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Using the proposed model of the GPI ferroelectrics within the framework of the two-particle cluster
approximation, the components of polarization vector and static dielectric permittivity tensor, pi-
ezoelectric characteristics, and molar speci�c heat of the crystal presence of the electric �eld E3 are
calculated. A possibility of appearance of the �rst order phase transition in the crystal is analyzed;
the temperature and �eld behavior of the calculated thermodynamic characteristics are explored.
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I. INTRODUCTION

One of the important problems in the physics of
ferroelectric materials is the study of the e�ects that
appear under the action of an external electric �eld. The
�eld can be a powerful tool for a purposeful control of
the materials' physical characteristics. The e�ects of the
external �elds depend both on the intensity and type of
such an action and on the properties of the materials.
The application of an electric �eld is a very important
instrument for the investigation of ferroelectric materi-
als with a complex spatial arrangement of the local
e�ective dipole moments. As a result, these materials
can undergo phase transitions with di�erent but coupled
order parameters. In particular, it appears possible to
in�uence this system by means of an electric �eld, which
is perpendicular to a spontaneous polarization, and to
a�ect the polarization.

One of the most interesting examples of a crystal,
sensitive to an electric �eld in�ulence, is the glycinium
phosphite (GPI), which belongs to ferroelectric materi-
als with hydrogen bonds [1, 2]. At room temperature,
this crystal has a monoclinic structure P21/a) [3]. The
hydrogen bonds between the tetrahedra HPO3 form
in�nite chains along the crystallographic c-axis. There
are two types of hydrogen bonds: with the lengths
∼ 2.48 �A and ∼ 2.52 �A [3�5]. The ordering of protons
on these bonds [4, 5] causes an antiparallel orientation
of the components of dipole moments of the equivalent
hydrogen bonds along the crystallographic axes a and
c in the corresponding chains. On the other hand, the
changes in some distances between ions in the HPO3

tetrahedra and the corresponding components of the
dipole moments of hydrogen bonds in the chains gi-
ve rise to a net dipole moment along the b-axis. As
a result, at 225 K the crystal undergoes a transition
to the ferroelectric state (space group P21) with the
spontaneous polarization perpendicular to the chains of

the hydrogen bonds. It should be noted that the phase
transition in GPI is closely connected with the short- and
long-range interactions within these chains and between
them.
Highly important are the investigations of transverse

electric �elds' e�ects on the physical characteristics of
GPI, as was discussed in detail in [10]. In [10�12] the
in�uence of the transverse �eld E3 on the phase transiti-
on and dielectric characteristics of GPI was explored. In
[13] the thermodynamic characteristics of GPI for the E3

�eld values between 0 and ±4 MV/m were evaluated; in
[14], the calculated dielectric characteristics were used to
show that the �rst order phase transition could emerge
in GPI if the �eld E3 exceeds the critical value Etr

3 =
5.9 MV/m.
In the present paper, within the framework of the

proposed model of a deformable GPI crystal, we
explore the in�uence of the electric �eld E3 on all its
thermodynamic characteristics.

II. THERMODYNAMIC CHARACTERISTICS

The Hamiltonian of a proton subsystem of GPI,
which takes into account the short-range and long-
range interactions and the electric �elds E1, E2, E3

applied along positive directions of the Cartesian axes
OX, OY and OZ, consists of the �see� and pseudospin
parts. The �seed� energy Upseed corresponds to the heavy
ion sublattice and does not depend explicitly on the
con�guration of the proton subsystem. The pseudospin
part describes short-range Ĥshort and long-range ĤMF

interactions of protons near the HPO3 tetrahedra, as well
as the e�ective interaction ĤE with the electric �elds E1,
E2, and E3 Therefore,

Ĥ = NUseed + Ĥshort + ĤMF + ĤE. (1)

The Useed corresponds to the �seed� energy, which
includes the elastic, piezolectric and dielectric parts:
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NUseed = Nv

