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ABSTRACT 

Interesting relationships have been found between refractive index, plasmon energy, electronic 
polarisability, bond length, microhardness, bulk modulus, force constants and lattice energy. An attempt 
has been made for the first time to correlate only one physical parameter with others. The calculated 
values are in good agreement with the experimental values as well as with the values reported in the 
literature. Refractive index data is the only one parameter required to estimate all the above parameters. 
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1 .  INTRODUCTION 

Recently, much attention has been given to the 
study of binary tetrahedral semiconductors because 
oftheir potential applications in linear and nonlinear 
optics, solar cells, light-emitting diodes, laser 
diodes, and integrated optical devices, such as 
switches, modulators, filters, etc. The evaluation 
of refractive indices o f  a semiconductor is of 
considerable importance for different applications, 
where the refractive index of the material is the 
key parameter for the device design. On the basis 
of Phillips and Van Vechten's' quantum dielectric 
theory, the refractive index, plasmon energy, and 
energy gap are  interrelated. K ~ m a r , ~  et al. 
have successfully developed several empirical 
relationships between plasmon energy, micro- 
hardness, and bulk modulus. R e d d ~ , ~ - ~  et al. have 
given a relationship between refractive index and 
bulk modulus, nuclear effective charge, microhardness, 
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optical electronegativity and electronic polarisability 
of semiconductor materials. 

Recently, Kumar6 estimated interatomic force 
constants and bond lengths for various semiconductors 
using plasmon energy. Kumarl, et al. have reported 
interesting relationships between the electronic 
polarisability, lattice energy and plasmon energy. 
Ravindra and Srivastavas have developed Clausius- 
Mossotti equation, through a phenomenological 
approach, involving plasmon energy and average 
Penn gap. Most of the  correlations discussed above 
are directly linked with plasmon energy. Plasmon 
energy and refractive index are well related with 
each other. Sincere efforts have been made for 
correlating the above parameters, but still many 
uncertainties exist, on how different physical parameters 
affect the structural, elastic and solidstate properties 
of semiconductor materials. In this paper, a number 
of equations have been proposed to estimate plasmon 
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energy ( n o d ,  electronic polarisability (apo,), bond 
length (d), force constants (a ,  P), microhardness 
(H), bulk modulus (B) and lattice energy (U). The 
calculated values of these parameters are in good 
agreement with the values reported by different 
investigators, as well as with experimental values. 
Some compounds ofthis family are potential candidates 
for infrared detectors used in military applications. 
Since the optical properties o f  semiconducting 
compounds play an important role in device develop- 
ment and fabrication, it is worthwhile to discuss 
the optical properties in terms of structure, stability, 
bonding, and other physical parameters. 

- 0.1779, respectively, and for A"'BV semiconductors 
are 47.924, - 0.3546, respectively. 

Ravindra and Srivastava8 have derived a relation- 
ship similarto that of Clausius-Mossotti in which nu,, 
is involved. Replacing nwp with the above relation, 
one may get the electronic polarisability (apo,) as 

so K, exp (K24  
"" = (So K, exp ( ~ , n )  + 3 ~ :  

2 .  THEORY & CALCULATIONS . , 

Phillips and Van Vechten'sl quantum di-electronic 
theory has been used to correlate refractive index, 
plasmon energy, and energy gap. Therefore, it was 
thought to be of interest to give an expression for 
refractive index and plasmon energy. Based on the e~ 
above, the following relationship for the plasmon 
energy (nw,,) has been proposed: 

n o p  = m exp (bn) 

413 
E, = 0.2948 x (nw,) eV 

(1) 
Here, S,, E,, E,, M and p have the same 

Here, n is the refractive index, and rn and b meaning as desc;ibed by ~ a v i n d r a  and Srivastava8. 
are the constants. The numerical values of these K, and K, are constants and are listed in Table I 
constants for A"BV1 semiconductors are 22.079. for A"BV' and A"'BV semiconductors. 

