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Two important applications of the previously established ion-dependent dielectric model
have been incorporated. One is the accurate prediction of the electronic dielectric con-
stant of normal-valence compounds with complicated structures. The other one provides
a modification to the Phillips —Van Vechten theory for the heats of formation of binary
compounds which facilitates a better agreement between the calculated and the experi-
mental data.

I. INTRODUCTION

The ion-dependent quantum dielectric model for
normal-valcncc compounds, which has rcccntly
been established by Sarkar and Goyal, ' has pro-
duced manyfold applications, such as the predic-
tion for the strain derivatives of these com-

pounds, ' the calculation of the energy gap be-

tween bonding and antibonding states, etc. Only
the cation dependence in ionic solids had been used

by Pantelides to predict the values of electronic
dielectric constant e„ofQuorite- and antifiuorite-
structured solids. All these predictions agree ap-
preciably with the experimental data. In the first
part of this paper we further apply this model to
predict e„ for a large number of cross compounds
with comparatively complicated structures, using

both anion and cation dependence in covalent and
ionic solids, respectively. We will include struc-
tures like fluorite, antifluorite, and rutile (A28 and

382 crystals), Na3As, and Tlq03 (238 and A38q
solids). The dielectric study of such complicated
structures has been quite inconclusive until now.

In the second part we use the same model to
predict the heats of formation of A 8
tetrahedral semiconductors which is a very useful
structural property of solids.

II. e„OF CROSS COMPOUNDS

The semiempirical formulation for the ion
dependence of e„ofA 8' binary solids is given

by

where R is the interatomic separation. Among the

three families (I-VII, II-VI, and III-V), s is shown

to be a characteristic constant in each separately,
while the constant 8 is a cation characteristic in
ionic solids and an anion property I covalent ones.
Parameters 8 and s are not adjustable but their
values are readily obtained from the experimental

values of e„and R.' From these known values of
8 and s for binary solids, we may predict the same
for complicated cross compounds such as 328,
382, 338, and 2382 structures, and subsequently

they may be put in Eq. (1) to obtain their e„
values.

The procedure is as follows. Let us consider

238 compounds which consist of four inter-

penetrating lattices, one for each element in the
chemical formula. Now proceeding through anion

dependence, we may compare them with the same
anion III-V solids which are covalent in nature.
For example, I.i3Sb may be compared with InSb.
Li3Sb, having a group V anion, should have its s
value the same as that given for the III-V family.
All antimonides have the same value of 8. Both
Li3Sb and InSb have excited states of Sb, but for
each p electron InSb has three times the number of
Sb excited states as in Li3Sb. Thus, the value of 8
for Li3Sb should be one-third of the anion charac-
teristic 8 obtained for binary antimonides. All

338 solids will, therefore, have the same value of s
and one-third the value of 8, for the same anion
AB crystal.

An approach through cation dependence may
also be applied by comparison with the same ca-
tion ionic I-VII solids. With the same reasoning, 8
for Li3Sb should be thrice that for Licl or other

lithium halides. However, the value of s to be used

in this calculation should be that of I-VII com-

pounds. This prescription may be used to get the
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values of 8 and s for all-228, 382, and A38z
solids which may then be put into Eq. (1) to
predict their e„. The values calculated by this
procedure agree with available experimental data in

an impressive manner. The calculated values are
reported in Table I.

A brief discussion of the results is necessary
here. %e have already seen that the solids with
larger percentage of heteropolar energy C (ionic
ones) incline toward cation dependence, while com-
pounds with larger homopolar energy Es (covalent
ones) show anion dependence. ' In the case of
ZnC12, e„has been calculated through the cation
dependence of II-VI solids and a deviation of about
30% from the experimental value is observed.
This may suggest that the percentage of homopolar
energy in this solid is definitely larger than that of
the heteropolar contribution. We further note that
for 228, A38, and 2382 compounds, there are
differences between the two sets of values calculat-
ed through anion and cation dependences. It is a
matter of further study to calculate the value of Es
and C of these solids which will enable us to
predict the correct value out of the two. A solid
with El, greater than C will have its correct value

determined through an anion-dependent calcula-
tion, and for C greater than Es, cation dependence
will give a correct result. If the experimental data
is made available, a comparison will predict wheth-
er a particular sohd is more ionic or more co-
valent. For example, in LizO (the only solid for
which the experimental value is available), the re-
sult calculated using cation-dependent I-VII solids
is much more convincing than that calculated us-

ing anion-dependent II-VI ones, suggesting that
Li20 is more ionic in nature with a less covalent
contribution.

It may be noted here that the I-VII family is ex-

clusively cation dependent, hence we get parallel
lines for cation sets only. ' The negligible amounts

of homopolar energy in these solids suggest the
nonparalldism of anion lines (see Fig. 1 of Ref. 1).
In order to calculate e„ for 282 (II-VII&) solids

through I-VII compounds, our procedure will re-

quire comparison of anions which can not be done

simply, because for the same anions, the exponent s
for I-VII and II-VII2 solids will have no fixed
value.