{
1

2

3∑
i,i′=1

cE0
ii′ (T )εiεi′ +

1

2

6∑
j=4

cE0
jj (T )ε

2
j +

3∑
i=1

cE0
i5 (T )εiε5 + cE0

46 (T )ε4ε6 −
3∑

i=1

e02iεiE2 − e025ε5E2

− e014ε4E1 − e016ε6E1 − e034ε4E3 − e036ε6E3 −
1

2
χε0
11E

2
1 − 1

2
χε0
22E

2
2 − 1

2
χε0
33E

2
3 − χε0

31E3E1

}
, (2)

where N is the total number of the primitive cells of the Bravais lattice; v is the primitive cell volume. Parameters
cE0
jj (T ), e

0
ij , χ

ε0
ij are the so-called seed elastic constants, coe�cients of piezoelectric voltage, and dielectric susceptibi-

lities.
The Hamiltonian of short-range interactions is:

Ĥshort = −2w
∑
qq′

(σq1
2

σq2
2

+
σq3
2

σq4
2

) (
δRqRq′ +δRq+Rc,Rq′

)
. (3)

In Ĥshort σqf there is the z-component of the
pseudospin operator corresponding to the f -th bond
(f = 1, 2, 3, 4) in the q-th cell. The �rst and the second
Kronecker deltas correspond to the interaction between
protons in the chains near the HPO3 tetrahedra of type
�I� and type �II�, respectively; Rc is the lattice vector
along the OZ-axis. Parameters w1, w2, which descri-
be the short-range interactions within the chains, are
expanded in the strains εj up to the linear terms

w1,2=w
0+

∑
l

δlεl±δ4ε4±δ6ε6, (l = 1, 2, 3, 5). (4)

Mean �eld Hamiltonian ĤMF of the long-range dipole�
dipole interactions and indirect (through the lattice vi-
brations) interactions between protons is as follows:

ĤMF =
1

2

∑
qq′
ff′

Jff ′(qq′)
⟨σqf ⟩
2

⟨σq′f ′⟩
2

−
∑
qq′
ff′

Jff ′(qq′)
⟨σq′f ′⟩

2

σqf
2
. (5)

Expanding the Fourier transforms of the interaction
constants Jff ′ =

∑
q′
Jff ′(qq′) at k = 0 in the strains εj

up to the linear terms, we obtain

J11
33

= J0
11 +

∑
l

ψ11lεl ± ψ114ε4 ± ψ116ε6,

J13 = J0
13 +

∑
l

ψ13lεl + ψ134ε4 + ψ136ε6,

J12
34

= J0
12 +

∑
l

ψ12lεl ± ψ124ε4 ± ψ126ε6,

J14
23

= J0
14 +

∑
l

ψ14lεl ± ψ144ε4 ± ψ146ε6,

J22
44

= J0
22 +

∑
l

ψ22lεl ± ψ224ε4 ± ψ226ε6,

J24 = J0
24 +

∑
l

ψ24lεl + ψ244ε4 + ψ246ε6.

The term ĤMF can be written as

ĤMF = NH0 −
∑
q

4∑
f=1

Hf
σqf
2
, (6)

where

H0=

4∑
f,f ′=1

1

8
Jff ′ηfηf ′ , Hf =

4∑
f ′=1

1

2
Jff ′ηf ′ , ηf = ⟨σqf ⟩.

(7)

The fourth term in (1) describes interactions of
pseudospins with an external electric �eld:

ĤE = −
∑
qf

µfE
σqf
2
. (8)

Here µ1 = (µx
13, µ

y
13, µ

z
13), µ3 = (−µx

13, µ
y
13,−µz

13), µ2 =
(−µx

24,−µ
y
24, µ

z
24), µ4 = (µx

24,−µ
y
24,−µz

24) are the e�ecti-
ve dipole moments per one pseudospin.

The two-particle cluster approximation (TPCA) is
used for the calculation of thermodynamic and di-
electric characteristics of GPI. In this approximation,
the thermodynamic potential per one unit cell in the
presence of stresses σj is given by:

g = Useed +H0 − 2
(
w0 +

∑
l

δlεl

)
+ 2kBT ln 2

− Nυ

3∑
i=1

σiεi −
1

2
kBT

4∑
f=1

ln
(
1− η2f )− 2kBT lnD.

