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Structural properties of the AgSbTe2-AgSbSe2 pseudobinary system were examined using thermal analysis,
scanning electron microscopy, and x-ray powder diffractometry. It was found that partial substitution of Te by
Se atoms leads to stabilization of the cubic crystal structure of alloys. The electronic-transport properties of
materials were measured in order to investigate carrier conduction, band-gap features, and thermoelectric
properties. The undoped homogeneous solid solution exhibits extremely low thermal conductivity of
0.5 W m−1 K−1, a very large positive Seebeck coefficient of about 400–600 �V K−1 at room temperature,
low carrier densities of 1016–1018 cm−3, and thermally activated conduction. The influence of alloying on
thermal-conductivity mechanisms and electron properties was discussed. The highest experimental dimension-
less figure of merit ZT of the undoped AgSbSe0.25Te1.75 sample is about 0.65 at a temperature of 520 K. The
influence of doping on enhancement of thermoelectric properties of these materials was analyzed and optimal
values of transport parameters were estimated.
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I. INTRODUCTION

Known as narrow-gap semiconductors the ternary chalco-
genides AgSbTe2 and AgSbSe2 feature very interesting opti-
cal and electronic properties. Both isostructural compounds
crystallize in a disordered NaCl cubic structure �e.g., Fm3m�
in which Ag and Sb randomly occupy the same crystallo-
graphic sublattice.1–3 AgSbSe2-based alloys are attractive as
a switching medium for optical memories due to a reversible
amorphous to crystalline-state transition.4–8 Cubic AgSbTe2
is recognized as a very promising p-type thermoelectric ma-
terial for thermal energy conversion at the 500–800 K tem-
perature range.

The effectiveness of thermoelectric materials for energy
conversion is usually assessed by their dimensionless ther-
moelectric figure of merit ZT,

ZT = �2��−1T , �1�

where T is the temperature, � is the Seebeck coefficient, � is
the thermal conductivity, and � is the electrical conductivity
of a material. The AgSbTe2 alloys with GeTe �so-called
TAGS� with maximum value of ZTmax=1.5 at 750 K were
considered the best TE materials for quite a long time.9 Re-
cently discovered PbTe alloys with AgSbTe2 feature ZTmax
=2.2 at 800 K which is the highest noticed figure of merit for
bulk thermoelectric materials.10 However, the application of
those alloys seems to be limited as due to their thermody-
namic instability and inhomogeneity they lose their excellent
thermoelectric properties during a long-term annealing at
high temperatures. Chen et al.11 showed that PbTe-AgSbTe2
alloys are, in fact, a multiphase on the scale of millimeters
despite appearing homogeneous by x-ray diffraction and rou-
tine electron microscopy. Using a scanning Seebeck micro-
probe, they found a significant variation in Seebeck coeffi-
cient � including both n-type and p-type behaviors in the
same sample. Inhomogeneous composition of materials leads
to a significant decrease in the Seebeck coefficient by the
circulating-current effect between p- and n-type grains of
material.

The complicated behavior of AgSbTe2-based materials
can be a result of the complex nature of this compound
which is also renowned for its difficulties in preparation and
unstable chemical and physical properties. It has been no-
ticed by many authors that single-crystalline and polycrystal-
line samples of AgSbTe2, both prepared in standard
conditions12–15,17 as well as at high pressure,18 have small
amounts of precipitations of Sb2Te3, Ag2Te, and other
phases. Despite the fact that the inclusions in the measured
specimens quite often present in quantities too small to be
detected in x-ray patterns they affect the measured physical
properties.

