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’ INTRODUCTION

Some of the most efficient thermoelectric materials known to
date are heavy metal chalcogenides and antimonides. The
thermoelectric efficiency of a material is related to the Seebeck
coefficient (S), the electrical conductivity (σ), and the thermal
conductivity (k) of that material, and is often expressed in terms
of the dimensionless figure of merit, ZT, which is given by ZT =
TS2σ/k.1�4 Thermoelectric materials are potential candidates
for heat to electricity conversion, not only to harvest electrical
energy from the waste heat but also to use them in solar-thermal-
electric energy conversion technology.5 For this, the efficiency of
such materials should be enhanced. An important criterion for
such candidate materials is that the compound should be a
narrow-band gap semiconductor.

Several new narrow-band gap semiconducting materials with
reasonable thermoelectric efficiency have been identified during the
past several years. Ternary thallium chalcogenides form an impor-
tant class of such materials. The incorporation of the heavy element
thallium often occurs with a low lattice contribution to the thermal
conductivity.6�15 Also, Tl+ ion can be influential on the material’s
physical properties owing to the stereochemically active lone pair of
the 6s electrons and consequent complexities in structure and
bonding. Recently, we reported the structure, bonding, and thermo-
electric properties of two new thallium-group4-tellurides, Tl4MTe4
(M = Zr and Hf).16 Further investigation in this ternary system led
us to investigate the structural and thermoelectric behavior of
another material, Tl2ZrTe3. The existence of this telluride has been

uncovered in an earlier report on phase studies of the Tl2Q-ZrQ2

systems (Q= S, Se, Te).17 For comparison, we analyzed the physical
properties of Tl2ZrTe3 with the corresponding Sn counterpart,
Tl2SnTe3,

18 which has a different structure.
Tl2GeTe3

19 andTl2SnTe3
18 crystallize in the orthorhombic space

group Pnmawith [GeTe4]/[SnTe4] tetrahedra and [TlTe8] square
antiprisms. These compounds show interesting thermoelectric
properties.11,13 The alkali metal (A) compounds A2ZrTe3 are
isostructural, crystallize in the monoclinic space group P21/c, and
contain infinite chains of face-condensed [ZrTe6] octahedra with
A =Kor Rb.20Moreover, Cu2ZrTe3 andCu2HfTe3 are isostructural
with space group C2/m and show a metallic-like temperature
dependence of the electrical conductivity,21 presumably because of
the deficiency of cations in an otherwise semiconductor.22 Other
related chalcogenides are ACuZrQ3

23 and TlCuMQ3
24 (A = K or

Na, M = Zr or Hf, Q = S or Se), which share common structural
features, for example, edge-sharing [MQ6] octahedra, and crystallize
in the orthorhombic space group Cmcm.

’EXPERIMENTAL SECTION

Synthesis and Phase Purity Analysis. The compounds were
synthesized from the respective elements stored in an argon-filled
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glovebox (Tl granules, 99.9% (Alfa Aesar); Zr powder �325 mesh,
98.5% (Alfa Aesar); Hf powder �100 mesh, 99.6% (Alfa Aesar); Sn
powder, 99.9% (Alfa Aesar); and Te chunks, 99.9% (Aldrich)). To
synthesize Tl2ZrTe3, the required stoichiometric amounts of the
individual elements were weighed into a glassy carbon crucible, which
were then introduced into a quartz ampule and sealed under vacuum.
The ampule was heated slowly to 1073 K in a resistance furnace, allowed
to remain at 1073 K for 100 h, slowly cooled down to 773 K, held at
773 K for 300 h and finally slowly cooled down to room temperature. This
annealing temperature was chosen because Tl2ZrTe3 was reported to
undergo a peritectic reaction at 805 K into solid ZrTe2 and liquid,

17 which
was slightly higher in our DSC experiments, namely, at 835 K. Protecting
the sample from reacting with the silica by shielding it with the glassy
carbon crucible avoids the incorporation of Si into the products, but is not
required for the formation of Tl2ZrTe3 as the main product.

To synthesize Tl2SnTe3, the use of a crucible within the silica tube
was not necessary. This ampule was heated slowly to 923 K, held at
923 K for 24 hours, cooled to 523 K within 200 hours, and then the
furnace was switched off.