Minimizing the thermodynamic potential, we obtain the
system of equations for ηf and εj . Di�erentiating the
equilibrium thermodynamic potential with respect to �-
elds Ei, we obtain expressions for the polarization vector
components Pi
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P1 = e014ε4 + e016ε6 + χε0
11E1 +

1

2v

[
µx
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24(η2 − η4)
]
,

P2 = e021ε1 + e022ε2 + e023ε3 + e025ε5 + χε0
22E2 +

1

2v
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]
, (9)

P3 = e034ε4 + e066ε6 + χε0
33E3 +

1

2v

[
µz
13(η1 − η3) + µz

24(η2 − η4)
]
.

Diagonal components of the static isothermal dielectric susceptibilities of mechanically clamped crystal GPI are
given by:

χε
11 =

(
∂P1

∂E1

)
εj

= χε0
11 +

1

2υ∆

[
µx
13(∆

χa
1 −∆χx

3 )− µx
24(∆

χx
2 −∆χx

4 )
]
, (10)

χε
22 =

(
∂P2

∂E2

)
εj

= χε0
22 +

1

2υ∆

[
µy
13(∆

χy
1 +∆χy

3 )− µy
24(∆

χy
2 +∆χy

4 )
]
, (11)

χε
33 =

(
∂P3

∂E3

)
εj

= χε0
33 +

1

2υ∆

[
µz
13(∆

χz
1 −∆χz

3 ) + µc
24(∆

χz
2 −∆χz

4 )
]
. (12)

Here the ratio

∆χα
f

∆
=

(
∂ηf
∂Eα

)
εl

means the local pseudospin susceptibility, describing the response of the f -th order parameter to the external electric
�eld Eα at constant strains.
From relations (9) we obtain the expressions for the isothermal coe�cients of piezoelectric voltage e2l of GPI

e1j =

(
∂P1

∂εj

)
E1

= e01j +
µa
13

2v∆
(∆e

1j −∆e
3j)−

µa
24

2v∆
(∆e

2j −∆e
4j), (j = 4, 6), (13)

e2l =

(
∂P2

∂εl

)
E2

= e02l +
µb
13

2v∆
(∆e

1l +∆e
3l)−

µb
24

2v∆
(∆e

2l +∆e
4l), (l = 1, 2, 3, 5), (14)

e3j =

(
∂P3

∂εj

)
E3

= e03j +
µc
13

2v∆
(∆e

1j −∆e
3j) +

µc
24

2v∆
(∆e

2j −∆e
4j), (j = 4, 6). (15)

Here the ratios

∆e
fl

∆
=

(
∂ηf
∂εl

)
E2

,
∆e

fj

∆
=

(
∂ηf
∂εj

)
E2

describe the response of the f -th order parameter to
strains εl, εj at constant external �elds.
Other dielectric, piezoelectric, and elastic characteri-

stics of GPI can be obtained using the quantities found
above.
The molar entropy and heat capacity of the

proton subsystem are obtained by di�erentiating the
thermodynamic potential with respect to temperature:

S = −NA

(
∂g
∂T

)
σ
, ∆Cσ = T

(
∂S
∂T

)
σ
.

III. COMPARISON OF THE NUMERICAL
CALCULATION RESULTS WITH

EXPERIMENTAL DATA

To calculate the temperature and �eld dependences
of dielectric and piezoelectric characteristics of GPI,
we have to set the values of the following parameters:
the parameters of short-range interactions w0; the

parameters of long-range interactions ν0±f (f=1,2,3);

deformational potentials δi, ψ
±
fi (f=1,2,3; i=1,. . . ,6);

e�ective dipole moments µa
13; µ

a
24; µ

b
13; µ

b
24; µ

c
13; µ

c
24;

the �seed� dielectric susceptibilities χε0
ij , coe�cients of

piezoelectric stress e0ij , and elastic constants cE0
ij .

