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SPONTANEOUS POLARIZATION AND DIELECTRIC PROPERTIES OF
METHYLAMMONIUM HALOGENOBISMUTHATE CRYSTALS UNDER
HYDROSTATIC PRESSURE

R. Poprawski and W. Salejda
Institute of Physics, Technical University of Wroclaw, 50-370 Wrocdaw,
Wybrzeze Wyspiatiskiego 27, Poland

Abstract Within a phenomenological approach we have interpreted the
experimental dependence of dielectric properties of (CH3NH3)sBizBry;
(MAPBB) and (CH2NH3)5Bi2Cl;; (MAPCB) under hydrostatic pres-
sure. We have shown that the thermodynamic state of the crystals is deter-
mined by: (1) AT = T —Tp) at p = const; (2) Ap = p - p(T) at
T = const, where T.(p) (pT)) denotes the Curie temperature (the Curie
pressure) depending on pressure (temperature). This means that the hydro-
static pressure plays the same role as the temperature. In order to describe
the pressure dependence of the spontaneous polarization the pressureelectric
effect (PEE) has been introduced. Applicability of PEE to detection of pres-
sure changes and direct conversion of elastic to electric energy is discussed.

INTRODUCTION

In (CH3NH;)5BizBry; (MAPBB)and (CHzNHj3)5Bi2Cly; (MAPCB) crystals the
second order ferroelectric phase transitions (PT) occur at 311K, and 307K, respectively! 2.
The structural® and spectroscopic? investigations confirme the order-disorder character of
the phase transitions in these crystals. The ordered molecules are methylammonium an-
ions. These PT are typical examples of the "classical” order-disorder phase transitions
(it means that in these crystals tunneling effect does not exist). According to Samara's®
classification in the crystals of this type the positive shift of the phase transition tem-
perature with the hydrostatic pressure (IIP) is observed. This conclusion is confirmed by
our experimental results®7. The pressure coefficients of the phase transitions temperature
shift dT./dp are 58 K /G Pa and 38K /G Pa for MAPBB and MAPCB crystals respectively.

It is worth noticing that P applied to ferroelectric crystals shows an effect on many
physical properties and reveals a new phenomenon. One of the aims of this work is to
describe phenomenologically an influence of the HP on physical properties of the crystals
exhibiting the second-order ferroelectric phase transition. The conclusions drawn on the
basis of the thermmodynamic analysis are compared with the experimental results abtained
for MAPBB and MAPCB crystals.

Pressureelectric effect consists in the hydrostatic-pressure-inducted generation of
the free electric charge on the surface of polar crystals. The relation between the sponta-
neous polarization and hydrostatic pressure can be described with the help of pressure
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electric coeflicients (PEC), 5 defined as a temperature derivalive over the spontaneous
polarization (i = dP,/dp). The PEE can be applicd to the direct conversion from the
clastic to the electric energy. The presentation of the physical principles of the pressure
clectric convectors and sensors is the other aim of this work.

PHENOMENOLOGICAL MODFEL

Experimental investigations®® confirm that the relation between dielectric permittivity, e
and temperature T for ferroclectrics showing the second order PT can be described by the
Curie-Weiss law

C

il M

where T, is the phase transition temperature. This temperature is a function of the HP

P IT.
T, = Teo + /o (?]: dI’ . (2)

where Ty, denotes the phase transition temperature under normal pressure, p — pressure.
If we assume that @ = dT/0p = const. the relation (2) can be rewritien in the form

TczTco"‘Q'p (3)

CoeMicient 2 can be positive or negative. According to Samara’s® classification @ > 0 for
the crystals exhibiting classical order-disorder phase transitions and 2 < 0 for hydrogen—
bound crystals.
Pressure dependence of the dielectric permittivity satisfics the relation similar to the
Curic-Weiss rule N
K
€ = (1)
P — Pc

where p. is the phase transition pressure.
‘Taking into acount the relations (1), (3) and (5) the Gibbs function for mechanical
free uniaxial ferroelectric crystals can be written in the form

G=G,+%(T—-TC-Q~;))P’+%P‘—E-P (5)

where: P - polarization, E ~ electric field intensity, a,# - are coeflicients of the Gibbs
function expansion.

