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Abstract: In the present paper we have investigated theoretically the variation of electrical pressure with
temperature and electric field for <110> &<110>+<111> tunneling model. Which may be used to explain
various experimentally available data and may be also used for further theoretical investigations?
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I. Introduction

The tremendous increase in the variety and need of materials for new applications and more efficient service
requirement have through about may change in altitudes and view point. Literature survey shows that impurities
in solids play more important role than pure materials because a small amount of foreign impurity results
alternation of thermal, electrical, magnetic and other behavior of pure crystals. Due to their structure alkali
halides are the ideal parts for a variety of impurities and other defects. The phenomenon logic & tunneling
models provides a powerful conceptual framework for analyzing the various properties of doped alkali halide
and other ionic solid and liquids. That opens a new era in field of green electronics. Various attempts [1,2] to
explain the experimental data were made using tunneling model but got limited success. Many experimental
results for systems such as OH™ and CN" ions in alkali halide matrices [3,4] and impurities like HCI, HBr etc
impurities in rare gas matrices [5] have successfully explained. The effect of externally applied electric field on
induced dipole moment of the impurity was studied by Gomez et al [6] using tunneling models.

1. Theory
The electric field polarization for the <110> off-centered model and for the model of simultaneous minima
along the direction <110> + <111> has been explained by Pandey et al [7]. Further theoretical expression for
polarization, dielectric constant etc for various tunneling model like <100> & <100> + <111> etc has been
given by Raj Kumar et al[8,9,10,11,12,13,14,15]. In the present paper we have attempted to find out the
expression for electrical pressure for the <110> and <110> + <111> tunneling model.

The expression of electrical pressure is given by relation:
2

s=2 1.1
aE

Where o is surface charge density.

Case 1: The expression for polarlzatlon for <110> tunneling model

P=Nu /\/2 I[( eX/\/Z -X Nz)/ (1+eXN2 XN 2)] 1.2

Where X=pE/KT

Differentiating equation (1.2) Wlth respect to electric fleld we get dielectric constant

dP/AE=NpZ/2KT[(4+eX"2 + & X ")/(1+ e X/ 2 46 X/ )7 1.3
Using equation 1.3 in equation1.1 we have electrical pressure
S = GZkT/ N“-Z [(1+eX/\/2 efx/\/Z)Z/(4+eX/\/2+efX/\/2)] 1.4

Case 2: The expression for polarlzatlon for <110>+ <111> tunnelm;; model
p= N[Hl/‘lzj[( xNz_ 7x )+u2/\/3(e></V3 7x / 3)]/[1+e
-X /\2 ]} 15
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With understanding X;= g, E / KT, X, = WE/KT
Differentiating equation (1.5) with respect to electric field we get dielectric constant
dP/AE= N/KT {[(21:2 + 4% 13)+ wX2( €/ +e X/ ) +1,2 13 (%) P + e %,/ %)
(P22 + P B + e ) (& B+ e %) 2 pyp, A6 ()
efxl/w) (exz/\n _ efxz/«/3)] /[1+ exl/«/z + e’xl/\/2+ exz/@ + efxz/\/3]2} 1.6
Using equation (1.6) in equation (1.1) we have electrical pressure

— o’kT/ 2N {[1+ exl/ 2o, efxl/x/z_'_ exz/ 3y efxz/\/3]2 / [(2“12 + 4“22 13)
+ |J~12/2(\/exl/ \2 +Ve 7xl/\/2) ":/sz /3 ( exz/ 3 efxi/ \/3) +( |J1jl2 + I-lzz/3)( e><1/ j
+ efxl/ 2) (exz/ 3 + efxz/ 3) -2 M1 Ho /\/6 (exl/ 2 _ efxl/ 2) ( eXZ/ 3 efxz/ 3)]} 1.7
The expression for electrical pressure are listed by equation 1.4 &1.7 for <110> & <110>+<111> tunneling
models respectively. The variation of electrical pressure with temperature at steady electric field is given in fig
1.1 and the variation of electrical pressure with electric field at constant T=10K is given in fig 1.2.
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I11. Result and Discussion-
The result of present theoretical investigated for the <110> and <110>+<111> tunneling model is given by
equationl.4 &1.7 .Fig 1.1 and fig 1.2 shows the variation of electrical pressure with temperature and electric
field for <110> & <110>+<111> tunneling model respectively. From fig 1.1 it is seen that the electrical pressure
increases with increases of temperature at constant electrical field 10° V/m. From fig 1.2 it is concluded that
electric pressure increases suddenly with increase electric field afterward 70*1076V/m for system<110> while
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for system <110>+<111> in electrical pressure slowly increases with increases electric field. This theoretical
study will be useful in future theoretical as well as experimental investigations.

References
[1]. Mitra, D.N.Agarwal, V.K. & Pandey G.K (190) Solid State Commun.8:1645.
[2]. Beyeler, H.U (1972) Phys.Status solidi 53(B) 419.
[3]. Lawless, W.N.(1967) J.Phys Chem. Solids 28:1755.
[4]. Seward W.D. & Narayanmurthi V. (1966) Phys .Rev 148:463.
[5]. E.Mann, N.Acquista and D.White J.Chem.Phys 44, 53(1966).
[6]. M.Gomez, S.P.Bowen and Z.A.Krumhansl Phys, Rev 153, 1009(1967).
[7]. G.K.Pandey, K.L.Pandey, M.Massey & Raj Kumar Phys .Rev .B34, 1277(1986).
[8]. G.K.Pandey, K.L.Pandey, M.Massey & Raj Kumar Phys .Rev .B39, 10300(1989).
[9]. Raj Kumar & P.N.Sing IAPS Vol 1V 2000.
[10]. Raj Kumar et al Ultra Sci 14(3),545(2002).
[11]. Raj Kumar et al Bulletin of Pure & applied Science Vol.22D No 2,115(2003).
[12]. Raj Kumar et al Ultra, Sci, 18(3) 401-404(2006).
[13]. Raj Kumar and S.R. Shukla Ultra Sci 20(1),P.131-134(2008).
[14]. Raj Kumar, Mukesh Upadhyaya and Suman, Ultra Sci. VVol.22(2)P323-326, 2010.
[15]. Raj Kumar Tiwari, Bulletin of pure and applied Science, Vol. 31D Physics, Issue2, P219-223, 2012.

AIJRSTEM 14-769; © 2014, AIJRSTEM All Rights Reserved Page 151



