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ABSTRACT

Dielectric constant and spontaneous polarization 
(via hysteresis loops) measurements were made on ferro
electric KNO3 (phase III) and NaNOz (phase III). The bound
aries between the ferroelectric phases and adjacent regions 
received the most attention.

In KNO3, the isothermal and isobar!c I-III transi
tions exhibited sharp dielectric peaks at all pressures, 
with emax increasing with pressure. KN03-I obeys a pressure 
Curie-Weiss law, with (1/e(p))T/ = (p - p 0)/C*. At T' = 
l60°C, C* = -276 kbar and p 0 = 4.68 kbar.

The KNO3 II-III isobaric transition involves a small 
jump in e (from 5 to 7*5 at p = 1.7 kbar) followed by a 
steady increase up to the III-I boundary.

The NaN02 isothermal III-IV transition was detected 
as a rather small break in the e(p) curve, with the dis
continuity increasing at higher temperatures. The NaNO 2
IV-III isobaric transition failed to show a similar anomaly 
in e , although tan 6 has a maximum coinciding with the 
expected location of the boundary (82°C at 13.0 kbar).

Polarization loops were obtained in KNO3-IH, with 
Ps (p) reaching a maximum of 8 yCoul/cm2. The rather large

vi
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maximum values reported by Taylor and Lechner (1968) in
an earlier study were not observed in the present work.

Metastable KNO3-III was observed at room temperature 
and room pressure after specimens had first been exposed to 
high pressures (1.7 to 4.0 kbar) while in region III.
Typical values for metastable KNO3-III compare favorably
with those reported for polycrystalline KNO3 melted on metal 
substrates.

In KNO3-I, T 0(p) could be estimated from: (1) the
c data and (2) the pressure Curie-Weiss behavior: the two max
values of k z = dT0/dp are in moderate agreement. In
NaNOz-III, the P (T) curves gave a k' value somewhat lowers p
than those estimated from dielectric and x-ray measurements 
in region I.



CHAPTER I

INTRODUCTION

Potassium nitrate and sodium nitrite are of partic- .
ular interest among ferroelectries. Both show first order, 

1 2order-disorder /' type transitions across the phase boundary 
between-the low-temperature ferroelectric region and the 
high-temperature, non-ferroelectric region. Moreover, the 
crystal structure of each is relatively simple, especially 
when compared with other order-disorder ferroelectries (TQS-

q ■
and related compounds).

The phase diagrams for NaN02 and KNO3 are given in 
2| 5Figures 1 and 2. 5 NaNO% has received considerable atten

tion because it possesses an antiferroelectric region (phase, 
II) in which the ordering parameter of the NO2 *" ions in the 
-a- plane changes sinusoidally along the a-axls with a 
period of 8 layers.  ̂ KN031s most distinguishing character
istic is the manner in which the ferroelectric phase must be 
approached at room pressure:

(a) by heating approximately 10°C above the I-II 
. . . . .  • boundary and then cooling back down to around ■

120°C (Figure 3— the ferroelectric phase appears
7only during cooling from region I), or,

: ", 1 ' ■
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(b) by melting polycrystalline KN03 on a metal

. g ■ substrate... -
In the latter case, KN03-III appears metastably at room 
temperature as well as at room pressure for periods up to 
a week.

From the KNO 3 phase diagram, we can see that 
KNO3-III Is stabilized at. higher pressures. Taylor and 
Lechner^ obtained hysteresis loops' using hydrostatic pres
sure, but did not exceed 1.38 kbar. Dielectric measurements

1 10 (Sawada et_ al. , Khodakov and Mirskaya, Chen and
11C h e m o w  ) have been made across the I-II boundary at room 

pressure, but such studies have not been extended to high 
pressures.

