
�URNAL F�ZIQNIH DOSL�D�EN^

t. 6, } 2 (2002) s. 197{204

JOURNAL OF PHYSICAL STUDIES

v. 6, No 2 (2002) p. 197{204

HYDROSTATIC PRESSURE INFLUENCE ON DIELECTRIC PERMITTIVITY

OF KH

2

PO

4

AND KD

2

PO

4

IN THE PIEZOELECTRIC RESONANCE REGION

R. R. Levitskii

1

, A. G. Slivka

2

, A. P. Moina

1

, P. M. Lukah

2

, A. M. Guivan

2

1

Institute for Condensed Matter Physis, National Aademy of Sienes of Ukraine

1 Svientsitskii Str., Lviv, UA{79011, Ukraine

2

Uzhgorod National University, Physis Department,

32 Voloshyn Str., Uzhgorod, UA{88000 Ukraine

(Reeived Deember 28, 2001)

We measured transverse and longitudinal dieletri permittivities of KH

2

PO

4

and KD

2

PO

4

in

the piezoeletri resonane frequeny region under the hydrostati pressure. The transverse per-

mittivity of both rystals dereases with pressure in the paraeletri phase and inreases in the

ferroeletri phase. The pressure dependene of the transverse permittivity of deuterated KD

2

PO

4

is well desribed by the presented theory. The longitudinal dynami permittivity of the rystals

obeys the Curie{Weiss law above the transition point, the pressure dependene of the Curie on-

stant aords with the earlier data for a stati permittivity. Near the transition point, multiple

peaks in the longitudinal permittivity are revealed.

Key words: piezoeletriity, KDP, transverse permittivity, hydrostati pressure.

PACS number(s): 77.80.Bh, 77.84.Fa

I. INTRODUCTION

An important role in the phase transition and diele-

tri response of ferroeletris and antiferroeletris of the

KH

2

PO

4

family is played by the geometry of hydrogen

bonds in these rystals. A problem is to �nd the geomet-

ri parameter whih is ruial here. Katrusiak [1℄ ana-

lyzed a loal geometri struture of a separate hydrogen

bond, with taking into aount the hanges in the ele-

tron struture of atoms forming the hydrogen bond. He

showed that for hydrogen bonds of the C

2

symmetry (as

in KH

2

PO

4

), the primary parameters are distanes be-

tween a hydrogen and the two oxygens, as well as some

of the angles formed by oxygens and groups to whih

they are attahed. The other parameters usually used,

like the the O: : :H{O length and separation Æ between

equilibrium proton (deuteron) sites on a bond, appear

to derive from the primary independent dimensions.

However, it is still not lear what parameter of the H-

bond inuenes most marosopi properties of a rystal.

Ihikawa [2,3℄, systemizing experimental data for several

hydrogen bonded ferroeletri rystals, argued that it is

the O: : :H{O length that determines the transition tem-

perature in them. Strutural measurements performed

by Nelmes indiated that rather a separation Æ is a

unique parameter that sets the transition temperature

in KH

2

PO

4

family rystals. A universality of the lin-

ear T

C

vs Æ dependenes has been revealed for KH

2

PO

4

,

NH

4

H

2

PO

4

, and their deuterated forms [4{7℄. The pro-

ton ordering model suessfully explained this universal-

ity [8℄ and predited that it holds also for all deuterated

ferro- and antiferroeletri rystals of the KH

2

PO

4

fam-

ily with a general formulaMeD

2

XO

4

(Me = K, Rb, ND

4

,

X = P, As) having a 3D network of hydrogen bonds.

Model alulations also indiate that the H-site dis-

tane is an important parameter in setting the dieletri

harateristis of the KH

2

PO

4

type rystals: its pres-

sure dependene governs the orresponding dependenes

of the transition temperature and longitudinal stati di-

eletri harateristis of the rystals [8{10℄.

