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Abstract: The pressure effect on the thermopower has been investigated for the Bi1.8Sb0.2Te3.0  

alloys. We have found an anisotropic pressure dependence on the thermopower for p- and n-type 

Bi1.8Sb0.2Te3.0 at room temperature. Along a-axis, for p-type, the thermopower value increased 

with increase of pressure at a rate of 13.9 %/Gpa, whereas, along c-axis, itkeeps approximately 

constant.. The absolue value of the thermopower decreased with pressure along both a- and c-axis 

for n-type. The power factor increased largely with increase of pressure for p-type Bi1.8Sb0.2Te3.0, 

while it is approximately constant for n-type. 

Keywords: Thermoelectric materials, high pressure, eletrical resistivity, thermopower. 

1. Introduction * 

The (Bi,Sb)2Te3 doped alloys should be the most efficient thermoelectric materials so far 

developed for thermoelectric applications above room temperature. The studies on bismuth telluride 

(Bi2Te3) and antimony telluride (Sb2Te3) compounds have shown that these compounds are the 

semiconductors with a relatively small energy gap, namely about 0.16 eV at 300 K [1-2]. Katsuki et 

al., [3] have also calculated the band structure of Bi2Te3 compounds. The effect of pressure on the 

energy gap for Bi2Te3 has been investigated [4]. The decrease in energy gap with increase of pressure 

was observed. This decrease was associated with the anisotropic behavior of the material [4].  

The (Bi1-xSbx)2Te3 alloys are formed by the substitution of the Bi atoms with Sb atoms. Rossi et 

al., showed that the figure of merit was considerably improved in these alloys. The alloys exhibit  

p-type conduction when in their crystals exist the anti-site defects as BiTe and SbTe. These anti-site 
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defects can be explained due to the non-stoichiometry toward Bi and Sb of Bi2Te3 and Sb2Te3 
compounds [5]. The investigations were also performed for the structural and thermoelectric 

properties at low temperature for p-type and n-type Bi1.8Sb0.2Te3 alloys with an initial composition of 

Bi1.8Sb0.2Te3+ with δ being between 0.0 and 0.40 [6-8]. The p-type Bi1.8Sb0.2Te3 alloys showed a high 

thermoelectric performance at low temperature: ZT reached 1.1 at 200 K for δ = 0.259. For n-type 

Bi1.8Sb0.2Te3 alloys, the largest value of thermopower was obtained at 200 K of - 400 µV/K but ZT 

reached only 0.2 at 200 K for δ = 0.30. 

In this work, we investigated the pressure effect on the thermoelectric properties of p- and n-type 

Bi1.8Sb0.2Te3.0 alloys. 

2. Experiment  

Single crystals of Bi1.8Sb0.2Te3.0 alloys were prepared from Bi, Sb and Te with aa 6N purity. We 

have added an excess amount (δ) of Te ranging from 0 to 0.25 in the initial chemical formula of 

Bi1.8Sb0.2Te3.0+ to control the carrier concentration in the ingots to prepare. These initial elements were 

sealed into a quartz ampoule at the pressure of ~ 1.3310-3 Pa, melted at 610 C for 12 hours in an 

electric furnace and were cooled to room temperature. Then, Bi1.8Sb0.2Te3.0 ingots were grown by 

using Bridgman method in a Gradient Freeze (GF) furnace. Before growing single crystals, we have 

kept the temperature at the bottom point of the ampoule at 610 C for 6 hours to ensure a complete 

melting of the ingot. Then, the temperature gradient of 40 C/cm was given at the ampoule position by 

controling two independent heaters in the GF furnace [6]. 

Electrical resistance measurements under high pressures up to 1.2 GPa was generated by using a 

clamp type piston cylinder apparatus. The temperature range for the electrical measurements extends 

from 80 K to 300 K. The thermopower measurement under high pressures up to 0.5 GPa was 

performed by a steady-state longitudinal heat flow method. 

3. Results and Discussion  

3.1. Pressure Effect on the Electrical Resistivity 

 
 

Figure 1. Temperature dependence of electrical resistivity for p-type Bi1.8Sb0.2Te3.0 along 

a-axis and c-axit at various pressures. 
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The temperature dependence of the electrical resistivity, ρ(T), for p-type Bi1.8Sb0.2Te3.0 along  

a- and c-axis at various pressures is shown in Fig. 1. The resistivity decreases with increase of 

pressure in all the measured temperature ranging from 80 K to 300 K for p-type Bi1.8Sb0.2Te3.0 alloys.  