12Gesi, Ozawa, and Takagi measured the dielectric
constant across,the III-II-I boundaries for NaN02 u p .to 10

9kbar. Thus, Taylor and Lechner (KNO3— hysteresis loops) 
and Gesi (NaNOg— dielectric constant) are the only high 
pressure studies of the ferroelectric regions of these two 
materials (if we exclude the differential thermal analysis, 
volume discontinuity, and x-ray studies which were mainly 
concerned with establishing the location of the phase 
boundaries). The present work extends the two most direct 
methods of investigation (spontaneous polarization via 
hysteresis loops and dielectric measurements) into the 
high pressure regions. The main emphasis is on the
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behavior of the spontaneous polarization and dielectric 
constant at the boundaries between the ferroelectric region 
and all adjacent regions for both KNO3 and NaNOz.
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CHAPTER II

EXPERIMENTAL' PROCEDURE ■

A. Sample Preparation 
KNOs. and' NaNOz- .boules were obtained through the 

courtesy of G. A. Samara, Sandia Corporation, Albuquerque, 
New-Mexico. The. c-axis of KNO3 and the b-axi.s of NaNOz 
are the directions along which spontaneous polarization 
occurs. Since the present investigation is primarily con
cerned with ferroelectric phenomena in these two materials, 
all specimens were cut into thin rectangular plates, with 
the faces of the plates perpendicular to the ferroelectric 
axis. ■

The.two KNO3 boules were prepared by slow cooling of
aqueous solutions of KNO,3. The length of each boule was
approximately 3-5 cm with a hexagonal cross section of 
about 2 cm2. Both boules had a number of "pinhole" cracks 
running, the length of the boule...

Slabs3 1.5 to 2. mm thick, were cut perpendicular to 
the c-axis (the long axis of the boule) with a Laser 
Technology diamond wire .saw. Each slab was then cut into .
pne or two rectangular plates, having area 0.1 to 0.2 cm2.

. 6
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Care was taken to stay away from the pinhole cracks. Each, 
plate was glued onto a polishing jig and polished on 4/0 
emery paper to a thickness of 0.05 to 0.07 cm.

.. Some :of the samples were also lightly water-polished 
on wet filter paper. No differences resulted from the 
water^polishing treatment, except that.the electrodes of 
water-polished samples showed a tendency to peel off when 
exposed to high temperatures (> 150°C) for long periods of 
time (> 3 hours).

Electrodes were applied to all samples by painting 
silver conductive paint on the faces of the plates and dry
ing a day or so in a desiccator.

The NaNOg boules (about 4 cm long, with a cross 
section of approximately 0.2 cm2) were grown from, melts by 
Paul Wilcox at Sandia. The b-axis was along the long axis, 
so there were no problems in orienting the boules prior to 
cutting. Cutting, polishing and painting procedures were 
identical to those used in preparing KN03 samples.

Water-polishing was also tried for NaNOz, but the 
results were even more unsatisfactory: Electrodes peeled. .
off rapidly when exposed to moderately low temperatures 
(50°C), especially when pentane-isopentane was used as the 
pressure fluid. A few specimens were, cured (heated to 100°C 
for 12 hours ) after painting,. but this did not eliminate the 
peeling problem. Vacuum deposition was tried, with similar 
results. Finally, water-polishing was abandoned, and each



specimen was painted after,being.polished (4/0 emery paper)
'rinsed (in acetone), and dried (24 hours in a desiccator).

B.' Pressure Systems and Fluids 
The initial measurements for both KN03 and NaN02 

were made at Sand!a Corporation Laboratories' using G. A.
]/OSamara’s 30 kbar (pentane-isopentane) and 14 kbar (Dow • 

Corning 200 silicone oil, 3*0 cs) hydrostatic pressure 
systems. However, with the exception of the NaNOa dielec
tric constant data, all the results described here were

14obtained with two 10 kbar ' .systems at the University of 
Arizona. Silicone oil was used in the majority of the runs 
•hexane was used for some of the NaNOa runs around 10 kbar. 
Pressure was determined by Manganin resistance gauges 
calibrated against the freezing pressure of mercury at 0°C 
(7.492 kbar).

C . Bridge and Looper 
A standard capacitance bridge (General Radio type 

1620 A) was used for all dielectric measurements. Most of 
the data presented here are based on measurements at 10 kc, 
although a few of the earlier runs (NaNOa dielectric con
stant.) at Sandia were made at 100 kc. No appreciable dif
ferences were observed in. using these two frequencies.

