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Abstract. Using a laser polarimeter (635 nm), we have obtained a spatial 
distribution map of optical rotatory power (OR) on a z-cut sample of langasite 
crystals La3Ga5SiO14 with the transverse dimensions of 317 mm2 and the thickness 
of 0.945 mm. A possible impact of linear optical birefringence on the measured OR 
is clarified. Basing on polarizability theory of the optical activity effect, the OR is 
calculated as a function of disordering structure parameters of the material under 
investigation. It is shown that the structural disorder prevails in the spatial changes 
of OR along the optic axis. 
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1. Introduction 
In the recent years special attention has been paid to correlation between the structure and the 
optical properties of crystals such as refractive, gyrotropic, etc. Optical activity (OA) effect 
represents a phenomenon which is one of the most sensitive to the peculiarities of crystalline 
structure. The effect is described quantitatively by a so-called specific rotatory power  
ρ = π(nL – nR)/λ, which measures the specific rotation of light polarization plane (with nL and nR 
denoting the refractive indices for the left and right circularly polarized light and λ the wavelength 
of probing light [1]). There is a number of precise experimental techniques used on order to 
measure the OR for different directions in crystals. Furthermore, there exist a possibility for 
calculating the OR with a polarizability theory of OA, issuing from the structural data for a given 
crystal and the information about electronic polarizabilities of its individual atoms [2]. 

La3Ga5SiO14 single crystals (abbreviated as LGS) belong to a large langasite family with a 
structural type of Ca-gallogermanate. This material, which is grown with a Czochralski technique 
[3], remains promising for quantum electronics, high-temperature sensors, etc. [4–6]. Langasite 
compounds have the space group symmetry P321 (the point symmetry 32), with one molecule per 
unit cell. A very interesting structural feature of these crystals is their disordering: 2d Wyckoff 
positions are partially occupied by Ga and Si atoms [7]. Moreover, the LGS crystals have a layered 
structure. There are different oxygen polyhedra: two types of tetrahedra (around the cations in the 
2d and 3f positions; the symmetries 3 and 2), octahedra (the 1a position; the symmetry 32), and 
distorted Thomson cubes (the 3e position; the symmetry 2) [4, 7].  

Optical properties of these materials have been extensively studied [4, 5, 8, 9]. LGS is a 
noncentrosymmetric, optically uniaxial, and optically positive (ne > no) crystal. It is also optically 
active, with a diagonal gyration tensor gii [4, 5].  

In this study we consider gyrotropic properties of LGS crystals. As mentioned before, they 
belong to disordered materials. According to earlier investigations of the crystal structure, the 
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occupations of their 2d positions are as follows: 0.5Ga + 0.5Si. It is well known that the optical 
parameters of these materials such as refractive indices or electrooptic coefficients depend strongly 
on their exact composition and spatial inhomogeneity (see, e.g., Refs. [10, 11]). That is why we 
have decided to study possible correlations between the optical properties (both gyrotropic and 
refractive) and the peculiarities of structural disorder in these compounds.  

As a result, the direct aim of the present work is to analyze dependence between the site 
occupancy of the 2d Wyckoff positions for Ga and Si atoms and the optical activity of LGS. This 
has been accomplished via measuring the OR along the optic axis and applying a computation 
method known from Ref. [2].  

2. Experimental results 
First of all, we have constructed a map of spatial distribution for the OR parameter  measured 
along the optic axis. A z-cut LGS sample was used, with the transverse dimensions 317 mm2 and 
the thickness of 0.945 mm. The experiments were performed with the aid of a computer-controlled 
laser polarimeter (λ = 635 nm). A polarizer and an analyzer were Glan-type calcite prisms having 
the apertures of 10×10 mm2. To change angular orientation of the analyzer, we used a rotation 
stage with a step motor. The angular resolution of this mechanism was ~ 1.33·10–3 deg over the 
total angular range scanned as large as 10 deg. 

The light intensity transmitted through the analyzer was detected using a photodiode  
FD-288А followed with a high-impedance operational amplifier AD8646 and a 24-bit ADC 
connected to a PC. In a photovoltaic mode, the photodiode generated a small current proportional 
to the intensity level I over 6 to 9 decades [12]. Communication between the 24-bit ADC and the 
PC-control software was handled via an LPT port. 

In our experiments we measured from 9 to 15 data points of the light intensity I (ADC codes) 
as a function of the analyzer angle α in the range of ~ 1°. When the angular orientation of analyzer 
deviates by a small angle α from that corresponding to the condition of perfectly crossed 
polarizers, the transmitted light intensity I can be found using the Malus’s law (see [1, 13]): 

   2 2
0 sinI I    ,    (1) 

where I0 implies the maximum transmitted intensity, ε the light ellipticity that depends on the 
quality of polarization system employed. In our case, the latter mainly depends on small linear 

birefringence existing along the optic axis. For 1   we have 2 2sin   , so that Eq. (1) may 
be written in a parabolic form: 

  2I a b c     .    (2) 

After least-square fitting of the experimental data I( ) one can obtain three parabolic parameters 

entering in Eq. (2) and then determine the parameters min 2b a    and 
22 2 4c a b a   . 

