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SPONTANEOUS POLARIZATION AND DIELECTRIC PROPERTIES OF 
M E T  1 I Y LA M M 0 N I U M I1 A LOG EN 0 U IS M UTII ATE CRY STA LS U N D E R 
IIYDROSTATIC PRESSURE 

It. l'oprawski and W. Salejda 
Iiislitute of Pliysics, Technical University of Wroclaw, 50-370 Wroclaw, 
Wybrzeze Wyspiariskiego 27, Poland 

Aljstract Within a phenomenological approach we have interpreted the 
experiiiieiital dependence of dielectric properties of (CH3NH3)5Bi2Br l l  
( M A P B B )  and ( C H 2 N H 3 ) 5 B i z C l l l  ( M A P C B )  under hydrostatic pres- 
sure. We have shown that the thermodynamic s ta te  of the crystals is deter- 
mined by: (1) AT = T - T,(p) a t  p = cotisl; ( 2 )  Ap = p - p,(T) a t  
1' = const, where T&) (p,(T)) denotes the Curie temperature (the Curie 
pressure) depending on pressure (temperature). This means that the Iiydro- 
static pressure plays the same role as tlie temperature. In order to describe 
the pressure dependence of the spontaneous polarization the pressurcelectric 
erect (PEE) has been introduced. Applicability of P E E  t o  detection of pres- 
sure changes and direct conversion of elastic to  electric energy is discussed. 

INTRO 11 UCTIO N 

In (CII3NII3)5Bi2Br l l  ( M A P B B )  and (CHzNH3)5BizCI11 ( M A P C B )  crystals the 
second order ferroelectric pliase transitions (PT) occur a t  31 lK ,  and 3071C, respectivelysi2. 
The  structural3 and spectroscopic4 investigations confirme the order-disorder character of 
the pliase transitions in these crystals. Tlie ordered molecules are metliylammoniuni an- 
ions. Tliese PT are typical examples of the "cIassical" ordeb-disorder phase transitions 
(it means that in these crystals tunneling effect does not exist). According to  Samara's' 
classification in tlie crystals of this type tlie positive sliift of tlie phase transition teni- 
pcrature with the hydrostatic pressure (IIP) is observed. This conclusion is confirmed by 
our experiinental resultsa*'. The pressure coefficients of tlie phase transitions temperature 
sliift clT,/dp are 58Ii'lGPa and 3 8 K l G P a  for MAPUB and MAPCII crystals respectively. 

It is worth noticing that  IIP applied to  ferroelectric crystals sliows a n  erect oii many 
physical propertics and reveals a new phenomenon. One of the aims of this work is to  
describe plienoinenologically an influence of the 1IP on physical properties of tlie crystals 
exliibiting the second-order ferroelectric phase transition. Tlie conclusions drawn on the 
basis of the tlierinodynamic analysis are compared with the experimental results obtained 
for MAPIlll  and MAPCB crystals. 

I'ressureelectric erect consists in the liydrostatic-pressure-inducted generation of 
tlie frce electric charge on the surface of polar crystals. The relation between tlic spoiita- 
neous polarization and hydrostatic pressure can be described with the help of pressure 
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2 16/[456] R. POPRAWSKI AND W. SALElDA 

rlrrtric cocflicients (PEC), 11 clefinctl as a teiiipcratiire tlrrivative ovrr tlir spoi i tar i~orls 
pnlarizatioir ( 1 1  = dP, / r fp) .  Tlic PEE can be ai)pliccl to the direct conversion from 1,1iv 

r lx t  ic to the electric energy. Tlie presentation of the physical principles of the prcsstirr 
rlwtrir coiivrctors and sensors is the other aim of this work. 

1' I I EN 0 kl E N 0  LOGICAL M 0 1) EL 

Exprriiiiciital iitvestigat.ionsa*9 confirin that the relatioil Iietwccn cIicIcctric prrniittivity, c 
niid Iriiiprratiirc T for fcrroclcrtrics showing the secoiid ordcr PT caii be descriliecl hy tlir 
(:iiric-Wriss law 

( 1 )  
C 

1' - 1; 
c = -  

wlirre Tc is the phase traiisitioii tciiipernture. This teiiipcrature is a fiiiiction of tlic I l l '  

(2) 

wlirrc T,, dcnotes the pliasc transition temperatiire under normal pressure, p - prrsscire. 
If wr assiiine that R = aT/ap = const. the relation (2) can be rewrittrn i n  the form 

Tc = Tco + R * p  

C:ocl[irirtit R can be positive or nrgative. According to Saiiiara*s5 classification R > 0 for 
tlir crystals exhibiting classical order-disorder phase traiisitioiis and R < 0 for liyclrogen- 
I)oiincl crystals. 
Prrssrirr drpendence or the dielectric permittivity satisfies the relation siiriilar to the 
Ciiric-LVeiss rule 

(3) 

(4  1 
Ii 

P - Pc 

Taking into acouiit the relations (l) ,  (3) and ( 5 )  the Cibbs function for meclianical 

c = -  

wltcrc itc is tlie pIi;Lse traiisitiou pressure. 

frcc ihiaxial ferroelectric crystals can be written in the form 

(5) 
cr P G = G, + 2 ( T  - T, - R . p ) P  + -P' - E - P  

4 

wlirrr: P - polarization, E - electric field intensity, a,P - are coeficieiits of Llie Gihlis 
fcinrtion cxpansion. 

