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In this paper,we focus on the study of the elastic and thermal properties of chalcopyrite
structure of CuTlSe2 crystal using the first principle theory. The lattice constants a and c are
calculated which are excellent consistent with the earlier experimental and theoretical
values. For the first time,it calculated and analysed the dependence of bulk modulus (B) on
temperature up to 1000K and on various pressure up to 20GPa. The thermal properties of the
CuTlSe2 crystal such as Debye temperature, the thermal expansion coefficient, the heat
capacity Cv and Cp are also worked out by the quasi-harmonic Debye model. Most of the
paremeters are first reported.
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1. Introduction
The Cu-based semiconductors have particular advantages in all kinds of thin film solar cell
material, which have great potential applications in the area of photovoltaic[1-4].CuTlSe2 belonging
to the family of Cu-based chalcopyrites have the same structure with CuInSe2.Thus, more and more
scholars began to study the properties of chalcopyrite materials by theoretical and experimental
research. In the experimental studies, the electrical conduction in liquid CuTlSe2 were reported by
ElEla[5]. In the same year, the electrical conductivity and thermal conductivity of the solid solution
of CuTlSe2 [6] were investigated. And in the next year,they[7] measuremented the dielectric properties
of CuTlSe2 in the solid and liquid phases. Uemura[8] discussed the molten CuT1Se2 by nentron
diffraction measurements and found that there is a significant difference in bonding nature between
Cu-Se and TI-Se bonds. The chalcopyrite phase CuTlSe2 is obtained by annealing the powder at
250oC for 1 hour by Abdel[9]. Although the CuTlSe2 have been widely researched, rare theoretical
studies were calculated the elastic and thermal properties for CuTlSe2.
The density functional theory(DFT) method has been established almost 40 years and
successfully applied to the calculation of physical, chemical, biological and other aspects of
materials. Especially for studying the structure and properties of semiconductor materials such as
CuGaSe2[10]and AgGaS2[11].Therefore it is worthwhile to present the elastic and thermal properties
in CuTlSe2 based on the density functional theory(DFT),in order to complete the experimental and
theoretical work for these chalcopyrite compounds.
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2. Calculations method
In this paper, all the results of CuTlSe2 crystal were obtained by using a plane-wave basis set
for the electronic wave functions and periodic boundary conditions. The exchange-correlation
energy is evaluated in the generalized gradient approximation (GGA) Perdew-Burke-Ernzerhof
(PBE) functional [12-15]. The calculations were performed following the BFGS procedure. The
interaction between the valence electrons and the core-electrons is described by ultra-soft
pseudopotentials. In order to satisfy the calculation accuracy and to ensure the calculation speed, the
plane wave cut off energy is 350eV, and the whole Brillouin zone is calculated by the K point grid of
4 ×4×4.
3. Result and discussion
3.1 structure and elastic properties
The most stable phase for CuTlSe2 is chalcopyrite (CH) structure(space group: I 42d
122) which is belonging to tetragonal crystal system. The crystal structure of CuTlSe 2 has been
shown in Fig. 1. The existence of two different cations in every pure crystals results in two different
interaction between Cu-Se and Tl-Se leading to two different bond lengths RCu-Se and RTl-Se. The
tetragonal cell exhibits a distortion, defined by the parameter

=

c
2a

.

Fig 1. Crystal structure of CuTlSe2

In order to determine the structure parameters of CuTlSe2, we first set up a series of lattice
constants and calculate the corresponding volume of cell energy. Next step ,we calculated the total
energies as a function of volumes for CuTlSe2 and fitted them to the EOSs, as showed in Fig. 2.
The data is fitted to Birch- Murnaghn[16] equation of state.

Fig 2. E-V curves of different lattice constant values
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The lattice parameters, bulk modulus and its pressure derivative B ' have been calculated
and simulated by using GGA-PBE method. The fitted lattice parameters a and c are listed in table 1,
which are close to the experimental works[17] than previous theoretical results[18, 19]. This results give
us more confidence to study elastic properties and thermal properties further. The zero-pressure bulk
modulus B and its pressure first derivative B ' (table 1) have also been obtained by fitting of a
Birch-Murnaghan EOS.
Table 1. Calculated lattice constants a (Å), c (Å), bulk modulus B (GPa) and its first derivative
of CuTlSe2 compared to the available experimental and theoretical datas

a (Å)
c(Å)
B
B’
a From Ref.[18]