High pressure studies are one of the most useful meth-

ods of exploring the role of hydrogen subsystem geom-

etry. Inuene of hydrostati pressure on the transition

temperature, spontaneous polarization, and Curie on-

stant of the KH

2

PO

4

family ferroeletris is well studied

experimentally. This inuene for the prototype om-

pounds KH

2

PO

4

and KD

2

PO

4

was theoretially de-

sribed yet in Refs. [9,10℄ using the four-partile luster

approximation for the proton ordering model. The fat

that this model an aount for the external pressure

e�ets is onsidered as one of its experimental evidenes.

However, muh less is known about pressure e�ets

on the transverse dieletri harateristis of these rys-

tals. Only in Ref. [11℄ the variation of transverse permit-

tivity "

11

of an undeuterated KH

2

PO

4

with hydrostati

pressure at room temperature was measured. It was es-

tablished that "

11

dereases with pressure, and the slope

jd"

11

=dpj dereases as frequeny is inreased from 400 Hz

up to 25 kHz. As far as we know, there is no experimental

data for inuene of external pressures on transverse di-

eletri properties of KH

2

PO

4

at other temperatures or

of deuterated KH

2

PO

4

type rystals. Neither is it known

in what way external pressure a�ets the longitudinal

or transverse dynami dieletri harateristis of these

rystals.

The aim of the present study is to explore the depen-

denes of transverse and longitudinal dynami dieletri

permittivities of the KH

2

PO

4

and KD

2

PO

4

on hydro-

stati pressure in a wide temperature range. Measure-

ments are arried out at the frequeny of 1 MHz, that

belongs to the piezoeletri resonane frequeny region

of these rystals. This fat should not a�et the behavior

of the transverse permittivity, provided the samples are

oriented preisely, but the temperature urves of the lon-
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gitudinal permittivity must be essentially di�erent from

the stati and high-frequeny (10

9

� 10

12

Hz) ones. The

pressure dependene of the transverse permittivity of a

deuterated KD

2

PO

4

is desribed within a mirosopi

theory. Role of pressure hanges in the hydrogen bonds

geometry in the pressure dependene of the transverse

dieletri response of this rystal is explored.

II. EXPERIMENTAL METHODICS

We measured the dieletri permittivity of two rys-

tals: a pure KH

2

PO

4

(transition temperature at ambient

pressure T

C0

� 123 K) and a highly deuterated sam-

ple with T

C0

� 210 K (0.87 nominal deuteration), here-

after abbreviated as KD

2

PO

4

. The obtained derease

of the transition temperatures with hydrostati pressure

�T

C

=�p is �4:6 K/kbar in KH

2

PO

4

and �2:1 K/kbar in

KD

2

PO

4

, that well aords with the literature data [12℄.

Permittivity was determined from the samples apa-

ity, measured by the onventional bridge method using

the a bridge E7{12 (working frequeny 1 MHz). As ele-

tri ontats a silver paste was used. Opti grade sam-

ples were plaed in a autonomous hydrostati pressure

hamber, with silione oil serving as a pressure trans-

mitting medium. Pressure was measured by mehanial

and manganin manometers with an auray �2 MPa.

Temperature was measured to �0:1 K with a opper-

onstantan thermoouple. Capaities were obtained in

a dynamial regime with a temperature hange rate

2 � 10

�2

K/. Details and some of experimental data ob-

tained en route but not inluded in the present paper are

given in Ref. [13℄.

III. EXPERIMENTAL RESULTS

Closeness of the measuring frequeny to the piezoele-

tri resonane region, as expeted, does not essentially in-

uene the transverse permittivities of the KH

2

PO

4

and

KD

2

PO

4

ferroeletris. The measured urves (see Fig. 1)

have a well-known typial form of the stati transverse

permittivity in these rystals [14{17℄: In the paraele-

tri phase "

11

slowly inreases on lowering temperature,

reahing its maximal value at T � T

C

+15 K, somewhat

dereases in the interval T

C

< T < T

C

+ 15 K, has a

jump at the transition and gradually dereases to a er-

tain limiting value as temperature is lowered down in the

ferroeletri phase.

Fig. 1. Transverse dieletri permittivities of KH

2

PO

4

and KD

2

PO

4

as funtions of temperature at di�erent values of

hydrostati pressure. Symbols are experimental points, lines are drawn for larity.