Thermal-analysis investigations of stoichiometric
AgSbTe2 indicate that it does not melt congruently.12–15

From pseudobinary phase diagram19 one can conclude that
existing at high temperatures stoichiometric cubic AgSbTe2
compound is unstable and decomposes below 633 K to
Ag2Te and Sb2Te3. However, it was not confirmed by further
investigations of other authors. Extended elaborations of
Sb2Te3-Ag2Te and Sb2Te3-Ag2Te-Te phase diagrams con-
firm that the thermodynamically stable compound with stoi-
chiometric composition of AgSbTe2, in fact, does not
exist.12–16 Marin-Ayral et al.15 showed that in the tempera-
ture range from 300 to 817 K, the closest stable phase � of a
cubic AgSbTe2 structure has a real chemical composition of
Ag19Sb29Te52. This phase displays the behavior of solid so-
lution with a narrow homogeneity range �42–44 at. % of
Ag2Te�. However, in another paper17 the very same authors
reported that the received single-crystalline samples of this
material have shown variations in their physical properties
resulting from the existence of microfluctuations in the
chemical composition.

Unlike the AgSbTe2, its related phase-cubic AgSbSe2
seems to have stoichiometric composition and does not ex-
hibit visible first-order phase transitions up to the melting
point at 883 K. It also demonstrates very promising proper-
ties such as large Seebeck coefficient and extremely low
thermal conductivity.20 The electronic structure calculations
for a disordered crystal structure as well as for ordered su-
perstructures �approximants� of AgSbSe2 and AgSbTe2 con-
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firm that both compounds have a very similar configuration
of electronic bands indicating similar ground-state
properties.20–22 Depending on assumed type of ordering in
theoretical models, the two materials are semiconductors
with a very narrow band gap or semimetals with the Fermi
level Ef shifted on the valence-bands edge, which explains
their p-type sign of thermopower. AgSbTe2 shows slightly
higher density of states �DOS� value at Fermi level than
AgSbSe2, which is consistent with its much higher electrical
conductivity �.

We expect that the alloying of AgSbTe2 with isoelectronic
and isostructural AgSbSe2 can allow stabilizing its structure
and receiving homogeneous alloys in some range of compo-
sitions. On the other hand, we assume that the obtained ma-
terials should inherit good thermoelectric properties of both
base compounds. Therefore the specific objectives of our ex-
perimental investigation are as follows: �a� the analysis of
phase stability in AgSbTe2-AgSbSe2 pseudobinary system,
�b� the measurements of transport properties of the obtained
materials, and �c� the assessment of their thermoelectric fig-
ure of merit ZTmax for optimal concentration of current car-
riers.

II. EXPERIMENTAL DETAILS

We have prepared nine sets of samples with nominal com-
position of AgSbSexTe2−x �with x=0,00 0.25, 0.50, 0.75,
1.00, 1.25, 1.50, 1.75, and 2.00�. Elements with purity of
99.99%, in form of small pieces, were closed in sealed quartz
ampoules, covered inside with a thin layer of pyrolytical car-
bon. Synthesis was carried out for 1 h at temperature of
700 °C in a rocking furnace. At this temperature elements
Te, Se, and Sb were melted and Ag was completely dissolved
in the melt. After synthesis ampoules were slowly cooled
down to room temperature �RT�. Materials were ground and
formed in cylindrical samples with a diameter of d
=10 mm by using hot-pressing method �graphite dies, argon
atmosphere, Tmax=410 °C, t=15 min, and p=30 MPa�.
During cooling to RT the pressure was taken off. The
samples were cut with a diamond saw and polished. For
structural investigations two series of samples were pre-
pared: �a� slowly cooled down with the rate of 1 K min−1

and �b� rapidly cooled down with the rate �500 K min−1.
For electrical measurements samples with the cylindrical
shape of 15 mm in height and 10 mm in diameter were used.

Materials were characterized by x-ray diffraction �X’Pert
Philips diffractometer, with filtered Cu K� radiation� and
scanning electron microscopy �JEOL JSM-840� with an
electron-probe microanalysis apparatus. The lattice param-
eters were determined from the x-ray patterns by Rietveld
refinement method. Thermal analysis of materials was done
by applying a differential scanning calorimeter �DSC� �TA-
Instruments DSC 2010�. Mass densities were determined
with the use of immersion technique with water as a liquid.
Thermal conductivity was measured by two methods: laser-
flash �Netzsch LFA 457� and the axial heat-flow method in
which a specifically calibrated heat-flux sensor designed for
measurements of very low thermal conductivities was ap-
plied.