This work
5.92
11.93
45.307
5.009

Theory
 
6.041 
a11.507b 11.971c
46.71e
a

b

c

Experiment
d
d

b (LDA) From Ref. [19]. c (GGA) From Ref. [19]. d From Ref.[17] e (GGA)From Ref.[20]

Fig. 3. The bulk modulus versus temperature(left) and pressure(right)

The bulk-modulus B as a function of temperature T has been investigated at zero-pressure,
is plotted in Fig3(left). The relationship of them could be obtained by solving the
*
equation[26] :  G V ; p,T   . The bulk modulus B can be expressed as:
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where G* is the Gibbs function. V represents the volume. Following the Fig.3(left) we note that the
bulk modulus B decreases drastically with increasing temperature in the 0~1000K range. The results
means the cell volume have a sharp change. The third-order polynomial have been obtained by
fitting the B-T data points employing origin8.0 code. The equation is:

B  44.92713 - 4.27 10-3 T - 2.73427 10-6 T 2  1.26263 10-9 T 3
,for T<1000K.
Fig. 3(right) displays the relationship between bulk modulus B and pressure P at different
tempertures (T=0,500K,1000K). As the pressure goes higher, the bulk modulus have the same
changing trend at the different temperature.
3.2 Thermal properties
We used the quasi-harmonic Debye model[27] to study more information about the thermal
properties of CuTlSe2. The ratio and heat capacity have been calculated at the different pressure (P)
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and temperature(T) in the ranges of 0 ~ 20 GPa and 0~ 1000 K.
Fig.4 plots the relationships of the (relative volume) ratio V/V0 with temperture(T) and
pressure(P), respectively. In Fig. 4 (left), the ratio V/V0 decreases slowly with the increaseing of the
temperature from 0 to 1000 K at different pressure P = 4, 8, 12,16 and 20 GPa. In Fig. 4 (right), it can
be found that the ratio V/V0 decreases as the pressure changes from 0 to 20 GPa at different
temperatures T = 0, 500, and 1000 K, respectively. The V/V0 decreases exponentially among
different temperatures at low pressure. As the pressure increases, the V/V0 is close to linear decrease.
In a word, the pressure have more significant influences on the V/V0 are much more than the
temperature.

Fig. 4. The ratio V/V0-T (left)and V/V0-P(right) diagram of CuTlSe2

Fig. 5 shows the heat capacity Cv and Cp as a function of temperature under different
pressures (0 and 20 GPa). We can see from Fig.5, under the same pressure, the heat capacity (Cv and
Cp) increases with the increase of temperature, in 0 ~ 500K of heat capacity with temperature
increased significantly. The temperature is greater than 800K, the heat capacity Cv is close to a
constant at sufficient high temperatures, obeying Dulong and Petit's Rule and approaching the
Dulong-Petit limit. At 0 GPa and 300 K, the CV and CP are 98.21 J mol-1 K-1 and 99.86J mol-1 K-1,
respectively.

Fig. 5. Heat capacity of CuTlSe2 versus tempertures under different pressures

Fig.6 presents the temperature dependence of the Debye temperatureD (k) and the
expansion coefficient for vatious pressure. Meanwhile, increases quickly as the
temperature at a given pressure particularly at zero pressure below 200k. The various of Debye
temperature D (k) as a function of pressure and temperature illustrated by our results is displayed
in Fig6(right). As the pressure goes higher, the effect of change of the temperature on the Debye
temperature values is not significant.
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Fig 6. The Debye temperature (left)and the thermal expansion coefficient(right)
of CuTlSe2 under different pressure

4. Conclusions
The parameters of the basic properties of CuTlSe2 crystal have been calculated by using the
plane wave pseudopotential density functional theory as well as quasi-harmonic Debye model.
Firstly, the relationship between the energy and the volume change of CuTlSe 2 (E-V) is calculated.
And then, the elastic and thermal properties of CuTlSe2 at different temperatures and pressures are
calculated. The lattice constants(a,c), the bulk modulus B and its derivative B’ have been evaluated
and compared with experimental data. Our results are in good agreement with the experimental data.
The pressure dependence of thermal parameters including heat capacity Cv and Cp, the
Debyetemperature D(k), and the expansion coefficient are also investigated for the first
time. The results indicated: at same temperature, the heat capacity (Cv) decreased with the pressure
increasing, while increase with temperature increasing under the same pressure. In addition, the heat
capacity increased significantly with the temperature increasing in the range of 0 ~ 500K. The heat
capacity is close to the classical limit of Dulong Petit’s law when the temperature is higher than
800k.
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