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Birefringence of In,Tl,_,| solid state solution
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The results of investigation of optical properties of the newly synthesized solid solution
In, Tl,_, | in concentration range of 0.4<x<0.7 are presented. Birefringence is measured for
In, Tl,_ | solid state solution. Dependence of the birefringence An; on the concentration of
thallium iodide is investigated. Dielectric permeability distribution &(£) is calculated using
pseudopotential method in the framework of density functional theory. The real ¢, and
imaginary €, parts of the dielectric constant are calculated for polarization Ela and Elle
over a range of photon energy from O to 14 eV. The spectra show pronounced anisotropy
between these polarizations. Spectral dependences of the birefringence An; of In Tl _lI
crystals for various physical crystal directions are obtained based on these calculations.
The experimental and theoretical birefringence spectra are in a good agreement.
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IIpuBegeHb! pe3yabTaThl MCCIETOBAHNA OINTUUECKUX CBOMCTB HOBBIX TBEPIABIX PACTBOPOB
In,Tl,_,| B obamactm kommemrtpanmit 0,4<x<0,7. [BoiiHoe IyuempesoMJeHNe USMEPAIU A
TBeproTearHoro pacrsopa In Tl,_ |. Mcciegosana 3aBUCHMOCTE ABYJIyYeIpeNOMISHUA An; OT
KOHIIEHTpAIIMY Hoxguaa Tadausa. PacupeneieHue IUaJIeKTPHUUecKol mmpoHurnaemoctu €(E) pac-
CYMTAHO C WCIOJL30BAHMEM METOAa IMICeBJOMOoTeHI[Mala B pPaMKax Teopuu (PyHKIIMOHAJA
nnoraoctr. Ona monapusamuu Ella u Elb B auanasome smeprmii dotomos or 0 mo 14 »B
paccuMTaHBl JAeficTBHUTeNbHAdA € W MHHUMAad &, YaCTH JUSJIEKTPHYecKoll NIpOHMIIaeMOCTH.
CreKkTpbl TOKA3aJM BBIPAKEHHYIO aHU30TPOINIO MEXKIY 9TUMU HMoaapusanuaMu. CekTpaib-
HBEIe 3aBHUCHMOCTH AByJydenperomueHus An; xpuctamnos In,Tl,_ | xma pasauyHbIx KpucrTam-
JO(PUBNYECKNX HAIIPABJIEHUI IIOJy4YeHbl HA OCHOBE MAHHBIX PacyeTOB. JKCIEePUMEHTAaJbHbIEe
U TEOpeTUYECKVEe CIEKTPbl ABYJIYUYEIIPEJIOMJICHUS XOPOIIO COTJIACYIOTCH MeMXy COOOIi.

JdBonpoMeHe3aIOMJIEHA TBepAuX Ppo3unHis samimenmma In,Tl,_|. Al Kawyba,
A.B.®panris, O.B.Boszupa, P.C.Bpe3siH.

IIpuBoaATHCA pe3yabTaTy OOCHIMKEHHS OINTUYHUX BJACTUBOCTEHl HOBUX TBEPAUX PO3-
ugnnie In,Tl,_ | B o6nacri kormenTparniit 0,4<x<0,7. IloxBiliHe IpOMeHe3ATOMICHHSA BUMIDAHO
ans TBepAoro posuuHy samimenms In, Tl,_ |. HocaimxyeTscsa samexHicTs TBOIPOMEHE3aTO0M-
neHHA An; Bif KommenTparii Hoamay Tanmio. Posmoxin xmiemexTpmuHOoi mpoHHMKHOCTL &(E)
pospaxoBaHO 3 BUKOPUCTAHHAM METOJY IICeBAOMOTEHIiaNy y paMKax Teopil (yHKIioHama
rycrunu. [lificna €; i yaBHa €, YACTUHU /[JieJeKTPUYHOI NPOHUKHOCTI pO3PaxoBaHi s
moxsapusanii Ela it E|b y miamasoui emepriit doronis Big 0 zo 14 eB. Cuekxrpu Ioxasauiu
BUPaKeHy aHizorpomnin Mimx mumu moindpusaniamu. CHeKTpasbHi 3aJI€KHOCTL IBOIIPOMEHEe-
sasomaenHs An; kpucranis In, Tl,_ | gna pisanx Kpucranohismunux HanpAMKIB OTPHMAaHO HA
OCHOBi mammx poapaxyukis. EKciepuMeHTaNbHI TA TEOPETUUHI CIEKTPHU IBOIIPOMEHE3AJIOM-
JeHHA Ho0pe Y3romKyIThCA Mi co00I0.
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1. Introduction

