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Calculations of the dipole electronic
polarizability of ions in LiNbO; at
temperature range (273 + 873)K
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Using the modified well-known Lorenz-Lorentz equation, the dipole electron po-
larizabilities of ions in stoichiometric LiNbO,; within a wide temperature range (273 to
873 K) have been calculated. The results obtained can be used in computer simulations of
peculiarities of structure ordering and dynamics of ions in LiNbO,.

C ucnosb3oBanmeM MOAuMUINPOBAHHOrO ypaBHeHUs1 JlopeHTi-JIopeHIla IpPOBENEHBI BHI-
UNMCJIEHUA B3aBUCUMOCTU [JUIIOJBHON 3JIEKTPOHHO! MOJSPU3YEMOCTA WOHOB B CTEXMUOMETPHU-
yeckom Kpucrasine LiINbO; B nuanasone Temmeparyp (278 + 873)K. IlonyuenHble pe3yabTaTh
MOT'YyT OBITH MCIIOJb30BAHBI JAJIA IMPOBEJEHUS KOMIIBIOTEDHOTO MOJEJUPOBAHUA OCOOEHHOCTEH
CTPYKTYPHOTO yIODsAAOUeHHUsA U AuHAMHUKM noHOB B LINDO,.

Today, lithium niobate (LINbO3) crystals
are among the most important ferroelectric
materials for practical applications due to
its electrooptic, electroacoustic and photore-
fractive properties. Although this material
is a very popular object of scientific inves-
tigation, some peculiarities of its structure
dynamics at temperatures above 293 K are
not explained yet. It is well known that the
computer simulation is very informative
when being applied to different dielectric
materials [1]. For example, this method was
used to study localization of H* ions in
LiNbO5 crystal at room temperature [2]. For
the successful application of this method, it
is necessary to know as completely as possi-
ble the electric characteristics of ions in the
crystal, such as their effective charges and
electron dipole polarizabilities (EP) as well
as the short-range potential parameters of
the pair ionic interaction [3].

The main aim of this work is to calculate
the EPs of ions in stoichiometric LiNbO4
within a wide temperature range (273 to
873 K). To that end, a method was used
based on the application of modified well-
known Lorenz-Lorentz equation :
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where n, is the crystal refractive index for
electric component of light wave E directed
along the k direction; b,;, a correction for
action of dipole moments of ions induced
due to the light wave; S, the number of
structurally non-equivalent ions in the crys-
tal; N;, the volume concentration of the i-th
kind of ion [4]. This method was success-
fully applied before to stoichiometric
LiNbO5 [4] and to o-LilO3 [5] crystals at
room temperature.

To apply this method in the EP calcula-
tions in wide temperature range, it is neces-
sary to know the data on the temperature
dependences of the ion coordinates, lattice
constants and on refractive indices of the
crystal. To that end, known the structural
data on temperature effect on LiNbOg struc-
ture [6], but there is no information on the
temperature dependence of refractive indi-
ces for stoichiometric LiNbO; in far IR
band. Similar data are known for LiNbO4
crystals of nearly congruent composition
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Fig. 1. Temperature dependences of refractive indices for (a) nearly congruent LiNbO; crystals at
A = 546 nm [7] and (b) nearly stoichiometric ones at A = 633 nm [8]. Points are experimental data;
dotted lines, approximations according to [9] data; solid lines, approximations according to recalcu-

lated parameters of Sellmeier equation.

(A = 546 nm) [7] and nearly stoichiometric
one (A =633 nm) [8]. To describe the ordi-
nary (n,) and extraordinary (n,) refractive
indices of LiNbO; as functions of tempera-
ture, wavelength, and crystal composition,
the generalized Sellmeier equation was pro-
posed before [9]. In final form, this equa-
tion can be written as:
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where c|; is the Li,O content in the crystal
(in mole %); A, the wavelength; Apis Ag s
Arpis Ayvs hois Apgs Moo My the fitting
parameters presented in the Table; F, a func-
tion of temperature defined as F = f(T) — f(T),
where Ty = 297.5 K and

f(T) = T2 + 4.0238x 10[cot %} -1. @

Unfortunately, this equation is wvalid
only in the 50 to 600 K temperature range
[8]. So, the former results of EP calcula-
tions in LiNbO3; were obtained only for the
same temperature range [9].

