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Abstract: In this paper a simple empirical relation has been proposed to estimate the Plasmon energy of  I-III-VI2 and II-IV-V2 

type chalcopyrite semi-conductors. This relation is based on the principal quantum number of atoms of compounds and the 
electro-negativities of the constituent atoms. The computed values of Plasmon energy from the present relation are found to be 
in good agreement with the known values. 
Index Terms: Plasmon energy, Principal quantum number, Electronegativity. 

I. INTRODUCTION- 
Ternary Chalcopyrite is a type of semi-conductor with the general formula AI BIII C2

VI (A=Li, Cu, Na, Ag; B=Al, Ga, In; C=S, Se, 
Te) and AII BIV C2

V (A=Zn, Cd; B=Si, Sn, Ge; C=P,As). These type of semi-conductors are widely used in solar energy converters, 
light emitting diodes (LEDs), detectors, electro-optic devices, lasers and in many other fields1-5. Due to their potential applications, 
numerous researches are going on them. Plasmon energy is one of the most important properties of such compounds. Several 
researchers have proposed different theoretical models for calculating Plasmon energy of ternary chalcopyrites. Different 
researchers have derived different theoretical models for Plasmon energy of semi-conductors based on the dependence of Plasmon 
energy on different factors. Kumar et al.6-7 have derived a formula for Plasmon energy of ternary chalcopyrites on the basis of the 
relation between the Plasmon energy, molecular weight, density and number of valence electrons taking part in the collective 
oscillation. Reddy et al.8-9 have derived a formula for Plasmon energy of ternary chalcopyrites on the basis of the inter-atomic 
distances between the atoms of the compounds. In this paper a simple relation between Plasmon energy, electronegativity of 
constituent atoms and average principal quantum number of atoms constituting the compounds has derived on the basis of least 
square fitting graphical method. 

II. THEORY 
A Plasma oscillation in a metal is a collective longitudinal excitation of the conduction electron gas. A Plasmon is a quantum of a 
plasma oscillation; one may excite a Plasmon by passing an electron through a thin metallic film or by reflecting an electron or a 
photon from a film. The charge of the electron couples with the electrostatic field fluctuations of the plasma oscillations. The 
reflected or the transmitted electrons will show an energy loss equal to the integral multiples of the Plasmon energy. It is equally 
possible to excite collective plasma oscillations in ternary chalcopyrites. In a ternary chalcopyrite semiconductor the plasma 
oscillation is physically the same as in a metal. The entire valence electron gas oscillates back and forth with respect to the ion 
cores10. Plasmons are studied by the means of Electron Energy Loss Spectroscopy (EELS) and have reported in recent years. 
Jackson11 has proposed a model for Plasmon energy on the basis of the relation between Plasmon energy, molecular weight and 
density. From the model, Plasmon energy is 
                                         ħ߱௣ =  ଵ/ଶ                                    ........................(1)(ܯ/ߩܼ) 28.8

where Z atomic number,࣋ is molecular weight and M is the molecular weight of the compound. Reddy et al12. have derived a model 
for Plasmon energy of semiconductors and alkali halides based on the interionic distance. The relation is as follows, 

                                          ħ߱௣ = −ܽଵ(ݎ଴) + ܾଵ                                      ..........................(2) 

where ݎ଴is inter-ionic distance, ܽଵand ܾଵ are constants. Reddy et al8. have proposed an empirical relation between Plasmon energy 
and electronegativity difference (ܺ߂∗) of alkali halides as follows, 

                                          ħ߱௣ = (∗ܺ߂)ܣ +  (3).........................                                        ܤ
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where A and B are constants. Plasmon energy can also be calculated from the refractive index of the materials using the empirical 
relation13, 

                                             ħ߱௣ =  ଵ݁ି௄మ௡                                                 ........................(4)ܭ

where ܭଵand  ܭଶ are constants. Gorai et al14-15. have proposed a relation for Plasmon energy as- 