To analyze the sample purities, powder X-ray diffraction experiments
of the samples were performed using an Inel powder diffractometer with
position-sensitive detector and Cu-KR1 radiation. Our attempts to
synthesize the corresponding hafnium compound, however, were not
successful at various reaction conditions. Tl4HfTe4 with some unknown
phases or HfTe2 and Tl2Te were the major products of such reactions,
depending on the reaction conditions.

The Tl2ZrTe3 sample was found to be stable in air. Its thermal
stability was studied via differential scanning calorimetry (DSC) using
the Netzsch STA 409PC Luxx under a stream of argon. The DSC
experiment revealed the presence Tl5�xZrxTe3 (not found prior to this
experiment) via its melting point around 720 K, and an incongruent
melting temperature of the Tl2ZrTe3 at 835 K, somewhat consistent
with the above-mentioned phase diagram studies. The powder XRD
pattern of the post-DSC sample showed the existence of Tl5�xZrxTe3,
Tl2ZrTe3, and ZrTe2.

Further, our high temperature powder XRD studies using the above-
mentioned Inel machine up to 548 K under a flow of helium suggest
decomposition of the sample, yielding Tl5Te3 (or Tl5�xZrxTe3) as the
major product, beginning as early as 473 K (main peaks marked with * in
Figure 1). In this experiment, powder patterns were measured each over
a period of 20 min at 373 K, 423 K, 473 K, 548 K, 473 K, 423 K, 373 K,

and finally at 323 K, with the whole experiment taking about 6 h
including the heating and cooling periods. This decomposition appeared
to be irreversible in this open system experiment, as the powder diagram
at 323 K, obtained after cooling down, revealed; no change was observed
during the cooling process.

On the other hand, no decomposition of Tl2ZrTe3 was observed by
heating the sample up to 573K, followed by furnace cooling in a closed silica
ampule. Thus, we believe that a slight amount of tellurium evaporates from
Tl2ZrTe3 during the heating cycle in an open system, causing decomposi-
tion of the sample, noting that the Te content of the major product
Tl5�xZrxTe3 is smaller than in the starting material, Tl2ZrTe3. Assuming
another product is ZrTe2, eq 1 is reasonable as long as 1/3 < x e 5/3:

ð5� xÞTl2ZrTe3 f 2Tl5�xZrxTe3 þ ð5� 3xÞZrTe2 þ ð3x� 1ÞTe
ð1Þ

Single-Crystal Structure Determination. A suitable single-
crystal (rectangular block) was picked from the bulk sample for the
single-crystal X-ray diffraction analysis. The data were collected at room
temperature, by using a Bruker Smart Apex CCD diffractometer that
employs Mo-KR radiation, by scans of 0.3� in ω at two different j angles
with exposure times of 30 s each for a total of 2� 600 frames. The datawere
treated for Lorentz and polarization corrections. The absorption corrections
were based on fitting a function to the empirical transmission surface as
sampled by multiple equivalent measurements. The data reduction and
structure refinementwere carried outwithin theAPEX2 software package.25

The structure was solved and refined in space group P213. The unit
cell consists of 36 formula units of Tl2ZrTe3. The final R1 and wR2
values (I > 2σ) were found to be 0.0387 and 0.0602, respectively. The
crystallographic details are given in Table 1. The displacement param-
eters (Ueq) for the Tl sites varied from 0.027 Å2 to 0.033 Å2; refining the
occupancies of the sites with Ueq > 0.03 Å2 (Tl1, Tl2, Tl8) afforded
identical R values as before, with 99.3(3)%, 98.8(3)%, and 99.8(5)%
occupation of Tl1, Tl2, and Tl8, respectively. Similarly, as three Te sites
exhibited Ueq values of 0.019 Å2 (Te4), 0.020 Å2 (Te6), and 0.023 Å2

(Te9), compared to 0.013 Å2 to 0.016 Å2 of the other Te sites, their
occupancies were tentatively refined as well to check for Te deficiencies.
Again, no changes in the R values were detected, and the refined
occupancies were 1.000(4) for Te4 and Te6 and 1.010(7) for Te9. All
these slight variations can, however, be considered insignificant, as they
are within four times their standard deviations, and thus no deficiencies
were considered in the final structure model. Finally, the PLATON
package was used to check for additional symmetry (ADDSYM) and to
obtain standardized atomic positions (TIDY).26

Electronic Structure Calculation. The very large unit cell of
Tl2ZrTe3 with its 216 atoms prohibited an LMTO (tight binding Linear
Muffin-Tin Orbital) method of electronic structure calculation, which
we used on Tl4ZrTe4. Thus, the extended H€uckel tight binding (EHTB)

Figure 1. Temperature dependent X-ray diagrams, beginning with a
pure Tl2ZrTe3 sample. The sample was heated from 373 to 423 K to 473
to 548 K, and the last pattern was obtained after cooling down to 323 K.