At temperatures far above the transition points the

magnitudes of transverse permittivities of both rys-

tals derease under hydrostati pressure (� ln "

11

=�p =

�3:6%kbar

�1

in KH

2

PO

4

at T = 160 K and

�1:13%kbar

�1

in KD

2

PO

4

at T = 260 K). In the ferro-

eletri phase "

11

inreases with pressure, but this e�et

results from the hanges in the distane of a given tem-

perature point from the transition temperature, whereas

the low temperature limit of "

11

is not a�eted. Suh

pressure behaviour is analogous to the pressure depen-

dene of the transverse permittivity in antiferroeletri

rystals NH

4

H

2

AsO

4

and ND

4

D

2

AsO

4

[19℄.

In Figs. 2 and 3 we present the measured at 1 MHz

temperature urves of the longitudinal dieletri permit-

tivity of a pure KH

2

PO

4

and undeuterated KD

2

PO

4

at

di�erent values of hydrostati pressure.

Near the transition point, we detet multiple lear

maxima and/or bends in the permittivity urves of the

rystals, reprodued at di�erent values of hydrostati

pressure as well as at heating or ooling [13℄. Due to the

narrowness of the temperature interval where the permit-

tivity exhibits these peuliarities, in KD

2

PO

4

the multi-
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peak struture was deteted only at 1.9 kbar (see Fig. 3).

For the other pressures, the bends in the urves of "

33

were observed in this region (the narrow peaks must have

been skipped at measurements). Under hydrostati pres-

sure this temperature interval beomes even narrower, so

that some peaks of "

33

may merge.

Fig. 2. Longitudinal dieletri permittivity of KH

2

PO

4

at � = 1 MHz (ooling) as a funtion of temperature at di�erent

values of hydrostati pressure. Symbols are experimental points, lines are drawn for larity.

The "

33

, measured at lower frequenies [13℄ as well

as at frequenies above the piezoeletri resonane but

below the dieletri dispersion region [20℄, has a typial

form of the permittivity with one peak at the transition

point and the Curie{Weiss behaviour in the paraeletri

phase. Apparently, the peaks of the longitudinal permit-

tivity at 1 MHz are a dynami e�et onneted with a

piezoeletri resonane phenomena. Most likely, they are

the peaks at di�erent piezoeletri resonane frequen-

ies (harmonis) or an be attributed to resonanes in

domains of di�erent sizes. Harmonis frequenies are de-

termined by sample (domain) dimensions and by the ap-

propriate elasti onstants (only by 

E

66

for a 45

o

Z ut

sample). In KH

2

PO

4

and KD

2

PO

4

, the 

E

66

has a peu-

liarity at the phase transition point [18℄, dropping from

about 6�10

10

dyn/m

2

to zero and inreasing bak to this

value in the paraeletri phase. Therefore, at hanging

temperature in the viinity of the transition point, the

resonant harmonis frequenies span a wide frequeny

range, so that at ertain temperatures they may oin-

ide with the measuring frequeny.

At temperatures below the peaks, the longitudinal per-

mittivity of deuterated KD

2

PO

4

has a typial shoulder-

like form, aused by the multi-domain struture of the

samples. Qualitatively similar dependenes an be traed

in a pure KH

2

PO

4

as well, but the \�ne struture" of "

33

here is fanier. Hydrostati pressure almost does not af-

fet the shape of the temperature urve "

33

(T < T

C

).

Width of the plateau is about 30 K in both rystals,

with the height of about 400 being pratially pressure

independent.

Above the transition point (see Figs. 2 and 3, the

Curie{Weiss law is obeyed for "

�1

33

of KH

2

PO

4

and

KD

2

PO

4

in a rather wide temperature range, exept

for the viinity of the transition point. The Curie on-

stants at ambient pressure C = 2949 K in KH

2

PO

4

and C = 3770 K in KH

2

PO

4

are very lose to the or-

responding stati ones [12℄ and derease with pressure

linearly with the slopes � lnC=�p = �0:48%kbar

�1

in

KH

2

PO

4

and �1:5%kbar

�1

in KD

2

PO

4

(the literature

data [12℄ for the stati Curie onstants are C = 2910 K

and � lnC=�p = �0:66%kbar

�1

in KH

2

PO

4

and 3700 K

and �1:43%kbar

�1

in KD

2

PO

4

).

