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Symmetry aspects of Pm3 — Pa3 and Pm3 — P2,3 phase transitions in Barium, Strontium and Lead
nitrates are considered. It is noted that the Pm3 — Pa3 phase transition is proper for crystal class called
nonferroics. The characteristic features of nonferroics are given. It has been shown that divalent nitrates
have these features. The Pm3 — P2:3 phase transition is classified as a phase transition characteristic of
second-order ferroics. Thus, it is concluded that divalent nitrates are second-order ferroics and nonferroics
at the same time. It was reported that according to the classification of higher-order ferroics, a spontaneous
thermodynamic quantity described by a third-rank tensor should arise in the P2:3 phase. Such a tensor
could be a tensor of piezoelectric coefficients, but in the P2:3 phase we were unable to detect the piezoelectric
effect. It was suggested that in the P2:3 phase piezoelectric charges are localized on the walls of translational
twins (domains), where they can be neutralized. Such domains arise as a result of the Pm3 — Pa3 phase
transition. They were visualized by chemical etching. The temperature dependences of dielectric permeance
in high-temperature region were also investigated. Small anomalies of the dielectric permeance were fond
in the vicinity of the Pm3 — Pa3 phase transition for all tree compounds. It is noted that such anomalies are
one of the signs of translational phase transitions.

Keywords: Phase transitions, Divalent nitrates, Ferroics, Nonferroics, Domains, Chemical etching, Dielec-

tric permeance.

DOL: 10.21272/nep.17(2).02009

1. INTRODUCTION

As we reported earlier [1], the chain of phase transi-
tions Pm3 < Pa3 < P2:3 in Strontium Sr(NOsz)2, Barium
Ba(NOs)2 and Lead Pb(NOs)2 nitrates takes place. These
phase transitions occur with a saving of cubic cell.
Pm3 — Pa3 phase transition belongs to high-tempera-
ture region, when Pm3 — P213 phase transition realizes
at low temperatures.

The consideration of symmetry aspects of these
phase transitions shows, that Pm3 — Pa3 phase transi-
tion is proper for a crystal class, which has name of non-
ferroics. It means, that one or more partitive transla-
tions must arise in a low-temperature phase; and spon-
taneous thermodynamic value, that appears as a result
of this phase transition is microscopical one.

It’s known [2], that nonferroic crystals have three
next peculiarities.

At first, only anti-phase domains are to be observed
in a low-symmetry phase.

At second, macroscopic variables wouldn’t spontane-
ously appear in the vicinity of phase transition, due to
the saving of point symmetry. Different anomalies of
physical characteristics of nonferroics will manifest as
anomalies of macroscopic values, which exist in original
phase.

And at third, one of the factors that indicates a real-
ization of translational phase transition is a presence of
superstructural reflections on reverse lattice photos. At
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the same time, the reflections that correspond to the in-
itial phase should not split in the vicinity of phase tran-
sition. This is a consequence of point symmetry main-
taining at such phase transitions.

As to the first condition, translational twins can be
visualized by chemical etching.

Regarding the second condition we can assume, that
macroscopic value, that exists in initial phase and anom-
alies of which we can observe during the transition into
dissymmetrical phase, is the dielectric permeance ten-
sor.

At last, according to the third condition, the reflec-
tions on the reverse lattice photos, which indicate the in-
itial phase, don’t split in the vicinity of Pm3 — Pa3 phase
transitions [1]. Some of these reflections (permitted for
Pm3 phase, but forbidden for Pa3 phase) during the
transition into Pa3 phase are disappearing [1].

Pm3 — P213 phase transition is proper for second or-
der ferroics [2].

