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The paper is devoted to the searching for order parameter of low-temperature phase transitions in
divalent nitrates Pb(NOs)z2, Sr(NOs)z and Ba(NOs)z. According to the curves of temperature dependencies of
the quadratic susceptibility tensor component yi4, the conclusion is made that the low-temperature phase
transitions in divalent nitrates are the phase transitions of the first order with the features of the second
order. The mechanisms of the low-temperature phase transitions in divalent nitrates are discussed from

this perspective.
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1. HISTORICAL REFERENCE

It’s known that barium, strontium and lead nitrates
(Ba(NOs3)z2, Sr(NOs)2 and Pb(NOs)2) have enormously high
level of piesooptic coefficients, therefore these materials
may be used for constructing piesooptic transducers [1].

As we established earlier [1], in the divalent
nitrates Pb(NOs3)2, Sr(NO3)2 and Ba(NOs)z2, a chain of
Pm3 < Pa3 < P213 phase transitions occurs. The low-
temperature phase transitions Pm3 — P213 occur near
the temperature of 245 K for lead nitrate Pb(NOs3)sz,
near 235 K for strontium nitrate Sr(NOs)2 and 225 K
for barium nitrate Ba(NOs)2 and occur with the loss of
the inversion center [1]. High-temperature phase tran-
sitions Pm3 — Pa3 occur at a temperature of 450-500 K
for lead nitrate, 550-600 K for strontium nitrate and
400-425 K for barium nitrate (phase transition tempera-
tures were established using dielectric measurements),
are purely translational and accompanied by loss of tran-
slation along the main directions of the cube cell [1].

Thus, according to the symmetrical classification of
phase transitions presented in [2], divalent nitrates are
higher-order ferroics and nonferroics simultaneously.

Throughout the temperature range of their existence,
the Pb(NOs3)z2, Sr(NOs)z and Ba(NOs)z crystals remain
cubic, and there are no phase transitions except for the
mentioned above [4].

2. RESEARCH OBJECTIVE

Since the phase transitions Pm3 — Pa3 are purely
translational, the order parameter of these phase tran-
sitions must be some microscopic scalar quantity [3]. Such
a value can be, for example, the charge density of an
electronic cloud formed by free rotation of the NOs~ groups
around the nitrogen atom in the Pm3 phase, followed by a
"freezing" of this rotation and its gradual transition to
reorientational vibrations of the NOs~ groups around the
nitrogen atom in the P2:13 phase [1]. Phase transitions
Pm3 — P213 occur with the loss of the inversion center
inside the cubic system, so the order parameter must be
the value described by the third-rank tensor [2]. Such a
tensor, for example, could be the tensor of piezoelectric

2077-6772/2019/11(4)04037(3)

04037-1

PACS numbers: 42.70.Mp, 77.84. —s

coefficients mjr; however, we did not find the piezoelectric
effect in the P213 phase. This is due to the accumulation of
charges along the walls of translational twins in the phase
Pa3, which upon transition to the P213 phase compensate
each other, that makes impossible the observation of the
piezoelectric effect in the noncentrosymmetric P2:3 phase.
We were able to visualize these translational twins by
etching, and specific etching figures, whose microphoto-
graphs are given in [3], were observed in the case of all
three compounds.

It is possible to make the assumption that the order
parameter of the low-temperature phase transitions
Pm3 — P213 in divalent nitrates is the tensor of the
quadratic susceptibility yijr, which is known to be
proportional to the square root of the signal intensity of
the second harmonic generation and has the same
symmetry as the tensor of piezoelectric coefficients.

3. INVESTIGATION METHODOLOGY OF THE
SIGNAL INTENSITY SHG TEMPERATURE
DEPENDENCE

3.1 Method of Samples Preparation

Crystals of lead, strontium and barium nitrates for
the samples preparation were grown from aqueous
solutions. In the case of Sr(NOs)2 and Ba(NOs)2, the
samples were fabricated from single crystals of good
optical quality with a developed face (111) by grinding
on a batiste moistened with distilled water. In the final
form, the samples were plane-parallel plates, the
thickness of which did not exceed 1.5 mm. In the case of
Pb(NOs)2, a sample of good optical quality with a
developed face (111) was cut from a bulk single crystal
with the help of a wet thread. After that both surfaces
were ground on abrasive powders No. 10, No. 7 and
No. 5 sequentially (machine oil was used as filler); then
the sample surfaces were polished with diamond paste
ASM 40/28 NOM, ASM 20/14 NOM, ASM 10/7 NOM and
ASM 2/1 NOM sequentially until maximum transparency
was achieved. The sample was a plane-parallel plate of
good optical quality 0.3 mm thick, the linear dimensions
of which reached 25 mm.
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3.2 Methodology of Experiment

The investigations were carried out using a LTI-701
laser operating in Q-switching mode (average power is
1 W, wavelength is 1.06 microns). The sample was placed
in a cryostat constructed for optical studies, which was
cooled with liquid nitrogen. The SHG signal recorded by
the photoelectric multiplier was output simultaneously
to the axis of ordinates of the two-component recorder and
to the digital indicator, while the signal from the thermo-
couple, was fed to the axis of abscissa of the recorder,
which registered the temperature of the sample. The accu-
racy of the measurements was 100 pulses per second, the
accuracy of the temperature measurement was 0.05 K.