Searching for the new functional materi-
als and ways to control their properties be-
longs to the primary tasks of physics of
semiconductors and insulators. For a rather
long time, attention of scientists is at-
tracted to studying the properties of semi-
conductors and insulators with a layered
crystalline structure.

Optical properties of the layered crystals
are of interest in many of investigations
[1-4]. For a number of substitutive solid
solutions (SSS), the characteristic features
of influence of static crystal lattice disor-
dering on their optical properties, namely
the influence of crystal-field fluctuations on
the optical spectra are known to be experi-
mentally observed [5]. It appears that in-
dium and thallium iodide combined SSS’s
are being promising objects for investiga-
tions.

Among III-VII compounds, cubic thal-
lium halides (TN, Cl,_,, TII,Br,_,) have been
extensively investigated. Their optical and
transport properties have been studied by
Kobayashi [4]. Thallium iodide, on the other
hand, crystallizes in orthorhombic structure
for temperature up to 170°C but at higher
temperature it transforms to cubic CsCl
structure. Several investigations of this
structural phase transition have been re-
ported [6]. In indium halides the phase
transition does not occur except for InCl.
The crystals cleave perpendicular to the
crystallographic b-axis [7].

Earlier studies [9] described methods of
synthesizing these compounds, methods of
growth, as well as some results on their
physical properties. The crystal structure of
In, Tl,_,| SSS’s is described by space group
D%Z (Cmcm), with different directions a- and
c-lying within the layer plane [8—10]. The
structure of In,Tl,_,| SSS’s is layered, with
the two layers of sandwich type in the ele-
mentary cell and four formula units in the
cell [9].

For today we have not found in litera-
ture any work either theoretical or experi-
mental on optical functions or birefringence
of In,Tl,_,I. In this paper, we present the
results of calculations of the optical con-
stants of In,Tl;_,| SSS’s. New guidelines for
selecting or synthesizing the crystals with
the desired birefringence are established.
Dependence of the birefringence versus con-
centration of Tll is presented.
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Fig. 1. Experimental spectral dependence of
birefringence An of In,Tl,_ | crystals.

2. Experimental and calculations

One of the most important properties of
optical materials is the refractive index and
its dispersion behavior. The dispersion is a
measure of change of the refractive index
with wavelength.

The dispersion of the birefringence in
the range of 570-630 nm was studied using
changes in the interference pattern of polar-
ized beams that was recorded using KSVU-
23 spectral system [11, 12]. The samples
were oriented on the diagonal in ac plane
and placed into a cryostat between crossed
polarizing filters.

Calculations of the total electron energy
of the crystals were carried out self-consis-
tently in the density functional theory
framework. The electron energies and densi-
ties were determined by solving the Kohn-
Sham equations [13]. The method of gener-
alized gradient approximation (GGA) was
used to describe the exchange-correlation
potential. In this work, we used the Perdew-
Burke-Ernzerhof (PBE) representation [14]
for this potential. The inequality AE < 21076 eV
for the electron energy difference between
subsequent iterations was selected as a cri-
terion for self-consistent procedure conver-
gence.

