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I. M. ISKORNEV, S. V. MELNIKOVA and I. N. FLEROV 

L. V. Kirensky Inst. of Physics, USSR Acad. Sci., 660036 Krasnoyarsk, USSR 

(Received September 22, 19 75) 

The accurate measurements of the properties of N h H S 0 4  and RbHS04 were carried out. A statistical theory of 
the ferroelectric transitions is proposed. 

Ferroelectricity of NH4 HS04 (AHS) and RbHS04 
(RHS) has been known for a long time.' -3 The 
previous measurements of dielectric permeability 
and heat capacity were conducted either by express 
methods'p' or on powder  sample^.^ Therefore, only 
approximate data about phase transitions of the 
crystals are available. 

vestigations of AHS and RHS were carried out in the 
temperature range 130"- 300°K. Single crystals of 
AHS and RHS were grown from aqueous solutions 

The accurate thermal, dielectrical and optical in- 

by evaporation methods. Dielectric permeability ( E ~ )  
and heat capacity (C,) were measured simultaneously 
on the ferroelectric c-cut plates at the vacuum 
adiabatic calorimeter. Heat capacity was studied for 
electrically shorted samples to avoid a diffusion of 
CE-anomalies near Curie  point^.^ Spontaneous 
polarization was determined from the hysteresis 
loops. 

The temperature behaviour of C,, E, and a nor- 
malized polarization P s / P y  are shown on Figure 
l a d .  Transition points of the crystals are: T: = 271" 

FIGURE 1 
Ps/Ps*" of AHS (a, b) and RHS (c, d). -.-.- mf, - cluster approximation. 

Temperature dependences of heat capacity CE, dielectric permeability ec and spontaneous polarization 
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TABLE I 
Principal thermodynamical characteristics of AHS and RHS 

AHS RHS 

Theory Theory 

Experiment mf Clusters Experiment mf Clusters 

To "K 270.93 27 1 27 1 264.5 265 265 
A S 1 ,  J . mole-1. K-1 1.66 2 0.37 2.18 1.46 0.91 f 0.08 4.95 4.25 
AC, J.mole-1.K-1 12.2 f 0.3 9.8 5.97 9.0 f 0.2 15.6 11.6 

C, grade 206 266 27 9 131 237 23 1 
P, . 10-6 C . sm-2 0.81 0.8 1 0.81 0.45 0.45 0.45 

T&"K 159.3 159.3 159.3 - - - 
AS2, J.mole-1.K-1 6.7 11.7 4.75 - - - 

and Tf' = 159°K for A H S  and Tc = 264.6"K for RHS. 
The growth of ACE value in the paraelectric phase 
near T, follows the logarithmic type curve. The 
Curie-Weiss law is fulfiled for E, in Tl t 0.05" < 
TQ Tj t 3.5" for AHS and T,  t 0.05" < T < T,  t 
4.0" for RHS. The main thermodynamical character- 
istics determined from the experiments are collected 
in Table I. 

were measured by Senarmont compensator for 
X = 6328 A. Ant are linearly dependent on Tin 
paraelectric phases. Breaklike change takes place at 
TL and Tc respectively and then Ani changes non- 
linearly for both crystals. According to  the pheno- 
menological theory5 the increases of Ani are pro- 
portional to Ps2 below T, and TA. The measurements 
of the induced electro-optical constants were possible 
only for RHS crystals because of the appreciable con- 
ductivity of AHS samples.6 The anomalies of the 
induced constants in the electric field parallel to the 
c-axis follow the dielectric ones. 

Statistical theory of ferroelectricity in AHS was 
proposed earlier.6 Structural results of Nelmes' were 
used in the model. It was supposed that P, appear- 
ance was due to ordering of SID groups which were 
moving in an asymmetric double wall potential. The 
model, which is equivalent to that of Rochelle salt, 
is discussed in detail by Vaks,' and the Hamiltonian 
is 

Temperature changes of birefringence Ani(i= 1,2,3) 

. 

- A 2 ( ~ f '  - G2) - p E  2 ( ~ f '  t of2), (1) 
i i 

J and K are the effective interaction constants belong- 
ing to equal and different sublattices Slb and S l i  
respectively; A is the measure of the asymmetry of 

the local crystalline potential. E is the external elec- 
tric field; p is the effective dipole moment. 

field (mf) approximation were discussed in Ref. 6. 
RHS crystals according to Ref. 5 were considered 
as isomorphous to  AHS. Calculated values for both 
crystals are given in Table I. In order to explain 
phase transition in AHS at T," it was necessary to 
assume the temperature dependence of J.6 

was investigated in cluster approximation. The 
simplest clusters of two particles in Slb and S l i  
sublattices were chosen for the J >  0 case. The inter- 
action between sublattices was described in the mf 
approximation. In this case the free energy becomes 

f = F/J t K = -ton 2 [l-' t lch2/3(7 - aq t [)I 

Thermodynamical properties of AHS at molecular 

Later the thermodynamics of the phase transitions 

t In 2 [l-' t lch2P(7 - ag - [)I 1 t t In 2chp(7 

- ~ r 7  +&) t tin ~ c ~ P ( Y  - w - &) 

where 

1 T K - J  A 
7 =-- p=-, t=- 

t JtK'  K t J '  K + J '  
a =- 
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Here: 
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o=$(l +a).  

Thermodynamical values of C, and Ps/PF" are 
given in Table I and on Figure l a d .  The best para- 
meters of the model are K = 326.5 and 260"K, 
J = 88.5 and 57"K, A = 339 and 234°K for AHS and 
RHS respectively. This approximation describes the 
phase transitions without assumption on temperature 
dependence of J. 

The proposed microscopical model is valid for the 
qualitative description of the phase transitions AHS 
and RHS. Thus the orientational ordering in SO4 
sublattices could be regarded as the leading mechanism 

of the trigger-type phase transition in the family of 
ferroelectrics. 
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