In order to determine these parameters, we use the
experimental data for the temperature dependences of
the following physical characteristics of GPI: Ps(T ) [16],
εσ11, ε

σ
33 [1], d21, d23[18], and also the dependence of the

phase transition temperature Tc(p) [19] on hydrostatic
pressure.
The primitive cell volume of GPI is vH = 0.601·10−21

cm3 [15].
Numerical analysis shows that thermodynamic

characteristics depend on the two linear combi-
nations of the long-range interaction parameters
ν0+ = ν0+1 + 2ν0+2 + ν0+3 and ν0− = ν0−1 + 2ν0−2 + ν0−3 .
The optimal values of these combinations are
ν0+/kB=10.57 K, ν0−/kB = −0.8 K; whereas
for ν0±f we choose ν̃0+1 = ν̃0+2 = ν̃0+3 = 2.643 K,

ν̃0−1 = ν̃0−2 = ν̃0−3 = 0.2 K, where ν̃0±f = ν0±f /kB.
From the equation for the transition temperature

∆(Tc) = 0 at given ν0+1 , ν0+2 , ν0+3 we obtain the opti-
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mal value of w0 = 820 K. The optimal values of the
deformation potentials are as follows: δ̃1 = 500 K, δ̃2 =
600 K, δ̃3 = 500 K, δ̃4 = 150 K, δ̃5 = 100 K, δ̃6 = 150 K;
δ̃i = δi/kB.
Similarly, parameters ψ±

fienter the expressions for the
thermodynamic quantities via the following 6 linear
combinations ψ+

i = ψ+
1i + 2ψ+

2i + ψ+
3i and ψ−

i = ψ−
1i +

2ψ−
2i +ψ−

3i. The optimal values of ψ
±
fi are: ψ̃

+
f1 = 87.9 K,

ψ̃+
f2 = 237.0 K, ψ̃+

f3 = 103.8 K, ψ̃+
f4 = 149.1 K,

ψ̃+
f5 = 21.3 K, ψ̃+

f6 = 143.8 K, ψ̃−
fi = 0 K, where ψ̃±

fi

=ψ±
fi/kB.
The e�ective dipole moments in the paraelectric phase

are µ13 = (0.4, 4.02, 4.3) · 10−18 esu·cm, µ24 =
(−2.3, −3.0, 2.2) · 10−18 esu·cm. In the ferroelectric
phase µy

13ferro = 3.82 · 10−18 esu·cm;
�Seed� coe�cients of piezoelectric stress, dielectric

susceptibilities and elastic constants are:

e021 = e022 = e023 = e025 = 0.0 esu
cm2 ; χ

ε0
11 = 0.1, χε0

22= 0.403,

χε0
33 = 0.5, χε0

31 = 0.0;

c0E11 =26.91 · 1010
dyn
cm2 , cE0

12 =14.5 · 1010
dyn
cm2 ,

cE0
13 =11.64 · 1010

dyn
cm2 , cE0

15 = 3.91 · 1010 dyn
cm2 ,

cE0
22 = (64.99−0.04(T − Tc)) · 1010 dyn

cm2 ,

cE0
23 = 20.38 · 1010 dyn

cm2 ,

cE0
25 = 5.64 · 1010 dyn

cm2 , cE0
33 = 24.41 · 1010 dyn

cm2 ,

cE0
35 = −2.84 · 1010 dyn

cm2 , cE0
55 = 8.54 · 1010 dyn

cm2 ,

cE0
44 = 15.31 · 1010 dyn

cm2 , cE0
46 = −1.1 · 1010 dyn

cm2 ,

cE0
66 = 11.88 · 1010 dyn

cm2 .

