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Ionicity in 2 "B' Cz semiconductors
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The dielectric theory of ionicity has been used to calculate the bond ionicity in the 3 "B' C&

semiconductors. Our calculated values of bond ionicities, dielectric constants, and homopolar and
heteropolar energy gaps are in excellent agreement with the values reported by several workers.
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Phillips, Van Vechten, and Levine' have given the

In the last decade a considerable amount of experi-
mental' and theoretical ' work has been done to
further the understanding of ionicity in solids. The
dielectric description of ionicity developed by Phillips
and Van Vechten ' has been successfully used in a wide
variety of areas related to the crystal structures. Chem-
la and several workers " have extended this theory to
some complex crystals, neglecting the effect of noble-
metal d electrons. Levine' has generalized the theory of
bond ionicity in the case of various types of complexes,
also considering the effect of d electrons, but it is
difficult to generalize this theory for those compounds
for which the experimental values of dielectric constants
are unknown. Neumann" has derived these parameters,
interpolating the curves between susceptibility and the
square of the effective number of valence electrons (b,Z )

for some of the 3 'B" C2' compounds for which dielec-
tric constants are unknown.

A simple model has recently been developed based
on plasma frequency formalism for the calculation of
bond ionicity and other associated parameters for vari-
ous rocksalt, zinc-blende and CsC1 crystal structures.
The results obtained have been compared with previous
estimations. In this paper we extend the calculation of
bond ionicities reported earlier in the case of 3 "B' C2
compounds. An excellent agreement has been obtained
between the calculated values and the values reported by
Levine. '

Several workers present clear pictures on ionicity and
covalency. The ionic picture involves electron transfer
from one atom to another giving rise to two closed-shell
ions which interact mainly by Coulomb force and short-
range repulsion, while the covalent picture involves shar-
ing of electrons (bond change) between the atoms instead
of charge transfer; directed hybrids and their chemical
interaction describe the interactions. In order to deter-
mine the bond ionicity of 3 "B' C2 chalcopyrite crys-
tals which are tetrahedrally coordinated, the average en-
ergy gap E~zY of the X—Y bond can be separated into
the ionic C» and covalent Eh» parts as

2 2 2
Eg, &Y XY + h, XY

which yields the following relation for the bond ionicity:
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where az is the Bohr radius.
The expressions for the ionic and covalent energy

gaps, and the bond length for the 3 —C bond in
B C2 semiconductors can be written in terms ofII IV V

plasmon energy as

Eh ~c ——0.051 18(fico& zc)' eV,

C~c. ——5. 904b~c(fico~ gc)"

&&exp[ —5.971(fico~ „c) "~ ] eV,

d„c ——14.6337(fztczoc) " (fico& zc in eV, d„c in A)

(4)

(5)

(6)
where v=1.6533 and p = —,

' are the constants.
Similarly the expressions for the B—C bond can be

written as

h, Bc 0 8(ftcop, Bc )

CBC ——l. 81btic (fico~ tie )"

Xexp[ —6.4930(fico~ tie) "~ ] eV,
etc ——15.9124(fico~tie) " (fico~tie. in eV, dttc in A)

relation for Eh zY and CzY according to which Eh ~Y de-
pends on the bond length, and CzY on the difference be-
tween the screened Coulomb potentials of the atoms X
and Y in the compound XY and the Thomas-Fermi
screening factor. Both the screening factor, which
affects the chemical trend in a compound, and the bond
length are related to the effective number of free elec-
trons in a compound. The plasmon energy also depends
directly on the effective number of free electrons in the
valence band. Thus there must be some correlation be-
tween the physical process which involves the ionic and
covalent contribution to the average energy gap and the
plasmon energy of the compound. Therefore, the
present author thought it would be of interest to corre-
late these parameters with the plasmon energy.

The Thomas-Fermi screening factor has been correlat-
ed with the plasmon energy, and the expression for the
Thomas-Fermi momentum K, can be written as

1/3 1/2

+S,XY (f~,,
xr)'",
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TABLE I. Properties of the A "C bond in A "B' C2 compounds.