Note a strong dependene of the logarithmi pressure

derivatives of the dieletri harateristis of the rys-

tals on deuteration and the fat that this dependene is

di�erent for the transverse and longitudinal quantities:

j� ln "

11

=�pj in KH

2

PO

4

is muh higher than in KD

2

PO

4

,
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whereas for j� lnC=�pj the reverse holds. A similar e�et

has been revealed earlier [12℄ for the transition tempera-

ture, saturation polarization and Curie onstant of these

rystals.

Fig. 3. Longitudinal dieletri permittivity of KD

2

PO

4

at � = 1 MHz (heating) as a funtion of temperature at di�erent

values of hydrostati pressure. Symbols are experimental points, lines are drawn for larity. The insets show the permittivity

in the viinity of the transition point.

IV. THEORY

We restrit our theoretial alulations by the ase of

a highly deuterated KD

2

PO

4

. The known models of di-

eletri relaxation in hydrogen-bonded rystals [21,22℄,

based on Glauber's [23℄ dynamis of pseudospins, are

suitable for desription of the high-frequeny permittiv-

ities (10

9

� 10

12

Hz) only, when a rystal is e�etively

lamped [24℄. Therefore, in order to desribe the above

presented pressure dependenes of the longitudinal di-

eletri permittivity one must develop a speial model of

dieletri relaxation whih would take into aount dy-

namis of piezoeletri strain "

6

as well. However, sine

this dynamis is not essential for the transverse dieletri

response of KD

2

PO

4

, the latter an be desribed within

stati models. We shall do that within the proton order-

ing model modi�ed to the ase of strained rystals [8℄.

We have already found the transverse dieletri onstant

of strained KD

2

PO

4

[25℄, but had no experimental data

available. Previously, the transverse dieletri onstant

for these rystals at atmospheri pressure has been al-

ulated by Havlin et al [14{16℄; our results well aord

with theirs.

Calulations are performed with the onventional four-

partile luster Hamiltonian [8℄

H

q

= V

h

�

q1

2

�

q2

2

+

�

q2

2

�

q3

2

+

�

q3

2

�

q4

2

+

�

q4

2

�

q1

2

i

+ U

h

�

q1

2

�

q3

2

+

�

q2

2

�

q4

2

i

+ �

�

q1

2

�

q2

2

�

q3

2

�

q4

2

(1)

�

4

X

f=1

z

qf

�

�

qf

2

:

The internal �elds z

qf

inlude a long-range interations

between deuterons (dipole-dipole and lattie mediated)

taken into aount in the mean �eld approximation, lus-

ter �elds �

qf

whih desribe the short-range interations

with the pseudospin �

qf

not expliitly inluded into the

luster Hamiltonian, and an external eletri �eld applied

along the a-axis of the tetragonal unit ell
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z

qf

= �

h

��

qf

+

X

q

0

f

0

J

ff

0

(qq

0

)

h�

q

0

f

0

i

2

+ �

1

qf

E

1

i

; (2)

�

1

qf

is the projetion on the a-axis of the e�etive dipole

moment reated by displaements of heavy ions and re-

distribution of eletron density indued by deuteron or-

dering. Symmetry of the transverse e�etive dipole mo-

ments �

1

qf

is

�

1

= �

1

q1

= ��

1

q3

; �

1

q2

= �

1

q4

= 0:

Parameters of the short-range deuteron orrelations U ,

V , � are funtions of the so-alled Slater energies ", w,

w

1

:

V = �

w

1

2

; U =

w

1

2

� "; � = 4"� 8w+ 2w

1

: (3)

Usually w

1

!1. Pressure dependenes of the Slater en-

ergies and parameters of the long-range interations are

modelled as in Ref. [8℄

" = "