ρ increases with increase of temperature and takes a maximum at around 180 K along c-axis. This 

behavior may be explained by the mixed conduction [9]. ρ values are of 1.6 and 4.1 mΩ.cm at zero 

pressure and room temperature for p-type Bi1.8Sb0.2Te3.0 along a- and c-axis, respectively. These results 

are in good agreement with the one reported in [6]. 

For n-type Bi1.8Sb0.2Te3.0, the resistivity decreased with pressure in the temperature range from  

80 K to 300 K (see Fig. 2). A peak appears in the ρ(T) curves at around 210 K and 185 K along the a- 

and c-axis, respectively and shifted appreciably to higher temperature. The values obtained at room 

temperature are listed in Table 1. The magnitude of the resistivity along the c-axis is larger by a factor 

of 2.5 than that along the a-axis for both p- and n-type Bi1.8Sb0.2Te3.0. This proves the anisotropic 

property of the electrical resistance of the samples.  

 

a) 

 

b) 

Figure 2. Temperature dependence of electrical resistivity for n-type Bi1.8Sb0.2Te3.0 along  

a-axis and c-axit at various pressures. 

 

 
a) 

 

b) 

Figure 3. Electrical resistivity of p-type Bi1.8Sb0.2Te3.0 along the a-axis and c-axis as  

a function of pressure at 297 K and 80 K. 

The resistivity of p-type Bi1.8Sb0.2Te3.0 along a-axis is plotted in Fig. 3, respectively as a function 

of pressure at 297 K and 80 K. At 297 K, ρ decreased linearly with increasing pressure. The reduction 

0 100 200 300 400
0

500

1000

1500

2000

2500

3000

3500

E
le

c
tr

ic
a
l 

re
s
is

ti
v
it

y
 (

c

m
)

Temperature (K)

n−type Bi1.8Sb0.2Te3.0 (a−axis)

P = 0 (1st)

P = 0.3 GPa

P = 0.6 GPa

P = 0.9 GPa

P = 1.2 GPa

P = 0 (2nd)

0 100 200 300 400
0

3000

6000

9000

12000

15000

18000

E
le

c
tr

ic
a
l 

re
s
is

ti
v
it

y
 (

c

m
)

Temperature (K)

n−type Bi1.8Sb0.2Te3.0 (c−axis)

P = 0 GPa

P = 0.3 GPa

P = 0.6 GPa
P = 0.9 GPa

P = 1.2 GPa

0 0.3 0.6 0.9 1.2 1.5
0

500

1000

1500

2000

E
le

c
tr

ic
a
l 

re
s
is

ti
v
it

y
 (

c

m
)

Pressure (GPa)

p−type Bi1.8Sb0.2Te3.0 (a−axis)

T = 297 K

T = 80 K

d/dP = − 429 cm/GPa

0 0.3 0.6 0.9 1.2 1.5
0

5000

10000

15000

20000

E
le

c
tr

ic
a
l 

re
s
is

ti
v
it

y
 (

 

c

m
)

Pressure (GPa)

p−type Bi1.8Sb0.2Te3.0 (c−axis)

T = 297 K

T = 80 K

T = Tmax

d/dP = − 1191 cm/GPa



D. T. K. Anh / VNU Journal of Science: Mathematics – Physics, Vol. 39, No. 3 (2023) 1-7 4 

rate of ρ is −429 µΩcm/GPa (−26 %/GPa) along a-axis and −1191 µΩcm/GPa (−29 %/GPa) along 

c-axis, respectively. The decrease in the electrical resistivity at 80 K is smaller than that at 297 K 

along a-axis, while it is larger than that at 297 K along c-axis. 

Table 1. The thermoelectric parameters of the Bi1.8Sb0.2Te3.0 alloys at room temperature 

Bi1.8Sb0.2Te3.0 alloys 
ρ (mΩcm) S (µV/K) P.F.(µWcm−1 K−2 ) 

P = 0  P =1 GPa P  = 0 P  = 1 GPa  P = 0 P = 1 GPa 

p-type 
   a-axis 

c-axis 

1.64 

4.11 

1.21 

 2.92 

216 

130 

240.5 

130.4 

28.09 

  3.85 

42.93 

  5.36 

n-type 
   a-axis 

c-axis 

2.72 

6.13 

1.77 

  3.93 

−89.2 

−61.4 

−74.0 

−39.1 

2.97 

0.62 

2.99 

0.38 

 

The similar behavior has also been observed for n-type Bi1.8Sb0.2Te3.0 (Fig. 4). The resistivity value 

at 297 K decreases at a rate of −891 µΩcm/GPa (−35 %/GPa) and −2126 µΩcm/GPa (−35 %/GPa) 

along a- and c-axis, respectively.  