                                          ħ߱௣ = ħටସగே௘మ

௠
                                               .........................(5) 

where N is the valance electron density, e  is the charge and m is the mass of the electron. 
The present study for the formation of an empirical relation for Plasmon energy of ternary chalcopyrite is based on the chemical 
bond theory. From the chemical bond theory, one can easily co-relate Plasmon energy with electro-negativity and principal quantum 
number. We know that, in a crystal homopolar energy gap is related to bond length and so bond length is related to Plasmon energy 
as  

                                         ݀ = 15.30 (ħ߱௣)ିଶ/ଷ                                        .........................(6) 

                                                  as homopolar energy gap depends on Plasmon energy as, 

௉ܧ                                          = ħට௡௘మ

௠ఢబ
=  ħ߱௣.                                       ..........................(7) 

With increase in the value of principal quantum number the distance between the nuclei and the valence electron increases, this 
increases the bond length which is related with Plasmon energy. 
For I-III-VI2 and II-IV-V2 type chalcopyrite semi-conductors, graphs (fig.1 and fig.2) has been plotted between Plasmon energy and 
the ratio of average principal quantum number of atoms constituting compounds and electro-negativity of atoms. In this case least 
square fitting method has been used. 

Figure.1: Graph between Plasmon energy and ratio of average value of principal quantum number and electronegativity of 
constituting atoms of compound I-III-VI2. 

 
Figure.2: Graph between Plasmon energy and ratio of average value of principal quantum number and electronegativity of 

constituting atoms of compound II-IV-V2. 

 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 6.887 

   Volume 6 Issue IV, April 2018- Available at www.ijraset.com 
     

 
983 ©IJRASET (UGC Approved Journal): All Rights are Reserved 

The graph shows that Plasmon energy is linearly related with the ratio of principal quantum number and electro-negativity in both 
types of ternary chalcopyrites. Thus this variation can be used to derive an empirical relation for the determination of Plasmon 
energy of the compounds. For ternary chalcopyrites structure solids, the Plasmon energy is assumed to be co-related to the 

contribution of three atoms A,B and C2. Let ߟ௔௩ = (ఎಲାఎಳାଶఎ಴)భ/ర

ସ
 is the average principal quantum number of the four constituents’ 

atoms in ABC2. The Plasmon energy of ternary chalcopyrite semi-conductors using the graphs can be expressed as- 

                                           ħ߱௣ =∝ ቈ ఎೌೡ

(ఞಲఞಳ)
భ
ర     (ఞ಴)భ/మ

቉ +  (8)............................                               ߚ

where ߙ = −3.996958306958878 and ߚ = 18.705438804833044 for I-III-VI2 type semiconductors and 
ߙ = −5.309488297383955 and ߚ = 20.291371615419713 for II-IV-V2 type semi-conductors. 

III. RESULTS AND DISCUSSION 
The Plasmon energy of I-II-VI2 and II-IV-V2 type chalcopyrite structure solids is estimated using Equation(8). In Table-1, the 
estimated values for I-II-VI2 and in Table-2 estimated values for II-IV-V2 are listed along with the results of earlier researchers. It is 
observed that the calculated values are in better agreement with the other reported values. It is observed that in I-II-VI2  ,CuAlS2 has  
highest Plasmon energy and AgInTe2 has lowest Plasmon energy. In II-IV-V2, ZnSiP2 has highest Plasmon energy and CdSnAs2 has 
lowest Plasmon energy. 