Table 1. Numerical values of eonstants K,, K,, K,. K,, K, 

Parameter Semiconductors KI  Kz K3 K4 Ks 
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Recently, Kumar6 has proposed a relationship 
between bond length and plasmon energy for the 
A"BVi and A"'BV groups of semiconductors. In the 
present study, the following relationship has been 
proposed for the estimation of bond length, d (A) 
using refractive index of the material: 

d (A) = K, exp (Kp)  (3) 

The relevant values o f  K,  and K, are listed 
in Table 1 for AI1BV1 and AIiiBv groups of 
semiconductors. Kumar2, et al. have proposed 
some relationship between microhardness, bulk 
modulus and plasmon energy. Using the relationship 
proposed by Kumar', et al., the following expressions 
have been obtained for mic'rohardness and bulk 
modulus: 

H(GPa) = K, exp (K2n) - K3 (4) 

B(GPa) = K, exp (K,n) - K3 ( 5 )  

Though the above equations appear to be the 
same yet the nature of the linearity and their constants 
K,, K, and K, have different magnitudes. These 
values are listed in Table 1. 

Recently, KumaP has proposed a simple relationship 
between the interatomic force constants a and 0 in 
terms of nap. In the present calculations, a and p 
are expressed in terms of n by the following equations: 

a (Nlm) = K, exp (K,n) ( 6 )  

p (Nlm) = 0.28 (1 -3)  a (7) 

Neumann's9expression Eqn (7) is used for the 
estimation of p. J; is the ionicity of the semiconductor. 
The bond-stretching force constant ( a )  values are 
obtained using Eqn (6) in Eqn (7) to estimate the 
bond-bending force constant P. Kumar7, e t  a/. 
have developed a simple relationship between lattice 
energy and plasmon energy. Based on curve fitting, 
the following equation is proposed for calculating 
the lattice energy in terms of refractive index (n): 

U = K, + K,  exp (K,n) - K, exp (K ,n)  (8) 

Here, K,, K,, K,, K, and Ks are listed in 
Table I for A"BV1 and AI1'BV groups of semiconductors. 

The proposed correlations are empirical in nature 
and the numerical constants involved in the equations 
are unique in the sense that they represent the 
best fit with the experimental data. The relevant 
input data n, M, p andf i  values have been taken 
from l i t e r a t ~ r e ' ~ - ' ~  to estimate, plasmon energy 
(nap), electronic polarisability (ap,) ,  bond length 
(d), microhardness (H), bulk modulus (B), force 
constants (a,P) and lattice energy (U). One can 
estimate the above physical parameters with the 
knowledge of refractive index (n) only. 

3. RESULTS & DISCUSSION 

The present paper reports different trends between 
refractive index (n), nap,  ap,,, d, a ,  p, H, B a n d  
U in A"BV1 and Ai"BV groups semiconductors. The 
above physical parameters are computed 
using Eqns (1-8) and are listed in Tables 2 to  5. 
The relevant K values are listed in Table I .  
Figures 1-6 show the graphical representation of 
refractive index versus different physical parameters 
for 11-VI and 111-V groups of semiconductors. An 
excellent agreement has been observed between 
the calculated values of the above parameters and 
the values reported by different  worker^^-^.^-'^ as 
well as the available experimental values. The 
accuracy of the estimated physical parameters nap, 
an",, d, force constants (a$), H, B and U mainly 
depend on the reliability and precision of the refractive 
index (input data). The calculated values of nap  
for SrTe, MgTe, SrSe, Bas,  Base and ZnS are 
deviating more in comparison with ~ t h e r s ~ . ' ~ .  The 
obtained plasmon energy values from Eqn ( I )  in 
the case of 111-V groups of semiconductors are 
in good agreement with the literature  value^^.'^. 
The bond length values listed in Table 2 are in 
reasonable agreement (except BaS and Base) with 
the corresponding values given by Kumar6.', et a/. 
Experimental results confirm the present empirical 
rule. The proposed relationships between refractive 
index and electronic polarisability and bond length 
give an access to study the nature of bonding. 
Pauling has first established the nature of chemical 
bonding using the electronegativity concept. It can 
be observed from the tables that as the electronegativity 
difference for the groups of semiconductors and 
bulk modulus with common cation decrease with 



Table 2. Plnsmon energy and bond length of binary semiconductors 

Refractive Plasmon energy, no, 
Bond length, d 

Compound index (ev) (A) 
n [ lo-  121 Eqn(l)  Ref (6.10) Ean (3) Ref 16.7) 