4. RESULTS OF THE EXPERIMENTS AND
THEIR DISCUSSION

Fig. 1 shows the temperature dependences of the
signal intensity of the SHG at low temperatures, which
are strictly linear in region II. It can be seen from the
figure that the SHG signal becomes zero when passing
to a more symmetrical phase.

Fig. 2 shows the temperature dependences of the
tensor component yi14 found from the results presented
in Fig. 1, as the square root of the SHG signal intensity.

According to [2], the third-rank tensor for crystals of
symmetry 23 has only one non-zero component with
indexes 14 (123), therefore orientation samples [111]
were chosen for the studies.
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Fig. 1 — Temperature dependences of the SHG signal for
single crystals Pb(NOs)2 (a), Sr(NOs)2 (b), and Ba(NOs)2 (c);
I — the saturation region; II — linear reduction region

It can be seen from Fig. 2 that the component y14 of
the quadratic susceptibility tensor behaves as an order
parameter for phase transitions of the first order close to
the second [2]. This allows us to judge the nature of the
"freezing" of reorientational vibrations of the NOs—
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groups around the nitrogen atom near the Pm3 — P2:3
phase transition, which occurs gradually. And at the
point of the phase transition, the "transformation" hap-
pens through "jump" of the form of the NOs— groups from
planar to pyramidal with the nitrogen atom at the apex
of the pyramid and three oxygen atoms in its foundation.

Phase 23 was fixed in Ba(NOs)2 earlier, and the
pyramidal form of NOs~ groups was established by
neutron diffraction methods.

For reasons of symmetry, the reconstruction of NOs-
groups from planar to pyramidal have to lead to the
loss of the inversion center upon transition from phase
Pa3 to phase P2:3.
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Fig. 2 — Temperature dependence of the y14 component of the
quadratic susceptibility tensor xijk for the crystals of Pb(NOs)s
(a), Sr(NOs)2 (b) and Ba(NOs): (c)

5. CONCLUSIONS

Because the piezoelectric effect in the noncentro-
symmetric low-temperature phase of P213 in nitrates of
strontium, barium and lead is absent, we can consider
the order parameter of low-temperature phase
transitions in these crystals to be the component X14 of
the quadratic susceptibility tensor, which coincides in
symmetry with the tensor of piezoelectric coefficients.
The temperature behavior of yi4 allows to judge low-
temperature phase transitions in divalent nitrates as
first-order phase transitions close to the second order.
In addition, the shape of the y14(7T) curves makes it
possible to judge the nature of the "freezing" of thermal
vibrations and the rearrangement of the NOs~ group
shape in the low-temperature phase transitions in lead,
strontium and barium nitrates.

To our opinion, high level of piesooptic coefficients
in divalent nitrates is connected with especial mobility
of NOs~ groups in these crystals.
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Iomyk mapamerpa mopsaaKy HU3bKOTEMIEpPaTypHUX (pa3oBux rmepexonis B HiTparax
JBOBAJICHTHUX €JIEMEHTIB

I''T". Konmomoens, C.JI. Xpunxo

Tnorcenepruti incmumym 3anopiavko2o HaulorabHo20 YHigepcumemy, np. Cobopruti 226,
69006 3anopiscica, Yipaina

Y poboTi 3ampOMOHOBAHO BUPIIIEHHS NUTAHHS PO 3HAXOMKEHHS IIapaMerpa MOPSAIKY HU3BKO-
TeMIepaTypHux (PasoBUX IepexoiiB B HiTparax asoBaseHTHux enaemeHTiB Pb(NOs)z2, Sr(NOs): i Ba(NOs)e.
3a GopMo0 KpUBUX TeMIepaTypHOI 3aJIeKHOCTI KOMIIOHEHTH TeH30pa KBAIPATHYHOI CIPUAHSTIUBOCTI X14
3po0JIeHWIT BUCHOBOK IIPO Te, IO HU3BKOTEMIIepaTypHl (Pas3oBl mepexoauw B HITpaTaxX TBOBAJIEHTHUX
eJIeMeHTIB — Iie (Pa30Bi mepexofu IEepIIoro Pojy, OJIU3bKl 10 APYyroro. 3 Iriel TOUYKU 30py OOTOBOPIOETHCS
MeXaHI3M HI3bKOTEeMIIePATyPHUX (PA30BUX MEPEXO0/IiB B HITPATAX JBOBAJIEHTHUX €JIEMEHTIB.

Kmiouosi ciosa: ®aszosi nmepexoau, Hirpatu nBoBasieHTHHX eeMeHTiB, [lapamerp mopanky, KBagparuuama
CIIPpUAHATINBICTD, IHTeHCcHuBHICTD curuasy LI
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