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The relative permittivity (e,) and dielectric conductivity (0") of RbN0 3 single 
crystals were measured at I MHz under hydrostatic pressures over its two phase 
transformations; IT-ill (219°C at 1 atm) and III-IV (l64 °C at I atm). The value 
of e, has a large peak at the II-III phase transition pressure, and I/e, obeys the 
Curie-Weiss law on pressure in the phase ffi. This behavior of e, is elucidated by 
the phenomenological theory for the first order antiferroelectric phase transition. 
The I1-ffi phase boundary was determined by the dielectric measurement. At 
the IV-III phase transition temperature (Tc), the changes in e, and 0" seen in the e, 
vs. T and 0" vs. T curves get smaller with increasing applied-pressure. The behavior 
of e, and 0" is explained by taking account of the rotation of N03 - ions being 
hindered by the pressure. 

§1. Introduction 

The physical properties of rubidium nitrate 
(RbN03) have been investigated by various 
techniques, i.e., X-ray diffraction and differ­
ential thermal analysis methods and dilato­
metric, electric and infrared-spectroscopic mea­
surements, etc. , and it was established that 
'RbN0 3 has four stable forms between room 
temperature and the melting point under 
atmospheric pressure: 1 1 

164°C 219 °C 285 °C IV.·········· ..... ···-III ··················-11-··········· ······· 1 
trigonal cubic rhombohedral cubic 

While ordinary crystals have higher sym­
metry in the higher temperature phase, the 
RbN03 crystal has higher symmetry in the 
lower temperature phase for the III-II phase 
transition. Thus, the phase transition of RbN0 3 

at the III-II transition point is similar to that of 
ferroelectric Rochelle saIt at the lower Curie 
point. 2) 

For the Ill- IL phase transition, Dantsiger and 
Fesenk03l pointed out that this transition is the 
antiferroe1ectric phase transition froro the 
paraelectric phase to the antiferroelectric one 
on the basis of the following experimental 
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results; (1) the permittivity has a peak at the 
transition point, (2) the reciprocal permittivity 
varies linearly with temperature near the transi­
tion point and (3) the permittivity increases 
with increasing dc electric field in the phase II. 

For the phase IV, Bury and McLaren4l 

reported from pyroelectric and optical measure­
ments, direct observation of domains and X-ray 
diffraction methods that RbN0 3 belongs to 
the space group P3 1 (or P3 2 ) and the sponta­
neous polarization exists in the direction of the 
trigonal axis (c-axis). But no hysteresis loop 
was seen by oscilloscope examination. 3 ) Thus 
it is not clear whether the phase IV is fer­
roelectric or not. 

Moreover Salhotra et af. 5) measured the 
dielectric conductivity (0-) versus temperature 
at all the four phase transformations and 
explained the behavior of 0- in terms of crystal 
structures of RbN0 3 , mainly on the basis of 
the rotation of N03 - ions. 

On the other hand, the pressure study of 
RbN03 was done on its III-IV phase transition 
by Bridgman6l and on the melting curve 
(III-Liquid phase transition) by Owens,7) by 
means of the volume discontinuity method . 
However, any available high pressure study on 
the I-It and the II-III phase transition has not 

r 
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been presented. 
In this paper, we present the pressure de­

pendence of permittivity and dielectric con­
ductivity for the II-III and III-IV phase transi­
tions of RbN0 3 , and try to elucidate such a 
behavior by the aid of the phenomenological 
theory and terms of crystal structures. 

§2. Preparation of Sample and Experimental 
Method 

The RbN03 single crystals were grown by 
using slow evaporation method at room tem­
perature. The grown crystals appear to be 
needles with trigonal axes (c-axes). A sample 
was a plate cut perpendicular to the c-axis by 
using a beryllium wire cutter. After being 
mirror-polished with No. 1500 AI 20 3 powder, 
its surfaces were painted with silver paste in 
order to use as electrodes . The electrical capaci­
tance and dielectric loss tangent were measured 
with an ac bridge at a frequency of I MHz with 
a weak ac electric field of 15 V /cm, and the 
existence of the spontaneous polarization was 
examined by an improved Sawyer-Tower 
circuit. 8 ) The temperature of the sample was 
measured by use of a potentiometer with an 
alumel-chromel thermocouple directly attached . 
to one of the electrodes. 

Two types of high pressure apparatus were 
used in this work. One is a piston-in-cylinder 
type with silicone grease as a pressure trans­
mitting fiuid 9) and was chiefly used in the high 
temperature range from 200 °C to 260oe, and 
the other is a simple intensifier type with 
silicone oil as a pressure transmitting fluid .lO

) 

The pressure transmitting fluid has to be 
dehydrated by heating up above LOO oe in 
order to prevent the sample from moisture. 

