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Abstract: The third and fourth order phonon an
external electric field terms are added in the twe
model for PbHPO, crystal. By using double
function method modified model, theoretical

frequency and dielectric constant are evaluated |
Temperature and field variations of soft mode |
constant are calculated numerically. Present d

with experimental result of Smutny and Fousek
of PBHPO,. |
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1. Introduction

LHP(PbHPO4) and LDP(PbDPOs4) crysl
transition at 37°C and 179°C respectively. It pre
of simple H-bonded ferroelectrics suitable in te
ferroelectricity in H-bonded and D-bonded
PbHPO, crystal the direction of spontaneous po
the direction of the H-bond O-H.....O project

KH-PO4. The PO; groups are bound to one
chain along c-axis. In LHP the low value o
combined with the relatively high SHG ethi
materials for LASER. The simple crystal st
many researchers for using it as g
ordering in H-bonding crysta
properties using three,
properties were nol
dynamical struct
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quin-IarR :;;"::-(:111‘(‘:"" appropriate for LHP type cry
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s and pha it ork @
l""""mm work 1s quite different 1O oyr WOork.
mwcdul'\'.‘ of this ion and dielcclrif pmpcmc.'a of Pb

studiod phase (200 third-order phonon anharmonic if

< in the carly stage. As a

. Jation '
m :h;';{::zarcd from their results. Ohno an
;nmt omlRaman scattering experiments on LHP crysts

made neutron diffraction studies on LHP crystal. Smutr
measured diclectric constant at fllfferem temperatures
strength in PbHPO: crystal Bajpa and _Chaudhary hz |
;tmctural data to study molecular distortion of polar grou
bhasc ransition in LHP. In the preient_ wo{k, extel
pseudospin lattice coupled mode model w'rth third and
snharmonic interactions is used to derive expressi
frequency and dielectric constant of PbHPOjs crystal. Ea
not considered third order phonon anharmonic inters
produce better results. We compared the calculated valui
with experimental data of Smutny and Fousek' for LHF
the diclectnc constant value for LDP with same methods

2. Model Hamiltonian

Farlier researchers® have used a two sublattice-
coupled mode model to describe the phase transitior
which 1s expressed by Hj,
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where Q is proton tunnelling frequency, S;° and S,
pscudospin variable, S J; is interaction bets .
interaction between different lattices.
Eis external electric field, V,, is &
fourth order phonon anharmonie
In the present study, we usedl

(2.2)
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where

(1 A4) 4 4
L rONan) 4 4 4 ¢ L (bl 4 % %

3 ™ ,
14
hhohy ki,

ohere Ay and By are position and momentum operators, @, IS

phonon frequency, V M and V' are third-and fourth-order atom
constants defined by Born and Huang"

3. Green’s Functions and Soft Mode Frequency

We shall consider the Green's function

: . TCE C- 1 2 o2
(3.1) GU“ ~1") = ~iO(1 :)<[S”(:),SU(1')]>.
where @ 1s Heaviside's function.

The Green's function (3.1) differentiated twice, first with respe
and then to time t' to set its Fourier transform into Dysons Equa
gives value of Green's function as |

Q (5" )9,

o e e ]
where

B8) . 0 =07 +20 (A(w)),

(3.4) 0% =a% +b% -bc,

where

(3.5) a=2J(S})+K(S; )+ 2iE
(3.6) b=2Q,

(3.7) c=2J (S )4

In Equations (3.2) and (3

defined elsewhere
value of soft mod

(3.8)
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4. Dielectric Constant

The expression for dielectiie constant
im ' Pa
g=lednry and X == _ Lo s ANH Gy, (o +

T
dipales in the unit cell and g 1s dipole moments
FQ. (32) we obtain at once the dielectne consta
vrvatals)

‘\4’_

(39) €= (-— &t\’;f!)) <.S‘l‘> O, [m’ - {19

S Numerical Calculati

2 ‘ . ' . A

By using model values™ ol various quantiti
temperature and electnie field dependences Dig
LDP ervstal have been caleulated and shown in
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Fig. 1 a. calculated electric field and temp
PO
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Fig 1. b calculated electric field and temperature depe
frequency in PBHPO, crystal
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6. Conclusion

We obtain temperature and field variation of dielectric constant (. ) Figs

(1) and (2) soft mode frequency 0 ( 3). It emerges f{trm present study thas
phonon anharmonic interactions significatently contribute n LHP & | pp
crystal. Smutny and Fousek' have measured lhg diclectric constan at
different electric field values and temperature in PbHPO, crysigl Our
theoretical results agree with experimental data reported by Smutny and
Fousck’. Previous authors have not studied the effect of clectric figlq
dielectric constant for LHP and LDP crystal. They have not considered third
order phonon anharmonic interaction term in their calculation. High valye of
D.C. useful for high values capacitors. D.C. increase the electric f ISity
increase low dielectric makes capacitor
Calculations on H-Boned crystal like Bz
arc progress in our laboratory.
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