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Dielectric Relaxation in RS-ARS 

A. OKA, Y. TAKEDA, S. YOSHIOKA, R. NoZAKI and Y. SHIOZAKI 
Division of Physics, Graduate School of Science, Hokkaido University, Sapporo 060,Japan 

Dielectric relaxation in mixed crystals of Rochelle salt and ammonium Rochelle salt ( 
Na[K1一ェ(NH4)ェ］C4出 06• 4比0)with various compositions(=O, 0.04, 0.09, 0.28, 0.40, 0.80) has ） 
been measured in the freqency region from lOOHz to 10GHz at temperatures from 4.2K to 290K. It 
is indicated that the dielectric relaxation observed in the frequency range between lOOHz and lKHz 
for the quenched sample（エ＝0.80)at temperatures around 30K is connected with the well known 
relaxation observed at microwave frequencies. On the other hand, the sample ofヰ ＝0doesn't have 
such low frequency relaxation. A discussion is made to explain the fact. Finally, the distribution of 
relaxation time observed in the low frequency region is discussed together with on that observed for 
the relaxation in the microwave frequency region. 

I. INTRODUCTION 

Rochelle salt (RS) is a well-known ferroelectric sub-
stance in which the spontaneous polarization appears be-
tween two transition points along the ferroelectric a-axis. 
Frequency dependence of the complex dielectric constant 
along the a-axis in the microwave frequency region in-
dicates a Debye-type dielectric relaxation [1-3]. This re-
laxation shows critical slowing-down behavior around the 
two transition points. Because of that, it has been some-
times considered that the ferroelectric phase transitions 
of RS are the order-disorder type. However, the mecha— 
nisum of the phase transition is still unclear. 

The mixed crystal of RS and皿 unoniumRochelle salt 
(ARS), RS1-,,-ARSェ， changesits nature with the com-
position x, successively. The range of the composition 
can be devided into four regions [4]. In the region I, 
0 ~ x ~ 0.025, the ferroelectric phase appears between 
two transition points. With increasing x, these points 
come closer, and then the ferroelectric phase disappears. 
In region II, 0.025 < x < 0.18, only the paraelectric phase 
exists. In the region III, 0.18 $ x $ 0.9, another ferro-
electric phase with the spontaneous polarization along 
a-axis shows up. In this case, there is only one transition 
point. In the region IV,祈ereis a ferroelastic phase with 
the spontaneous polarization along the b-axis. 
This system with such a complicated phase diagram 

is considered not only to be just an interesting target of 
study but also to be useful to understand RS. 

We have studied the mixed crystal system by dielectric 
point of view. It has been shown, in our previous paper 
[5], that the mean field approximation is valid to explain 
the temperature dependence of the dielectric relaxation 
strength and time obtained for the relaxation observed at 
microwave frequency range. When we apply this approx-
imation to the observed dielectric relaxation, elementary 

process of the dipolar relaxation is evaluated. We have 
reported that the process in the region I is somewhat 
different from that in the region III. 

In this study, dielectric relaxation measurment on the 
sample x=0.40 at microwave frequencies has been made 
in addition to previous ones on x=O, 0.04, 0.09 and 0.28. 
It is shown that the x dependence of the elementary pro— 

cess is more clear. On the other hand, dielectric relax-
ation measurment at radio frequency region has been per-
formed on a quenched sample（x=0.80) at temperature 
range around 40K. It is suggested that very broad relax-
ation observed in this measurment has the same origin 
of the relaxation in the microwave frequency range at 
higher temperatures. Finally, discussion is made on the 
distribution of relaxation times so as to be a nature of 
mixed crystals. 

II. EXPERIMENTAL 

The complex dielectric constants were measured in the 
frequency range between 50MHz to 10GHz at tempera— 

tures from 170K to 290K forエ＝0,0.04, 0.09, 0.28, 0.40. 
In these measurments, a transmission line method was 
employed by use of a network analyzer (HP8510B). D& 
tails of the measuring system will be reported elsewhere. 
The measurments were done in a condition with a con-
stant heating rate (0.402K/min). In order to obtain the 
starting temperature, the sample was cooled from a room 
temperature taking a time period of 6 hours. On the 
other hand, in the frequency range between IOOHz to 
1MHz, complex dielectric constant was measured by use 
of a LCR meter (HP4284A) for x=O, 0.80. In this case, 
the heating-up process was also used. However, the sam-
pie was quenched from the room temperature down to 
the liquid herium temperature before the measurments. 
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III. RESULT AND DISCUSSION (a) 

In the microwave frequency regions, a Debye type di-
electric relaxation is observed for all the compositions x 
as it has been reported in our previous paper [5] and by 
other workers [1-3]. Fl・equency dependence of the com-
plex dielectric constantsざ (w)thus can be described by 
the Cole-Cole functio11 [6], 

△c 
ざ(w)=coo+

1 + (iwT)/3 

•€ .= €s -Coo 

where c:00 is the high freqency limitmg dielectric constant, 
ら isthe static dielectric constant,△c is the relaxation 
strength, T is the relaxation time, /3 represents the distri-
bution of T with O </3::; 1,皿 dwis皿皿gular・freqency. 
The Cole-Cole function with/3＝1 gives the Debye func-
tion. 

The temperature dependences of△c and T, for x=O, 
0.09, 0.28, given by u・sing the least square fit, are shown 
in Figs. l(a) and l(b). A sharp peak is observed for both 
△c and T. A critical slowing down behavior is observed 
in the temperature range around the transition point for 
x=0.28, 0.40. Similar behavior is found for x=O. For 
x=0.04 and 0.09, however, these parameters show a broad 
peak. It should be noted that, even in those cases, we still 
have critical-like behavior. As we have already reported, 
all the temperature dependences of△c and T in Figs. 
l(a) and l(b) are similar to each other, and it has been 
estimated that the mean field approximation is applicable 
to the process of these relaxation. 