The Hall coefficient RH was measured using low fre-
quency �7 Hz� ac current of 50–100 mA /mm2 in a constant
magnetic field of 0.705 T at room temperature. Carrier con-
centrations were evaluated from the Hall coefficient RH, as-
suming a Hall scattering factor A equal to 1.0.

III. RESULTS AND DISCUSSION

A. Structural and thermal analysis

Microstructure and phase composition of all
AgSbSexTe2−x samples were characterized by using x-ray
diffraction �XRD�, scanning electron microscopy, and DSC
techniques. The x-ray diffraction analysis in Fig. 1 revealed
that materials with composition parameter 0�x�1 consist
of the main phase with a cubic structure and a few other
phases of which some were identified to be isostructural with
Ag2Te, Sb2Te3, and Ag5Te3. The amount of precipitations
increases during annealing of materials in the temperature of
about 600 K and during slow lowering of temperature after
their synthesis.

For comparison, Fig. 1 shows the selected results of XRD
investigations for slowly cooled samples �series 1� and rap-
idly cooled AgSbTe2 material �series 2�. It can be noticed
that in the case of rapidly cooled AgSbTe2 the amount of
precipitations is practically invisible �less than 2%�. How-
ever the amount of inclusions in the same material as well as
in samples with composition 0�x�1 greatly increases as a
result of annealing. Microscopic investigations show the
Widmanstätten-type microstructure of these samples with
visible plate-shape precipitations noticed by others.13,15

The DSC analysis in Fig. 2 of a sample with nominal
composition of AgSbTe2 reveals the presence of an evident
sharp endothermic peak with broad asymmetrical shoulders
which suggest multifaceted character of phase transitions.
The beginning of this peak is situated in the temperature of
about 630 K. Therefore, it can be assigned to the melting

FIG. 1. �Color online� XRD patterns of AgSbSexTe2−x samples
�series 1�. For comparison, XRD patterns of slowly and rapidly
�marked with �� cooled AgSbTe2 samples are presented.
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point of eutectic with a nominal composition of
Ag0.35Sb0.09Te0.56 �633 K�, as given in the ternary phase dia-
gram of the Ag-Sb-Te system.15

The position of the peak maximum Tmax moves in the
direction of lower temperatures as a result of alloying with
AgSbSe2 for subsequent samples with the x parameter
changing from 0 to 1 �Fig. 2�. For samples with x	1 this
peak completely vanishes. The XRD analysis of the same
samples shows no presence of any secondary phases �Fig. 1�.
Therefore, on the basis of the above observations we con-
clude that samples with composition changing from
AgSbTe2 to AgSbSeTe �0�x�1� are multiphased and
samples with the amount of Se greater than Te are homoge-
neous solid solutions.

This result is consistent with an observed cell size a vs x
relationship of the main cubic phase of the materials �Fig. 3�.
The statistical analysis �the parallelism test at a significance
level p=0.05� confirmed the presence of two regions with
almost linear dependences of cell size a versus a composition
parameter x. Particularly, it should be noted that for the ho-
mogeneous solid solutions Vegard’s law is very well carried
out. We have expected that the materials in the area of ho-
mogeneity should have repeatable properties hence our suc-
cessive investigations of physical properties were mostly fo-
cused on these samples.

B. Transport properties

Transport properties of obtained materials, both electrical
and thermal conductivities as well as thermopower, are re-
lated to their microstructure. Figure 4 presents selected re-
sults of electrical conductivity measurements at 336, 407,
and 507 K against chemical composition x. The highest con-
ductance �=3.3
104 S·m−1 at RT exhibits the sample with
nominal composition of AgSbTe2 which is comparable to the
value of 1.5
104 S m−1 reported for single crystals.23 Gen-
erally, samples with precipitations of secondary phases ex-

hibit much higher electrical conductivity than homogeneous
materials and semimetallic or metallic behavior. Single-
phased materials �x	1� demonstrate semiconducting tem-
perature dependence on electrical conductivity.