The main source of the linear birefringence available along the optic axis in crystals grown 
with the Czochralski method is so-called residual mechanical stresses. They remain in crystalline 
boules after they are cooled down. To determine the birefringence in a selected point of crystal 
sample, we measured 12 data points for the ε parameter while rotating the polarizer by 360° with 
the increments of 30° (see Fig. 1). Consider a plate with a thickness d cut from optically active 
crystal. Whenever a circular birefringence ∆nc and a small linear birefringence ∆nl coexist in this 
crystal, the ellipticity ε of transmitted light is given by [14, 15] 
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 sin 2 cos 2 1 cos sin 2 cos 2 sin 2 sin           .    (3) 

Here θ is the azimuth of linearly polarized incident light, 2 nd     the phase difference, 

2 2
l cn n n      the total (elliptical) birefringence, and  0.5arctan c ln n    . Since the ε 

values in our experiments are small, further on we can assume that sin 2 2   . 

 

Fig. 1. Typical dependence of light ellipticity ε on the polarizer angle θ, with the ε sign taken into account. Open 
circles correspond to experiment and solid curve to least-squares fit based on Eq. (3). The latter enables 
determining Γ parameter and then linear birefringence ∆nl induced along the optic axis by residual stresses. 

Using the ∆nc values known for LGS and the dependence ε(θ) measured experimentally (see 
Fig. 1), we have estimated the linear birefringence along the optic axis as ∆nl = 2.4·10–6 and the 
phase difference as Γ = 0.117. Basing on that data, one can estimate the influence of elliptical 
birefringence ∆n on the measured value of the OR . Under the same conditions as in Eq. (3), the 
expression for the polarization azimuth χ has the following form [14, 15]: 

 2 2
sin 2 cos sin 2 cos 2 sintan 2

cos 2 sin 2 cos cos 2 sin 2 sin 2 sin

  


    

  


   
 .   (4) 

 
Fig. 2. Dependence of specific angular difference ρ = χ – θ on the θ angle calculated using Eq. (4) for LGS plate 
with d = 1 mm, λ = 635 nm and Γ = 0.117. Azimuth θ is read from the polarizer’s position corresponding 
approximately to the minimal ε. 
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As seen from Fig. 2, the specific OR ρ is only slightly dependent on the azimuth θ in the 
presence of small linear birefringence along the optic axis direction. The maximum deviation from 
its nominal value ρ = 3.28 deg/mm does not exceed Δ   0.005 deg/mm. Although we have 
made these calculations for a single selected point on the surface of sample, the Δnl value obtained 
by us and so the Γ parameter can be regarded as being typical. Notice that they are determined by 
the parabolic coefficients of the dependence ( )I  , which actually define the linear birefringence. 

As a second stage of our experimental studies, we have measured a grid of OR values with a 
1 mm step along the X and Y axes, using the same laser polarimeter. The resulting ρ(x, y) map 
constructed after proper averaging and smoothing is shown in Fig. 3a. Fig. 3 confirms readily that 
the maximal deviations of the  parameter from its nominal value measured experimentally are 
indeed within the limit of approximately Δ  0.05 deg/mm. The Δnl value obtained for the 
selected point is quite large as for stresses-induced birefringence, though it gives an order of 
magnitude smaller contribution to the observed spatial fluctuations of the OR. It seems to be 
hardly reasonable that the magnitude Δnl could have as large order of magnitude as 10–5, as at the 
extreme points seen in Fig. 3 (the azimuth variation being θ  22.5°). In our opinion, these OR 
fluctuations may first of all be associated with the structural disorder of the material, which is 
different at different points. The latter is to be further verified using calculations that follow below. 

 

 

Fig. 3. Spatial distribution of OR  measured along the optic axis in optically active LGS crystals at λ = 635 nm 
(panel a). Panels (b) and (c) show changes in the  value as observed while scanning laser beam position along 
the X axis: y = 0.5 mm (b) and 2.0 mm (c). The coordinate is read beginning from a lower edge of crystalline 
sample (see dashed lines in panel a).  

3. Calculation technique 

Below we consider the problem of calculating the OA [2] basing upon the dipole–dipole 
interaction theory [16]. First, we notice that the calculation method described in Ref. [2] could be 
applied to inorganic molecular or ionic crystals. Moreover, it is valid only for the visible spectral 
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region where there are no absorption edges [2]. In general, the calculations need correct and very 
precise data on the crystalline structure (including the coordinates rS of each of Sth atoms in the 
crystalline lattice) and the electronic polarizabilities αS of the individual atoms (including the 
electronic polarizability volume 0α α 4πε  , with ε0 being the free-space permittivity).  

