
JOURNAL OF OPTOELECTRONICS AND ADVANCED MATERIALS                                                              Vol. 13, No. 1, January 2011, p. 49 - 52 
 

Refractive index and oscillator parameters in TlGaS2, 
TlGaSe2  and TlInS2  layered crystals 
 

 
N. M. GASANLY 
Department of Physics, Middle East Technical University, 06531 Ankara, Turkey 

 
 
 

The optical properties of TlGaS2, TlGaSe2, and TlInS2 crystals have been investigated through the transmission and 
reflection measurements at room temperature in the wavelength range of 400−1100 nm. These measurements allowed 
determination of spectral dependence of the refractive index for all crystals studied.  The dispersion of the refractive index is 
discussed in terms of the Wemple-DiDomenico single-effective-oscillator model. The refractive index dispersion parameters: 
the oscillator energies, the dispersion energies, and the zero-frequency dielectric constants and refractive indices were 
determined. 
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1. Introduction 
 
Information about the spectral dependence of optical 

parameters such as refractive index, dielectric constant, 
reflectivity and absorption coefficients are essential in the 
characterization of materials that are used in the 
fabrication of optoelectronic devices. The family of 
crystals designated with the chemical formula TlBX2 
(where B = In or Ga, X = S, Se or Te) are known as 
thallium dichalcogenides. Members of this family have 
both layered (TlGaS2, TlGaSe2, TlInS2) and chain 
(TlInSe2, TlInTe2, TlGaTe2) structures [1,2]. Stacking of 
the atoms in TlGaS2, TlGaSe2, and TlInS2 layered crystals 
is arranged in a form of two twisted anionic layers with the 
week bonded Tl1+ cations located in the trigonal cavities 
between them. Therefore, the crystals consist of separate 
layers with the strong bonding between atoms within the 
layer and the weak bonding between the layers.  

The optical and electrical properties of TlGaS2, 
TlGaSe2, and TlInS2 layered crystals were studied in Refs. 
[3−7]. These crystals are useful for optoelectronic 
applications as they have high photosensitivity in the 
visible range of the spectra and a wide transparency range 
of 0.5–14.0 µm [8]. In the past, a large number of studies 
were accumulated about the fundamental optical 
absorption in the TlGaS2, TlGaSe2, and TlInS2 crystals [9–
19]. Namely, the fundamental absorption edge was 
reported to be formed by the indirect and the direct 
transitions with room temperature energies varying over 
the large ranges: Egi = 2.35−2.46 eV and Egd = 2.38−2.64 
eV (TlGaS2), Egi = 1.83−2.13 eV and Egd = 2.08−2.23 eV 
(TlGaSe2), Egi = 2.24−2.33 eV and Egd = 2.33−2.40 eV 
(TlInS2), respectively. It should be noted that the most 
transmission measurements were carried out on the 
samples with the thickness in the range of 40-420 µm. 

In this paper, we present the results of the 
transmission and reflection measurements performed on 
the TlGaS2, TlGaSe2, and TlInS2 layered crystals in order 
to derive the refractive index. The refractive index 
dispersion data were analyzed using the Wemple-
DiDomenico single-effective-oscillator model. As a result, 
the oscillator energy Eso, dispersion energy Ed and zero-
frequency refractive index n0  were determined for studied 
crystals. The determination of these optical constants is 
expected to expand the available physical information. 

 
2.  Experimental details 
 
Single crystals of TlGaS2 , TlGaSe2 , and TlInS2 were 

grown by the Bridgman method from a stoichiometric melt 
of starting materials sealed in the evacuated (10-5 Torr) 
and carbon coated silica tubes (10 mm in diameter and 
about 25 cm in length) with a tip at the bottom in our 
crystal growth laboratory. The resulting ingots of the 
TlGaS2, TlGaSe2, and TlInS2 single crystals (yellow-green, 
red and orange in color, respectively) had no cracks and 
voids on the surface. The chemical composition of  
crystals studied was determined by the energy dispersive 
spectroscopic analysis using JSM-6400 electron 
microscope. The atomic composition ratio of the samples 
was estimated as (25.4 : 25.6 : 49.0), (25.4 : 25.2 : 49.4) 
and (25.6 : 25.2 : 49.2) for the TlGaS2, TlGaSe2, and 
TlInS2, respectively. The samples for the optical 
measurements were taken from the middle part of the 
ingots. The freshly cleaved platelets (along the layer plane 
(001)) were mirror-like. That is why no further polishing 
and cleaning treatments were required.  

The transmission and the reflection measurements 
were carried out at room temperature in the 400−1100 nm 
wavelength region with a “Shimadzu” UV−1201 model 
spectrophotometer. The transmission measurements were 
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done under the normal incidence of light with the 
polarization direction along the (001) plane, which is 
perpendicular to the c-axis of the crystal. For the reflection 
experiments, the specular reflectance measurement 
attachment with 5° incident angle was used. The measured 
reflections were compared against a protected silver mirror 
“Thorlabs PF 10-03-P01”. The resolution of the 
spectrophotometer was 5 nm.  