0

h

1�

2

S

Æ

1

Æ

0

3

X

j=1

"

j

i

; w = w

0

"

1�

2

S

Æ

1

Æ

0

3

X

j=1

"

j

i

; (4)

and

J

ff

0

(qq

0

) = J

(0)

ff

0

(qq

0

)

h

1�

2

S

Æ

1

Æ

0

3

X

j=1

"

j

i

+

3

X

j=1

 

j

ff

0

(qq

0

)"

j

:

(5)

Here we take into aount the quadrati dependene of

these parameters on the separation Æ between two equi-

librium deuteron sites on a bond, whereas the pressure

dependene of Æ is known to be linear [26℄

Æ = Æ

0

+ Æ

1

p = Æ

0

�

1�

2

S

Æ

1

Æ

0

3

X

j=1

"

j

�

;

S =

P

3

ij=1

S

(0)

ij

. Aording to [8,10℄ we suppose that the

only essential mehanism of the pressure inuene on the

Slater energies is a derease in the D-site distane Æ. How-

ever, for the parameters of the long-range interations

there exist other importantmehanisms of variation with

pressure (for instane, the dipole-dipole interations in-

rease when the distane between deuterons is redued),

taken into aount in (5) via the expansions in the diag-

onal omponents of the strain tensor "

i

(i = 1; 2; 3).

The transverse dieletri permittivity of a KD

2

PO

4

rystal alulated with the Hamiltonian (1) reads [25℄

"

"

11

(T; p) = "

11

+ 4�

��

2

1

v

2(a+ b osh z)

D � 2(a+ b osh z)'

; (6)

where "

11

is a high-frequeny ontribution, and

' =

1

1� �

2

+ ��

a

;

�

a

=

J

11

� J

13

4

= �

0

a

h

1�

2

S

Æ

1

Æ

0

3

X

j=1

"

j

i

+

3

X

i=1

 

ai

"

i

:

J

ij

is the long-range interation matrix Fourier transform

at q = 0. We also use the following notations

D = osh 2z + 4b osh z + 2a+ d;

z � z

q1

= z

q2

= z

q3

= z

q4

=

1

2

ln

1 + �

1� �

+ ��



(0)�;

a = exp (��"); b = exp (��w); d = exp (��w

1

);

�



=

J

11

+ 2J

12

+ J

13

4

= �

0



h

1�

2

S

Æ

1

Æ

0

3

X

j=1

"

j

i

+

X

i

 

i

"

i

:

At zero strains "

i

, the above expression for the trans-

verse permittivity transforms into that of Havlin [14℄.

The order parameter � � h�

q1

i = h�

q2

i = h�

q3

i =

h�

q4

i is found by minimization of the free energy

f =

�v

2

X

ij



ij

"

i

"

j

� 2w+ 2�



(0)�

2

+ 2T ln

2

(1� �

2

)D

;

whereas to �nd the strains we should solve the set of

equations

�p =

3

X

j=1



ij

"

j

; (7)

where 

ij

are the elasti onstants of the whole rystal,

being determined from an experiment. Contribution of a

deuteron subsystem to pressure or temperature depen-

denes of the elasti onstants is negleted.

V. NUMERICAL ANALYSIS

The values of the theory parameters for a deuterated

rystal KD

2

PO

4

with the transition temperature at am-

bient pressure T

C0

= 210 K are presented in Tables I, II.

They were found in Ref. [8℄ and used for a desription of

the uniaxial pressure p = ��

3

dependenes of the tran-

sition temperature, longitudinal dieletri permittivity,

and spontaneous polarization of the rystal. The elasti

onstants of the paraeletri rystals oinide with the

experimental data of Ref. [27℄. The new parameters �

a

,

f

0

1

= (�

0

1

)

2

=v, and "

11

are found by �tting the theoret-

ial temperature urve of the transverse permittivity to
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experimental data (�

a

sets the slope �"

11

=�T , whereas

f

1

and "

11

give the magnitude of "

11

).