Now we shall discuss the temperature and E3 �eld
dependences of the physical characteristics of GPI obtai-
ned in the present paper.
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Fig. 1. The temperature dependences of the order parameters ηf of GPI at di�erent values of electric �eld E3 (MV/m), given
by the lower index
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Fig. 2. The temperature dependences of strains ε1, ε4 of GPI at di�erent values of the electric �eld E3 (MV/m), given by the
lower index

In the absence of an electric �eld, the following
symmetry of the mean values of the pseudospins holds:
η1 = η3=η2 = η4 in the ferroelectric phase and η1 =
η2 = η3 = η4 = 0 in the paraelectric phase (Fig. 1).
The application of electric �eld E3 leads to splitting
of the pseudospin mean values, so that η1 = η2 > 0,
η3 = η4 < 0 in the paraelectric phase. Increasing �eld E3

in the paraelectric phase increases the order parameters
η1, η2 and decreases η3, η4. At the transition temperature
Tc, the order parameters η1, η2, η3, η4 have jumps, if
electric �eld E3 is larger than a certain critical value

Etr
3 = 5.9 MV/m; with an increase in �eld E3, the jump

magnitude decreases for η1, η2 and increases for η3, η4.

Strains ε1, ε2, ε3, ε5 decrease with an increase in the
�eld in the ferroelectric phase. If the �eld E3 is above
the critical one Etr

3 , these strains have jumps at Tc to
their paraelectric phase values, which linearly decrease
with an increase in temperature and do not depend
on the �eld, as seen using the example of strain ε1, in
Fig. 2. Srains ε4, ε6 increase with temperature in the
ferroelectric phase, have maxima and downward jumps
at T = Tc (Fig. 2).
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Fig. 3. The dependence of temperature Tc of the phase transi-
tion in GPI from the ferroelectric to the paraelectric phase

on electric �eld E3(3).

In the ferroelectric phase with an increase in
temperature the parameters of the short-range w1,2

and long-range ν1,2,3 interaction parameters for GPI
decrease along some convex curves down to their
paraelectric phase values. When the �eld is above Etr

3

these parameters have jumps at Tc to their paraelectric
phase values, which, in their turn, linearly decrease with

an increase in temperature and do not depend on the
�eld.
The dependence of the phase transition temperature

Tc of GPI on electric �eld E3 is presented in Fig. 3. The
transition temperature Tc decreases with �eld E3. At �-
elds above the critical one Etr

3 = 5.9 MV/m (the tricriti-
cal point), the phase transition becomes of the �rst order
(the dashed line).
In Fig. 4, the temperature dependences of polarizati-

on components Pi at di�erent values of the �eld E3 are
shown.
In the absence of the �eld the spontaneous polari-

zation monotonously and continuously decreases with an
increase in temperature and vanishes at Tc (Fig. 4, curve
300). With increasing |∆T |, the magnitude of polarizati-
on P2 increases and does not depend on the �eld at E3

< Etr
3 or increases with the �eld at E3 > Etr

3 (Fig. 5).
At small �elds E3 the phase transition is of the second
order. The temperature curves P2(T ) are qualitatively
similar to those at E3 = 0 (Fig. 4, curves 32.0, 34.0), At
�elds above Etr

3 ≈ 5.9 MV/m, the order of the phase
transition changes to the �rst one, and the polarization
P2(T ) exhibits jumps at Tc, whose magnitudes increase
with �eld E3 (Fig. 4).
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Fig. 4. The temperature dependences of polarizations P2, P1, P3 of GPI at di�erent values of �eld E3 (MV/m), given by the
lower index; ◦ � [16]
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The transverse �eld E3 also induces polarizations P1

and P3, whose values are positive and negative, respecti-
vely (Fig. 4). At E3 < Etr

3 , the temperature curves of
P1(E3) and P3(E3) have cusps at Tc that transform into
increasing with the �eld E3 jumps at E3 > Etr

3 (Fig. 4).
At T > Tc, �eld E3 decreases P1(E3) and increases
P3(E3). In the ferroelectric phase at E3 < Etr

3 the values
of P1(E3) decrease and of P3(E3) increase with the �eld;
at E3 > Etr

3 the values of P1(E3) increase and of P3(E3)
decrease with an increase in the �eld.
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Fig. 6. The temperature dependences of static permittivity
ε22 of GPI at di�erent values of electric �eld E3 (MV/m),

given by the lower index. •: [17]

The changes in the temperature behavior of the static
dielectric permittivities ε22 = 1 + 4πχ22 of GPI induced
by the transverse electric �eld E3 are shown in Fig. 6.

