
ISSN 2229-7596 (Print) 
ISSN 2319-7617 (Online) 

 

Journal of Pure Applied and Industrial Physics, Vol.8(5), 54-61, May 2018 
(An International Research Journal), IF = 4.715, www.physics-journal.org 
 

54 

Electronic Properties of Rare Earth Monopnictides 
 

Priyanka Kumari1 and Dheerendra Singh Yadav2 
 

1Department of Electronics and Communication, 
Sanskriti University Mathura-281401 (U.P.) INDIA. 

2Department of Physics, 
Ch. Charan Singh P G College Heonra, (Saifai) Etawah-206001 (U.P.), INDIA. 

*Corresponding author: dhirendra.867@rediffmail.com. 
 
 
 

(Received on: May 5, 2018) 
 

ABSTRACT 
 
In this paper, we have investigated the electronic properties of rare earth 

mono-pnictides in rock-salt structured using the plasma oscillations theory of solids.  
We have presented the expressions relating the homopolar gap (Eh), ionic gap (Ec), 
average energy gap (Eg), crystal ionicity (fi) and electronic polarizability (αe) for rare 
earth monopnictides with the plasmon energy (ћωp). The electronic properties such as 
homopolar gap, ionic gap, average energy gap, crystal ionicity and electronic 
polarizability of these compounds exhibit a linear relationship when plotted on a log–
log scale against the plasmon energy (ћωp). A fairly good agreement has been found 
between observed and calculated values of Eh, Ec, Eg, fi, and αe for rare earth 
monopnictides. 
 

PACS Nos. : 77.22 Ch. 62.20 De., 63.20 Ls 
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1.  INTRODUCTION 

 
Metals form an important class of technological materials that are exploited widely for 

their ductility and high electrical and thermal conductivity. The electronic properties of rare 
earth mono-chalcogenides and pnictides have long been a challenge to investigators; the 
chalcogenides and pnictides are difficult to fabricate into single-phase crystals and the 
experimental picture of their electronic structure is far from clear. During the last few years1-5, 
frequent attempts have been made to understand the electronic properties of rare earth 
compounds. This is because of  their interesting semi conducting properties and various 
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practical applications in the field of non-linear optics, electro-optic components, glass-making, 
grinding alloys, composites lasers, phosphors lasers, and electronics. Crystal ionicity is one of 
the most important key parameter of semi-conducting materials in discussing problems in the 
field of elastic constants, cohesive energy, heats of formation, bulk modulus and crystal 
structure6. Many researchers7-11 have developed various theories and calculated crystal ionicity 
for the case of simple compounds. Phillips and Van Vechten have calculated the homopolar 
and heteropolar contribution to the chemical bond in the binary semiconductor alloys. This 
theory is based on the simple one-electron model originally suggested by Penn10 and the model 
has used to separate the average energy gap into homopolar and heteropolar parts. The 
homopolar energy gap is taken to be a function of the nearest-neighbor distance only. Levine6 
has extended the Phillips and Van Vechten (PVV) theory for complex structured compounds 
considering also the effect of d core electrons. Singh and Gupta11 have introduced the 
justification of Levine’s theory. It is clear from the Levine’s modifications as well as PVV 
theory that the value of homopolar energy gaps (Eh) depends upon the nearest neighbor 
distance, while heteropolar energy gaps (Ec) is a function of nearest-neighbor distance and 
valence number of electrons taking part in the bond formation. Singh et al.12 have calculated 
the homopolar and heteropolar energy gaps in terms of inter-ionic separation R (in A0) of ANB8-N 
type crystals using the power law. In the previous work13,14 we have presented an empirical 
relations for the optical, electronic, static and dynamical properties in terms of plasmon energy 
of II-VI and III-V group binary solids. In many cases empirical relations do not give highly 
accurate results for each specific material, but they still can be very useful. In particular, the 
simplicity of empirical relations allows a broader class of researchers to calculate useful 
properties, and often trends become more evident.  

 
In this paper we propose a method based on the plasma oscillation theory of solids for 

the calculation of the homopolar gap (Eh), ionic gap (Ec), average energy gap (Eg), crystal 
ionicity (fi) and electronic polarizability (αe) in rocksalt NaCl (B1) structured rare earth 
monopnictides. It is now well established that the plasmon energy of a metal changes15,16, when 
it undergoes a chemical combination and forms a compound. A plasmon is a collective 
excitation of the conduction electrons in a metal with an energy ћωp, which depends on the 
density of the conduction electrons. This is due to fact that the plasmon energy depends on the 
density of the conduction electrons and effective number of the valence electrons, which 
changes when a metal form a compounds. We have calculated the electronic properties of 
rocksalt structured rare earth pnictides using this idea. In our proposed approach only plasmon 
energy is required as input, to evaluated various electronic properties of these materials and 
the method turns out to be widely applicable.   