It’s known [3, 4], that ferroics are the substances,
which have some reorientable spontaneous values in
some temperature intervals or below some tempera-
tures. These spontaneous values may be vectors (spon-
taneous polarization, spontaneous magnetization), sec-
ond rank tensors (spontaneous deformation, dielectric
permeance), third rank tensors (piezoelectric modules,
quadratic susceptibility), forth rank tensors (elastic con-
stants), etc. Ferroics of the first, second and higher or-
ders are distinguished, depending on whether one field
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or a combination of fields switches one orientation state
(domain) to another. So, if switching is carried out under
the influence of one of the physical fields (electric, mag-
netic or mechanical stress), than the crystals belong to
first order ferroics (ferroelectrics, ferromagnetics, ferro-
elastics). If switching is carried out by two fields (for ex-
ample, electric field + mechanical stress, or mechanical
stress + mechanical stress), the crystals belong to second
order ferroics (for example, ferroelastoelectrics or fer-
robielastics). If such switching is carried out under the
influence of three physical fields at once, then the crys-
tals belong to third order ferroics, and so on.

Returning to the Pm3 — Pa3 phase transition, in pa-
per [1] we have shown, that the third condition for non-
ferroics in divalent nitrates case is satisfied. To check
whether the first and second conditions are satisfied for
divalent nitrates, we performed experiments on chemi-
cal etching of the surface of these crystals at room tem-
perature, and on studying of dielectric permeance tem-
perature dependences in high temperature region.

2. INVESTIGATION METHODOLOGY
2.1 Methods of Samples Preparation

For the implementation of experiment the crystals of
Lead nitrate Pb(NOs)z2, Strontium nitrate Sr(NOs)2 and
Barium nitrate Ba(NOs)z2 of a good quality were used.
These crystals were grown up from the aqueous solu-
tions of the salts by slow evaporation under room tem-
perature.

For the experiments on surface etching crystals with
developed faces (111) were used.

For dielectric investigations single crystals with de-
veloped faces (111) and (100) were used. In this case the
thickness of the samples was reduced by grinding using
cambric moistened with distilled water, or using abra-
sive powders No 7 and No 5 with the addition of machine
oil Then Platinum electrodes were applied to the sam-
ples using vacuum spraying.

2.2 Methodology of Experiments

The surface of Lead nitrate, Strontium nitrate and
Barium nitrate crystals was studied by etching using
optical microscopes MIN-8 and NU-2. Distilled water
was used as an etchant for Strontium and Lead nitrate
crystals, and glycerin was used for Barium nitrate
crystals. The study of the geometry of etching figures
was carried out using the MII-4 interferometer.

Dielectric permeance measurements in the
frequency range 103-106 Hz were carried out using an
E8-2 bridge with an external generator ZG-34 and an
external indicator. The voltage between electrodes didn’t
exceed 1 Volt. The relative error in measuring of the
capacitance of the samples was 0.2 %. The temperature
was measured with an accuracy of 0.05 K.

3. RESULTS OF THE EXPERIMENTS AND
THEIR DISCUSSION

The etching patterns on (111) surfaces for all three
compounds are pits in the form of three- wed pyramids,
forming a “block” structure (Fig. 1). For Lead nitrate the
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block sizes were several times smaller than for Stron-
tium nitrate. For Barium nitrate they were in order
smaller than for Strontium nitrate. For Barium nitrate
the block sizes turned out to be so small that they
couldn’t be detected by etching with distilled water due
to high dissolution rate, so glycerin was chosen as an
etchant for Barium nitrate. Using an etching method, it
was established, that such a “block” structure “grows”
trough the crystals, thus patterns similar to those pre-
sented on Figure 1, will be repeated at any point in the
volume of the crystals. Using the MII-4 interferometer,
the geometry of etching pits on the surface of Barium,
Strontium and Lead nitrates was studied. It was found
that the apex angle of the trihedral pyramids obtained
on (111) surface for all three compounds ranges from
114° to 117°, and this difference is withing the
measurement error of the interferometer.

c)

Fig. 1 — The surface etching patterns of the crystals of: a)
Strontium nitrate, magnification 72; b) Lead nitrate, magnifi-
cation 150; ¢) Barium nitrate, magnification 1000
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It should be noted that such a “block” structure of diva-
lent nitrates can’t be associated with the mechanism of
crystal growth, since it is known that these crystals grow
as a result of the developing of spiral dislocations on their
surface. We discovered such dislocations, but their observa-
tion was possible at magnifications several orders lower
than the observation of the “block” structure.