DIELECTRIC PROPERTIES

Minimizing the Gibbs function (5) with respect to the polarization P at E = 0 we ohtain
the relation between dielectric permittivity, temperature and pressure
Yol o(r-1, -0y (6)
K €
At constant pressure p (temperature T) the reverse dielectric permittivity is a linear
function of the temperature T (hydrostatic pressure p). These relations are illustrated in
the Fig.1. and Fig.2. showing the temperature and pressure dependence of the reverse
diclectric permitivity for MAPBD and MAPCB crystals. The results were obtained from
isotherms and isobars®”7,
It is worth noticing that the term (- p) in Eqgs. (5) and (6) has a meaning of
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the phase transition temperature shift AT, caused by the HP p. It is clearly seen from
Eq.(5) that the thermodynamic state of the crystals is fully and unambiguously deter-
mined by the difference AT between temperature T and the phase transition temperature
T.(p). In this sense the HP plays the same role as the temperature. On the basis of
Eq.6 we can conclude that all results presented in Figs 1 and 2 may be represented using
T — T.(p) variable only. Some examples of the relations between 1/e and T'— T, obtained
from isobars and isotherms for MAPBB and MAPCB crystals are shown in Fig.3 and
Fig.4. We point out that the Curie constant obtained at different conditions (constant
temperature or pressure) has the same value.

Basing on these results we conclude that in the region of the phase transition the temper-
ature, the hydrostatic pressure or both the temperature and the hydrostatic pressure may
be treated as an equivalent thermodynamic parameter.

SPONTANEQUS POLARIZATION

From the minimum condition of the Gibbs function with respect to polarization P at E =
0 we get the temperature and pressure dependence of the spontaneous polarization

£ =[5+ a-p - 1), (7)

i.e. the spontaneous polarization square at constant pressure {temperature) is a linear
function of temperature (pressure].
Differentiating Eq.(7) with respect to pressure p we get PEC 7, i.e. the coeflicient
linking the spontaneous polarization changes with pressure
af) =172

= Fl5a-ap-1) (8)

From Eq. 8 it is clearly seen that the pressureelectric effect can be observed in a fer-
roelectric (polar) phase, only. Pressure dependence of coefficient 7 for MAPBB crystals
calculated from Eq. 8 for different temperatures T (the used value of the coefficients
a = 56-107Vm/CK,B = 1.6-1012 Vm3C~3 and 2 = 58K /G Pa) is presented in
the Fig.5. This dependence is similar to the temperature dependence of the pyroelectric
coefficient.

In the region of the phase transition, coefficient 7 for MAPBB crystals is a few or-
ders higher (usually 3-4 orders) than that observed in a linear pyroelectrics.
From this reason pressureelectric phenomenon of ferroelectric crystals may be useful for
conversion from elastic to the the electric energy and detection of pressure changes.

PRESSUREELECTRIC DETECTOR (CONVERTER) OF HYDROSTATIC CHANGES

The changes of gas or liquid pressure dp surrounding a plate cut from polar (ferroelectric)
crystal caused its polarization change

dP, = ndp. (9)
The electric current intensity in the load resistance R, (cf. Fig.6)

d
1=snd—f (10)

is proportional to the velocity of the pressure changes dp/dt. These detectors may be used
to measurements for pressure changes in an engine cylinder or in the elastic medium in
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Fig.3.

Reverse dielectric permittivity of MAPCB crystals as a function of AT = T'—T,(p),
the results obtained form isobars and isoterms.
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Fig.4. Reverse dielectric permittivity of MAPBD crystals as a function of AT = T -T.(p),
the results obtained form isobars and isotherms.
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Fig.5. Pressure dependence of PEC of MAPBB crystals for dilferent Ltemperatures calcu-
lated from Eq. 8 - (a) and its comparision with experimental results - (b).
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Fig. 6. Schematic view of the pressureelectric sensor of hydrostatic pressure changes.
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which the explosion waves are propagated. Its sensitivity depends on the area of electrodes
S and the coeflicient 7. The response time is determined by the sound velocity in the sensor
and electric time constant of the circuit, only.

In order to detect the absolute value of the pressure p we must measure electric
charge Q flowing through the external circuit

Q=50 [ d (1)
} 41

This detector may be treated as an electric current source of the intensity given by Eg.
(10). For sufficiently large pressure changes velocity and large electrodes area S the electric
energy generated by the device can takes a level interesting for applications.

The pressure dependence of pressureelectric coeflicient 5 (Fig 5) may be applied
to detect a certain hydrostatic pressure limit excess. It is worth noticing that pressure
threshold may be continuously adjusted by the sensor temperature.
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