CaS 2.05 15.331 15.16 2.479 ---- 
Case 2.09 15.223 14.10 2.490 ---- 
CaTe 2.17 15.008 13.86 2.514 ---- 
SrS 2.11 15.169 14.32 2.496 ---- 
SrSe 2.13 15.115 13.20 2.502 ---- 
SrTe 2.21 15.901 12.20 2.419 ---- 
Bas 2.21 14.901 13.09 2.526 3.18 
Base 2.38 14.457 12.41 2.578 3.3 1 
MgSe 2.03 15.386 16.45 2.473 ---- 
MgTe 2.12 . 15.142 12.99 2.499 2.75 
ZnS 2.27 14.743 16.71 2.544 2.36 
ZnSe 2.43 14.329 15.78 2.593 2.45 
Zn Te 2.70 13.659 14.76 2.677 2.63 
CdS 2.38 14.457 14.88 2.578 2.52 
CdSe 2.49 14.177 14.01 2.61 1 2.62 
CdTe 2.70 13.657 13.09 2.677 2.78 
AlllBV 

BN 
A IN 
AIP 
AlAs 
AISb 
GaN 
Gap 
GaAs 
Gasb 
InP 
lnAs 
InSb 

the refractive index and hence electronic polarisability 
increases. This trend is noticed in the case of 
11-VI and 111-V groups of semiconductors. The 
ionic character can be understood from the proposed 
relations. Electronegativity difference of the two 
atoms forming a compound and band gap (Es)  are 
interrelated4. Compounds with ionic bonding have 
the largest band gaps and covalent bonding have 
the smallest ones. Electronegativity describes the 
pre-desposition of an atom to absorb electrons; its 
units are the square root of bond strength. Thus 
an atom with higher electronegativity will be more 

reactive chemically than one with a lower 
electronegativity. When the electronegativities with 
an atom engaged with covalent bonding are similar, 
this factor has little influence on bonding. However, 
when the difference of the electronegativities of 
the two species is equal or more than about 0.2 
units, small amounts of ionic bonding may take 
place along with the covalent bonding. 

Longer electronegativity difference involves 
the higher degree of ionicity in the bonding. It is 
probable that perfectly pure covalent bonding normally 



Table 3. Electronic polarisability and lattice energy of binary semiconductors 

Electronic polarisability 
Refractive Lattice energy, U 

Compound index I ~ M ( ~ ' I  (kcallmol) 
n(10- 121 Eqn (2) Knownt Ref (7) Ref (8,13,14) Eqn (8) Ref (7) 

CaS 
CaSe 
Ca Te 
SrS 
SrSe 
SrTe 
Bas 
BaSe 
MgSe 
MgTe 
ZnS 
ZnSe 

Zn Te 
CdS 
CdSe 
CdTe 
*lIl~\' 

Bh; 2.10 2.1 1 2.45 2.75 2.32,2.45 965 999 
AlN 2.16 2.51 2.74 3.22 2.74,2.94,2.94 955 969 
A IP 2.75 6.21 6.50 6.88 6.50, 5.92, 7.08 868 837 
AIAs 3.00 7.42 8.16 7.83 8.16.7.51. 8.33 835 817 . 
AISb 3.19 10.19 10.10 10.75 10.23, 9.59, 10.10 811 77 1 
GaN 2.40 3.12 3.80 3.58 3.33, 3.33, 3.18 918 949 
Gap 2.90 6.59 6.87 7.03 6.24 848 834 
GaAs 3.30 8.02 8.27 8.31 7.66 797 808 
GaSb 3.79 10.79 10.72 11.38 10.34 743 763 
InP 3.10 8.64 8.94 9.09 8.66 822 795 
I d s  3.50 10.21 10.48 9.72 9.53 774 779 
InSb 3.95 13.20 13.46 12.74 14.27 726 748 

Calculated from the Clausius-Mossotti relation [ (n2-I) l (n2+l) ] MI p = 2.53 x taking n, Mand p values from Ref [lo-121 

does not exist in compounds because no two atoms 
have identical electronegativities, small degree of 
ionicity are present. The percentage of ionic bonding, 
based on Pauling's criterion, is estimated to be 22 
per cent in CdS and ZnS. After careful examination 
ofthe crystal structure, it is known that the wurzite 
structure is more favourable for crystals with large 
charge difference of electronegativity between the 
two kinds of atoms. In other words, the general 
tendency is such that the wurzite structure is more 
proven than the zinc blende structure having a 

higher degree of ionicity. The nature of the bonding 
is clearly evident from this discussion. 

