VII. Multipole fit and LAPW-calculated dynamic
structure factors E(G) (using B = 0.5654 A. ) for the "for-
bidden" re8ections h + k + l = 4n + 2 in electron units. The
model fits are defined in Table I.

V. SUMMARY

The analysis based on the new p-ray measurements
of Dewey et al.s shows the following: (i) The experi-
ment versus model R factor B, is essentially the same
as the LZD 6t to the older data, but the fit residu-
als for the lowest-order structure factors are consider-
ably smaller here, indicating a better fit. (ii) The static
density p g ~(r) obtained from the fit shows a factor
of two improvement in the agreement with the ab initio
I DA calculations, bringing B and Rz into equality. Fur-
thermore, the unphysical
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