§3. Experimental Results and Discussion 

3.1 Pressure and temperature dependence of 
relative permittivity 

(i) Il-Ill phase transition 
Before the dielectric measurement is done 

for the II-III phase transition with pressure, 
we first have to raise the temperature of the 
sample along a dot-dashed line shown in Fig. 5 
from room temperature to 215 - 255 °e in 
order to put the sample in the state of phase IV 
into the state of phase II through the phase 
III. The solid lines in Fig. I show the pressure 
dependence of the relative permittivity along 
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Fig. I . The pressure dependence of the relative 
permittivity along the c-axis (e,) at constant tempera­
tures. 

the c-axis (e r) at constant temperatures. The 
value of er has a large peak at the transition 
pressure (Pc) . The reciprocal relative permit­
tivity (l /er) at pressures above Pc (in the phase 
III) increases linearly with pressure near Pc, 
i.e., l /e r obeys the Curie-Weiss law on pressure. 

According to the phenomenological theory 
for the first order antiferroelectrics under 
hydrostatic pressure, 11) the relative permittivity 
(e,) is given by the following equations 

l /ereo =(u+ gp+ 1)/2 

in the paraelectric phase, and 

l /ereo = 3f- 2(u+ gp) + (4h/3) 

(\) 

x {l + J l +3(f-u-gp)/(2h)} (2) 

in the anti ferroelectric phase, where eo is the 
vacuum permittivity, u the coefficient of 
P;+P~ (Pa, Pb: spontaneous polarizations of 
sublattices), 9 the coefficient of the electro­
strictive term, f the coefficient of PaPb, and h 
the constant associated with the coefficients of 
the fourth and sixth power of Pa or Pb. 

The dot-dashed line in Fig. 1 shows the 
calculated er by putting u = - 1.89 x 109 m/F , 
9 = 1.85 X 109 m/F· kbar,! = 3.92 x 108 m/F and 
h=6.04 x 107 mJF* into eqs. (1) and (2). The 
calculated value is in good agreement with the 
measured value, so the phases II and III seem 

* The detailed method for the determination of 
these coefficients has been described in ref. 11. 
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to be antiferroelectric and paraelectric, re­
spectively. 
(ii) Ill-IV phase transition 

The small dielectric anomaly on the 8, vs. 
p curve for T = 200 °C in Fig. J corres ponds to 
the III-IV phase transition, and the phase III is 
at pressures below the transition pressure (Pc) 
and the phase IV is at pressures above Pc' 
Except for in the vicinity of the antiferro­
electric II-III phase transition, the value of 8, 

measured in the phase III and the phase IV 
decreases with increasing pressure, similarly to 
other ionic crystals, for example MgO, LiF ahd 
NaCI, etc. 12) 

Figure 2 shows the temperature dependence 
of 8, at temperatures near the IV-III phase 
transition temperature (Tc) under various pres­
sures. We find the following facts in Fig. 2: 
(1) the relative permittivity (8,) steps up at Tc 
with increasing temperature and its discon­
tinuous change in 8r at Tc decreases as the 
applied pressure increases, (2) the 8, vs. T curve 
shifts toward the higher temperature side with 
an increase of pressure and (3) the phase 
transition becomes sluggish gradually with 
increasing pressure. 

The decrease of the change in 8r at Tc with an 
increase of pressure is explained in terms of the 
structure of RbN03 as follows: The N03 - ions 
have two sets of sites in the phase IV, one has a 
symmetry Cs and the other has a symmetry 
C3v ' After the transformation IV-III, the sym­
metry of all the sites becomes the same sym­
metry C3 , leading to the orientational disorder 
and enhanced rotation of N03 - ions. 5

) By ap­
plying the pressure to RbN0 3 , the rotation of 
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Fig. 2. The temperature dependence of the relative 
permittivity along the C-aJUS (8,) under various 
prt<Ssures at temperatures near the IV-ill transition 
temperature. 

N03 - ions is hindered because of the con­
traction of the lattice constant. So it is difficult 
for the state of N03 - ions to change into the 
orientational disorder. Consequently, the 
change in 8, at the transition point gets smaller 
w.ith an increase of pressure. 