The Seebeck coefficient measurements were taken for all
samples at temperature between 300 and 530 K. Ther-
mopower measurements show that all samples exhibit result-
ant p-type sign of current carriers in the whole temperature
range. AgSbSexTe2−x materials with composition parameter
x	1 have very high Seebeck coefficient � of about
500–600 �V K−1, which is about two to five times higher
than the values for pure samples AgSbSe2 and AgSbTe2,
respectively. The Seebeck coefficient of heterogeneous
samples is lower than single-phased alloys �Fig. 5�. All the
samples produced, both homogeneous and heterogeneous,
are dominantly p type, which can be due to presence of Ag
vacancies,15 or in case of inhomogeneous samples, mostly
due to microstructural defects and precipitations.

FIG. 2. �Color online� DSC curves of AgSbSexTe2−x samples
�heating rate 5 deg min−1 and sample mass 20/60 mg�.

FIG. 3. �Color online� Lattice parameter a vs composition x of
AgSbSexTe2−x samples �estimated errors of regression-line coeffi-
cients are calculated at the significance level p=0.05�.

FIG. 4. �Color online� Variation in electrical conductivity � with
composition x of AgSbSexTe2−x materials at temperatures of 336,
407, and 507 K.
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Figure 6 displays temperature dependences of electrical
conductivity in the Arrhenius plot. It can be observed that the
base materials AgSbSe2 and AgSbTe2 have properties of
narrow-band semiconductors. Estimated Eg values for these
samples are about 0.09 and 0.03 eV, respectively. This result
is consistent with previous measurements and with the re-
sults of band-structure calculations for both isostructural
compounds pointing even to their semimetallic features.20,22

Interestingly enough, that in case of homogeneous alloys
�x	1�, temperature dependences of electrical conductivity
indicate on their apparent thermally activated character
�Eg�0.3 /0.4 eV� in the whole temperature range or par-
tially, in high-temperature region �T�450 K� for samples
with smaller Se contents �x�1�. The evident semiconducting
behavior of homogeneous materials �x	1� is correlated with
their very high thermopower values, which supports the
above observations.

Semiconducting properties of the materials, obtained as a
result of alloying of semimetallic AgSbSe2 and AgSbTe2
compounds, seem to be an unexpected outcome and cannot
be explained as a simple consequence of substitution of Te
by isoelectronic Se atoms. We believe that the occurrence of
semiconducting properties indicates rather on structural
changes �e.g., ordering in at least one of sublattices� as a
result of alloying and thus subsequent changes in the elec-
tronic structure. This supposition is supported by our previ-
ous theoretical predictions pointing to a possibility of open-
ing of a band gap in ordered AgSbSe2 �e.g., Fd3m� �Ref. 20�
as well as by the results of Hoang et al.22 who showed a
significant impact of the Ag or Sb ordering on the electronic
structure of ternary chalcogenides in the neighborhood of Ef.
However, in order to clarify this problem more advanced
structural investigations are necessary.

The Seebeck coefficient and Hall carrier-concentration
data were used to estimate the effective mass of carriers m�,
assuming a single-parabolic band model with acoustic pho-
non scattering �r=− 1

2 � as a predominant carrier scattering
mechanism. In this model, the Seebeck coefficient � can be
expressed as follows:

� = −
kB

e
�2F1���

F0���
− �� . �2�

The carrier concentration n is

n = 4��2m�kBT

h2 �3/2

F1/2��� , �3�

where kB is the Boltzmann’s constant, Fx is the Fermi inte-
gral of order x, m� is the effective mass of carriers, and T is
the absolute temperature. The reduced Fermi energies are
given by �=EF /kBT.

At first, we calculated the reduced Fermi levels � from
the experimental Seebeck coefficient data using Eq. �2�.
Then, the determined hole effective masses from Eq. �3� us-
ing the calculated reduced Fermi energies and the experi-
mental Hall carrier-concentration values. Table I presents the
results of computations for our materials at RT.