The temperatures of high-temperature Pm3 — Pa3
phase transitions were established using the tempera-
ture dependences of the dielectric permeance (Fig. 2).
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Fig. 2 — The temperature dependences of dielectric permeance
for Strontium nitrate, Barium nitrate and Lead nitrate crystals
for [100] direction and applied field frequencies 1 KHz (1),
10 KHz (2) and 1 MHz (3)

On Figure 2 the same graph shows cooling curves for
different frequencies. For all three compounds, against
the background of a monotonic increase of dielectric per-
meance with increasing of temperature, small anomalies
in the form of a “plateau” are observed. The location of
these anomalies on temperature scale doesn’t depend on
the frequency of applied field. The temperatures of these
anomalies are in the temperature ranges 403-418 K for
Barium nitrate, 463-478K for Lead nitrate and 588-603 K
for Strontium nitrate. Evidently, Pm3 — Pa3 phase tran-
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sitions occur in these temperature ranges. For [111] direc-
tion the results are similar for all three compounds, alt-
hough they are not presented in this paper.

Thus, it can be argued that the first two conditions
for nonferroic crystals, mentioned above, are met in the
case of divalent nitrates.

The etching patterns we identified on the surface of
the crystals may correspond to translational twins aris-
ing as a result of Pm3 — Pa3 phase transition. As we
showed in paper [1], during this phase transition three
partitive translations arise along the main directions of
the cubic unit cell.

According to the second condition, dielectric
perveance temperature dependences show small anom-
alies in the vicinity of a phase transition.

So, we can define Pm3 — Pa3 phase transition as a
translational one, and divalent nitrate crystals as nonfer-
roics.

During translational phase transitions a certain micro-
scopic spontaneous quantity should arise in the low- sym-
metry phase. According to our reasoning, discussed in pa-
per [1], such a spontaneous microscopic quantity may be
the density of the electron cloud created by the thermal
movement of Oxygen ions around Nitrogen atom.

Considering the low- temperature Pm3 — P213 phase
transition we should note, that this phase transition oc-
curs with the loss of inversion center. The spontaneous
thermodynamic quantity, that arise as a result of such a
phase transition must be described by a third-rank ten-
sor. Such a tensor could be the tensor of piezoelectric co-
efficients, but we didn’t observed a piezoelectric effect in
P2:3 phase. This may occur due to the fact that piezoe-
lectric charges accumulate on the walls of translational
twins, where they can be neutralized.

4. CONCLUSIONS

The two phase transitions, which take place in divalent
nitrates were discussed: high-temperature Pm3 — Pa3 and
low-temperature Pm3 — P2:13. It was shown, that
Pm3 — Pa3 phase transition is proper for a special crystal
class, named nonferroics. During this phase transitions
three partitive translations along the main directions of the
cubic cell are appearing. Spontaneous thermodynamic
value, which is arising at this phase transition is microscop-
ical one. We supposed, that this microscopical value is a
density of cloud, that changes because of changing of move
character of Oxygen ions around Nitrogen atom in NOs~
group. It was shown, that specific domain structure ap-
pears during this phase transition. These translational do-
mains were visualized by chemical etching. They are re-
sponsible for the absence of piezoelectric effect, which
should be observed in P2:13 phase. We made assumption,
that piezoelectric charges accumulate on the domain walls,
where they are neutralized. Also, we found anomalies on
the &(7T) curves in the vicinity of Pm3 — Pa3 phase transi-
tions. These anomalies illustrate one of the conditions that
the crystals are to be nonferroics.