 
The purpose of this work is to estimate the electronic properties of rare earth 

monopnictides using the plasma oscillations theory of solids. The present investigations are 
organized as follows: the theoretical concept is given in Section-2 and we present the 
discussion and simulation results for electronic properties of rare earth monopnictides in this 
Section also. Finally, the conclusion is given in the last Section-3. 
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2.  THEORY, RESULTS AND DISCUSSION  
 

According to modified dielectric theory of solids1,2,11, in tetrahedral coordinated 
crystals, average energy gaps (Eg), between bonding and anti binding (sp3) hybridized orbital 
may be decomposed into contribution due to symmetric and antisymmetric parts by the 
potential within unit cell. These contributions are heteropolar or ionic contribution represented 
by Ec and homopolar or covalent contribution represented by Eh, in the following form: 
    

222
chg EEE       (1) 

and the crystal ionicity as -  22
gci EE=f       (2) 

The covalent part Eh depends on the nearest neighbor separation dAB as follows: 

    1K
ABh AdE        (3) 

where A & K1 are the constants, i.e., remains unchanged in different crystals and have values 
A = 40.468 eV (A°)−2.5 and the exponent K1 = 2.5. The corresponding values obtained by 
Phillips and Van Vechten9 were A = 39.74 and K1 = 2.48. The ionic contribution is inversely 
proportional to the nearest neighboring distance between atoms as: 
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where ZA and ZB are valence state of atoms A and B, respectively. KS is Thomas Fermi 
Screening parameter, d0 is d /2 (d is the nearest-neighboring distance), and b is the adjustable 
parameter that depends on co-ordination number6 around the cation, i.e., b = 0.089 Nc

2, where 
Nc is average coordination number. For NaCl type crystal structure Nc = 6 and b = 3.204. The 
physical meaning of equation (4) is that Ec is given by the difference between the Screened 
Coulomb Potentials of atoms A and B having core charges ZA and ZB. These potentials are to 
be evaluated at the covalent radii d0. Only a small part of the electrons are in the bond, the rest 
screen the ion cores, reducing their charge by the Thomas- Fermi screening factor exp (-Ksd0), 
which affects the chemical trend in a compound. This screening factor, as well as the bond 
length, is related to the effective number of free electrons in the valence band. The plasmon 
energy also depends directly on the effective number of free electrons in the valence band. 
Thus, there must be some correlation between the physical process, which involves the ionic 
contribution Ec to the average energy gap Eg and the plasmon energy of a compound. 
 Srivastava et al.17-19 found that substantially reduced plasmon energy must be used to 
get better agreement with experimental values. Using this idea13,14, we have recently presented 
the optoelectronic, static and dynamical properties such as electronic polarizability (αe), 
refractive index (n), ionicity (fi), optical susceptibility (χo), bulk modulus (B) and cohesive 
energy (ECoh) of II-VI and III-V group binary solids in term of plasmon energy (ћωp in eV) by 
the following form-  
   Bulk modulus 333.2)( pMB      (5) 

   Optical susceptibility 
33.1)(  pN       (6) 
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where M and N are constants, which depend upon crystal structures. Because the plasmon 
energy of metal depend on the number of valence electrons which changes when a metal forms 
a compound. The homopolar gap (Eh), ionic gap (Ec), average energy gap (Eg), crystal ionicity 
(fi) and electronic polarizability (αe) of these rare earth monopnictides exhibit a linear 
relationship, when plotted on log-log scale against plasmon energy of the compounds, which 
is presented in Figs. 1-5. We observed that in the plot of homopolar gap (Eh), ionic gap (Ec), 
average energy gap (Eg), crystal ionicity (fi) and electronic polarizability (αe) versus plasmon 
energy; the rare earth monopnictides lies on straight line. From figs. (1)-(5), it is quite obvious 
that the crystal ionicity (fi) and electronic polarizability (αe) trends in these compounds 
decreases with increase in plasmon energy and homopolar gap (Eh), ionic gap (Ec) and average 
energy gap (Eg) increases with increases Plasmon energy of the compounds. Similarly, based 
on the above expressions and discussion, we are of the view that homopolar gap (Eh), ionic 
gap (Ec), average energy gap (Eg), crystal ionicity (fi) and electronic polarizability (αe) of rare 
earth monopnictides can be evaluated using their plasmon energy (ћωp, in eV) by the following 
expressions- 
   667.1)( ph DE        (8) 
   333.1)( pc SE        (9) 

   
413.1)( pg YE                  (10) 

    
16.0* )(  pi Df                  (11) 

