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THE PECULIARITIES OF ELECTRICAL CONDUCTIVITY IN AgSbSe2 AND
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Temperature dependence of electrical conductivity in AgSbSe2 and (AgSbSe2)0,85(PbTe)0,15 solid solution was
investigated in the temperature range 80-350K. It is determined that the electrical conductivity of (AgSbSe2)0,85(PbTe)0,15
solid solution to have a hopping mechanism in the temperature range 127-233K. In both compositions, the activation energy
of the charge carriers was calculated in different temperature ranges.
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were flame sealed under vacuum (10-4 Torr) and
slowly heated in the furnace up to 1000 K over 12 h.
The furnace temperature was gradually increased at a
rate of 1 K/min. Then tubes held for 10 h in this
temperature and were gradually cooled to room
temperature at the same rate.
The X-ray diffraction analysis for the obtained
samples were performed on a Bruker D8 Advance
diffractometer. The lattice constant was determined
from the analysis of XRD peak positions with the
EVA and TOPAS programs. The results of X-ray
analysis (shown in Figure 1) revealed that both of
samples were single phase with the cubic NaCl-type
structure (Fm3m).
The lattice constans of AgSbSe2 and
(AgSbSe2)0,85(PbTe)0,15 are a=5,762Å, a=5,845Å,
respectavely. Ionic radius of Pb (Te) is larger than of
Sb. Therefore, as bigger Pb (Te) is introduced in the
place of smaller Sb, the unit cell undergoes a
systematic expansion, leading to increase in the lattice
parameter 8.
The electrical conductivity of AgSbSe2 and
(AgSbSe2)0,85(PbTe)0,15 was measured by four-point
probe method on direct current.
Figure 2 presents the temperature dependence of
electrical conductivity of (AgSbSe2)0,85(PbTe)0,15 solid
solution in comparison with AgSbSe2. The
experimental results show that, at temperatures below
T=300K, the electrical conductivity of the samples is
relatively small and does not change much. The value
of electrical conductivity of both samples with the
temperature rise begins to increase.

INTRODUCTION
Ternary chalcogenide AgSbSe2 is great interest
as a good thermoelectric material due to its low
thermal conductivity. AgSbSe2 crystallizes in a cubic
rock salt structure with a space group of Fm3m. In this
structure the Ag and Sb atoms randomly occupy the
sites of their sublattice, forming a disordered
substructure [1]. The investigations of AgSbSe2 was
carried out basically above room temperature for the
purpose to improve thermoelectric properties by
adding various elements 2, 3, 4. In addition, the
determination of the mechanism of transport of
electric charge in AgSbSe2 and its solid solutions are
very interesting.
As is known, both AgSbSe2 and PbTe are good
thermoelectric materials that used at medium
temperatures (400-800K) 5. Both of compositions
have the same crystal structure, which allows
obtaining a number of solid solutions based on them
6, 7.
In this work, (AgSbSe2)0,85(PbTe)0,15 solid
solution was investigated for the purpose to study the
influence of PbTe addition on the mechanism of
transport of charge carriers in AgSbSe2 and to
determine the activation energy of charge carriers.
EXPERIMENTAL RESULTS AND DISCUSSION
The investigated samples were synthesized by
direct fusion of high purity elements (99,99% purity)
taken in stoichiometric ratios in quartz tube. The tubes

Fig. 1. X-ray diffraction patterns of AgSbSe2 (1) and (AgSbSe2)0,85(PbTe)0,15 (2).
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Fig. 2. Temperature dependences of electrical conductivity of AgSbSe2 (1) and (AgSbSe2)0,85(PbTe)0,15 (2).

Fig. 3. Temperature dependences of specific resistance of AgSbSe2 (1) and (AgSbSe2)0,85(PbTe)0,15 (2) in Mott coordinates.

The temperature dependences of the resistivity of
(AgSbSe2)0,85(PbTe)0,15 solid solution in Mott
coordinates in comparison with AgSbSe2 in the 80350K temperature range are presented in Figure 3.
As seen in figure, the experimental points at
certain temperatures correspond to the linear
dependence in Mott coordinates. This fact to affirm
that both AgSbSe2 and (AgSbSe2)0,85(PbTe)0,15 solid
solution the charge transfer occurs by the hopping
conductivity of charge carriers over localized states
lying in a narrow energy region near the Fermi level.
As is known, in this case electrical conductivity is
described by Motts relation [9]:

=0exp(T0/T)1/4 , T0=β/kBg()a3

solution are satisfied in the temperature ranges
105K<T<230K and 127K<T<233K, respectively. The
fact that the electrical conductivity of AgSbSe2 has a
hopping mechanism is reported in detail in [10].
As a result of calculations based on relation (1),
for the density of localized states near the Fermi level
in
(AgSbSe2)0,85(PbTe)0,15
the
value
of
g()=3,71014eV-1cm-3 was obtained.
Thus, it was determined that the electrical
conductivity of (AgSbSe2)0,85(PbTe)0,15 solid solution,
as in AgSbSe2, has a hopping mechanism in the
temperature range 127-233K. At higher temperatures
only the band conductivity prevails.
One of the main problems in explaining the
mechanism of conductivity is the calculation of the
activation energy of charge carriers. For this purpose,
in Figure 4 shows the dependence of the logarithm of
the specific conductivity of AgSbSe2 and
(AgSbSe2)0,85(PbTe)0,15 versus 1/T. The values of the
activation energy of charge carriers of AgSbSe2 and
(AgSbSe2)0,85(PbTe)0,15 solid solution were calculated
based on the values of linear region at the coordinates
ln(1/T) in the temperature range 200-550K.

(1)

where kB is Boltzmann’s constant, g() is density
of localized states near the Fermi level, a is radius of
localized states near the Fermi level, β is number
depending on dimension of the problem (for the three
dimensial case β=21).
As can be seen in Figure 3, the Mott dependence
(1) for the AgSbSe2 and (AgSbSe2)0,85(PbTe)0,15 solid
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Fig. 4. Dependence of logarithm of electrical conductivity of AgSbSe2 (1) and (AgSbSe2)0,85(PbTe)0,15 versus 1000/T.

As a result of the calculation, for the activation CONCLUSION
energy of charge carriers of AgSbSe2 and
(AgSbSe2)0,85(PbTe)0,15 in different temperature ranges
The
electrical
conductivity
of
the values of ΔЕ=78 meV (200-300K), ΔЕ=211 meV (AgSbSe2)0,85(PbTe)0,15 solid solution has hopping
(300-400K), ΔЕ=130 meV (400-500K) and mechanism in the temperature range 127-233K. The
ΔЕ=173meV (200-300K), ΔЕ=312 meV (300-400K), activation
energy
of
AgSbSe2
and
ΔЕ=158 meV (400-500K) were obtained, respectively. (AgSbSe2)0,85(PbTe)0,15 are incresing with temperature
It is seen from the obtained results, the activation rise. As a result of doped with PbTe the formation of
energy of the charge carriers in both composition impurity conductivity increases the value of the
takes different values in different temperature range. activation
energy
of
charge
carriers
of
The different values of activation energy of charge (AgSbSe2)0,85(PbTe)0,15 compared to AgSbSe2.
carriers is caused by the existence of different
impurity levels in the band gap. Also, the value of
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