Nevertheless, the testing of the Sellmeier
equation applicability (under modification
of some its parameters) to the experimental
data reported in [7, 8] has shown that a
successful approximation can be obtained
up to 1000 K (Fig. 1). The recalculated pa-
rameters of Sellmeier equation are pre-
sented in the Table, too. According to the
new set of these parameters, the tempera-
ture dependences of refractive indices for
stoichiometric LINbDO; crystal at A = 1200 nm
were calculated (Fig. 2). These data allowed
us to calculate the possible sets of the EPs
of ions in stoichiometric LiNbOj crystal in
the wide temperature range 273 to 873 K.
In what follows, the EP of Li* ion is as-
sumed to be isotropic and temperature-inde-
pendent: oy; = 0.082 - 10724 cm3 [4]. The EP

of Nb%* ion (o) is taken to be isotropic as

Table. Parameters of the generalized Sellmeier equation according to [9] and values thereof

recalculated in this work (indicated by atrerisks)

o n,

Ty e

— -5
Ay, =4.5312-10
Moo = 223.219

A, ,=2.7322-107°

— -5
Ay, =3.9466 - 10
Ao = 218.203

A,,=18.3140 - 107°

hp, = 260.26 Ape = 250.847

App, = 3.6340 - 1078
Apy = 2.6613
Uy, =2.1203 - 1076
Hpo=1.320 - 1076 *
My, =-1.8275-107*

A, =3.0998 - 1078
Apy = 2.6613
Wy = 7.5187 - 1076
Hp, =8.80 - 1076 *
Hy,=—3.80432 - 107°
B, =-1.480 - 1074 *
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Fig. 2. Calculated temperature dependences
of refractive indices for stoichiometric

LiNbO; crystal at A = 1200 nm.

well but varied within a reasonable range
with respect to the classical value oy, =
0.22 - 10724 ¢cm3 at room temperature. The
EP were calculated under so-called "bond
polarizability” approximation [4], when the
electric dipole-dipole interaction in the
shortest (Nb—O) bonds is excluded when Optf
values for oxygen and niobium ions are de-
termined. From symmetry considerations,
we believed that the principal axes ’3’ of
the O2~ ion EP tensor coincides with the
shortest (Nb—O) direction and this tensor
has axial symmetry, so that o;; = 09 # O33.
The results obtained are shown in Fig. 3.
So, a substantial temperature dependence
of the one of the principal components (01)
of the oxygen ion EP tensor is observed in
LiNbO; crystal. Nevertheless, the shortest
(Nb—-O) distance in stoichiometric LiNbO; is
practically independent of temperature in
this temperature range [6], that is not sur-
prising, because EP of a ion is in proportion
with cube of its ionic radius, which is a
temperature-dependent quantity. These re-
sults make it possible to realize computer
simulations of peculiarities of structure or-
dering and dynamics of ions in LiNbOj4
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Fig. 3. Temperature dependences of main
components o;; and o33 of the 0% jon EP
tensor in stoichiometric LiNbO; for some oy,
values ( x 10724 ¢cm3): 0 (1); 0.1 (2); 0.2 (3);
0.3 (4); 0.4 (5); 0.5 (6).

structure, such as, for example, the isomor-
phic phase transitions, diffusion of Li* ions
and mobility of OH™ groups.
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O0uucIeHHSI AUIIOJbHOI eJeKTPOHHOI MOJAPU30BHOCTI
ionis y LiNbO; y Temneparypuomy miamasoni (273 + 873)K

P.1.Illocmax, O.B.Ayenko

3 BUKOpPHUCTAaHHAM MomudixoBaHoro piBuHauHA JlopeHTi-JIopeHIIa IpoBegeHO O0UYMCICHHS
JAUTIONBHOI eJleKTPOHHOI HmossApu3oBHOCTI ioHiB KucHIO y kKpucrami LINDO; crexiomerpuunoro
cKJany B miamasoHi Temmepatyp (273 + 873) K. Ili pesynbraTu 3a6e3meuyioTh MOKJIUBICTH
MIPOBeIeHHA KOMII'IOTEPHOTO MOJEJIOBAHHS OCOGJMBOCTEN CTPYKTYDPHOTO YHOPANKYBAHHS Ta

suHamiky iomis y LiNDO,.
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