Pm3 — P2:13 phase transition is proper for second
rank ferroics. Thus, we conclude that divalent nitrates
are ferroics and nonferroics simultaneously. This cir-
cumstance distinguishes divalent nitrates from a num-
ber of other active dielectrics and makes their further
study to be more valuable.
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Tpancnaniiidi ABiAHMKN Ta He3BUYANHA Kjacu@ikamnia HITPATIiB JBOBAJIEHTHUX €JIEMEHTIB
I'.T". Komomoerns, O.B. Illkoia, JI.O. Jliciaa, O.{. Kysuemosa

Beposncovruii deporcasnuti nedazociunuil ynisepcumem, 69011 3anopiscocs, Yipaina

PosrismyTi cumerpiiini acriektu dasoux mepexomis Pm3 — Pa3 ra Pm3 — P213 B HiTpaTax cTpoHIIio,
bapito Ta cBuHIO. BimMiueno, 1o dasosuit mepexigy Pm3 — Pa3 xapaxkTepHwnii Qi KPUCTATIIYHOTO KJIACY,
SAKUU Mae Ha3By «Hedepoikm. HaBemeno xapakrepHi ocobmBocTi Hedepoikis. [Tokasano, o HiTpaTn 180Ba-
JIEHTHUX eJIEMEHTIB MaloTh Taki ocobsmmBocti. MasoBuit mepexing Pm3 — P213 knacudikoBano, sk dasoBuit
mepexif], XapakTepHU A1 QPepoikiB Apyroro mopsiary. TakuM 4nHOM, 3po0JIeHII BUCHOBOK IIPO Te, IO HiT-
paTu JBOBAJIEHTHHUX eJIEMEHTIB € HedepoikaMu Ta depoikaMu JPyroro HOPsAKy omHodacHO. Byio moBimom-
JIEHO, II10 3T1IHO 3 KiIacudikariieo depoikiB BUIINX IOPSAIKIB, v (a3l P213 HiTpaTiB 1BOBaIEHTHUX €JIeMEHTIB
Mae CIIOCTEPIraTHCs IT€30eIeKTPUYHUM e(DEeKT, OJHAK HAM He BJAJIOCS Horo BusBuTH. Byio 3pobiene mpuiry-
1eHHs, o B (asi P213 m'e3oeneKTpryHi 3apsau JIOKATI30BAHI HA CTIHKAX TPAHCAIIAHAX JOMEHIB, Jie BOHU
MOKYTh OyTH He#TpamisoBanl. Tarl JoMeHHW (IBIMHWUKN) BUHUKAIOTH SIK Pe3yJabTaT (PA30BOT0 IEPEeXojry
Pm3 — Pa3. Boru 0Oysu BisyasisoBaHi 3a JOIIOMOroi0 XiMIYHOTO TpaBieHHs. By moctiakeH] TeMepaTypHi
3aJIeKHOCTI JieJIeKTPUYHOI IIPOHUKHOCTI B 00J1aCTI BUCOKHX TeMIIepaTyp. BusasieHi masi aHoMaJIil JiesIeKT-
PHUYHOI IIPOHUKHOCTI [IJIS BCIX TPHOX CIOJIYK B OKOJIHUIN (hasdoBoro mepexomy Pm3 — Pa3. Bigmiueno, 1o Taxi
aHOMAUII € OJHIEI0 3 03HAK TPAHCJIAIIMHOIO (DA30BOI0 HEPEXOIy.

Kmiouosi ciaosa: ®aszosi mepexoau, Hirpatu msoBasmenTHux esiementiB, ®epoikm, Hedepoixu, Jlomenu,
Ximiune TpaBiieHHs, J[ieeKTpuYHAa IPOHUKHICTD.

02009-4


https://doi.org/10.21272/jnep.16(1).01009
https://doi.org/10.21272/jnep.16(1).01009
https://doi.org/10.1080/00150193.2023.2215511
https://doi.org/10.1080/00150193.2022.2115795
https://doi.org/10.1080/00150193.2022.2115795
https://doi.org/10.1080/00150193.2023.2227077
https://doi.org/10.1080/00150193.2023.2227077