Inhomogeneous samples exhibit variable amounts of hole
concentrations from 6.4
1018 to 1.8
1019 cm−3 and effec-
tive masses m� of 0.21–0.85 of free-electron mass m0. The
effective mass m�=0.21m0 determined for AgSbTe2 can be
related to the recent results of Jovovic and Heremans,24 who
measured the de Haas–van Alphen effect in single crystals
with hole concentration of 5
1019 cm−3 and with the mag-
netic field oriented along the �111� axis. They confirmed the
calculated complex valence-band structure composed of 12
half pockets located at the X points of the Brillouin zone, six
with a density-of-states effective mass mda=0.21m0 and six
with mdb=0.55m0.24 The determined total cyclotron-effective
mass md=1.50.2m0 was larger than estimated by us value.
The discrepancy can be a consequence of lower carrier con-
centration in our samples and due to applied methodology
larger contribution of light hole effective mass in the final
result.

FIG. 5. Temperature dependence of the Seebeck coefficient of
AgSbSexTe2−x �filled markers: heterogeneous materials; hollow
markers: homogeneous materials�.

FIG. 6. �Color online� Temperature dependence of the electrical
conductivity of AgSbSexTe2−x �filled markers: heterogeneous mate-
rials; hollow markers: homogeneous materials�.
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Determined effective masses of majority carriers in ho-
mogenous alloys �x	1� are correlated with their concentra-
tion �Table I�. It can be observed that charge transport in
samples with increasing Se content is dominated by lighter
holes with very high mobility. However, assuming similarity
of band structure of AgSbSexTe2−x alloys to AgSbSe2 and
AgSbTe2 compounds,20,21,24 one can expect that increasing
of carrier concentration should move Fermi level toward flat
bands corresponding to high effective masses.

C. Thermal conductivity

Thermal-conductivity measurements of the samples were
performed with the use of two techniques: a precise steady-
state heat-flow technique which was applied at room tem-
perature and a pulsed laser-flash method for measurements in
the temperature scope of 80–600 K. Within the limit of their
accuracy both methods provided consistent experimental re-
sults.

Similarly to the results for electrical-transport properties,
there are noticeable differences in properties of homoge-
neous and heterogeneous materials �Fig. 7�. Thermal-
conductivity values of single-phased solid solutions are gen-
erally more consistent and lower than for heterogeneous
samples. The discrepancies are visible in particular for base
compounds: AgSbSe2 and AgSbTe2. Thermal conductivity �
of AgSbSe2 is about 0.6 W m K−1 and is comparable with

previous findings,25 however, thermal conductivity of
AgSbTe2 �0.82 W m K−1� is significantly higher than values
reported for single-crystalline Ag19Sb29Te52 samples
�0.61 W m−1 K−1�.23 This difference as well as generally
higher conductivities of heterogeneous materials in compari-
son with the remaining samples can be the effect of larger
electronic contribution of thermal conductivity �el, caused by
higher concentration of current carriers generated by, e.g.,
point defects and inclusions of secondary phases.

In order to explain the impact of the electronic contribu-
tion on thermal conductivity of materials, the Wiedemann-
Franz-Lorenz law can be applied as

�el = LT� , �4�

where L is the Lorenz number, which may vary from 1.49

10−8 V2 K−2 for nondegenerated semiconductors to 2.44

10−8 V2 K−2 for metals and for strongly degenerated semi-
conductors. Depending on the composition, our materials be-
have as semiconductors or semimetals. For this reason, we
determined the Lorenz number L and the electronic part of
thermal conductivity with the use of Fermi-Dirac statistics as
follows:

L =
kB

2

e2� r + 7/2
r + 3/2

·
Fr+5/2���
Fr+1/2���

− 	 r + 5/2
r + 3/2

·
Fr+3/2���
Fr+1/2���
2�

�5�

assuming scattering factor r=−1 /2.
The Fermi-level � values, which were used in the above

calculations, alike those of carrier effective masses, were es-
timated with the use of absolute Seebeck coefficient � ex-
perimental data. The lattice conductivity �latt. can be calcu-
lated by subtraction of the electronic component �el from the
total thermal conductivity