If the transverse �eld is below the critical one E3 <
Etr

3 , the longitudinal dielectric permittivity of a free
crystal ε22 diverges at Tc. At E3 > Etr

3 , when the phase
transition becomes of the �rst order, the permittivity ε22
remains �nite, and its maximal values decrease with an
increase in the �eld. At T = Tc, the permittivity ε22 has
a jump, whose magnitude decreases with an increase in
�eld E3.
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Fig. 7. Dependences of the static permittivity ε22 of GPI on
electric �eld E3 at di�erent values of temperature T (K): −0.1

� 1′; −1.0 � 2′; −10.0 � 3′; 0.1 � 1; 1.0 � 2

The dielectric permittivity ε22(E3) decreases with
increasing �eld E3 in the vicinity of the transition
temperature ( ∆T = ±0.1 K), is �eld independent at
larger |∆T |, if the �eld is below the critical one E3 < Etr

3 ,
and decreases at E3 > Etr

3 (Fig. 7).
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Fig. 8. The temperature dependences of static permittivities ε11 and ε33 of GPI at di�erent values of electric �eld E3 (MV/m),
given by the lower index; ▲: [1].

The temperature curves of permittivities ε11(E1),
ε33(E1) have a cusp at T = Tc in the absence of the
�eld (Fig. 8). The temperature curves of permittiviti-
es ε11(E3) and ε33(E3) exhibit jumps at the transiti-
on temperatures, which increase withan increase in �-
eld E3, are maximal at E3 = Etr

3 , and shift to lower
temperatures (Fig. 9). At E3 > Etr

3 , the jumps of permi-
ttivities ε11(E1), ε33(E1) at T = Tc decrease.

The temperature dependences of coe�cients e21(T )
and constants h21(T ) of piezoelectric voltage at di�erent
values of electric �eld E3 are shown in Fig. 10. At E3 = 0,
coe�cient e21(T ) diverges at Tc. When �eld E3 is appli-
ed, coe�cient e21(T ) remains �nite and jumps to zero at
the transition to the paraelectric phase; the jump values

decrease with an increase in E3.

At E3 < Etr
3 and ∆T = 0.1 Ê, the coe�cient e21(E3)

�rst decreases and then increases up to a maximum at
E3 = Etr

3 . At larger ∆T , the values of e21(E3) slightly
increase with the �eld at E3 < Etr

3 , are maximal at
E3 = Etr

3 , and decrease at E3 > Etr
3 with increasing

∆T (Fig. 11).

The constants of piezoelectric voltage h21(3) at di-
�erent ∆T slightly increase with the �eld at E3 < Etr

3 ,
then have a maximum as E3 approaches Etr

3 ; the larger
∆T , the higher are the maximal values of h21(3). Wi-
th further increase inb the �eld, the constants h21(3)
decrease (Fig. 11).
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Fig. 10. The temperature dependences of coe�cients e21(T ) and constants h21(T ) of piezoelectric voltage at di�erent values
of GPI at di�erent values of electric �eld E3 (MV/m), given by the lower inde
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di�erent temperatures ∆T (K):−0.1 � 1′; −1.0 � 2′; −5.0 � 3′; −10.0 � 4′

The temperature dependences of coe�cients e14(T )
and e34(T ) and constants h14(T ), h34(T ) of piezoelectric
voltage of GPI at di�erent values of electric �eld E3 are
presented in Fig. 12.
With an increase in �eld E3 the absolute values of

coe�cients e14(E3), |e34(E3)| and constants h14(E3),
|h34(E3)| of piezoelectric voltage increase, reaching their
maxima at E3 = Etr

3 , and then decrease; the larger

∆T , the smaller the maximal values of these piezomoduli
(Fig. 13).
The in�uence of �eld E3 on the proton contribution

to the molar speci�c heat at constant pressure ∆Cp is
related mostly to the decrease in Tc and is revealed as a
decrease in the maximal value of∆Cp(E3) at the transiti-
on temperature with an increase in the transverse electric
�eld (Fig. 14).
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Fig. 12. The temperature dependences of coe�cients e14(T ) and e34(T ) and constants h14(T ), h34(T ) of piezoelectric voltage
of GPI at di�erent values of electric �eld E3 (MV/m), given by the lower index
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IV. CONCLUSIONS