In order to check how the experimental
lattice parameters differ from their equilib-
rium values, the geometry optimization of a
model structure was carried out. The re-
laxation procedure was considered to con-
verge when the magnitudes of forces acting
upon the atoms became less than 0.05 eV/A
and the bulk stress was less than 0.1 GPa
[8]. Using the Kramers-Kronig relations
[15], the spectral dependence of the optical
constants was calculated.
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Fig. 2. The real part of dielectric permittivity ¢,
obtained on the basis of band calculations for
In,Tl,_ | crystals (Ela — 1; Ee — 2).

3. Results and discussion

The experiments showed that the bire-
fringence dispersion for the studied crystals
is normal in the visible spectral region. A
plot of the refractive index as a function of
the wavelength for SSS is presented in
Fig. 1. It can be seen that in the main spec-
tral transmission region the refractive
index increases towards shorter wavelength.

Such a behavior can be caused by increas-
ing the exciton-phonon interaction and con-
tribution of absorption coefficient in the
process of formation of fundamental absorp-
tion edge of the solid solution [16].

The anomalous by large values of differ-
ence (An > 0.25) of the refractive indexes
attract our attention [17]. To our mind this
behavior is caused by strong anisotropy of
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Fig. 3. The imaginary part of dielectric per-
mittivity €, obtained on the basis of band

calculations for In,Tl, | crystals (Ella — 1;
Ele — 2).

the optical functions ¢;, &, (Fig. 2, 3). Simi-
larly, such behavior is realized in pure bi-
nary compound Inl and Tl and for SSS
In, Tl,_,| crystals too. The optical constants,
calculated on the basis of reflectivity curve,
give the integral curve as a sum of contri-
butions of all transitions throughout the

volume of the Brillouin zone [18].
Spectra of the imaginary part of the di-

electric function can be obtained from the
results of band calculations of wave funec-
tions and energy eigen values of valence
and virtual states. In the imaginary part
the two types of electronic excitations have
too contributions: intra- and inter-band
ones.

Functional materials, 24, 1, 2017



A.I.Kashuba et al./ Birefringence of InxTl1—xI ...

a00 03

Fig. 4. Calculated spectral dependences of
birefringence An of SSS In,TI,_,I.

The spectral dependences of the real g,
and imaginary €4 parts of the dielectric con-
stant, calculated on the basis of the energy
band results [8], show anisotropy which is
confirmed by comparing the experimental
data for two polarizations of light: Ela and
Ellc (Fig. 2, 3).

The dependences of optical constants of
SSS In, Tl,_, | can be divided into three main
groups of peaks localized in the spectral re-
gions: 1.5-3 eV, 8-7 eV, and 7-14 eV.

Fig. 4 presents the calculated anisotropic
birefringence dispersion for In,Tl,_,| SSS.
The theoretical spectra show very good
agreement with the experiment (Fig. 5).Con-
centration dependence of the birefringence
shows that at increasing the concentration
of TIl the An value decreases, that is associ-
ated with the structural changes (parame-
ters @ — ¢). This is a consequence of the
competition between two near band-gap op-
tical processes contributing to the optical
functions. Also, we do not exclude the pos-
sibility of the phase transition in In,Tl,_l,
due to of the presence of Tll components.

4. Conclusions

The birefringence was measured for solid
state solution of In,Tl,_,l. It was found the
anomalous by large values of difference
(An > 0.25) of the refractive indexes in the
visible region (570-680 nm).

The spectral dependence of the real g
and imaginary €, parts of the dielectric con-
stant were calculated on the basis of the
energy band results using the Kramers-
Kronig method. Dependence of the birefrin-
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Fig. 5. Experimental (1) and theoretical (2)
spectral dependences of birefringence An of
Ing 5Tl 5l crystal (d = 0.46 mm).

gence An; on concentration x was investi-
gated. The experimental and theoretical
birefringence spectra were in a good agree-
ment. The concentration dependence of the
birefringence shows that at increasing of TII
concentration there takes place decreasing
of An. From the birefringence behavior of
In, Tl,_ |, we suppose, that this crystal in
this phase transition is realized.
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