. A.modified Sawyer-Tower circuit was.used for the 
hysteresis loop measurements. This circuit was designed at



15Sandla - and later modified (for reasons which will be dis
cussed later ). at The University of Arizona.

D. Specimen, Holder
The inside diameter of the pressure vessel was 1" 

with a chamber length of 6". Specimens were mounted in a 
holder consisting of two strips of linen-based phenolic, 
each with a small (0.05 cm2) capacitance plate in the center. 
The strips were flexible enough to provide light spring 
action, thus ensuring adequate contact between the capaci
tance plates and the electrodes painted on the specimen 
faces, while minimizing the external stresses applied to 
the crystal.

A chrome1-alume1 thermocouple was placed about 2 mm 
away from the sample. Specimen temperature was controlled 
by an internal furnace consisting of nichrome wire wound ' . 
non-inductively on a lavite hollow cylinder. A copper 
braid shield enclosed the specimen holder, with the shield 
grounded to the pressure vessel.

Convection currents presented a temperature stabil
ity problem, so fiberglass wool was stuffed into both ends 
of the internal furnace. This is a rather crude method, but 
is, nevertheless, fairly effective.



CHAPTER III

DIELECTRIC BEHAVIOR

A. KN03
Previous dielectric studies'̂ 5 5 ̂  of KNO3 at room

pressure were confined to the II-I boundary (with tempera
ture increasing) and back down (temperature decreasing) 
across the I-III-II boundaries. These measurements were 
repeated in the present study; Figure 4 shows a typical 
p = 1 bar, II-I transition at 10 kc, along with the varia
tion of the loss tangent, tan 6 . The peak in the dielectric
constant (e = 7 4 ) ,  matches that of Chen and Chernow.11 max

At p = 0.66 kbar, the I-III transition gives a 
similar peak for e , but the loss tangent has a broader and 
stronger peak (Figure 5)• At these low pressures (0.5 to 
1.5 kbar), temperature hysteresis (approximately 4°C) was 
observed across the I-III boundary.

The Curie-Weiss behavior of KNO3-I was investigated 
at 0.5, 1.0, and 1.5 kbar. In all these cases, region III 
was approached through the II-I, p = 1 bar, transition in 
order to avoid the more destructive (Taylor and Lechner^) 
III-I transition at high pressures.

10
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Conductive losses in region I limited the tempera

ture range in which (1/e) was linear. At 0.5 kbar, this 
range was approximately 12°C, and about 7°C at 1.5 kbar. 
Consequently, the extrapolated values for T 0, the Curie- 
Weiss temperature, are rather imprecise, especially because 
typical T 0 values are so far from the linear regions 
(Figure 6 ). The values for the Curie constant, C, show a 
slight increase up to 1.0 kbar. All the 1/e data were 
least-squares fitted by machine.

Figure 7 shows an isothermal (T = 160.0 ± 0.5°C)
KN03 I-III transition. The peak in e is exceptionally sharp 
and is rather similar to the isobar!c peaks. The inverse 
dielectric constant, (1/e), is also plotted against pres
sure in Figure 7, and follows a definite Curie-Weiss pat
tern: e = C*/(p - Po), where C* = -276 ± 3 kbar and p 0 =
4.68 ± 0.07 kbar (for Specimen A). At higher temperatures,
C* decreases slightly and p 0 increases: C* = -327 ± 9 kbar,
Po = 7.3 ± 0.3 kbar at l80°C (for Specimen C).

Dielectric behavior across the II-III boundary is
shown in Figure 8. A much smaller anomaly is evident, with
c jumping to a value of 7.5 at the boundary and then steadily 
increasing up to the III-I boundary. The reverse III-II 
transition exhibits a small temperature hysteresis (approxi
mately 2°C). Both transitions (II-III and III-II) resemble 
the III-II (temperature decreasing) data of Sawada^ at room
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pressure; however, the jump Is much smaller (from 5 to 7 .5 )
. compared to the room pressure jump from 20 to 5 .

