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A piezo-optical effect has been discovered in Lead nitrate crystals. A possible mechanism of the piezo-
optical effect in divalent nitrates is discussed. It’s assumed that the cause of the piezo-optical effect in the
crystals is the displacement of the Nitrogen atoms relatively to the planes of Oxygen atoms in NOs- groups
under application of mechanical stress. Due to this shift, the planar NOs- groups become pyramidal, with
the Nitrogen atoms at the apexes of the pyramids. It is noted that it’s precisely such a displacement that
can cause a deformation of the optical indicatrix. In the absence of mechanical stress, the optical indicatrix
has the shape of a sphere, since light birefringence is not observed in this case. Under mechanical stress
the optical indicatrix becomes an ellipsoid. To observe the piezo-optical effect, single crystals of Lead ni-
trate of equilibrium shape, which is cuboctahedron, were used. These single crystals were grown from a
saturated seed solution of Pb(NOs): by a slow temperature decreasing method. The paper describes a setup
for piezo-optical coefficients of Lead nitrate measurements, which was specially created for research. It is
noted that for crystals of the 7% group the following components of the matrix of piezo-optical coefficients
are independent: 11, me, ms, ma. It where these components or their combinations that we measured. The
measurements have shown that the piezo-optical optical coefficients of Lead nitrate have rather large val-
ues, so the crystals can be used as a material for piezo-optical transducers.
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1. INTRODUCTION

In a series of recent articles (e.g. [1]) we discussed a
mechanism of phase transitions in divalent nitrates
Ba(NOs)2, Sr(NOs)2 and Pb(NOs)2. It was noted that a
number of phase transitions Pm3 < Pa3 < P213 occurs in
these materials. According to our assumption, phase tran-
sitions in these crystals take place due to the special mo-
bility of NOs groups inside unit cell. Pm3 — Pa3 phase
transition realizes because of the “freezing” of NOs group
rotation around Nitrogen atom that takes place in Pm3
phase. This rotation turns to oscillation of NOs~ groups
around Nitrogen atoms in Pa3 phase. Pm3 — P213 phase
transition occurs due to the displacement of a Nitrogen
atom relatively to a plane of Oxygen atoms and such an
arrangement of nitrate groups inside the unit cell that it
losses an inversion center.

We have made an assumption that the special mo-
bility of NOs~ groups in divalent nitrates may also lead
to existence of piezo-optical effect in these materials.

The linear piezo-optical effect is described by the
equation:

Aajj = Ty O, 1)

where Aaij is the change in polarization constants (second-
rank tensor); mjr is the tensor of piezo-optical coefficients
(fourth-rank tensor); o is the tensor of applied mechani-
cal stress (second-rank tensor). In short, the fourth-rank
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tensor ikl can be written as a 6 x 6 matrix. Taking into
account the Fumi principle, for the T% of the cubic system,
to which divalent nitrates belong, only four components of
the matrix of piezo-optical coefficients are not equal to
zero: mi1, m2, m3, 4. These four components are inde-
pendent. That is, the matrix of piezo-optical coefficients
for divalent nitrates looks as follows:

m1 me2 m30 0
me m1 m20 0
ms mz2 m10 0
0 0 0 ma0
0 0 0 0 ma
00 0 00 m4

@)

o ooco

If a mechanical stress is applied to the sample along
[001] direction and light is transmitted along [100]
direction, then the induced birefringence is proportion-
al to the difference zi1-712. Similarly, if a mechanical
stress is applied to the sample along [100] direction and
light is transmitted along [110] direction, the birefrin-
gence is found to be proportional to the difference m11-
n13. Finally, if light is transmitted along [111] direction
and a mechanical load is applied along [211] direction,
the birefringence is proportional to m4a4.

2. INVESTIGATION METHODOLOGY

2.1 Methods of Samples Preparation

04005-1 https://jnep.sumdu.edu.ua

© 2026 The Author(s). Journal of Nano- and Electronic Physics published by Sumy State University. This article is
distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license.

Cite this article as: A.G. Kolomoets et al., J. Nano- Electron. Phys. 18 No 4, 03005 (2026) https://doi.org/10.21272/jnep.18(4).04005


http://jnep.sumdu.edu.ua/index.php?lang=en
http://jnep.sumdu.edu.ua/index.php?lang=uk
https://jnep.sumdu.edu.ua/
https://int.sumdu.edu.ua/en
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.21272/jnep.18(4).04005
https://doi.org/10.21272/jnep.18(4).04005
mailto:kolombozgia@gmail.com
https://orcid.org/0000-0003-2604-6333

A.G. KOLOMOETS, O.V. SHKOLA, O.YA. KUZNETSOVA

For the study, single crystals of Lead nitrate of a
high optical quality were grown. The linear dimensions
of the crystals reached 45 millimeters. To grow the
crystals a special crystallizer was constructed. The
crystals were grown on seeds from a saturated aqueous
solution by the method of a slow decreasing of tempera-
ture. The initial temperature of the solution was 318 K,
the final temperature was the ambient one. The rate of
temperature decreasing was 0.02 degrees per hour.