Compounds
ACOp

(eV)

E~, ~c (eV)
This Levine
work (Ref. 12)

C„(eV)
This Levine
work (Ref. 12)

This
work

fi, AC

Levine
(Ref. 12)

This
work

Levine
(Ref. 12)

ZnSiP2
CdSiPq
ZnGePp
CdGeP2
ZnSnP2
CdSnP2
ZnSiAs2
CdSiAs&
ZnCzeAs2
CdC" eAs2
ZnSnAs&
CdSnAs2

15.294
13.659
15.198
13.675
14.907
13.446
14.473
13.050
14.316
13.035
14.094
12.831

4.650
3.857
4.602
3.865
4.457
3.758
4.245
3.577
4.169
3.570
4.062
3.520

4.65
3.86
4.58
3.87
4.46
3.76
4.25
3.58
4.17
3.57
4.06
3.48

4.584
3.875
4.541
3.882
4.414
3.785
4.225
3.618
4.157
3.612
4.061
3.527

4.10
4.17
4.08
4.12
4.07
4.04
3.73
3.98
3.71
3.94
3.68
3.87

0.4927
0.5023
0.4932
0.5023
0.4951
0.5035
0.4976
0.5057
0.4986
0.5058
0.4999
0.5008

0.438
0.539
0.442
0.532
0.455
0.536
0.436
0.553
0.442
0.549
0.450
0.553

6.486
7.239
6.526
7.232
6.648
7.355
6.839
7.579
6.913
7.588
7.021
7.730

6.84
6.99
6.84
6.99
6.84
6.99
7.95
8.22
7.95
8.22
7.95
8.22

where ficop pQ is the plasmon energy for the B—C com-
pound and bz& is the prescreening factor. The plasma
frequency is obtained from the number of valence elec-
trons N, per unit volume, using the relation

The details of Eqs. (4)—(11) have been given by the au-
thor in his previous publications ' and by several other
workers s

The dielectric constant @ay of the X—Y bond is given
by the well-known relation ' '

cop ~y ——4nN, gye /m2 2 (10)
&xr =1+«~p, x~)'/Eg, xr . (12)

The N, zy can be expressed in terms of individual bond
properties, as

N, xz ——( Zx /N, x +Z r /X, r ) /v b xr,

where Zz and Zy are the numbers of valence electrons
of the atoms X and Y, N,z and N, y are the coordination
numbers of the atoms, and Ub ~y is the bond volume. In
the case of A "B' Cz crystals, N, z ——NcB =Ncc 4
U& zy ——4dzy/3&3, and the average value of prescreening
constant b has been taken as 1.3966 (Ref. 12) and 2.4516
(Ref. 12) for the A —C and 8—C bond, respectively.

Using Eqs. (1)—(12), the bond ionicity, homopolar (co-
valent) and heteropolar (ionic) energy gaps, and dielec-
tric constants of the A —C and B—C bonds in
AriB' C2v chalcopyrite compounds have been calculat-
ed. The results are presented in Tables I and II, togeth-
er with the values obtained by Levine' from interpolat-
ing the curve between known compounds. The calculat-
ed values are in fair agreement with the values reported
by Levine. ' In the present model, Eq xr, Cxr, f; xr,
and eely can be calculated without having any
knowledge of the experimental value of the dielectric
constant while the earlier models require this value in

TABLE II. Properties of B' C bond in A "B' C2 compounds.

Compounds
f1co& gc

(eV)
This
work

Ea, ac (eV)
Levine

(Ref. 12)

C~c (eV)
This Levine
work (Ref. 12)

This
work

fi, BC

Levine
(Ref. 12)

This
work

&BC

Levine
(Ref. 12)

ZnSiP2
CdSiP2
ZnGeP2
CdGeP2
ZnSnPp
CdSnP&
ZnSiAs~
CdSiAs2
ZnGeAs2
CdGeAs&
ZnSnAs2
CdSnAsz

18.757
18.845
17.944
17.905
16.203
16.194
17.620
17.642
16.997
16.850
15.524
15.388

5.294
5.335
4.920
4.902
4. 156
4.152
4.774
4.784
4.498
4.434
3.872
3.816

5.3
5.34
4.91
4.90
4.16
4.15
4.77
4.78
4.50
4.43
3.87
3.82

2.720
2.739
2.546
2.538
2.183
2. 181
2.478
2.543
2.347
2.317
2.045
2.017

2.45
2.59
2.60
2.68
2.71
2.71
2.54
2.64
2.12
2.21
1 ~ 53
1.59

0.2088
0.2085
0.2112
0.2113
0.2162
0.2163
0.2122
0.2202
0.2140
0.2144
0.2180
0.2184

0.177
0.191
0.219
0.231
0.298
0.298
0.220
0.234
0.182
0.199
0.135
0.148

10.931
10.874
11.494
11.521
12.93
12.922
11.731
11.603
12.223
12.343
13.568
13.710

10.41
10.41
11.55
11.55
12.65
12.65
11~ 80
11.80
14.29
14.29
18.08
18.08
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their calculations.
Hence it is possible to calculate the bond ionicities

and other associated parameters in 3 "B' C2 crystals
from their plasmon energies even if the experimental
values of dielectric constants are unknown.
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