�latt. = � − �el. �6�

The results of above calculations are presented in Fig. 7.
Indeed, inhomogeneous samples reveal high-electronic part
of thermal conductivity �el comprising about 20%–40% of
total thermal conductivity �. Homogeneous AgSnSexTe2−x
�1�x�2� solid solutions have much lower electronic con-
tribution, less than 1%. Almost all heat flux in these alloys is
transported by the crystal lattice. It can also be noticed
that the calculated lattice-thermal conductivity �latt.
=0.61 W m−1 K−1 for AgSbTe2 is comparable to the value
of 0.57 W m−1 K−1 and 0.68 W m−1 K−1 �Refs. 17 and 23�
determined for single crystals with low concentration of cur-
rent carriers.

In general, alloying of materials leads to the reduction of
lattice-thermal conductivity �latt. in comparison to the base

TABLE I. Room-temperature physical parameters of samples with nominal composition of AgSbSexTe2−x.

x 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00

n �cm−3 1.0
1019 9.1
1018 1.8
1019 6.4
1018 2.8
1017 1.8
1016 1.2
1016 1.3
1015

� �cm2 V−1 s−1 200 120 25 67 240 790 470 2400

mh /m0 0.21 0.42 0.85 0.23 0.15 0.1 0.11 0.03

Eg �eV 0.03 0.24 0.32 0.38 0.39 0.09

FIG. 7. �Color online� Variation in thermal conductivities �,
�latt., and �el with composition x of AgSbSexTe2−x materials at RT
�experimental error 5%�.
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elements or compounds, as a result of enhanced mass and
volume fluctuations. This effect is also observed in the case
of AgSbSexTe2−x solid solutions. The lowest thermal conduc-
tivity of 0.48 W m−1 K−1 has the sample with nominal com-
position of AgSbSeTe �x=1�. However, the effect of alloying
on reduction of total thermal conductivity is lower than in
typical binary systems. A rather weak influence of alloying
can be a consequence of extremely low heat transport in
AgSbSe2 and AgSbTe2 base compounds. Morelli et al.23

showed that experimental lattice-thermal conductivity � of
AgSbTe2 is in excellent agreement with estimated theoretical
minimum �min�0.6 W m−1 K−1 at 300 K for assumed pho-
non mean-free path l equal to the interatomic distance in this
compound �d=0.303 nm�. Therefore, also in case of isos-
tructural solid solutions of this compound their thermal con-
ductivity cannot be significantly lower.

D. Estimation of ZT parameter

Obtained experimental data allow calculating dimension-
less thermoelectric figure of merit ZT for our materials. Us-
ing Eq. �1� we have determined temperature dependence on
ZT parameter. Figure 8 presents results for selected materi-
als.

The highest experimental figure of merit ZT=0.65 has the
sample with composition of AgSbSe0.25Te1.75 at the tempera-
ture of 520 K. It can be noticed that in general, single-phased
solid solutions exhibit lower ZT values than heterogeneous
samples, despite their very high Seebeck coefficient � and
low thermal conductivity �. Relatively low ZT values are the
consequence of too low electrical conductivity � resulting
from nonoptimal concentration of current carries in these
materials. An increase in carrier concentration usually leads
to the increase in both electrical � and thermal conductivity
� and simultaneous decrease in thermopower values �. For
particular carriers concentration nopt the term �2��−1 in Eq.
�1� reaches maximum.