The form of the crystals grown in this way was a
cuboctahedron — a combination of a cube, or hexahedron
(faces (100), less denoted square faces) and an octahe-
dron (faces (111), more denoted hexagonal faces) (Fig. 1).

[001)

[o{0]

[400]

Fig. 1 — Cuboctahedron — an equilibrium facet of divalent
nitrate crystals. Shaded rectangles are faces of (100) type;
light hexagons are faces of (111) type

Pb(NOs)2 samples for piezo-optical coefficients
measurements were cut from the single crystals ob-
tained in this way. The samples were rectangular
plates of high optical quality with (100), (110) and
(111) developed facets. The samples were ground with
abrasive powder No 5 with addition of machine oil,
after that they were sequentially polished with dia-
mond pastes ASM 40/28-NOM, ASM 20/14-NOM,
ASM 10/7-NOM, ASM 2/1 NOM until maximum
transparency was achieved.

2.2 Methodology of Experiments

The measurements of piezo-optical coefficients were
carried out using a polarization-optical method. The
basic scheme of the setup for piezo-optical coefficients
measurements is shown in Fig. 2.

Fig. 2 — Basic scheme of the setup for measuring of piezo-
optical coefficients

In Fig. 2: 1 — laser radiation source; 2 — polarizer; 3
— diaphragm; 4 — test sample; 5 — mica plate 1/4; 6 —
analyzer; 7 — photoelectric multiplier; 8 — indicator; 9 —
electromagnetic holder for creating a pressure on the
sample; 10 — current source.

The crystal plate under study was installed so that
the principal axes of the optical indicatrix section, per-
pendicular to the direction of light propagation, formed
angles of 45° with the direction of oscillations in the
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polarizer. The A/4 plate in this circuit is located so that
one of it coincides with the direction of oscillations in
the polarizer. The analyzer can rotate freely relatively
the axis of the system. The transmission of such optical
system can be expressed as follows:

I = cos?[(m/A)-d - §An — ¢] (3)

where A — wavelength of light; d — the optical path
length of light in the sample; dAn — induced birefrin-
gence; ¢ is an analyzer rotation angle. It is obvious that
by changing the angle ¢, it is possible to achieve a situ-
ation where the induced phase difference will be com-
pensated and the transmission of the system I will be
equal to zero, which is achieved under the condition:

§An = [2/(d m)]- (¢ +m/4) “)

The load on the sample placed in the electromagnet-
ic holder was set using the source of a current. By turn-
ing the analyzer, we achieved the minimum throughput
of the system, which corresponded to the minimum on
the indicator. After this the rotation angle of the ana-
lyzer was fixed. The values of the piezo-optical coeffi-
cients were found using the formula:

Tpq = 14,1+ [a/(n3 - F)] - y[brewster] (5)

where a — sample thickness (in millimeters), no — refrac-
tive index of the sample at zero load, F' — the load on the
sample (in Newtons), y — analyzer rotation angle (in de-
grees). The absolute measurement error of piezo — optical
coefficients using the described setup was 0, 125 brewster.

3. RESULTS OF THE EXPERIMENTS AND
THEIR DISCUSSION

For a sample of [100] orientation, with a mechanical
stress applied along [001] direction, the measurements
results are presented in a Table 1. The sample thick-
ness was 4 millimeters.

Table 1 — Dependence of rotation angle y of analyzer on load
F, applied to the sample of [100] orientation

F (10-2N) 71 (degrees) | (degrees) |3 (degrees)
0 98.0 94.0 101.0
20 102.5 100.0 98.0
40 100.5 102.25 103.5
60 105.5 101.0 104.5
80 103.5 101.0 107.0
100 106.0 100.0 105.25
120 103.5 105.5 101.5
140 103.5 103.0 106.0
160 105.5 104.5 106.5
180 104.5 104.5 106.5
200 107.0 106.5 107.5
220 106.0 105.0 108.0

According to the data presented in Table 1, the fol-
lowing values were used for calculations in formula (5):
AF =2 N; Ay= 8 degrees; a =4 mm.

For a sample of [110] orientation, with a load ap-

plied along [001] direction, the measurements results
are presented in a Table 2. The sample thickness was 5
millimeters.
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Table 2 — Dependence of rotation angle y of analyzer on load
F, applied to the sample of [110] orientation

F (10-2N) | (degrees) 2 (degrees) | 3 (degrees)
0 98.5 95.5 92.75
20 98.5 96.5 96.0
40 95.5 96.75 98.5
60 100.0 99.5 98.0
80 102.0 101.0 99.0
100 99.0 101.25 104.0
120 104.5 102.0 103.5
140 103.5 104.5 104.5
160 102.5 103.5 104.0
180 105.5 105.5 104.5
200 106.5 105.0 105.5
220 105.0 107.0 106.0

According to Table 2, the following values were used
for calculation using formula (5): AF=2 N; Ay=10
degrees; a =5 mm.