Using the proposed model of a deformed GPI crystal,
we calculate its thermodynamic characteristics in the
presence of electric �eld E3. The transition temperature
Tc(E3) decreases with a decrease in �eld E3. At �elds

above the critical one Etr
3 = 5.9 MV/m (the tricri-

tical point), the phase transition is of the �rst order.
Electric �eld E3 induces polarizations P1 and P3, whose
temperature dependences are analyzed in the present
paper. All thermodynamic characteristics at �elds above
the critical one have jumps at T = Tc.
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ÂÏËÈÂ ÅËÅÊÒÐÈ×ÍÎÃÎ ÏÎËß E3 ÍÀ ÔÀÇÎÂÈÉ ÏÅÐÅÕIÄ I ÒÅÐÌÎÄÈÍÀÌI×ÍI
ÕÀÐÀÊÒÅÐÈÑÒÈÊÈ ÑÅ�ÍÅÒÎÅËÅÊÒÐÈÊÀ GPI

Ð. Ð. Ëåâèöüêèé1, I. Ð. Çà÷åê2, À. Ñ. Àíäðóùàê2

1Iíñòèòóò ôiçèêè êîíäåíñîâàíèõ ñèñòåì ÍÀÍ Óêðà¨íè, âóë. Ñâ¹íöiöüêîãî, 1, Ëüâiâ, 79011, Óêðà¨íà
2Íàöiîíàëüíèé óíiâåðñèòåò �Ëüâiâñüêà ïîëiòåõíiêà�, âóë. Ñ. Áàíäåðè, 12, Ëüâiâ, 79013, Óêðà¨íà

Îäíèì iç íàéöiêàâiøèõ ïðèêëàäiâ êðèñòàëà, ÷óòëèâîãî äî âïëèâó åëåêòðè÷íîãî ïîëÿ, ¹ ôîñôiò
ãëiöèíó (glycinium phosphite � GPI), ùî íàëåæèòü äî ñå íåòîàêòèâíèõ ìàòåðiàëiâ iç âîäíåâèìè
çâ'ÿçêàìè. Çà êiìíàòíî¨ òåìïåðàòóðè öåé êðèñòàë ìà¹ ìîíîêëiííó ñòðóêòóðó (ïðîñòîðîâà ãðóïà
P21/a). Âîäíåâi çâ'ÿçêè ìiæ òåòðàåäðàìè HPO3 óòâîðþþòü áåçìåæíi ëàíöþæêè âçäîâæ êðèñòàëî-
ãðàôi÷íî¨ îñi c. Ðîçðiçíÿþòü äâà òèïè âîäíåâèõ çâ'ÿçêiâ: äîâæèíîþ ∼ 2.48 �A i ∼ 2.52 �A. Ôàçîâèé
ïåðåõiä ó GPI òiñíî ïîâ'ÿçàíèé ç êîðîòêî- òà äàëåêîñÿæíèìè âçà¹ìîäiÿìè â öèõ ëàíöþæêàõ i ìiæ
íèìè.

Âèêîðèñòîâóþ÷è çàïðîïîíîâàíó ìîäåëü ñå íåîåëåêòðèêà GPI â íàáëèæåííÿ äâî÷àñòèíêîâîãî
êëàñòåðà, ðîçðàõîâàíî êîìïîíåíòè âåêòîðà ïîëÿðèçàöi¨ òà òåíçîðà ñòàòè÷íî¨ äiåëåêòðè÷íî¨ ïðîíè-
êíîñòi, ï'¹çîåëåêòðè÷íi õàðàêòåðèñòèêè òà ìîëÿðíó òåïëî¹ìíiñòü êðèñòàëà ïiä ÷àñ ïðèêëàäàííÿ
åëåêòðè÷íîãî ïîëÿ E3. Çi çðîñòàííÿì ïîëÿ E3 òåìïåðàòóðà ôàçîâîãî ïåðåõîäó Tc ïîíèæó¹òüñÿ.
Çà ïîëiâ, ñèëüíiøèõ, íiæ äåÿêå êðèòè÷íå Etr