The increase in the electrical conductivity (σ) with increase of pressure at room temperature both 

for p- and n-type is consistent with the electronic band structure calculations for Sb2Te3 alloys by 

Thonhauser et al., [10-11]. All the material dependent properties can be combined in to the transport 

distribution, which is defined by the relation as follow: 

( )  ( )k k k k

k

v v      
uur uur

             (1) 

where
k denotes the relaxation time, kv

r
 is the groupvelocity, 

k is the band structure and δ( −k) 

denotes the delta function. Transport properties such as the electrical conductivity, the power factor 

and the thermal conductivity can be derived from the transport distribution by performing material 

independent operations [12], 

                                2 01
 ( )

f
e d  

 

 
    

 
           (2) 

where e and f0 denote the electronic charge and the Fermi function. 

In Eq. (2), σ is the integral over the transport distribution multiplied bythe derivative of the Fermi 

function. In general, Ξ() increases under pressure, so σ increases. Note that both negative and positive 

energies, contribute toward increase of conductivity because the derivative of the Fermi function is 

asymmetric function. Thus, the electrical conductivity increased strongly with increase of pressure. 

 
a) 

 
b) 

Figure 4. Electrical resistivity of n-type Bi1.8Sb0.2Te3.0 along a-axis and c-axis as  

a function of pressure at 297 K and 80 K. 
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3.1.2. Pressure Effect on Thermopower 

Fig. 5a shows the pressure dependence of the thermopower for p-type Bi1.8Sb0.2Te3.0 along  

a- and c-axis at 297 K. At zero pressure, the thermopower value (S) along a-axis is + 216 µVK-1. 

Along c-axis, S value at zero pressure is + 130 µVK-1. 

The magnitude of the thermopower along a-axis increases with increase of pressure at a rate of  

+ 29.4 µVK-1/GPa (+14%/GPa). While the measured thermopower along c-axis keeps approximately 

constant with increasing pressure (Fig. 5). Thus, one can conclude that the pressure dependence of the 

thermopower is highly anisotropic depending on the crystallographic orientation for p-type 

Bi1.8Sb0.2Te3.0. The increase in the thermopower with pressure may be associated with the change in 

the electronic band structure which has a major impact on transport properties [13-14]. 

Fig. 5b shows the pressure dependence of the thermopower for n-type Bi1.8Sb0.2Te3.0 along a and  

c-axis at 297 K. At zero pressure, the thermopower values are −89.2 and −61.4 µVK-1 along a- and  

c-axis, respectively. The absolute value ofthe thermopower for n-type Bi1.8Sb0.2Te3.0 was found to be 

decreased with increase of pressure. Along a-axis the decrease rate of the thermopower is −15.2 µVK-

1/GPa (−17.0 %/GPa). A larger decrease in the absolute value of thermopower was found along c-axis 

at a rate of −20.8 µVK-1/GPa (−35.5 %/GPa). 

 

a) 

 

b) 

Figure 5. Dependence of thermopower on pressure for p- and n-type Bi1.8Sb0.2Te3.0  

along the a- and c-axis at 297 K. 
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where kB is the Boltzmann’s constant, µ is the chemical potential and T is the temperature. 

Similarly to the electrical conductivity, the thermopower is also given by an integral over the 

transport distribution multiplied with the derivative of the Fermi function. The term ( − µ) is added 

and it is an asymmetric function. The calculation shows that the thermopower decreased with uniaxial 

stress both for p- and n-types. 

The results obtained in the increase of the thermopower under hydrostatic highpressure at room 

temperature for p-type along a-axis are not consistent with the theoretical calculation. However, the 
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decrease in the absolute value of thermopower with pressure for n-type is consistent with the 

theoretical calculation. 

4. Conclusion 

The following conclusion can be drawn from the investigation on the pressure effect of the 

electrical resistivity and thermopower in the p- and n-types Bi1.8Sb0.2Te3.0 alloys: i) A strong anisotropy 

was confirmed in the electrical resistivity and thermopower for both p- and n-types Bi1.8Sb0.2Te3.0.;  

ii) The electrical resistivity decreased linearly with pressure at 297 K for p- and n-types. The n-type 

Bi1.8Sb0.2Te3.0 exhibits a larger decrease in the electrical resistivity with increase of pressure along  

a- and c-axis.; and iii) The pressure dependence of thermopower exhibits anisotropic dependence on 

the crystallographic orientation for both p- and n-types Bi1.8Sb0.2Te3.0 at 297 K. The thermopower 

value at 297 K increased with increase of pressure along a-axis and is approximately constant along  

c-axis for p-type Bi1.8Sb0.2Te3.0. At 297 K, the absolute value of the thermopower decreased with 

increase of pressure for n-type Bi1.8Sb0.2Te3.0 along a- and c-axis. The thermoelectric performance can 

be improved by increasing pressure for p-type, while it is pressure independent for n-type 

Bi1.8Sb0.2Te3.0. 