 
3.  Results and discussion 
 
Figs. 1 and 2 present the transmittance ( T ) and the 

reflectivity ( R ) spectra of the TlGaS2, TlGaSe2, and 
TlInS2 crystals registered in the wavelength (λ) range from 
400 to 1100 nm, respectively. The absorption coefficient α 
and the refractive index n were calculated using the 
following relations [20]  
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 Fig.  1.  The spectral dependencies of the  transmission 
for TlGaS2 , TlGaSe2 , and TlInS2 crystals at T = 300 K.  
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Fig.  2.  The spectral dependencies of reflection for 
TlGaS2 , TlGaSe2 , and TlInS2 crystals at T = 300 K.  
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where d  is the sample thickness. 
       The reflection measurements were carried out using 
the specimens with natural cleavage planes and the 
thickness such that αd >> 1. The sample thickness was 

then reduced (by repeated cleaving using the transparent 
adhesive tape) until it was convenient for measuring the 
transmission spectra. The thickness of the sample was 
determined through the transmission interference fringes at 
the wavelengths slightly longer than the intrinsic 
absorption edge, where the sample has relatively high 
transmission values (Fig. 1). We evaluated the thickness of 
the sample by measuring the wavelengths at which two 
adjacent transmission maxima occur [21] 
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The long wavelength values of the refractive index 

n = 2.55 (TlGaS2), n = 2.82 (TlGaSe2), and n = 2.58 
(TlInS2), found from the reflection measurements, was 
used to determine the thickness of the sample, which 
turned out to be about 10 µm for transmission 
measurements in most of the cases. 
     Figs. 3 displays the dependencies of the refractive 
indices n on the wavelength that were determined 
employing Eqs. (1) and (2). It is possible to observe that 
the refractive indices in the energy region of hv < Eg 
gradually decrease from 2.96 to 2.55 (TlGaS2), 2.92 to 
2.82 (TlGaSe2), and 2.85 to 2.58 (TlInS2) with increasing 
wavelength up to 1100 nm. The dispersive refractive index 
data in hv < Eg range were analyzed according to the 
single-effective-oscillator model proposed by Wemple and 
DiDomenico [22, 23]. The refractive index is related to the 
photon energy through the relationship 
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where Eso is the single oscillator energy and Ed is the 
dispersion energy. Plotting 2 1( 1)n −−  versus (hv)2 allows 
the determination of the oscillator parameters by fitting a 
linear function to the lower energy data range. The fittings 
of the above reported function are presented in Figs. 4(a)-
4(c). The zero-frequency refractive index n0 is estimated 
from Eq. (4), i.e. according to the expression  
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Fig.  3.  The dependencies of refractive indices on the 
wavelength for TlGaS2 , TlGaSe2 , and TlInS2 crystals. 
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      The values of the parameters Es0 and  Ed were 
calculated from the slope and the intersection with  
y-axis of the straight lines (Figs. 4(a)-4(c)) as 4.51 and 
24.02 eV (TlGaS2), 4.96 and 34.02 eV (TlGaSe2), and 6.02 
and 33.32 eV (TlInS2). Furthermore, the values of the 

zero-frequency dielectric constants 2
0nε = = 6.35, 7.84, 

and 6.55 and the refractive indices n0 = 2.51, 2.80, and 
2.56 were evaluated by means of Eq. (3) for the TlGaS2, 
TlGaSe2, and TlInS2 crystals, respectively. The oscillator 
energy Eso is an “average” energy gap and, to fair 
approximation, it is associated empirically with the lowest 
direct band gap Egd  by the relation Eso  ≈ 2.0 Egd [24,25]. 
The ratio Eso /Egd , determined in this study, was found to 
be 1.79 (TlGaS2), 2.17 (TlGaSe2), and 2.24 (TlInS2). 
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Fig.  4.  Plots of 2 1( 1)n −− versus (hν) 2 : (a) TlGaS2,  
(b) TlGaSe2 , and (c) TlInS2 .  The solid lines represent  
                                 the fits using Eq. (3).  

 

At this point, it is worthwhile to compare the 
dispersive refractive indices presented above with those 
previously reported for the TlGaS2, TlGaSe2, and TlInS2 
crystals [26-29]. In this study, the determined values of the 
refractive indices, corresponding to the  λ = 700 nm 
(which was the only common wavelength chosen for the 
comparison with the results of the other studies), were 
found to be 2.65 (TlGaS2), 2.91 (TlGaSe2), and 2.70 
(TlInS2). The values of the refractive indices obtained in 
literature for the same wavelength were equal to 2.54 [3] 
and 2.63 [26] (TlGaS2), 2.82 [3], 2.88 [27], and 2.38 [28] 
(TlGaSe2), and 2.54 [3] and 2.68 [29] (TlInS2). As a 
whole, the obtained picture is consistent with the well-
known fact that refractive index and the energy gap are 
inversely related to each other [20]. Particularly, for the 
TlGaSe2 crystal, which has the smallest band gap energy 
among the studied materials, the refractive index shows 
the largest value (2.91). 

It is possible to observe from Fig. 4(a) that the 
refractive index of the TlGaS2 crystals is steeply 
increasing as the photon energy approaches the energy 
band gap. Similar but less pronounceable behavior of n 
with the photon energy is demonstrated by the TlInS2 
crystals (Fig. 4(c)). At the same time, refractive index of 
the TlGaSe2 crystals does not show strong dispersion at 
least to an extent given by the obtained data (Fig. 4(b)). 

 
 
4. Conclusions 
 
The transmission and reflection spectra of the TlGaS2, 

TlGaSe2, and TlInS2 crystals were measured over the 
spectral region of 400−1100 nm to derive the refractive 
index. The dispersion of the refractive index is analyzed 
using the concept of the Wemple−DiDomenico single-
effective-oscillator model. As a result, the oscillator and 
the dispersion energies, and the zero-frequency refractive 
index were determined.  
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