826.2* )(  pe S                   (12) 
Where D, S, Y, D*and S* are the constants, which depend upon the crystal structure of 
compounds. The numerical values of these constants for these materials are 0.0308, 0.089, 
0.094, 0.894 and 19934.75 respectively. In above expressions the valence electron Plasmon 
energy is to be calculated using the relation (1) in our previous publication13. A detailed 
discussion of electronic properties of rare earth compounds has been given elsewhere1,2,7-9,11,20 
and will not be presented here. 
 Using above Eqs. (8)-(12), the homopolar gap (Eh), ionic gap (Ec), average energy gap 
(Eg), crystal ionicity (fi) and electronic polarizability (αe) for rock-salt structured rare earth 
compounds has been investigated. The results are presented in Table-1. The calculated values 
are in excellent agreement with the values calculated by modified Phillips and Van-Vechten’s 
dielectric theory of solids. In the present model the homopolar gap (Eh), ionic gap (Ec), average 
energy gap (Eg), crystal ionicity (fi) and electronic polarizability (αe) can be calculated without 
having any knowledge of the experimental values of optical dielectric constant while the earlier 
models require this value in their calculation. 
 
3.  CONCLUSION  
 

The proposed empirical relations have been applied to investigate the homopolar gap 
(Eh), heteropolar gap (Ec), average energy gap (Eg), crystal ionicity (fi) and electronic 
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polarizability (αe) for these rock-salt crystal structured rare earth monopnictides. We came to 
conclusion that the plasmon energy of rock-salt crystal structured solids is the key information 
for an understanding of the electronic properties of these rare earth monopnictides. The 
homopolar gap (Eh), ionic gap (Ec), average energy gap (Eg) of these materials is directly 
related to plasmon energy, and crystal ionicity (fi) and electronic polarizability (αe) of these 
materials is inversely related to the plasmon energy. The calculated values are presented in 
Table-1. The values investigated show a systematic trend and are consistent with the modified 
PVV theory, which proves the validity of the approach. It is also note worthy that the proposed 
relations are simpler and widely applicable. This work is in support of our previous 
publication21,22 in which we have already reported optoelectronic, static and dynamical 
properties of II-VI and III-V group binary solids. It is natural to say that this model can easily 
be extended to rocksalt, zinc-blende binary solids and chalcopyrite crystal structured, for 
which the work is in progress and will be appearing in a forthcoming paper. Using the proposed 
approach simply we are of the view that the proposed approach is one of the best approaches 
in order to explain the electronic properties of entire range of crystalline solids. 
 
 
 
Table-1: In this table we present the values of Energy gaps, Ionicity and Electronic polarizability 
of rare earth mono-pnictides 
 

Comp. ћωp 

(in eV) 
Energy Gaps (in eV)  Ionicity  Polarizability 

Homopolar gap  Ionic gap  Avg. energy gap   
fi [Our] 

 
fi [PVV] 

  
αe [Our] 

 
αe [CM*] Eh[Our] Eh [PVV] Ec [Our] Ec [PVV] Eg [Our] Eg [PVV] 

LaP 14.57 2.679 2.568  2.844 2.926  4.141 3.894  0.582 0.565  10.272 10.06 
LaAs 13.62 2.394 2.449  2.892 2.741  3.764 3.676  0.588 0.556  12.428 11.42 
LaSb 12.70 2.131 2.135  2.634 2.751  3.410 3.482  0.595 0.624  15.148 13.33 
CeP 15.03 2.821 2.667  2.964 2.987  4.326 3.996  0.579 0.559  9.408 9.45 

CeAs 14.03 2.515 2.51  2.702 2.885  3.925 3.825  0.586 0.569  11.433 10.77 
CeSb 12.93 2.195 2.20  2.698 2.796  3.498 3.558  0.593 0.618  14.395 12.83 
PrP 15.13 2.853 2.701  2.990 3.002  4.367 4.039  0.578 0.552  9.234 9.30 

PrAs 14.25 2.582 2.57  2.761 2.862  4.012 3.848  0.584 0.553  10.943 10.43 
PrSb 13.07 2.235 2.24  2.737 2.809  3.551 3.593  0.592 0.611  13.968 12.84 
NdP 15.26 2.894 2.749  3.025 3.020  4.420 4.084  0.578 0.547  9.013 9.13 

NdAs 14.39 2.624 2.60  2.997 2.90s3  4.068 3.899  0.583 0.554  10.643 10.22 
NdSb 13.20 2.272 2.28  2.493 2.826  3.602 3.630  0.591 0.606  13.384 12.25 
SmP 15.56 2.989 2.85  3.104 3.052  4.543 4.176  0.576 0.534  8.530 8.74 