D I ELECTltlC PRO I' ERTIES 

hliiiiiiiiziiig tlie Gibbs rurictioti ( 5 )  with respect to the polarization P a t  E = U we ohtain 
tlie rclatiori between dielectric periiiittivity, temperature and pressiirp 

1 1  - S - = u ( T  - Tco - nap)  
K f  

At coiistaiit pressure p (temperature T)  the reverse dielectric permittivity is a linear 
liinction or the teinperature T (hydrostatic pressure p). These relations are illiistratrd ir i  

tlie Fig.1. and Fig.2. showing the temperature and pressure dependence of the rwwse 
tlirlrctric periiiitivity for MAPDD and MAPCD crystals. The results were obtained froiri 

isotlirriiis anti isobars'?*'. 
It i s  worth itoticiitg that the term (a e p )  ia Eqs. ( 5 )  atitl ( 6 )  ltns n ri irnnii ip;  
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SPONTANEOUS POLARIZATION AND DIELECTRIC PROPERTIES [457]/2 17 

the phase transition temperature shift AT, caused by the HP p. It is clearly seen from 
Eq.(5) that  the thermodynamic s ta te  of the crystals is fully and unambiguously deter- 
mined by the difference AT between temperature T and the phase transition temperature 
Tr(p ) .  In this sense the IIP 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 
l' - l'&) variable only. Some examples of the relations between 1 / c  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 a t  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. 

S P 0 N TA N EO US P 0 LARIZATIO N 

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

i.e. the spontaneous polarization square a t  constant pressure (temperature) is a linear 
function of temperature (pressure). 

Differentiating Eq.(7) with respect t o  pressure p we get P E C  77, i.e. the coefficient 
linking the spontaneous polarization changes with pressure 

1 -"2 
T I  = "n[a(rc - R . p  - T )  

P P  
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 coeficients 
Q = 5 . G .  lo7 V i n / C K ,  /3 = 1 . G .  lo'* I.'m5C-3 and R = 5 8 K / G P a )  is presented i n  
the Fig.5. This dependence is similar t o  the temperature dependence of the pyroelectric 
coeficient. 
In the region of the phase transition, coefficient 9 for MAPBB crys ta l s  is a few or- 
ders h i g h e r  (usua l ly  3-4 orders) t h a n  that  observed i n  a l inear  pyroelectr ics .  
From this reason pressurcelectric phenomenon of ferroelectric crystals may be useful for 
conversion from elastic to the the electric energy and detection of pressure changes. 

PR.ESSUREELECTRIC DETECTOR (CONVERTER) OF HYDROSTATIC CHANGES 

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

dP. = 7 dp.  

The electric current intensity in the load resistance R ,  (cf. Fig.G) 

dP I = Sv- 
dt 

(9) 

is proportional t o  the velocity of the pressure changes d p l d t .  These detectors may be used 
t o  measurements for pressure changes in an engine cylinder or in the elastic medium in 
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4 4 ‘%XXX+P = 125 MPo 

W P  = 200 MPo 0 **Ff*fP, = 260 MPa 

Fig.2. Pressure and tcmpe- 
rature dependence of reverse 
dielectric permittivity of 
MAPBB crystals. 

1 3 5 - 3  - 3  - 1  
T - T C  K 

Fig.3. Ileverse dielectric permittivity of MAPCB crystals M a function of AT = T--TC(p),  
the results obtained form isobars and isoterms. 
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T-TC [ I <  I 
Fig.4. Itevcrse dielectric periiiittivity of MAPDD crystals aa a function of Al’ = T-lL(p) ,  

the resiilts obtained foriii isobars and isotherms. 
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Fig.6. I’ressiire rlcpentlence of PEC of MAPJJJJ crystals for dimerent temperatiires calcu- 
lated from Eq. 8 - (a) and its comparision with experimental resiilts - ( I ) ) .  

Fig. G .  Sclieinatic 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 coefficient q. The response time is determined by the sound velocity in the sensor 
and electric time constant of the circuit, only. 

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

This detector may be treated as an electric current source of the intensity given by Eg. 
(10). For srificiently 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 coefficient q (Fig 5) may be applied 
t o  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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