According to the technique described in Ref. [2], the OR ρ(k) as a function of wave vector k 
and the optical dielectric constants εij may be calculated using the formulae 

 1ε δ ,ij ij SS ij
SS

C
v 


       (5) 
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  k    (6) 

Here S denotes the index of different atoms in the crystalline structure, erij the Levi–Civita symbol, 
n the refractive index, v the unit-cell volume, δij the Kronecker symbol, and SSC   imply some 

complex tensors. The SSC   tensors are in general defined as functions of the electronic 

polarizability volume. The most convenient way to calculate these tensors is to use specific 
equations of the model (see Ref. [2]) and the information about the precise crystalline structure (as 
for the langasite crystals see Ref. [7]). 

4. Results of calculations 
We have performed the calculations for 635 nm, which is just the wavelength of laser used in our 
polarimeter. The electronic polarizability volumes α' for La3+, Ga3+, Si4+ and O2– ions in the 
crystals under test have earlier been calculated in Ref. [17]. Those calculations have revealed that 
the electronic polarizability volumes of Ga3+ and Si4+ ions occupying the mixed atom sites 2d vary 
in a limited range with respect to the occupancy factors reported, e.g., in the most recent structural 
data of Ref. [7]. There are three type of disordering observed in the crystals of Ca-gallogermanate 
structural type. The first corresponds to disorder of structure appearing in one of the Wyckoff 
positions (there are two positions 2d and 1a). This is typical for, e.g., La3Ga5SiO14 and 
La3Ga5,5Ta0.5O14 crystals [4]. On the other hand, there are two Wyckoff positions, 2d and 3f, which 
are occupied by mixed Ga and Ge atoms in Ca3Ga2Ge4O14 [4]. 

According to study [7], the crystal lattice parameters of the langasite crystals are a = 8.175 Å 
and c = 5.105 Å. In our calculations we have used the following electronic polarizability volumes: 
α'La = 1.886 Å3, α'Ga = 0.375 Å3, α'Si = 0.050 Å3, and α'O = 1.740 Å3. The sight occupation factor 
(S.O.F.) of Ga atom in the Wyckoff position 2d varies from 0.4 to 0.6, whereas the S.O.F. for Si 
atoms can be calculated as S.O.F.(Si) = 1 – S.O.F.(Ga). Here the information on the crystalline 
structure reported in Ref. [7] (the S.O.F. for both of Ga and Si atoms being equal to 0.5) is used as 
the initial data. Finally, the polarizability volumes for the both Ga and Si atoms occupying the 2d 
position have been determined as α'GaSi = S.O.F.(Ga)α'Ga + S.O.F.(Si)α'Si. 

The main results of our calculations are displayed in Fig. 4. As seen from Fig. 4, the 
dependence of OR on the S.O.F. for Ga and Si in the 2d Wickoff positions is linear. It is 
worthwhile that the OR can considerably (approximately by 0.8 deg/mm) deviate from its 
‘nominal’ value ρ = 3.0 deg/mm, which is calculated while assuming the occupation 0.5Ga + 0.5Si 
of the 2d position. Furthermore, the OR increases with increasing S.O.F. for Si atoms or 
decreasing S.O.F. for Ga atoms. We are also to stress that α'Ga > α'Si for the LGS crystals.  
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Fig. 4. OR as a function of S.O.F. for Ga and Si in the 2d positions of LGS crystals. Calculations are performed 
for the light wavelength of 635 nm. 

In contrast to the above data for the optical activity, the refractive indices calculated 
according to the same procedures are found to remain almost invariable under the same changes in 
the S.O.F. for Ga and Si atoms: no = 1.900 ± 0.002 and ne = 1.911 ± 0.003. Notice also that the 
refractive indices of LGS measured experimentally for the nearby laser light wavelength of 632.8 
nm are close and equal to no = 1.8996 and ne = 1.9111 [4, 5]. 

5. Conclusions 
We have experimentally found significant spatial variations in the OR parameter measured along 
the optic axis in LGS crystals. These changes cannot be explained by the linear birefringence 
induced with residual mechanical stresses typical for the crystals grown with the Czochralski 
technique. Meanwhile, our calculations have testified that the OR is very sensitive to structural 
inhomogeneities in the crystal. As a consequence, we assume that the effect of S.O.F. gives a 
dominant contribution to the spatial changes of OR along the z axis. 
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Анотація. За допомогою лазерного поляриметра (635 нм) побудовано мапу просторового 
розподілу питомого оптичного повертання (ОП) для зразка Z-зрізу кристалів лангаситу 
La3Ga5SiO14 із поперечними розмірами 317 мм2 і товщиною 0,945 мм. Ураховано 
можливий вплив лінійного двозаломлення на вимірюване ОП. На основі теорії поляризова-
ності для оптичної активності розраховано питоме ОП як функцію параметрів розупоряд-
кування структури досліджуваного матеріалу. Показано, що структурне розупоряд-
кування переважає в просторових змінах оптичної активності вздовж оптичної осі. 
 

 

 