Estimated physical parameters in the present 
study are in good agreement with the values reported 
by the different investigators. Several other workers 
have also estimated these parameters with distinct 
ideas. But, all the methods enumerated in the literature 
involves tedious or too many experimental 
 parameter^^-^.^-'^. The main advantage of the present 
model is the simplicity of the formulae, which do 



Table 4. Microhsrdness and bulk modulus o f  binary semiconductors 

Microhardness, H Bulk modulus, B 
Refractive 

Comoound index 
(GPa) (GPa) 

n [lo-121 
Eqn (4) Expt Ref (2) Ref (2, 15) Eqn (5) Expt Ref (2) Ref ( 2 4 9 )  

CaS 

Case 

Ca  Te 

SrS 

SrSe 

S'Te 

Bas 

Base 

MgSe 

MgTe 

ZnS 

ZnSe 

ZnTe 

CdS 

CdSe 

CdTe 

*"'BY 

BN 

AIN 

C a N  

GaAs 

not require any experimental data except nop,  and bond length values are not in  good 
refractive index of the semiconductors. In the agreement with the reported  value^^.'.^. This may 
case of calcium, strontium, barium atoms linked be due to the strong electronegative Se- and Te- 
with selenium (Se)  and tellurium (Te), the estimated ions. 
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Figure 1. P lo t  shows the graphical representation of 
refract ive index versus d i f fe rent  physical 
parameters for 11-VI groups ofsemiconductors. 

2.0 2.5 3.0 3.5 

REFRACTIVE INDEX 

Figure 2. P lo t  shows the graphical representation of 
refract ive index versus different physical 
parameters for 111-V groups of semiconductors. 

In terms of the bonding, ReddyI4, et ol. have 
reported that the electronegativity difference (AX) 
in the groups of semiconductors with common cation 
decreases, the optical susceptibility and electronic 
polarisability increase. The magnitude of AX indicates 
the nature of the b ~ n d i n g ' ~ . ' ~  (ionic or covalent). 
AX Values are slightly higher for 11-VI groups of 

r BULK MODULUS . FORCE CONSANT 

30 / 
2 .O 2.2 2.4 2.6 

REFRACTIVE INDEX 

Figure 3. P lo t  shows the graphical  representation of 
refractive index versus physical parameters for 
11-VI groups o f  semiconductors. 

2.0 2.5 3.0 3.5 

REFRACTIVE INDEX 

Figure 4. Plot  shows the graphical representation of 
refractive index versus physical parameters for 
111-V groups o f  semiconductors. 

 compound^'^. It indicates that the ionicity in these 
compounds is more in comparison to 111-V groups 
of compounds. Equation (2) has its special significance. 
It connects Penn gap, Fermi energy, plasmon energy, 
refractive index and electonic polarisability. Moreover, 
it is similar to that of Clausius-Mossotti relationship. 
Except MgTe and ZnS values of a, P, the other 
estimated values are in good agreement with others6. 
The empirical relationship proposed in the present 
study will stimulate basic research in describing 
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2.0 2.2 2.4 2.6 

R E F R A C T I F  INDEX 

Figure 5. Plot s h o w s  the  graphica l  representat ion of 
refractive index versus lattice energy for 11-VI 
groups of semiconductors.  

REFRACTIVE INDEX 

Figure 6. Plot  s h o w s  the  graphical  representat ion of 
re frac t ive  index  v e r s u s  la t t i ce  energy  for  
Ill-V groups o f  semiconductors. 

the physical characterisation o f  compound 
semiconductors. In most of the cases, the values 
coincide with the others. Hence, it is possible to 
predict the above parameters of the compound 
semiconductors with the knowledge of only one 
parameter called refractive index. 
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