Table-1 : Plasmon energy (ħ߱௣) in (ܸ݁)of I-III-VI2 type chalcopyrite semiconductors- 
Compounds Calculated from Eq.(8) Ref.14 

 
Ref.15 

 

CuAlS2 16.58 17.25 16.67 

CuAlSe2 15.78 15.86 15.89 

CuAlTe2 14.26 14.32 14.40 

CuGaS2 16.42 17.10 16.52 

CuGaSe2 15.58 15.92 15.69 

CuGaTe2 
13.98 14.30 14.12 

CuInS2 16.18 16.12 16.28 

CuInSe2 
15.26 15.09 15.38 

CuInTe2 13.58 13.66 13.73 

AgAlS2 
16.34 16.26 16.44 

AgAlSe2 15.50 15.16 15.61 

AgAlTe2 
13.86 14.50 14.00 

AgGaS2 16.18 16.10 16.28 

AgGaSe2 
15.30 14.76 15.42 

AgGaTe2 13.58 13.63 13.73 

AgInS2 
15.94 15.21 16.05 

AgInSe2 14.98 14.23 16.05 

AgInTe2 
13.14 13.04 13.30 
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Table-2 : Plasmon energy (ħ߱௣) in (ܸ݁)of II-IV-V2 type chalcopyrite semiconductors- 
Compounds Calculated from Eq.(8)                Ref.14 

 
                 Ref.15 

 
ZnSiP2 16.84 17.02 16.20 

ZnGeP2 16.52 16.64 15.97 

ZnSnP2 16.14 15.55 15.69 

ZnSiAs2 15.72 16.05 15.38 

ZnSeAs2 15.35 15.66 15.10 

ZnSnAs2 14.87 14.82 14.75 

CdSiP2 16.46 16.19 15.93 

CdGeP2 16.14 15.52 15.69 

CdSnP2 15.72 14.82 15.38 

CdSiAs2 15.24 15.53 15.02 

CdGeAs2 14.87 14.90 14.75 

CdSnAs2 14.39 14.12 14.40 

IV. CONCLUSION 
It is clear from the above calculations that Plasmon energy of ternary chalcopyrites depends on principal quantum number and 
electronegativity of the constituting atoms of the compounds. It is evident from the above relation, that no experimental data is 
essential for the determination of Plasmon energy of ternary chalcopyrite compounds. Just by knowing electronegativity and 
principal quantum number of atoms, one can easily determine the Plasmon energy of ternary chalcopyrite compounds from the 
above relation.  

REFERENCES 
[1]  Shay J L, Wernic J H 1975 Ternary chalcopyrite semiconductors growth, in: Electronic properties and application, pergamon press, Newyork 
[2]  Kazmerski L L, 1983 NuovoCimento 20 2013 
[3]  Deab S K and Zunger A, 1987 Ternary Multinary Compounds.Mater.Res.SocConf.Proc.37 
[4]  Yan C and Xue D 2008 Funct.Mater.Lett.1 37 
[5]  Zhu Y 2008 Funct.Mater.Lett.1239 
[6]  Kumar V, Shrivastava A K and Jha Vijeta 2010 J.Physics and Chemistry of Solids 71 1513 
[7]  Kumar V, Prasad G M and Chandra D 1992 Phys. Status. Solidi b170 77 
[8]  Reddy R R, Ahammed Y N, Rama Gopal K, Rao T V R 1998 Infrared Phys. & Tech. 3955 
[9]  Reddy R R, Nazeer A. Y, Rama, Gopal K, Rao T V R, Abdul Azeem P and Reddy M P 1983 Optical Materials 14 361 
[10] Kittel C, Introduction to solid state physics,Wiley,B 401-402(2015) 
[11] Jackson JD,”Classical electrodynamics”,Wiley eastern 1978 
[12] Reddy R R, Ahammed Y N, Rama and Rvikumar M.J.Phys.Chem.Solids,56,1995,pp-825-829 
[13] Reddy R R, Nazeer A. Y, Rama, Gopal K, Rao,Defence Science Journal 53 2003 pp-239 
[14] Kumar V, Sastry B.S.R, J.Phys and Chem. Of Solids 66 2005 pp-99-102 
[15] Gorai S.K.,J.International Journal of Eng. And Tech. Res.,6,2016,pp-49-52 

. 



 