Table 1. Crystallographic Information of Tl2ZrTe3

empirical formula Tl2ZrTe3
formula weight [g/mol] 882.76

temperature [K] 298(2)

wavelength [Å] 0.71073

crystal system cubic

space group P213

unit cell dimensions [Å] a = 19.118(1)

volume [Å3], Z 6987.5(9), 36

density (calculated) [g/cm3] 7.552

goodness-of-fit on F2 1.103

no. of reflections: total, unique, observed 66058, 6788, 6045

final R indices [I > 2σ(I)] R1 = 0.0387, wR2 = 0.0602

R indices (all data) R1 = 0.0481, wR2 = 0.0644
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method using the CAESAR (Crystal and Electronic Structure Analyzer)
package from Prime Color was employed for the electronic structure
calculation of Tl2ZrTe3.

27 In EHTB, valence orbitals are approximated
as Slater-type orbitals (STO), and the valence state ionization potentials
(VSIP) and STO exponents used are listed in Table 2. c1 and c2 are the
coefficients of single and double-ζ STO’s represented by ζ1 and ζ2,
respectively. We optimized the VISP parameters for Zr via charge
iterations on ZrTe2, and used reported Tl parameters.28

The electronic structure of Tl2SnTe3 was calculated by using the LMTO
method that uses the atomic spheres approximation (ASA).29,30 Therein,
density functional theory (DFT) is employed, which utilizes the local
density approximation for the exchange and correlation energies. The
crystallographic information file for Tl2SnTe3 was obtained from the ICDD
file number 69562.18 The following wave functions were used for the
calculation: for Tl, 6s, 6p, and included via the downfolding technique31 6d
and 5f, for Sn and Te, 5s, 5p, 5d (downfolded) and 4f (downfolded).
Physical Property Measurements. Physical property measure-

ments reported in this paper were all measured on pressed bulk powder
samples. For electrical transport measurements, the samples were pressed
into rectangular pellets of the dimensions 13� 2 � 2 mm by applying a
force of 20 kN, which corresponds to a pressure of 770 MPa. For the
thermal diffusivity measurements, disk-shaped pellets with a diameter of
8 mm and a thickness of 1.6 mm�2 mm were pressed under a force of
40 kN, corresponding to a pressure of 800MPa. Prior to themeasurements,
all the pressed pellets were sintered for 48 h in vacuum sealed quartz tubes,
namely, at 723 K in case of Tl2ZrTe3 and at 523 K in case of Tl2SnTe3.
Densities of 90% of the theoretical maximum (deduced from the X-ray
data) were obtained for both pellets of Tl2ZrTe3, and 93% for Tl2SnTe3.

The electrical transport measurements were carried out on an
ULVAC ZEM-3 measurement unit that measures both the Seebeck
coefficient (S) and the electrical conductivity (σ) (by a four-probe
method) as a function of temperature. Thermal diffusivity (R) of the
samples was determined by using Anter Flashline 3000 that employs a
flash method. Thermal conductivity (k) was calculated from the thermal
diffusivity via k = F RCP by using the Dulong�Petit limit for the specific
heat capacity (CP), with F being the experimentally measured density.

Both these measurements were performed under inert gas (flow of
argon during the diffusivity and about 0.9 kPa of helium during the
Seebeck/conductivity measurement); the Tl2ZrTe3 sample was decom-
posed after the measurement. In view of our high temperature X-ray
measurements, it is concluded that the data obtained on “Tl2ZrTe3”
above 450 K stem from a mixture of decomposition products and are
thus irrelevant for the properties of the compound Tl2ZrTe3. These data
are shown in this manuscript, highlighted with a dashed line.

’RESULTS AND DISCUSSION

Crystal Structure. The unit cell of Tl2ZrTe3 (Figure 2)
contains a three-dimensional (3D) infinite network of edge-
sharing [ZrTe6] octahedra. There are three crystallographically
distinct Zr atoms, each of which forms six Zr�Te bonds with
distances ranging from 2.82 Å to 3.05 Å (Table 3). The

Table 2. Atomic Parameters Used for EHTB Calculations

atom orbital Hii [eV] ζ1 ζ2 c1 c2

Tl 6s �16.20 2.37 1

6p �9.000 1.97 1

Zr 5s �8.204 1.82 1

5p �4.593 1.78 1

4d �8.117 3.84 1.51 0.6213 0.5798

Te 5s �20.80 2.51 1

5p �13.20 2.16 1

Figure 2. Unit cell of Tl2ZrTe3, emphasizing the [Te9Tl6] octahedra.

