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1. Introduction

Langasite (LagGa;SiO14) crystals abbreviated here-
after as LGS attract great interest of researchers as ma-
terials with a unique combination of physical proper-
ties such as dielectric, elastic, piezoelectric, and lumines-
cence [1, 2]. The structural studies [3] have demonstrated
that the crystalline system under interest belongs to the
space symmetry group P321 (the point group 32), with
a single molecule per unit cell. At the same time, a sig-
nificant feature of the langasite crystals is disordering of
their structure (2d Wyckofl positions are partially occu-
pied by Ga and Si atoms) [3]. They are optically uniaxial
optically positive (n. > n,, with n. and n, being respec-
tively the extraordinary and ordinary refractive indices)
and optically active. Their gyration tensor g;; is diag-
onal, with two independent components (g11 = go2 and
gss) [2]-

As a matter of fact, the linear electro-optic effect is
widely investigated in this system [4-8] and can generally
be described by equation [9]:

Aaij = Z?"ijkEk. (].)
k
Here Aa;; = a;5 — a?j, a;; denotes polarization tensor,
T35, — the linear electro-optic tensor of the third rank,
E, — the k-th component of the applied electric field
and index 0 refers to polarization tensor without electric
field.

The aim of present work is to theoretically calculate
the linear electro-optic parameters of the LGS by means
of the method suggested in studies [10, 11]. A further
comparison of the data obtained experimentally and the-
oretically could be of great importance for better char-
acterization of the above compounds.

2. Calculus method

It is well known that calculus method based on classi-
cal polarizability theory of optical activity [10] can be

*corresponding author; e-mail: nazar.ftomyn@lnu.edu.ua

extended to determine the parameters of electrogyra-
tion, electro-optic and second-harmonic generation ef-
fects [11]. There is so-called dipole—dipole interaction
electron-cloud shifting (DES) model of calculations. The
results of applications of the DES available in litera-
ture [11, 12] indicate validity of theoretical calculations
based on this approach.

In DES model the virtual shift x; of i-atom is
calculated using its electronic polarizability o (x; =
(4mo/e) Y- EL°°, where e is the electron charge, g —

J

the permittivity of free space, o/ = a/4meq the electronic
polarizability volume), after determination of the value of

the so-called local electric field E'°¢ (E*¢ = (2%5') Eevt

with ¢’ and E®! being respectively the effective relative
dielectric constant and the external electric field) [11].
As a result, the r;;;, coeflicients could be determined via
relation: Qg (ngt) — Q44 (0) = Z rijkszt [11]

k

There is well-known WinOPTACT software for calcu-
lating the optical activity and refractive indices of crys-
tals [13]. Nonetheless, we have created software of our
own for calculating the optical rotation, refractive indices
and electro-optic parameters of the crystals. A compari-
son of our data with those reported in the study [11, 12]
shows that our software yields almost the same r;;, and
tensor components. We have performed the correspond-
ing verifications for NaClO3, D-mannitol (C¢H1404), etc.
For all of those crystals, we have taken the electronic po-
larizability volumes and effective relative dielectric con-
stant identical to those used in the calculations [12]
(the absolute structures of the compounds have been re-
ported, e.g., in the works [11, 12]).

3. The electronic polarizability volumes
refinement of LGS crystals

The electronic polarizability volumes o of individ-
ual atoms have been determined in [14] for LGS using
the structure data [3] of right-handed crystal (with posi-
tive optical rotation). The calculated optical rotation in
the direction of the optical axis was p| = 3.0 deg/mm
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(A = 635 nm) [14]. On the other hand, using those
values of electronic polarizabilities we obtained p, =
1.1 deg/mm for direction perpendicular to optical axis.
Unfortunately, this result is inaccurate because of the
p| and py should be opposite in sign (according to gy-
rotropic properties of crystals with point symmetry group
32 [15]). That is why the values of oy should be recalcu-
lated for LGS.

Let us consider the new results of calculations per-
formed for LGS crystals at A = 635 nm. The fol-
lowing refinement values of polarizability volumes are
obtained during our calculations: o}, = 1.580 A3
o, = 0.330 A%, o, = 0.570 A3, o, = 1.750 A®. The
calculated values of optical rotations and refractive in-
dices are as follows in this case: p = 3.0 deg/mm, p; =
—0.88 deg/mm and n, = 1.877, n, = 1.912. In addition,
the z-cut of the gyration surface is expressed in Fig. 1.
It is interesting to note that there is good correlation be-
tween obtained data and the experimental results of op-
tical activity measurements for LGS p = —3.3 deg/mm
and p; = 0.73 deg/mm [14, 16, 17]. Finally, the exper-
imental refractive indices (calculated using the parame-
ters of the Sellmeier equation for LGS at A = 635 nm)
are as follows: n, = 1.8998, n, = 1.9109 [1, 2]|.