Since the experimental data for all of these
solids are not available, we will prove the validity

TABLE I. Calculated and available experimental values of some AqB, A3B, A3B2, and

ABq solids.

A2B
sohds

Value of e„
through through

I-VII II-VI

A3B
solids

Value of e„
through through

I-VII III-V
Expt.

Li20
Li2Se
Li2Te
Na2S

K2S
K~Se
R120
R12S

2.73
4.80
5.84
3.65
3.49
3.81
2.69
3.49

2.50
3.58
4.03
2.77
2.48
2.74
1.81
2.36

Li3P
Na3P
Li3As
Na3As
K3As
Li3Sb
Na, Sb
K3Sb

5.8
5.3
6.3
5.7
5.4
7.5
5.8
6.0

3.7
4.5

5.2
5.9
5.7
6.7
7.7

A3Bg
solids

Value of E

through through
II-VI III-V

Expt.
AB2
solids through

II-VI

Be3N2

Mg3N2

Mg3P2
Mg3As2

Mg 3812
Ca3N2
Zn3P2

Cd3As2

5.4
4.3
6.8
7.3

10.1
3.6
7.5
8.4

3.2
4.0
6.7
8.0

11.6
4.2
6.1

7.9

MgF2
MgC12

MgBr2
CaFg
CaC12
ZnC12

SrF2
SrC12
CdF2

1.92
2.88
3.26
2.06
2.65
4.00
2.04
2.82
2.76

1.90
2.81

2.06
2.56
3.00
2.07
2.72
2.43
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III. HEATS OF FORMATION
OF BINARY TETRAHEDRAL SOLIDS

We start with a critical analysis of the theory
formulated by Phillips and Van Vechten (PVV) for
the heats of formation, H(AB), of binary tetra-
hedtral A +as + solids. The formulation given by
PVV is

3 2'
1 —b

Eo+E)

where f, is the Phillips ionicity, and Rz, and R„ii
is the interatomic separation in the Ge and
A 8 molecules, respectively. E~, Eo, and E~
are specific optical energies, and b is a constant re-
lated to the optical energy of gray tin.

The factor R~~ in Eq. (2) is questionable. While
prescribing this factor, PVV assume that (i) the
ionic energy C in all tetrahedral binary solids is
negligible as compared to its covalent part E~, and
(ii) Es scales as R ' for all AB solids. These two

assumptions give 8 '5 dependence for E, the

of these results by classifying them according to
the predicted values of e„and their directional
bond properties. Since the directional properties of
these solids depend on two factors; namely the
average quantum number of the valence electrons
and the electronegativity difference of the com-

ponent atoms, Mooser and Pearson plotted the
average quantum number against the electronega-
tivity difference in order to classify the more and
less directionally bonded crystals. They found a
sharp line of separation between more ionic and

more covalent solids. e„may be taken to be
directly concerned with the electronegativity differ-

ence, as the electronegativity difference of com-

ponent atoms is roughly proportional to. the dipole
moment of molecules. Thus, if one plots our cal-

culated values of e„against the average quantum

number, it will be readily seen that the-more and

less directionally bonded solids are separated by a
sharp line. This approximately confirms the valid-

ity of the calculated values of e„. Since the struc-

tures of valence compounds depend upon the direc-

tional characteristics of bonds, the structure of any

such solid may be predicted with help of this

classification.

TABLE II. Values of H(AB) given by PVV and cal-
culated through present modification compared with the
experimental data.

Solids Values of H(AB) in kcal/mole
Expt. Present PVV

ZnO
ZnS
ZnSe
CdTe
GaP
InP
InAs
GaAs

83.2
49.2
39.0
22.1

24.4
21.2
14.0
10.0

91,0
43.7
39,8
22.1

24.3
20.7
12.0
9.9

72.5
42.1

39.8
25.1
24.8
20.3
11.5
9.5
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average gap between bonding and antibonding
states. PVV show H (AB) to be proportional to
Ez/E~, EJ. being Fermi energy with 8 depen-
dence. This finally leads to R dependence of
H(AB).

However, PVV themselves have reported their
calculated values of Es and C for all binary
tetrahedral solids, which shows that C cannot be
neglected in most of the tetrahedral semiconduc-
tors, as their E~ and C are comparable. Also it
has been shown earlier that the R dependence
of Es is quite inappropriate. The ion-dependent
model, on the other hand, gives the dependence of
Ez on 8 directly without any references to E~.'

Thus, if the factor (Rz, /Rzz } in Eq. (2) is re-
placed by (Ro, /R„~)', the value of r can be readily
obtained from Es/E& dependence. We find r to be
equal to 2.44 for the covalent III-V family through
anion dependence, and 4.0 for II-VI family mem-
bers through cation dependence since this family
shows more inclination towards ionic nature. In
Table II the values calculated through this
prescription are compared with those given by
PVV with respect to the experimental ones. It can
be seen that the present model provides a better
agreement which proves a difinite improvement in
the formulation for H(AB}.
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