SmAs 14.57 2.679 2.69  2.844 2.946  4.140 3.994  0.582 0.544  10.276 9.90 
SmSb 13.39 2.327 2.14  2.827 2.816  3.675 3.535  0.590 0.635  13.041 11.96 
EuP 14.94 2.793 2.89  2.941 3.056  4.290 4.206  0.580 0.528  9.569 8.95 

EuAs 14.69 2.716 2.71  2.875 2.944  4.189 4.008  0.581 0.534  10.037 9.75 
EuSb 13.44 2.342 2.34  2.554 2.823  3.694 3.667  0.589 0.593  12.904 11.82 
GdP 15.33 2.916 2.92  3.043 3.062  4.449 4.231  0.577 0.524  8.897 8.88 

GdAs 14.84 2.762 2.76  2.914 2.964  4.249 4.055  0.580 0.534  9.756 9.54 
GdSb 13.57 2.379 2.38  2.587 2.840  3.745 3.705  0.589 0.588  12.558 11.57 

Continued Table -1:  
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Comp. ћωp 

 
Energy Gaps (in eV)  Ionicity  Polarizability 

Homopolar gap  Ionic gap  Avg. energy gap   
fi [Our] 

 
fi [PVV] 

  
αe [Our] 

 
αe [CM*] Eh[Our] Eh [PVV] Ec [Our] Ec [PVV] Eg [Our] Eg [PVV] 

TbP 15.49 2.967 2.969  3.086 3.086  4.515 4.283  0.576 0.519  8.640 8.69 
TbAs 14.95 2.796 2.80  2.943 2.970  4.294 4.083  0.579 0.529  9.553 9.38 
TbSb 13.70 2.418 2.42  2.620 2.861  3.795 3.747  0.588 0.583  12.224 11.33 
DyP 15.61 3.005 3.01  3.118 3.086  4.565 4.311  0.575 0.512  8.453 8.54 

DyAs 15.06 2.831 2.83  2.972 2.974  4.339 4.109  0.579 0.524  9.355 9.23 
DySb 13.80 2.447 2.45  2.645 2.868  3.835 3.772  0.587 0.578  11.975 11.16 
HoP 15.71 3.037 3.04  3.144 3.096  4.606 4.344  0.575 0.508  8.302 8.42 

HoAs 15.16 2.862 2.86  2.998 2.982  4.379 4.137  0.578 0.520  9.185 9.10 
HoSb 13.87 2.468 2.47  2.663 2.866  3.863 3.783  0.586 0.574  11.805 11.04 
ErP 15.85 3.083 3.08  3.182 3.119  4.664 4.387  0.574 0.506  8.097 8.27 

ErAs 15.26 2.894 2.90  3.025 2.984  4.420 4.162  0.578 0.514  9.016 8.96 
ErSb 13.96 2.495 2.50  2.686 2.867  3.898 3.804  0.586 0.568  11.592 11.89 
TmP 15.96 3.118 3.12  3.211 3.113  4.709 4.410  0.574 0.498  7.940 8.14 

TmAs 15.38 2.932 2.93  3.057 2.988  4.469 4.190  0.577 0.509  8.819 8.85 
TmSb 14.00 2.506 2.51  2.696 2.864  3.913 3.808  0.586 0.565  11.498 10.80 
YbP 16.04 3.145 3.155  3.233 3.111  4.743 4.431  0.573 0.493  7.828 8.03 

YbAs 15.48 2.964 2.96  3.083 2.996  4.511 4.218  0.576 0.505  8.656 8.69 
YbSb 14.05 2.521 2.52  2.709 2.858  3.933 3.811  0.585 0.562  11.383 10.44 
LuP 17.20 3.533 3.54  3.548 3.422  5.235 4.923  0.567 0.483  6.427 6.91 

LuAs 15.59 2.999 3.00  3.112 3.004  4.556 4.249  0.576 0.500  8.486 8.56 
LuSb 14.14 2.548 2.55  2.732 2.875  3.969 3.843  0.585 0.560  11.179 10.58 

 
 

* Calculated from the Clasious-Mossotti relation edM  241053.2/)]2/()1[(   , taking n, M 
and d values from Ref. [25]. 

 
Fig. 1: Plot of homopolar gap versus plasmon energy of rare earth mono-pnictides 

 
Fig. 2: Plot of Ionic gap versus plasmon energy of rare earth mono-pnictides  
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Fig. 3: Plot of average energy gap versus plasmon energy of rare earth mono-pnictides 

 

 
Fig. 4: Plot of ionicity versus plasmon energy of rare earth mono-pnictides 

 

 
Fig. 5: Plot of electronic polarizability versus plasmon energy of rare earth mono-pnictides 
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