An isothermal run (T = 60°C) was made across the
16KNOs II-III-IV boundaries, but the extreme sluggishness of 

these two transitions made reliable measurements impossible. 
The isobar!c (p: = 5 kbar), TV-III transition was also studied, 
but again, the transition turned out to be quite sluggish; 
phase III was evident long after the nominal boundary had 
been crossed (the existence of metastable phase III being 
confirmed by hysteresis loops).

B. ■ NaN.Oi
'. 12- . . Gesi, Ozawa, and Takagi ■ were unable to measure C

for NaNOa-I for p greater than 0.5 kbar, because the linear
region of (1/e) was too small. Since Gesi's III-II-I mea-
surements extended to 10 kbar, the present study focused on
the other ferroelectric boundary (the III-IV).

The III-IV transition is a much more•gentle transl
a

tion. Indeed, Rapoport ' was able to detect isothermal
(T = 26°C, and T = 72°C) transitions only by observing small

17volume discontinuities. At room pressure, Gesi found the 
- transition, (at -95°C) in the form of a slight deviation in 
the linearity of e(T).

The present study revealed that the isothermal 
. III-IV dielectric anomaly at high pressures is also very
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slight (Figure 9). The small jump In the.e(p) curve Is 
somewhat larger at 50°C.

An 1 sob arte: (p = IB.Okbar),. IV-III, 'transition . 
failed to show any distinctive discontinuity in e (T ). > but 
the boundary (at T = 85°G) coincides with the top of a broad 
loss tangent peak (Figure 10).

Anomalies in both e and tan 6 (much larger than the 
anomalies at the 1II-IV boundary) were observed at 3.5 to 
4.0 kbar (T = 25°C). The location of these anomalies shifted 
to higher pressures as the temperature was increased. Since. 
NaNOa is quite soluble in water, moisture sensitivity was • 
suspected as the mechanism behind the anomalies.' Therefore, 
samples were dried 24 hours in a desiccator (filled with ' 
molecular sieves) after being mounted, and then introduced 
directly into the pressure vessel (filled with silica-gel- 
dried silicone oil). Under these conditions, the anomaly 
at 3.5 kbar vanished. The effect (i.e. , the appearance or 
disappearance of the anomaly) could be reproduced by expos
ing the crystals to different humidities before immersing 
them in the pressure fluid.
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CHAPTER IV

SPONTANEOUS POLARIZATION 

A. KNO3
The hysteresis loop circuit was. originally a single

cycle pulser.' Initial measurements gave distorted, 
assymmetrical loops (Appendix). The circuit was then modi- • 
fied to provide a two-cycle loop and a continuous loop.
The second cycle loop was completely symmetric, unlike the 
distorted primary. In all subsequent measurements, the 60 
cps AC field was either applied for 3 seconds (with the 
scope trace triggered for one complete cycle at the end of
the 3 second period), or, was applied continuously. Loops
thus obtained were completely symmetrical, square, and 
saturated (i.e., increasing the applied field beyond approxi
mately 2 x E , the coercive field, would not result in
larger P , spontaneous polarization values). A typical KN03s
loop is shown in the Appendix.

' 9Taylor and Lechner reported a large increase in the
maximum value of P (T) as p was increased to 1.38 kbar.s ,
This effect was ascribed to a large increase in the dipole 
moment (associated with the displacement of the N O 3" group 
with respect to the K* ion). If we plot Pg (p) at T = 130°C

' 21 ‘
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(which.lies in the middle of the P (T) = maximum = constant
region), we have a nearly linear P (p.). with an. extremely
large slope (Figure 11).

However, all the P data, of the present study faileds
to reproduce the rather large maximum P values of Taylors
and Lechner. All isobaric runs showed the same fairly rapid 
increase of Pg at the I I - H I  transition, but the maximum
P ’s attained were well below those of Taylor and Lechner.s
Figure 11 shows the "flattening o u t " o f  the Pg (p) curves 
(T = 130°C).