Optimal transport parameters �e.g., � ,� ,L� as well as car-
rier concentration nopt can be estimated using a methodology
developed by Chasmar and Stratton.26 According to their ap-
proach, ZT parameter for a general case of both degenerated
and nondegenerated semiconductors can be expressed in the
form

ZT = � ea

kB
�2� �0

��
+ � e

kB
�2

L�−1

, �7�

where �0 and � are defined as follows:

�0 = 2e��2�m�kBT

h2 �3/2

�8�

and

� = � kB

e
�2 �0T

�latt.
= 5,745 · 10−6 �

�latt.
�m�

m0
�3/2

T5/2. �9�

Transport parameters can be expressed as functions of re-
duced Fermi energy � Eqs. �2�–�5� as well as electrical con-
ductivity �

� = �0
Fr���

��r + 3/2�
, �10�

where � is the Euler’s gamma function.
Given the above dependences and experimental values of

�, �, �, �latt., and m�, and ZT parameter can be estimated as
a function of reduced Fermi level � for the given tempera-
ture. For the determination of Fermi level �exp corresponding
to experimental ZT values we have used Seebeck coefficient
data in Eq. �2�. Alike in previous calculations, we assumed
r=− 1

2 which is the appropriate value for either acoustic-
mode lattice scattering or alloy scattering.

Figure 9 shows the results of computations and experi-
mental ZT for selected materials: both homogeneous samples
�x�1� as well as for the heterogeneous sample �x=0.25�
with the highest experimental ZT value at 300 K. The maxi-

FIG. 8. Temperature dependence of the thermoelectric figure of
merit ZT of selected samples �filled markers: heterogeneous mate-
rials; hollow markers: homogeneous materials�.

FIG. 9. �Color online� Calculated theoretical dependences
�lines� and experimental values �markers� of ZT parameter on re-
duced Fermi energy � for selected compositions x of AgSbSexTe2−x

materials �T=300 K�.
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mum value ZTmax for model curves corresponds to the Fermi
energies �opt close to zero which is a typical case for most of
thermoelectric materials. The determined optimal values
�opt, corresponding for ZTmax, are between 180 and
195 �V K−1 and carriers concentration nopt of about 1.7

1018 cm−3 in all samples.

The above results show that thermoelectric figure of merit
of homogeneous alloys can be significantly improved �even
two to five times� by careful p-type doping. An increase in
holes concentration to the amount of nopt should move the
Fermi energy Ef to the optimum position near the valence-
band edge. In the case of the heterogeneous sample �x
=0.25� its ZT value at the room temperature is close to the
maximum and probably cannot be significantly suppressed
by changing the concentration of current carriers.

It should be noted that above estimations were made with
many simplified assumptions such as the simple band-
structure model, constant scattering factors, and rigid-band
behavior taken into account; hence, the obtained values of
thermoelectric figure of merit can be underestimated. For
example, in complex band structures the ZT parameter can
be higher than in the simple single-band case due to higher
DOS near the Fermi energy.9 Therefore, precise prediction of
the influence of impurity on thermoelectric properties re-
quires more advanced theoretical attempts including
electronic-structure computations for each particular case.

IV. CONCLUSIONS

The structural and transport properties in
AgSbTe2-AgSbSe2 system from RT to 520 K were studied.

Samples with predominant amount of AgSbTe2 have hetero-
geneous composition. The remaining materials with excess
of AgSbSe2 are single-phased solid solutions of stable NaCl
crystal structure in the wide temperature range. All samples
are p type with hole concentration between 1016 /1019 cm−3.
Homogeneous alloys of AgSbTe2-AgSbSe2 exhibit apparent
semiconducting behavior �Eg�0.3 /0.4 eV� in contrary to
base compounds and heterogeneous materials which seem to
have much narrower band-gap or semimetallic properties.
The band-gap width Eg in homogeneous alloys strongly de-
pends on chemical composition, so manipulation of Te/Se
ratio allows tuning this parameter to required value. Despite
that thermal conductivity of AgSbTe2 is close to the minimal
theoretical value �min, alloying with AgSbSe2 leads to further
decrease in heat conduction to 0.48 W m−1 K−1.

Received materials exhibit very promising initial thermo-
electric properties. The highest experimental value of ZT is
about 0.65 at temperature of 520 K for the sample with
nominal composition of AgSbSe0.25Te1.75. However, theoret-
ical estimations show that this parameter in homogeneous
samples can be much elevated in higher temperatures if the
concentration of current carriers is optimized.
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