Table 3. Selected Interatomic Distances [Å]

Tl1�Te9 3.164(1) Tl2�Te6 3.228(1)

Tl1�Te1 3.385(1) Tl2�Te4 3.255(1)

Tl1�Te3 3.413(1) Tl2�Te4 3.403(1)

Tl1�Te7 3.502(1) Tl2�Te8 3.431(1)

Tl1�Te1 3.509(1) Tl2�Te11 3.623(1)

Tl1�Te2 3.567(1) Tl2�Te5 3.645(1)

Tl3�Te9 3.234(1) Tl4�Te1 3.234(1)

Tl3�Te6 3.265(1) Tl4�Te6 3.260(1)

Tl3�Te2 3.288(1) Tl4�Te4 3.279(1)

Tl3�Te6 3.356(1) Tl4�Te2 3.461(1)

Tl3�Te3 3.461(1) Tl4�Te3 3.484(1)

Tl3�Te5 3.519(1) Tl4�Te7 3.565(1)

Tl5�Te3 3.187(1) Tl6�Te4 3� 3.262(1)

Tl5�Te8 3.228(1) Tl6�Te1 3� 3.477(1)

Tl5�Te4 3.299(1)

Tl5�Te8 3.453(1) Tl7�Te6 3� 3.306(1)

Tl5�Te10 3.466(1) Tl7�Te8 3� 3.465(1)

Tl5�Te5 3.493(1)

Tl8�Te2 3� 3.257(1)

Tl8�Te7 3� 3.696(1)

Zr1�Te1 2.865(2)

Zr1�Te2 2.893(2) Zr2�Te6 2.826(2)

Zr1�Te2 2.897(2) Zr2�Te4 2.829(2)

Zr1�Te5 2.914(2) Zr2�Te1 2.908(2)

Zr1�Te3 2.927(2) Zr2�Te8 2.926(2)

Zr1�Te10 2.998(2) Zr2�Te7 2.986(2)

Zr2�Te5 3.049(2)

Zr3�Te8 2.838(2)

Zr3�Te3 2.878(2)

Zr3�Te7 2.910(2)

Zr3�Te5 2.921(2)

Zr3�Te7 2.945(2)

Zr3�Te11 2.947(2)
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propagation of the edge-sharing [ZrTe6] octahedra along the
[111] direction is shown in Figure 3. The Zr�Te distances found
in Tl2ZrTe3 are similar to those in Tl4ZrTe4.

16 However, in
Tl4ZrTe4, [ZrTe6] octahedra are face-condensed and assembled
into trimeric [Zr3Te12] units. As a result, a weak Zr�Zr inter-
action (3.63 Å) can be envisaged in Tl4ZrTe4, and another
slightly stronger interaction of 3.46 Å in nonstoichiometric
Tl4Zr1+xTe4. The Zr�Zr distances in elemental Zr range
from 3.18 Å to 3.23 Å. In contrast, no Zr�Zr distances in
Tl2ZrTe3 are shorter than 4.1 Å, clearly indicating absence of
any interaction.
The structure contains eight different Wyckoff positions for

the Tl atoms. Here, the Tl�Tl interactions are apparently rather
weak, as can be learned from the Tl�Tl distances of around
4.00 Å. This is different inmany binary and other ternary thallium
tellurides such as Tl5Te3,

32 Tl4ZrTe4,
16 and Tl6Si2Te6,

33 for
which Tl�Tl interactions vary from 3.49 Å to 4.00 Å and are
extended in three dimensions. For comparison, the Tl�Tl
distances of the hexagonal modification of elemental Tl are
3.41 Å and 3.46 Å.
Tl�Te interactions occur in the range of 3.16 Å to 4.04 Å, with

the Tl atoms each coordinated by six Te atoms in form of
irregular octahedra. The irregularity can be explained with the
stereochemical activity of the 6s2 lone pair of electrons of the Tl+

ions. The [TlTe6] octahedra are also edge-shared and extend
throughout the structure in a 3D fashion.
A special feature of the structure is the coordination environ-

ment of one of the 11 distinct Te sites. Te9 is not involved in
bonding with Zr atoms; rather, it centers a [Te9Tl6] octahedron
with Te9�Tl1 and Te9�Tl3 bonds of 3.16 Å and 3.23 Å,
the former being the shortest Tl�Te interaction of this structure.
Te9 has its nearest Te neighbor at a distance of >4.60 Å and is
thus not involved in any Te�Te interactions. Similar features
also occurred in Ba7Sn3Se13 and NaBa6Cu3Te14, wherein at
least one of the chalcogenide sites is coordinated to only Ba
atoms.34,35

