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INTRODUCTION

KDP  ferroelecticians  (ferroelectrics) are
isomorphic crystals of dihydrophosphates and arsenates
of potassium, rubidium, caesium KH,PO,, RbH,PO,,
CsH,PO,, RbH,As0,, CsH,AsO, and their deuterated
analogues. The physical properties of these crystals are
described in monographs [1-5]. It has been established
that the phase transition from para- to ferrophase is the
transition of ordering type and the dipolar and
deformational ordering occurs in KDP crystals. In the
neighbourhood of phase transition temperature the
physical properties of KDP crystals undergo the
distinctive changes that manifest themselves as peaks,
breaks, V-shaped minimums on the curves of
temperature dependence of heat capacity, direct and
inverse dielectric permittivity, thermal concuctivity
coefficient, spontaneous deformation degree, elasticity
constants, and the like.

The consideration of statistical theory of KDP
crystals, explanation and justification of their physical
properties on the basis of molecular-kinetic concept are
of interest to physical engineers.

RESULTS AND DISCUSSION

It is common knowledge that KH,PO, crystals
have H,, tetragonal structure (Fig. 1) and are in
paraelectrical phase at high temperatures. With
temperature decrease the displacement of potassium K
and phosphorus P atoms takes place by and against the
c-axis (Fig. 1) and ferroelectrical phase is formed. The
directions of preferential displacements of base units are
marked off by arrows, lattice constants a;, a,, ¢ and
intersite distances ry, 1y, 13, 14, for which the interactions
of structural units are taken into account in calculations,
are shown in the Fig. 1

The internal energy, Helmholtz free energy and
Gibbs thermodynamic potential have been calculated
under the assumption of crystal single-domain, perfect
crystal lattice and in approximation of pair interaction of
the nearest atoms. From these formulae the equations of
system thermodynamic equilibrium have been derived.

The temperature dependence of polarizational
order parameter &(T) is determined by the following
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on which the temperature of phase transition (Curie
point) is defined kT, =w. The

formula
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polarization has undergone the ever-change, but
increases sharply near Curie temperature.

The temperature dependence of configuration
heat capacity C (T) has been calculated and this

equation can be written as
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As it is turned out this dependence is peak-shaped near
Curie point.

The dependence of parameter of polarizational
order on the indensity of external electric field & (E) is

defined by the following expression
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At & — 0 the approximate formula is true
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It has been found that this dependence &(E) show

evidence of non-linearity with temperature increase.
The temperature dependence of inverse 1/y and
direct  dielectric susceptibility is equal to

I1+x
-2x| 1+ —m— at £#0,
L { 2(x—2a/m)} ¢
at £=0.

X
The dielectric susceptibility x increases to infinity at x
— 0 (T — Tp).

The following notation is used in formulae: ®
and o are energetic parameters in terms of interaction
energies of o, B = K, P pairs; k is Boltzmann’s constant,
T is absolute temperature, x is degree of deformation.

The plots of all mentioned dependences & (T),

X

C(T), £(E), x(x) have been constructed in the paper on

the basis of these derived equations. The theory gives
results in qualitative agreement with experimental data.

CONCLUSIONS

Thus, the developed statistical theory of
spontaneous polarization and deformation in KDP
crystals with consideration for interpretation of
paraelectrician-ferroelectrician phase transition as of
ordering type allows the elucidation and explanation for
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the temperature dependence of order parameter (the
nature of this dependence is close to the transition of
first kind). This theory permits also the substantiation of
the order parameter dependence on the indensity of
external electric field, the elucidation of special feature
of configuration heat capacity dependence on
temperature. As described in the paper, this dependence
is close to experimental just for the case of phase
transition of first kind. Theory results allow the
conclusions that temperature dependences of direct and
inverse dielectric susceptibility are such that the Curie-
Veiss law (linear dependence of 1/y quantity on
temperature) and the rule of negative two near Curie
point are true.

The obtained results of computer-aided design
have been compared with literature experimental data
for crystals with H,, structure, the comparison shows
their qualitative correspondence.
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Fig. 1. Elementary cell of crystal lattice of
potassium dihydrophosphate KH,PO,.

(a) tetragonal structure of paraelectrical modification

by West [6],

(b) orthorhombic structure of  ferroelectrical
modification by Frazer [7, 8] (oxygen and hydrogen
atoms are not shown). The displacements directions
of potassium K and phosphorus P atoms are
indicted by arrows.

QO - potassium K atoms, @ - phosphorus P atoms,

e -oxygen O atoms, o -hydrogen H atoms.