The lower curve in Figure 11 shows P values 
obtained with 3-second pulses; each point represents a vir
gin crystal (one that has just entered phase: III along an 
isobar). The upper curve gives Pg values for a crystal that 
had been exposed continuously to the applied field; moder
ately greater values for P are evident, although the maxi-s
mum Pg 's are still far below those of Taylor and Lechner. . 
The difference between the 3-second pulse crystals and the 
continuous field crystals disappeared when the 3-second 
pulse was increased to approximately 30 seconds; then, each 
crystal would have the same higher Pg . However, the only P 
value that was close to the large Taylor and Lechner values ' 
was 10 pCoul/cm2, obtained with a crystal that was deterio
rating (the. loop corners suddenly became round and breakdown 
occurred when an attempt "was" made to reach loop saturation).
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All P data were made on virgin crystals.. Attempts :s • - . .

were made to use the same crystal after it had traversed the 
II-III boundary, crossed back down (III-II) and back up into 
the ferroelectric region, but invariably, such a procedure 
damaged the crystal. This, could be seen from the round loop 
corners and from the fact that saturation could not be 
achieved; Pg would increase with applied field right up to
breakdown (22 kV/cm), although P would still be less than
the value attained with the virgin crystal.

Perfect loops could also be obtained by passing the 
crystal through the II-I, p = 1 bar, transition, increasing 
p, and then lowering T until phase III was reached. The' 
maximum Pg values reached in this manner also coincided with 
the results in Figure 13.

One of the more startling aspects of KNO3 behavior
is the ability of ferroelectric phase III to exist metasta-
bly at room pressure and room temperature. At 1.7 kbar,
KNO 3 samples were lowered through the III-II boundary to

1625°C, without affecting Pg . . As Davis and Adams have 
observed through X-ray studies, KNO3-III does not transform 
as a whole, but parts of the crystal remain in phase III 
long after the nominal boundary .has been crossed. However, 
hysteresis loops were still observed after the pressure had 
been lowered to 1 bar. Even with the pressure vessel com
pletely disconnected from the pump, loops would persist
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for 10 to 20 minutes' before finally - being degraded into 
.loss loops.

Phase III seemed to be "locked In" even longer when
the crystal had been exposed to higher pressures (4.0 kbar)
before being transferred back into region II. The same
effect was observed for a crystal that was lowered into
region IV (at 4.7 kbar) down to 40.°C, then brought back
across the IV-III-II-boundaries. : Typical metastable values
for P and E were 4.7 yCoul/cm2 and 4.4 kV/cm compared to s • c
Nolta and Schubring's 3.5 yCoul/cm2 and 6 kV/cm for poly-‘
' ■ ’ ' - 8 crystalline 'KN03 melted on a metal substrate.

• - B. NaN02
The P (T) behavior of NaN02 at 1 .0 , 3 .0 , and 5.0

kbar is given in Figure 12. ' Typical loops are shown in
the Appendix. In Figure 13,.the isothermal (T = l64°C)
behavior of Ps is plotted, as a function of p. At higher
pressures, the loop degenerates into a loss ellipse.

In contrast to the case of KNO3, the coercive field,
E , ■ of NaNOz Is strongly dependent on the applied field.

2This has been previously mentioned, by Sawada and does not
affect -the P results. s

Single-cycle NaMO2 loops were distorted, but the 
loop assymmetry was less pronounced than in the case of the . 
KNO 3 single-cycle loops. .Moreover, there was no discernible 
difference between the 3-second loops and continuous loops.
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CHAPTER V

DISCUSSION

A. KN03
As we have seen, the (1/e(T))p data are not suffi

ciently reliable in determining T 0 (Figure 6). However, the 
(1/e(p))t _15o ° results (Figure 7) were obtained using the 
same specimen as in Figure 6. Hence, we can combine
1/e(T) = (T - T 0)/C at p = 0.5 kbar with 1/e(p) = (p - p 0)/C*
at Ty = l60°C, since the two lines, when extrapolated, inter
sect at T = T / = 160°C, p = 0.5 kbar:

eTf^TpT ■ T ’ c(p!(|>l ■ V  •

Using the measured values of C = 6440 ± ll4°C (Figure 6),
and C* = -276 kbar, p0 = 4.68 kbar (Figure 7), we obtain

To (p = 0.5 kbar) = 62°C.