The other compound included in the present study, Tl2SnTe3
with Sn in lieu of Zr, crystallizes in the orthorhombic space group
Pnma.18 Assigning the oxidation states for Tl2ZrTe3 andTl2SnTe3 is
straightforward, with all the constituent atoms exhibiting their most
common oxidation states (Tl+, Zr4+, Sn4+, Te2�). The crystal
structure of Tl2SnTe3 consists of double sheets of [SnTe4] tetra-
hedra and [TlTe8] square antiprisms stitched together, two such

Figure 4. Densities of states (DOS) of Tl2ZrTe3, calculated via the
EHTB method.

Figure 5. Band structure (left) and densities of states (right) of Tl2SnTe3, calculated via the LMTO method.

Figure 3. 3D arrangement of edge-sharing [ZrTe6] octahedra of
Tl2ZrTe3.
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ribbons being separated by a layer of Tl atoms. Thus, theTl atoms in
Tl2SnTe3 have a higher coordination number than in Tl2ZrTe3, and
the Sn atoms a smaller one, compared to Zr in Tl2ZrTe3.
Electronic Structure and Physical Properties. The densities

of states (DOS) computed by the EHTBmodel exhibit an energy
band gap (Egap) of approximately 0.7 eV (Figure 4). In general,
the EHTB estimated band gaps are overestimated, so that the
experimental gap is likely smaller. The Tl 6s and Te 5p states
contribute to the total DOS in the region below the Fermi level
(EF) with dominant Te contributions in the region between
�16 eV and�13 eV, while the 4d states of Zr are dominant in the
region above EF, between �8.5 eV and �6.5 eV.
Tl2SnTe3 has a narrow indirect band gap of approximately

0.4 eV, as computed by the LMTO method (Figure 5), which
typically underestimates the gap size. As in the case of Tl2ZrTe3,
the upper region of the valence band is dominated by the Te 5p
states. Noting that its unit cell contains 8 formula units, compared
to 36 in case of Tl2ZrTe3, the peak above EF is comparable to the
one in the case of Tl2ZrTe3, when factoring in the smaller unit cell.
On the other hand, the peak below EF is larger per formula unit in

the case of Tl2SnTe3, indicative of flatter bands and thus lower
electrical conductivity and higher Seebeck coefficient.
The σ-T curve for Tl2ZrTe3 is basically temperature inde-

pendent around 28 Ω�1 cm�1 until its decomposition tem-
perature >450 K (vertical dashed line in Figure 6), where the
steep increase is caused by the metallic character of the main
product of the decomposition, Tl5Te3. Tl2SnTe3 also exhibits
only minor changes with temperature, mostly a gentle decrease
from 22Ω�1 cm�1 to 15Ω�1 cm�1 from room temperature to
515 K. The Seebeck coefficient (S) shows very little tempera-
ture dependence with values around +120 μV K�1 for the Zr
compound until 450 K, and thereafter decreases because of the
metallic character of then forming Tl5Te3. The corresponding
room temperature values for Tl4ZrTe4 were +330 μV K�1 and
5.5Ω�1 cm�1. For Tl2SnTe3, S increases from +240 μV K�1 to
+310 μV K�1 in the investigated temperature range.
The electrical conductivity (σ) of Tl2SnTe3 is slightly smaller

than in case of Tl2ZrTe3 despite its higher relative density, which
corresponds nicely to the different DOS, but could also be a
consequence of a different charge carrier concentration. The
nature of its σ-T and S-T curves is similar to the low temperature
(below 300 K) thermoelectric properties of Tl2SnTe3 reported
earlier, where comparable 300 K values of 171 μV K�1 and
14Ω�1 cm�1 were observed on a sintered cold-pressed pellet.13