Fig. 1. The x-cut of calculated gyration surface for
LGS crystals (black and white colors correspond to neg-
ative and positive optical rotation, respectively).

4. Linear electro-optic effects in LGS crystals

Since the point symmetry group of LGS crystals is 32,
there are only two nonzero independent components of
Tijk tensor ie., ri; = —ro; = —re2, ra1 = —rs2 [9] (the
contracted indices are used 1 = (11), 2 = (22), 3 = (33),
4 = (23) = (32), etc.).

It is known that information about low frequency di-
electric constant is still needed for DES calculations. In

our case there are ;7 = €99 = 19 and e33 = 51 [4],
respectively. Using these data of the ¢;;, as well as cal-
culated polarizabilities we obtained the next values of
ri; coefficients: r1 = —2.8 pm/V, r41 = 0.16 pm/V.
It is necessary to note that linear electro-optic tensor
components obtained by means experimental measuring
are e.g., r11 = —2.68 pm/V, r4; = 1.22 pm/V [5] and
ri1 = 2.62 pm/V, ry; = 1.20 pm/V [7]. Good agree-
ment of theoretically calculated and experimentally ob-
tained 717 component is clearly seen. On the other hand,
the value of calculated r4; coefficient is approximately
8 times smaller than experimental ones. It may prob-
ably be explained by the affect of the optical inhomo-
geneity of crystals on the experimentally obtained linear
electro-optic tensor components [7] (e.g., the value of the
measured r4; coefficient varies from 0.69 to 1.44 pm/V
in the same sample). In addition, the theoretical cal-
culations [10, 11] significantly depend on the structure
peculiarities of crystals under the test e.g., disordering.
Otherwise, the simple approach [14] in calculating the
polarizabilities of Ga and Si atoms occupying mixed 2d
Wyckoff positions (the polarizability have been deter-
mined via the relation depends on site occupancy fac-
tor [3] i.e., 0.5Ga + 0.5Si) may probably another reason
of the inaccuracy in calculations of the 741 coefficient.

In fact, the relation between the refractive indices n
and the electronic polarizabilities « in the visible range
is given by the Lorentz—Lorenz formula [18], known also
as the Clausius—Mossotti equation. Then one can esti-
mate the wavelength dependence of the electro-optic co-
efficients, as has earlier been done for optical rotatory
power and refractive indices (see e.g., results for SiOa,
CazGayGes014, LazGas 5Tag 5014 crystals [10, 19, 20].
In general, one can determine the dispersion of the to-
tal electronic polarizability volume o’ for the LGS, using
the additivity rule o/ = 3/, + 5d’ga + 's; + 140’
and the complete set of spectral data for the refrac-
tive indices (for the case of the LGS crystals see the
results [1, 2]). Using the calculated electronic polariz-
ability volumes af,, o, etc., and the mean refractive
index at A\ = 635 nm, one can calculate the k param-
eter from equation (n? —1) /(7% +2) = ko’ [10] (here
n is mean refractive index, Kk — the proportionality co-
efficient). As a result, the total electronic polarizability
volume is then recalculated from this equation for the
fixed light wavelength, basing on the dispersion data for
the refractive indices of the LGS crystals and the calcu-
lated proportionality coefficient k. Furthermore, the sep-
arate components (o], ., et al.), which are necessary
for evaluating the optical parameters at different wave-
lengths, are calculated using the same percentage ratios
(e.g., 301, /c’, bag,/a’, etc.) as obtained at A = 635 nm.
Finally, Fig. 2 displays wavelength dependences of the
both calculated r1; (absolute value) and 741 coefficients,
respectively. It is interesting to note that the same regu-
larity on the A-dependence of the electro-optic coefficient
r11 are observed for e.g., a-quartz (has the same space
symmetry group as LGS) [21].
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Fig. 2. Wavelength dependences of the electro-optic

r11 and 741 coefficients (the coordinates of the points
o, @ have been determined using the experimental spec-
tral dependences of the refractive indices [1, 2]). Lines
represent the best fit of the calculated values.

5. Conclusions

Let us summarize the main results obtained in the
present work. The linear electro-optic coefficients of
LGS crystals have been calculated in the frame of the
DES model. While selecting in a relevant way the
electronic polarizability volumes of the ions, we have
achieved satisfied agreement of the calculated and exper-
imental optical anisotropy parameters for the light wave-
lengths A = 635 nm. In addition, using dispersion of
the electronic polarizability volumes calculated with the
Lorentz—Lorenz formula, we have calculated the spectral
dependences of the electro-optic coefficients.
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