Figure 14 shows emax(p) at the I-III transition. Since 

l/Gmax = (Tc ” T 0)/C = AT/C, we have

= 84.7 = 137o-T0(p = 0.5 kb)
em ax(p = 0-5 kb) "  C

28
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for Specimen B. Hence, To(p = 0.5 k b ) = 60.9°C , in fairly 
good agreement with the earlier result.

A reasonable assumption to make i s :

C(p > 0.5 kb) # C(p = 0.5 kb).

Let us further assume that T 0(p) is linear:

To(p) = T 0(0) + k'p ,
where

k z = dTo(p)/dp .

Then, Eq. (1) gives

1 (p Po)T' _ T' -To (p) _ -k'p (T'-ToCO))
e(p)T , C*(T') C C C

This equation represents the intersection of the l/e(p)^, 
straight line with the entire family of

l/e(T)p = T ~ g 0-p)

straight lines (for p ^ 0.5 kbar).
Thus, k ' = -C/C* = 23.3 ± 0.6°C/kbar and T z - T 0(0)

= (-p0C)/C* gives T 0(0) = 50.4 ± 4.5°C, in contrast to the 
measured room pressure value of T 0 = 4l°C.11 From the emax 
data (Figure 14), we have k ' = 26.7 ± 1.2°C/kbar and an 
extrapolated T 0(0) of 46.8 ± 2.3°C, again assuming that 
C(p ^ 0.5 kbar) = 6440. This is in rough agreement with
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• the other value for k' ; both estimates are limited by the
imprecise value of C.

The .spontaneous polarization results- show a large
9discrepancy between Taylor and Lechner* s Pg (p) and the

P (p) results of the present study. All results (3-second
pulses and continuous loops) indicate that Pg (p) begins to
level off at or before 1.5 kbar• The initial rise in P (p)s■ pghas-.been suggested as evidence that, the long range, order 
.in phase III is (initially) limited by the proximity of the 
I-III boundary. . -

. B. NaN02
- 17The III-:IY transition was interpreted by Gesi as

evidence of t h e 'activation of a N02“ ion vibro-rotatory 
state. Gesi’s thermal expansion data and infrared reflec
tivity measurements (for determining the wave number shift 
of the v 2 bending vibration mode) at -95°C and atmospheric 
pressure, show much smaller changes across the III-IV 
boundary than the room temperature, high pressure results 
of Rapoport's^ volume compression measurements.

The dielectric data of the present study support 
Gesi's suggestion that the anomalous change in physical 
properties across NaN02 III-IV is enhanced at higher pres
sures. Figure 9 shows the difference between, the transition 
at 7.2 - . 7. -4 kbar (22°C) and the transition at 10.0 - 10.5



; - ■ ... ■ ■ . . si
ktiar (50°C). The corresponding points on the phase, diagram 
are indicated in Figure p o5jl7jl9

The isobaric transition (Figure 10) is somewhat 
harder to detect, but the gradual variation of e suggests a 
second order (or higher) transition. Indeed, the rather 
small anomalies across III-IV indicate that phase IV may not 
be appreciably different in structure from phase III. If 
so, an obvious question arises: Is phase IV also ferro
electric? At l40°C, Pg loops were observed to 4 kbar; 
however, at this temperature, the. loop starts unsaturated 
(round corners) at room pressure and gradually deteriorates 
into a loss ellipse around 5 kbar.

■ Next, an attempt was made to follow the loop develop
ment at l80°C. The loops first appeared at 1.4 kbar and 
were square and fully saturated. However, as the pressure 
was increased, P reached a maximum of approximately 7 
yCoul/cm2 (around 6 kbar) and then started to decrease. 
increased throughout this pressure range at a rate compara
ble to that shown in Figure 13.

Since the pressure system was limited to 9.5 kbar, 
the.loops could not be followed out to the III-IV phase- 
boundary at 20 kbar. However, from the behavior of Eh(p), - 
one could predict that the. loop would flatten out and close 
completely before reaching the boundary.