3.2 Pressure and temperature dependence of 
dielectric conductivity 

Figure 3 shows the pressure dependence of 
the logarithmic dielectric conductivity along the 
c-axis (JOgIO a) at constant temperatures. The 
10glO a decreases linearly with pressure in each 
phase. And the loglo a at T=236 .SoC steps up 
at the II-III phase transition pressure with 
increasing pressure, while the Jog) 0 a at T= 
210 °C decreases discontinuously at the III-IV 
phase transition pressure. These features of 
10giO a against p at the II-III and III-IV phase 
transitions coincide qualitatively with those of 
Jog lO a against T at the II-III and III-IV phase 
transitions measured under atmospheric pres­
sure. 5) 

Figure 4 shows the loglo a plotted against the 
reciprocal absolute temperature (I IT) at con­
stant pressures. At a pressure of I kbar, the 
10glO a decreases proportionally to liT in the 
phase III, and steps down at the III-IV phase 
transition temperature. 

The large increase for loglo a observed in the · 
phase III (against p or T) is considered to be 
due to the orientational disorder of the N03 -

ions, since the conductivity of RbN0 3 is ionic 
in nature. 5

) Such a consideration is clearly 
confirmed on experimental results that the 
change in 10glO a at Tc gets smaller by applying 
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temperature. 

the pressure (see Fig. 4). These phenomena are, 
as described in §3.I(ii), similar to the change in 
Br at Tc under pressures. 

The temperature dependence of (J can be 
described by the usual relation (J = A 
exp ( - E/kT) where A is a constant, E the acti­
vation energy, and k the Boltzmann constant. 
The slope of loglo (J vs. l /T straight line in the 
phase III (see Fig. 4) gives the activation energy 
associated with the rotation of N03 - ions, and 
its value is E=0.73 eV. 

Now, the linear relation between 10glO (J and 
p in the phase III as seen in Fig. 3 suggests 
that the activation energy associated with the 
rotation ofN03 - ions increases in proportion to 
pressure according to the relation (J = A 
exp ( - [Eo + /3p] /kT) where Eo is the activation 
energy at p=O and /3 = dE/dp. This fact also 
shows the pressure effect on the rotation of the 
N03 - ions. From Fig. 3, the pressure depen- , 
dence of the activation energy is estimated to be 
/3= 1.6 x 10- 2 eV/kbar in the phase III. 

3.3 Pressure-temperature phase diagram 
For the III-IV transition, Bridgman6

) fol­
lowed the phase diagram to 6 kbar by means of 
the volume discontinuity method, and later 
Rapoport13) extended the limit of the pressure , 

to 40 kbar by differential thermal analysis. 
For the II-III transition, Owens 7 ) reported as 
follows; (1) there is a triple point (II-Ill-Liq.) 
at 315 °C and l.9 kbar and (2) the slope of the 
transition temperature for the II-III curve is 
dTt /dp=50 deg/kbar, based on the III-Liquid 
curve and room pressure thermodynamic and 
crystallographic data. 

Now, we tried to follow the pressure­
temperature phase diagram as follows: 

(a) The III-IV phase transition points can 
be determined from the dielectric anomaly of 
Br as seen in Fig. 2, and are shown by closed 
circles in Fig. 5. Our results are in good agree­
ment with those by Bridgman. Its phase 
boundary has a straight line with a slope of 
dTc/dp = 10 deg/kbar at lower pressures, but 
has a slight curvature at higher pressures. 

(b) The II-III phase transition points can be 
determined from peaks of Br in Br vs. p curves 
under various temperatures (Fig. 1 is a typical 
result), and are shown by open circles in Fig. 5. 
Since the obtained III-II transition temperatures 
have the fluctuation of ± 5 °C for each sample, 
we normalized them to be the average value of 
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215 °C at atmospheric pressure. The pressure 
dependence of Tt is estimated to be dTt /dp ==: 
30 deg/kbar, whlch is smaller than that cal­
culated by Owens. 

§4. Summary 

The experimental results are summarized as 
follows: 
(i) The relative permittivity (e,) has a peak and 
dielectric anomaly at the II-III and the III-IV 
transition pressure, respectively. The behavior 
of e, at the II-III phase transition is explained 
by the phenomenological theory for the first 
order antiferroelectric phase transition. 
(ii) The dielectric conductivity (a) steps up at 
the II-III transition pressure and decreases dis­
continuously at the TIl-IV transition pressure. 
The loglo a decreases in proportion to pressure 
in each phase, and the a is described by the 
relation O'=A exp (-[Eo+ j3p]/kT). 
(iii) At the IV-Ill transition temperature, the 
changes in e, and a for the e, vs. T and a vs. T 
curves get smaller with increasing pressure, 
and such a behavior of e, and a is understood 
to be based on the rotation of N03" ions being 
hindered by pressures. 
(iv) The II-III phase boundary could be 

determined by the dielectric measurement. 
In this experiment, no double hysteresis loop 

was observed in the phase II probably because 
of the rugh conductivity and low breakdown 
electric field strength. 
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