Electron Distribution in Some Zincblende-Type Crystals *
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The elctron density distribution in crystalline ZnSe and ZnTe has been measured by X-ray
diffraction on powder samples and is compared with the results for other zincblende-type crystals.
It is shown that the data for these two compounds corroborate the linear dependence on the bond
charge that has been found earlier for the effective atomic charge from infrared reflection measure-
ments, the optical dielectric constant and the ionicity estimated from pseudopotential band theory.
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1. Introduction

The nature of the chemical bond of crystals with
zincblende structure has been investigated by differ-
ence Fourier synthesis using structure factors ob-
tained from powder samples. In the series of GaP,
GaAs and GaSb, a de-like deformation becomes
greater as the fifth-group atom becomes larger [1].
Part of the electrons shifted by that deformation is
added to the bonding electrons so that the number of
electrons in the covalent bond increases. This observa-
tion is supported by several linear relationships ob-
tained between a measure of the number of covalent
electrons and several material constants. To the above
series, the zincblende-type crystals ZnSe and ZnTe are
now added.

2. Experimental

The experimental procedures were almost the same
as those used for the series of the Ga compounds [1].
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The diffraction measurements on ZnTe were carried
out by a newly constructed powder diffractometer
with a curved-crystal Si(111)-monochromator. In the
difference Fourier synthesis anharmonic thermal vibra-
tions were taken into account. The atomic scattering
factors of the neutral atoms were used throughout.
The deformation densities 4¢(r) therefore represent
the deviations from the electron density distribution
of the superimposed spherical atoms.

Fig. 1. The difference Fourier map Ag(r) in the (1 10)-glane of
ZnSe. The contour-line interval is 0.1 electrons//\ . Solid
lines represent positive values, broken lines negative values.
Figure 1 is distorted in process of copying.
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Fig. 2. The difference Fourier map Ag(r) in the (1 10‘)&-glane of
ZnTe. The contour-line interval is 0.5 electrons/A°. Solid
lines represent positive values, broken lines negative values.

Table 1. A measure of the number of covalent electrons,
AN,,., of GaP, GaAs, GaSb, ZnSe and ZnTe, and the opti-
cally obtained effective charge e* [2], the optical dielectric
constants ¢ [3], and the ionicity f; estimated by pseudopoten-
tial band theory [4].

Crystal GaP GaAs GaSb ZnSe ZnTe
AN, 0.06 0.19 0.47 0.10 0.23
e* 0.24 0.20 0.15 0.34 0.27
f; 0.33 0.31 0.26 0.63 0.61

2 9.1 109 14.4 59 7.3

3. Results and Discussion

The maps of Ag(r) in the (110)-plane of ZnSe and
ZnTe are shown in Figs. 1 and 2. The results for ZnTe
are not as accurate as those for ZnSe because of limi-
tations imposed by the apparatus. A peak of 4o (r)
appears near the center of the chemical bond but not
as clear as in the corresponding Ga compounds. The
number of electrons, AN, inside a sphere around the
center of the chemical bond in the 4¢9-map was calcu-
lated as a function of the radius of the sphere in the
same way as described in [1]. The maximum value
AN, of AN is taken as a measure of the number of
electrons in the covalent bond. In Fig. 3, several mate-

_
s
& i Ga-
1ok
In-
6.—
4
T et
b o5 sl
Ly 5T
S B Ga-
2 5t O\o\
0. 4F

max

Fig. 3. Linear relationships between AN_,, and several mate-

rial constants, including the optically obtained effective
charge e* [2], the optical dielectric constant ¢ [3], and the
ionicity f; of the chemical bond estimated by pseudopotential
band theory [4].

rial constants, such as the effective charge e* obtained
from infrared reflection measurements [2], the optical
dielectric constant ¢ [3], and the ionicity f; estimated
by pseudopotential band theory [4], are plotted against
the AN,,, of the respective crystal. The numerical data
are shown in Table 1. Each graph consists of two
nearly parallel straight lines, one being for the Ga
compounds and the other for the Zn compounds. Al-
though the data for ZnTe are not so accurate, the
nearly parallel two lines in Fig. 3 show that the effect
of deformation of the electron cloud of the sixth-group
atoms is similar to that of the fifth-group atoms.
Around the center of the Zn atom, 4o (r) is negative in
both crystals. This situation shows that some elec-
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trons are shifted away from the Zn atom and increase
the ionicity of the bond. A Madelung-type ionic
potential of the Zn atom may reduce the deformation
of the sixth-group atom and diminish the number of
electrons in the covalent bond.
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