The so-alled deformation potentials  

ai

, whih en-

ter only the expression for the transverse permittivity,

do not essentially a�et the permittivity. Therefore, for

the sake of simpliity we put  

ai

= 0. Contributions of

deuteron on�gurations with four deuterons lose to a

given PO

4

group or with none are negleted as well by

taking w

1

!1.

"

0

w

0

�

0



�

0

a

f

0+

1

f

0�

1

 

�

1

 

�

2

 

�

3

 

+

1

Æ

1

=Æ

0

� 10

3

(K) (kbar

�1

)

87.6 785 37.05 �32 830 520 120 100 �545 110 �7:5

Table 1. The theory parameters for a KD

2

PO

4

rystal with T

C0

= 210 K, �T

C

=�p = �2:1 K/kbar. Plus and minus indies

denote the quantities used in the paraeletri and ferroeletri phases, respetively.



+

11



+

12



+

13



+

33



�

11



�

12



�

13



�

22



�

23



�

33

6.93 �0.78 1.22 5.45 6.8 �0.78 1.0 6.99 1.0 5.3

Table 2. Elasti onstants of the onsidered rystal (units of 10

5

bar).

Hene, the only new theory parameter, governing the

pressure dependene of the alulated harateristis, is

the ratio Æ

1

=Æ

0

{ the relative rate of the pressure hanges

in the D-site separation Æ. We hoose it so that at all

other parameters unhanged the orret dependene of

the transition temperature on the hydrostati pressure

�T

C

=�p = �2:1 K/kbar is obtained.

In Ref. [8℄ we have shown that at the hosen anal-

ogously values of Æ

1

=Æ

0

, the realulated dependenes

T

C

(Æ) for six deuterated ferroeletri and antiferroele-

tri rystals with a three dimensional network of hydro-

gen bonds MeD

2

XO

4

(Me = K, Rb, ND

4

, X = P, As)

form a single universal linear dependene. Experimen-

tally this universality has been established by R. Nelmes

et al [4℄ for undeuterated KH

2

PO

4

and NH

4

H

2

PO

4

and

deuterated KD

2

PO

4

and ND

4

D

2

PO

4

. At the adopted in

this paper value of Æ

1

=Æ

0

for KD

2

PO

4

with T

C0

= 210 K,

the dependene T

C

(p)[Æ(p)℄ for this spei� rystal also

aords with the universal line [8℄.

The slopes ��

i

=�p are determined without introduing

into the theory any extra �tting parameter by the follow-

ing simple half-empirial formula, nevertheless yielding a

fair agreement with the experiment.

1

�

0

i

��

i

�p

=

Æ

1

Æ

0

+

"

i

p

: (8)

It follows from that major assumption that the deuteron

ordering in the system results in displaements of heavy

ions and eletron density whih ontribute to rystal po-

larization. We suppose [8℄ that the heavy ions displae-

ments are proportional to a deuteron shift from its en-

tral position on a hydrogen bond to the o�-entral one

(Æ=2) and to the orresponding lattie onstant a

i

. The

pressure dependene of the e�etive longitudinal dipole

moment �

3

, alulated with (8) provides a fair agree-

ment with the available experimental data for the pres-

sure dependene of spontaneous polarization of KD

2

PO

4

and of the stati dieletri permittivities of KD

2

PO

4

and

RbD

2

PO

4

[8℄.

In Fig. 4 we depit the theoretial urves of the trans-

verse stati dieletri permittivity of KD

2

PO

4

along with

the experimental points of Setion III.

Fig. 4. Transverse dieletri permittivity of KD

2

PO

4

as

a funtion of temperature at di�erent values of hydrostati

pressure (kbar) 1 | 0; 2 | 4.1. Lines are alulated theoret-

ially; symbols are experimental points of the present work.

The theory qualitatively well reprodues the tempera-

ture urve of the permittivity, inluding a derease with

temperature in the paraeletri phase and the jump at

the transition point, but is not able to explain the exis-

tene of a small broad maximum of "

11

at temperature

slightly higher than the transition point. That is a om-

mon drawbak of all existing alulations of the trans-

verse permittivity [15℄, that an be removed by assuming

a temperature dependent high-frequeny ontribution to
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the permittivity "

11

.