For a sample of [111] orientation, with a load applied

in [211] direction, the measurements results are present-
ed in Table 3. The sample thickness was 3 millimeters.

Table 3 — Dependence of rotation angle y of analyzer on load

F, applied to the sample of [111] orientation

F (10-2N) 7 (degrees) | (degrees) | s (degrees)
0 93.7 94.3 92.8

50 94.8 95.0 96.0

100 96.0 95.8 96.2

150 97.0 99.6 98.5

200 99.2 101.4 100.2

250 101.0 103.5 103.5

The following values were used for the calculations
in formula (5): AF = 2 N; Ay= 8 degrees; a = 3 mm.

Based on the data presented in Tables 1-3, the fol-
lowing values were obtained:

Y% no?(mi1 — me) = — 42,1 Brewster;
Y% no3(m1 — ms) =— 65,8 Brewster;
no3ma = — 16,0 Brewster.
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It should be noted that
1 Brewster = no® - 1 brewster.
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ficients in divalent nitrates crystals are associated with
the high mobility of Nitrogen atom in the NOs- groups.
Due to such mobility, when mechanical stress is ap-
plied to the samples of the studied crystals, NOs~ group
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Beposncvruil depacasruti nedazo2iunuil ynieepcumem, 69011 Sanopiscoica, Yepaina

B kpucrasiax HITpaTy CBUHITIO BUSABJICHUN I'e300nTudHuM edexT. OOrOBOPIOETHCA MOMKIUBAN MEXaHI3M
'€300IITUYHOr0 e(DeKTy B HITpATaxX IBOBAJIEHTHUX eJIeMEHTIB. 3po0JieHe IPUILYINeHHs, 10 TPUIHHOIO
'€300IITUYHOTO e(PeKTy B KPHUCTAJIAX € 3MIIIEHHS aTOMy a30Ty BIIHOCHO IJIONIMHU aTOMIB KHUCHIO B T'PYITL
NOs- ming yac IpUKIagaHHA MEXAHIYHOI HAIPYTHA. 3aBOAKH TakoMmy aMimeHHo wiaHapHi NOs- — rpymm
CTAIOTh MpaMiJaJIbHUMK, 3 ATOMAMH a30Ty IPH BEPIIMHAX IIUX mipamin. Bigmivaerscs, o came Take 3Mi-
IIEHHS MOYKe BUKJIMKATH JeOPMAIIiIo OIITUYHOI IHAUKATPUCH. Y BIICYTHOCTI MEXAHIYHOI HAIIPYTH OIITUYHA
iHguKaTpuca Mae gopMy cepH, OCKIIBKK Y IIbOMY BHIIAJKY JIBO3AJIAMJICHHS CBITJIA HE CIIOCTEPITaeThCS.
Ilin BmymBOoM MexaHIYHOI HAIPYTW ONTHYHA IHAMKATpHMca crae eumncoigom. Jlis cmocrepeskeHHsT
IT€300ITUYHOTO ed)eKTy OyJIM BUKOPHMCTAHI MOHOKPHCTAJIM HITPATy CBHUHITIO PIBHOBAYKHOI (POPMHU, KOO € Ky-
6ooxrTaenp. 11 moHOKpHUCTaM Oy BupoIeHi 3 HacuueHoro posuunny Pb(NOs): Ha saTpaBKy MeTOIOM IIOBI-
JIBHOTO 3HUKEHHs TeMIlepaTtypu. B poboTi omucaHa yCTAHOBKA JIJIs BUMIPIOBAHHS IT€300ITUYHUX Koedirrie-
HTIB HITPATy CBUHIO, SKa 0yJIa CIeIlaJibHO CTBOPEeHA IS ITUX JOCTIIKeHDb. BiqMiuaeTnest, 1Mo 11 KPHUCTa-
B rpynu 1 He3aJIeKHUMU € HACTYIIHI KOMIIOHEHTH MATPHIIl I €300IITUYHNUX KOeMIIIeHTIB: 711, M2, 713, 74
Came 111 KoMITOHEeHTH 460 IXHI KOMOIHAIl] Oy/iM BUMIpsHi. BuMipoBaHHS ITOKa3aJIH, IO IT €300IITUYHI Koe-
(irtieHTH HITPATy CBUHITIO MAIOTh JTOBOJIL BEJIUK] 3HAUYEHHS. TaKuM YMHOM, KPUCTAIH MOXKYTH OyTH BHKOPH-
CTaHl B SIKOCTI MaTepiay JJIs I'€300IITHIHNX IIePeTBOPIOBAYIB.

Kimrouosi cimosa: Hirpar ceumiio, Hirpataa rpyma, ITezoontuunnii ederr, [T'ezoontruni woedirieHTw,
Onrrruna imgurarpuca, Mexaniuna Hampyra, J{BosasmamieHHs.
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