It has been found that for x=O, 0.04, 0.09, the dielectric 
dispersion is of monodispersive ir1 the paraelectric and 
even in the ferroelectric phase of RS. For x=0.28, 0.40, 
the observed relaxation is almost of the Debye-type in the 
paraelectric phase. However, it turns to of the Cole-Cole 
type at temperature slightly above the transition point, 
and the value of/3decreases with decreasing temperature 
in the ferroelectric phase as shown in Fig. l(c). 

On the other hand, as the results of the measunnents in 
low frequency regions, one broad dielectric relaxation for 
x=0.80 is observed in the temperature range between 20K 
and 40K. Again we have fitted the frequency dependence 
of the complex dielectric constant for :z:=0.80 by use of the 
Cole-Cole function, and it is found that these relaxation 
is well explained by that function as we have just seen 
in the high frequency range. However, in contrast to 
the case of the high frequency range, the values of /3 are 
extremely low as showi1 in Fig. 2(c). 

The temperature dependences of△c and T at low tern-
perature forエ＝0.80by using the least square fit are 
shown in Figs. 2(a) a11d 2(b). It has been found that 
the value of△c is small and increases slowly with de-
creasing temperature. The value of T rapidly increases 
with decreasing temperature. 
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Fig. 1. Temperature dependence of△e: for =O, 0.09, 0.28 
(a), T for =0, 0.09, 0.28 (b) and /3 forエ＝0.28(c). 

Using the mea11 field appro沿matiou[7], the relaxation 
time is represented as 

T ＝ 

300 

To△c 

where ro is the microscopic relaxation time for the ele-
mentary process of dipolar relaxation. The temperature 
dependence of To is shown in Fig. 3(a) for the microwave 
frequency region. Each plot follows nea.i・ly straight line 
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Fig. 3. Plots of ro against 1/T forエ＝0,0.04, 0.09, 0.28, 
0.40 (a) andエ＝0.28,0.80 (b). 

20 30 
TEMPERATURE [K] 

Fig. 2. Temperature dependence of△e (a), T (b) and (3 (c) 
forエ＝0.08.
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and no critical behavior is seen. This indicates that the 
mean field approximation is usable in the regions I, II, 
and III. 

Considering the double minimum potential model to 
explain the elementary process of dipolar relaxation, the 
microscopic relaxation time To is represented as 

△u 
To= Cexp(― 

kT 
) C : constant 

where k is the Boltsmann const皿 t,△Uis the potential 
barrier height. As shown in Fig: 3(a) the values of△Ufor 

x=0.28, 0.40 are positive. The values for x=0.04 and 0.09 
are also positive even the slope of the plots of lnTo against 
1/T in the higher temperature range is very small. The 
slopes tend to increase as decreasing temperature. Fi-
nally, the positive values of△U can be considered to be 
characteristic feature of the regions II and III. It can be 
considered that this model is applicable to the process 
for x in the regions II and III. It should be pointed out 
that the value of△U increases with increasing x in the 
region III. 

In contrast to the region II and III, the slope for郎

is negative. This means that the double minimum p<r 
tential model is not applicable in the region I. It can be 
considered that there is a qualitative difference between 
the relaxation proccesses in the regions I and III. 
It should be pointed out that, in the region III, we 

also have dielectric relaxation processes in the cases of 
the quenched samples. Moreover, the Arrhenius plots 
in the low frequency region are in quite good agreement 
with those in the high frequency region as shown in Fig. 
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3(b). This fact suggests that all the relaxation observed 
in the region III has the same origin. 
No dielectric relaxation has been observed at the low 

frequency region for RS. This fact would be correspond-
ing to the negative value of△u. 
The distribution of the relaxation times in this mixed 

crystals was first reported by Horioka et al [8]. Accord-
ing to their results, the value of (3 depends on x but not 
much depends on temperature. In this work, the value 
of (3 for x=0.28 decreases with decreasing temperature 
in the temperature range from a point little above the 
transition point. However, the value of (3 doesn't differ 
very much in this case. This may be the reason of such 
difference. Figure. 2(c) suggests that the value of (3 ap-
proaches to unity at a significantly high temperature. It 
should be pointed out that the behavior of (3 in Fig. l(c) 
is seen to be corresponding to this suggestion. The fact 
that the value of (3 decreases with decreasing temperature 
suggests the distribution of To is due to the distribution 
of△U. It is possible to consider that this distribution 
comes from that the sample is mixed crystal as pointed 

out by Horioka et al [8]. 

REFERENCES 

[1] F. Sandy and R. V. Jones, Phys. Rev. 168, 481 (1968). 
[2] M. Horioka and R. Abe, Jpn. J. Appl. Phys. 18, 2065 

(1979). 
[3] M. Horioka, Y. Saturna and Y. Yanagihara, J. Phys. Soc. 

Jpn. 62, 2233 (1993). 

[4] Y. Makita and Y. Takagi, J. Phys. Soc. Jpn. 13, 367 
(1958). 

[5] R. Nozaki, Y. Takeda and Y. Shiozaki, Ferroelectrics (to 
be published). 

[6] K. S. Cole and R. H. Cole, J. Chern. Phys. 9, 341 (1941). 
[7] W. P. Mason: Piezoelectric Crystals and There Appli-

cation in Ultrasonics, (Van Nostrand, New York, 1950) 
p.234. 

[8] M. Horioka, R. Abe and T. Naka, J. Phys. Soc. Jpn. 49, 
599 (1980). 