As one an see, a satisfatory quantitative agreement

with experimental data for the rates of a derease in the

permittivity with pressure in the high-temperature phase

and of an inrease in the low-temperature phase is ob-

tained. The fat that the value of the ratio Æ

1

=Æ

0

, yielding

the orret theoretial pressure dependene of transition

temperature, provides the orret pressure dependene

of the transverse dieletri permittivity, no extra �tting

parameters being introdued into the theory, gives one

more evidene on the important role played by the hy-

drogen bonds geometry, namely the separation Æ between

equilibrium deuteron sites, in the phase transition and

dieletri response of the hydrogen bonded rystals.

VI. CONCLUDING REMARKS

We performed experimental studies of hydrostati

pressure inuene on transverse and longitudinal diele-

tri permittivities of ferroeletri KH

2

PO

4

and KD

2

PO

4

rystals at 1 MHz, the frequeny that belongs to the

piezoeletri resonane region.

The obtained temperature urves of transverse permit-

tivity "

11

are similar to the orresponding urves of stati

permittivity of the rystals, while the pressure depen-

denes of the permittivities are analogous to those in the

antiferroeletri rystals NH

4

H

2

AsO

4

and ND

4

D

2

AsO

4

.

Unlike "

11

, the temperature urves of the longitudi-

nal permittivity "

33

at 1 MHz are qualitatively di�erent

from stati ones. The multipeak struture of the permit-

tivity in the viinity of the transition point is observed.

Above the transition point, the longitudinal permittivi-

ties of KH

2

PO

4

and KD

2

PO

4

obey the Curie{Weiss law;

the pressure dependenes of the orresponding Curie on-

stants well aord with the data for the Curie onstants

of stati permittivities.

The measured rates of derease with pressure in the

transition temperature and permittivity "

11

in the para-

eletri phase and of an inrease in "

11

in the ferroele-

tri phase in a deuterated KD

2

PO

4

are well desribed

within the proton ordering model. Theoretial pressure

dependenes of T

C

and "

11

to a great extent are gov-

erned by the ratio Æ

1

=Æ

0

. This parameter denotes relative

pressure hanges in the separation Æ between equilibrium

deuteron sites on a bond. Obtained in the present paper

theoretial desription of the pressure dependene of "

11

,

a similar agreement with experimental data for sponta-

neous polarization and longitudinal stati dieletri per-

mittivity [8℄, as well as the previously revealed univer-

sality of [8,4℄ of the transition temperature vs H(D)-site

distane Æ in the MeD

2

XO

4

(Me = K, Rb, ND

4

, X =

P, As), KH

2

PO

4

and NH

4

H

2

PO

4

rystals, indiate that

an important role in the phase transition and dieletri

response of the rystals is played by the geometry of hy-

drogen bonds, in partiular, by the separation Æ between

hydrogen sites.
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vul. Voloxina, 32, U�gorod, 88000, UkraÝna

Eksperimental~no dosl�d�eno vpliv g�drostatiqnogo tisku na popereqnu ta pozdov�n� d�elektriqn�

proniknost� kristal�v KH

2

PO

4

� KD

2

PO

4

v qastotn�� d�l�n� p'zoelektriqnogo rezonansu. Popereqna pro-

nikn�st~ oboh kristal�v spada z tiskom u paraelektriqn�� faz� ta zrosta v se�netoelektriqn��. Bariqna

zale�n�st~ popereqnoÝ proniknosti de�terovanogo kristala KD

2

PO

4

dobre opisut~s� zaproponovano�

teor��. Pozdov�n� dinam�qna pronikn�st~ kristal�v zadovol~n� zakon K�r�{Ve�sa viwe v�d toqki pe-

rehodu, a bariqna zale�n�st~ konstanti K�r� dobre uzgod�ut~s� z danimi poperedn�h vim�r�van~ dl�

statiqnoÝ proniknosti. Poblizu toqki perehodu vi�vleno qislenn� p�ki pozdov�n~oÝ proniknosti.
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