The power factor of Tl2ZrTe3 (P.F. = S2σ) is almost indepen-
dent of the temperature until its decomposition, ranging from
0.35 μW cm�1 K�2 to 0.41 μW cm�1 K�2. For Tl2SnTe3, the
power factor values continue to increase throughout the whole
measured temperature range. The P.F. values of these two
materials, ranging from 0.2 μW cm�1 K�2 to <1.5 μW cm�1

K�2, are small compared to advanced thermoelectrics, because
of the rather low electrical conductivity. For example, Fe0.05-
Mo3Sb5.4Te1.6 attains 28 μW cm�1 K�2 at 950 K,36 Yb14MnSb11
6 μW cm�1 K�2 at 1200 K,37 and Tl9BiTe6 10 μW cm�1 K�2 at
300 K.6

The total thermal conductivity (k) of both compounds is
shown in Figure 7. For Tl2ZrTe3, k decreases from 0.39 W m�1

K�1 at 373 K to 0.30 Wm�1 K�1 at 450 K, and for the Tl2SnTe3
sample, from 0.24 W m�1 K�1 at 420 K to 0.20 W m�1 K�1 at
500 K. The increase of the thermal conductivity of Tl2ZrTe3
above 450 K is a consequence of the beginning formation of
metallic Tl5Te3 at the point. The values obtained are very low (in
part caused by the porosity of 10% and 7%, respectively),
advantageous for the thermoelectric energy conversion. This is
somewhat typical for Tl tellurides, for example, Tl9BiTe6 with
0.4 W m�1 K�1 and Tl4ZrTe4 with 0.3 W m�1 K�1 at 300 K.
Finally, we have determined the thermoelectric efficiency of

these materials in terms of their dimensionless figure of merit
(ZT) from polynominal fits of the power factor and the thermal
conductivity values (ignoring the data beyond the onset of the
decomposition of Tl2ZrTe3). Tl2ZrTe3 has its maximum ZT
value at 420 K with a value of 0.18. On the other hand, ZT
increases with rising temperature for Tl2SnTe3, reaching a value
of 0.31 at 500 K from 0.29 at 420 K (the highest and lowest
temperature at which k was determined). The maximum ZT
value determined for Tl2ZrTe3 (0.18 at 420 K) is slightly larger
than that for Tl4ZrTe4 (0.16 at 420 K).

’CONCLUSIONS

We have synthesized and characterized the ternary compound
Tl2ZrTe3. It possesses a large cubic unit cell with a = 19.118(1),

Figure 6. Temperature dependence of electrical conductivity and
Seebeck coefficient of Tl2ZrTe3 and Tl2SnTe3. The dashed vertical line
indicates the onset of the decomposition of Tl2ZrTe3.

Figure 7. Temperature dependence of thermal conductivity and di-
mensionless figure of merit of Tl2ZrTe3 and Tl2SnTe3.
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space group P213, and Z = 36. The structure contains a 3D
network of edge-sharing distorted [ZrTe6] octahedra. The Tl
atoms are also located in distorted octahedral coordination
spheres of Te atoms. Interestingly, one of the Te sites is not in
contact with any of the Zr atoms in the structure, but centers a
[TeTl6] octahedron. There are no significant Te�Te or Tl�Tl
interactions, judged by the interatomic distances. Semiconduct-
ing compounds with such a huge unit cell, complex structure, and
made of heavy elements usually have low thermal conductivity
and are generally interesting from the viewpoint of thermo-
electric properties. However, the fact that Tl2ZrTe3 decomposes
around 450 K in an open system, even when protected by an inert
gas atmosphere, inhibits the determination of its thermoelectric
properties at higher temperatures.

We have studied the electronic structure of Tl2ZrTe3 via the
EHTB calculation method. The electronic structure and the
physical properties of Tl2ZrTe3 are compared with those of
Tl2SnTe3. The latter has a calculated bad gap of 0.4 eV (LMTO
method) and the former, 0.7 eV (EHTB method). Tl2ZrTe3
exhibits p-type semiconducting nature and shows a high Seebeck
coefficient of around +120 μV K�1 at 330 K. The dimensionless
thermoelectric figure of merit, ZT of 0.18, was observed for
Tl2ZrTe3 at 420 K. The temperature dependence of electrical
conductivity and Seebeck coefficient of Tl2SnTe3 is more like
that of a heavily doped semiconductor. The ZT values of
Tl2SnTe3 are found to be higher at higher temperatures, reaching
0.31 at 500 K.
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