3 = 5.9 ÌÂ/ì (òðèêðèòè÷íà òî÷êà), ôàçîâèé ïåðåõiä
ñòà¹ ïåðåõîäîì ïåðøîãî ðîäó. Çà ïîëiâ, ñèëüíiøèõ, íiæ Etr

3 ≈ 5.9 ÌÂ/ì, ïîëÿðèçàöiÿ P2(T ) ìà¹
ñòðèáêè â òî÷öi Tc, âåëè÷èíè ÿêèõ çi çáiëüøåííÿì ïîëÿ E3 çðîñòàþòü. Çà ïîëiâ E3 < Etr

3 ó òåì-
ïåðàòóðíîìó õîäi êðèâi P1(E3) i P3(E3) ìàþòü çëàì ó òî÷öi Tc, à çà E3 > Etr

3 êîìïîíåíòè P1(E3)
i P3(E3) ìàþòü ñòðèáêè â òî÷öi Tc , ÿêi çðîñòàþòü iç çáiëüøåííÿì íàïðóæåíîñòi ïîëÿ E3. Â îêîëi
òåìïåðàòóðè ïåðåõîäó (∆T = ±0.1 K) çi çáiëüøåííÿì íàïðóæåíîñòi ïîëÿ E3 äiåëåêòðè÷íà ïðîíè-
êíiñòü ε22(E3) çìåíøó¹òüñÿ, çà áiëüøèõ |∆T | äî âåëè÷èíè ïîëÿ E3 < Etr

3 âiä ïîëÿ íå çàëåæèòü, à çà
E3 > Etr

3 � çìåíøó¹òüñÿ. Ó òåìïåðàòóðíîìó õîäi ïðîíèêíîñòåé ε11(E3) i ε33(E3) çà òåìïåðàòóð ôà-
çîâèõ ïåðåõîäiâ ñïîñòåðiãàþòüñÿ ñòðèáêîïîäiáíi çìiíè öèõ âåëè÷èí, ÿêi çáiëüøóþòüñÿ çi çðîñòàííÿì
íàïðóæåíîñòi ïîëÿ E3, äîñÿãàþ÷è ìàêñèìóìó çà E3 = Etr

3 , i çìiùóþòüñÿ â áiê íèæ÷èõ òåìïåðàòóð.
Çà íàïðóæåíîñòåé E3 > Etr

3 âåëè÷èíà ñêà÷êà ïðîíèêíîñòåé ε11(E1), ε33(E1) çà T = Tc çìåíøó¹òüñÿ.
Ïiä ÷àñ ïðèêëàäàííÿ ïîëÿ E3 êîåôiöi¹íòè e21(T ) ñòàþòü ñêií÷åííèìè, çà òåìïåðàòóð T = Tc âîíè

ñêà÷êîïîäiáíî çìiíþþòüñÿ äî íóëÿ â ïàðàôàçi é âåëè÷èíà ñêà÷êà çìåíøó¹òüñÿ çi çðîñòàííÿì ïîëÿ
E3. Âïëèâ ïîëÿ E3 íà ïðîòîííèé âíåñîê ó ìîëÿðíó òåïëî¹ìíiñòü çà ñòàëîãî òèñêó ∆Cp ïðîÿâëÿ¹òüñÿ
â çìåíøåííi ìàêñèìàëüíîãî çíà÷åííÿ ∆Cp(E3) çà òåìïåðàòóðè ôàçîâîãî ïåðåõîäó çi çáiëüøåííÿì
íàïðóæåíîñòi ïîïåðå÷íîãî åëåêòðè÷íîãî ïîëÿ.

Êëþ÷îâi ñëîâà: ñå íåòîåëåêòðèêè, ôàçîâèé ïåðåõiä, äiåëåêòðè÷íà ïðîíèêíiñòü, ï'¹çîìîäóëi,
åëåêòðè÷íå ïîëå.
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