' A similar situation exists at room pressure: As the-
temperature is decreased from T , the loop becomes more
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rounded, deteriorates into a loss ellipse (130°C) and is
finally flattened out at 120°C. increases at a rate of

200.05 kV/cm per -°C. However, can be measured through
pyroelectric measurements, all the way down to room tempera- 

21ture. Thus, the question of ferroelectricity in phase IV 
would best be answered through pyroelectric measurements.

The high pressure dielectric data of Gesi, Ozawa and
12Takagi do not yield direct measurements (i.e., through

221/c(T)) of C and T 0. Takagi and Gesi interpreted the non- 
linearity of 1/e above T^ as evidence that the (residual) 
short-range order of the antiferroelectric phase exists up 
to approximately T^ + 15°C.

12Gesi, Ozawa and Takagi obtained a pressure varia
tion of the Neel temperature, dT^ = 5•6°C/kbar. From Gesi’s

21phenomenological theory, (dT^/dp)/(dT0/dp) = 1.13, based
6 23on X-ray measurements by Yamada et_ al . and Gesi. Then 

dTo(p)/dp = 4.96°C/kbar.
The expression

T (p) - T 0(p)
( ^ m a x ) p  = ----  C----

is strictly true only if the Curie-Weiss law holds above T^.
However, we can use it to obtain a rough estimate of k z

12from Gesi’s dielectric data. The dielectric peaks (at the 
Neel temperature) at 0.57, 2.55, 4.00 and 5.95 kbar, are, 
respectively, 3220, 2810, 2010 and 1570. Using C = 5130°C
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(and assuming that C(p) = constant), we have kz = dT0/dp = 
5.28 ± 0.06°C/kbar, T 0(0) = 164.1 ± 0.2°C. This is sur-

21prisingly close to the other value of k' (and to Nomura’s 
T 0(0) = 163°C), especially since Curie-Weiss behavior begins 
only above T^ + 15°C.

Finally, we can utilize the data. From Gesi’s 
t h e o r y , t / T 0 = (Sf + A 0 3)/tanh“1Sf , where Sf , the long 
range ordering parameter, = P^/Np. N and p are, respective
ly, the concentration and the dipole moment of the molecular 
dipoles. The parameter A 0 is related to the elastic energy 
contribution to the dipole interaction energy. Near the 
transition,

2 _ 3(1 - T/T q ) ,
f " 1 - 3A0

using the P^ data, this yields k z = 4.2 ± 0.3°C/kbar
(Figure 15), a value moderately lower than the ones based on
dielectric and X-ray data.
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CHAPTER VI

CONCLUSIONS

KNOg-I exhibits Curie-Weiss behavior in pressure, 
with a well-defined pressure Curie constant and extrapo
lated Curie-Weiss pressure. The peak values of the dielec
tric constant at the I-III boundary, e ov, increase with 
pressure. These two results permit a rough estimate of 
k ' = dTo/dp to be made (k' - 25°C/kbar).

In region III, P^(p) gave maximum values well below
Qthose reported previously. Metastable KNO3-III at room 

pressure and temperature could be induced by first exposing 
the crystal to high pressures (1.7 to 4.0 kbar) around 130°C. 
Typical P values for metastable KNO3-III compare favorably

g
with polycrystalline KNO3 on metal substrate.

The NaNOz III-IV transition showed a slight dis
continuity in the e(p) curve, with the effect enhanced at 
higher temperatures. The question of ferroelectricity in 
phase IV could not be answered since E^(p) increases fairly 
rapidly. Calculations based on P^(T) at different pressures 
yield k' = dT0/dp = 4.2°C/kbar, a value somewhat lower than 
those provided by dielectric and X-ray measurements.



APPENDIX 

TYPICAL HYSTERESIS LOOPS

A 1 . KN03 Hysteresis Loop: 
Distorted, Single-Cycle

37



A2. KN03 Hysteresis Loop: 
Symmetric, Saturated (3 Second Loop)



A3. NaN02 Hysteresis Loop 
Unsaturated, 20°C below T



NaN02 Hysteresis Loop 
Saturated, 5°C below
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