Acknowledgments 

This work is supported by the Japan Advanced Institute of Science and Technology (JAIST). The 

author would like to thank to Prof. Makio Kurisu for his useful discussion. 

References  

[1] P. L. Lee, L. Pincherle, The Electronic Band Structure of Bismuth Telluride, Proc. Phys. Soc., Vol. 81, 1963,  

pp. 461, https://iopscience.iop.org/article/10.1088/0370-1328/81/3/310.  

[2] H. Kohler, Non-Parabolicity of the Highest Valence Band of Bi2Te3 from Shubnikov-de Haas Effect, Phys. Status 

Solidi b, Vol. 74, 1976, pp. 591, https://doi.org/10.1002/pssb.2220740218. 

[3] S. Katsuki, The Band Structure of Bismuth Telluride, J. Phys. Soc. Jpn, Vol. 26, 1969, pp. 58,  

https://doi.org/10.1143/JPSJ.26.58. 

[4] C. Y. Li, A. L. Ruoff, C. W. Spencer, Effect of Pressure on the Energy Gap of Bi2Te3, J. Appl. Phys., Vol. 32, 

1961, 1733, https://doi.org/10.1063/1.1728426 

[5] L. R. Testardi, J. N. B. Jr, F. J. Donahoe, Transport Properties of P-type Bi2Te3 Sb2Te3 Alloys in the Temperature 

Range 80–370°K, J. Phys. Chem. Solid., Vol. 23, 1962, pp. 1209, https://doi.org/10.1016/0022-3697(62)90168-3.  

[6] N. T. Huong, Y. Setou, G. Nakamoto, M. Kurisu, T. Kajihara, H. Mizukami, S. Sano, High Thermoelectric 

Performance at Low Temperature of p-Bi1.8Sb0.2Te3.0 Grown by the Gradient Freeze Method from Te-rich Melt,  

J. Alloys Compd., Vol. 368, 2004, pp. 44, https://doi.org/10.1016/j.jallcom.2003.08.066. 

[7] X. He, T. Guan, X. Wang, B. Feng, P. Cheng, L. Chen, Y. Li, K. Wu, Highly Tunable Electron Transport in 

Epitaxial Topological Insulator (Bi1-xSbx)2Te3 Thin Films, Appl. Phys. Lett, Vol. 101, 2012, pp. 123111, 

https://doi.org/10.1063/1.4754108. 

[8] J. Kellner, M. Eschbach, J. Kampmeier, M. Lanius, E. Mlyńczak, G. Mussler, B. Holländer, L. Plucinski,  

M. Liebmann, D. Grützmacher, C. M. Schneider, M. Morgenstern, Tuning the Dirac Point to the Fermi Level in 

The Ternary Topological Insulator (Bi1−xSbx)2Te3, Appl. Phys. Lett, Vol.  107, 2015, pp. 251603, 

https://doi.org/10.1063/1.4938394. 

https://iopscience.iop.org/article/10.1088/0370-1328/81/3/310
https://doi.org/10.1002/pssb.2220740218
https://doi.org/10.1143/JPSJ.26.58
https://doi.org/10.1063/1.1728426
https://doi.org/10.1016/0022-3697(62)90168-3
https://doi.org/10.1016/j.jallcom.2003.08.066
https://doi.org/10.1063/1.4754108
https://doi.org/10.1063/1.4938394


D. T. K. Anh / VNU Journal of Science: Mathematics – Physics, Vol. 39, No. 3 (2023) 1-7 7 

[9] D. B. Hyun, J. S. Hwang, T. S. Oh, J. D. Shim,  N. V. Kolomoets, Electrical Properties of the 85% Bi2Te3-15% 

Bi2Se3 Thermoelectric Material Doped with SbI3 and CuBr, J. Phys. Chem. Solids, Vol. 59, 1998, pp. 1039, 

https://doi.org/10.1016/S0022-3697(97)00242-4. 

[10] T. Thonhauser, T. J. Scheidemantel, J. 0. Sofo, J. V. Badding, G. D. Mahan, Thermoelectric Properties 

of Sb2Te3 under Pressure and Uniaxial Stress, Phys. Rev. B, Vol. 68, 2003, pp. 085201,  

https://doi.org/10.1103/PhysRevB.68.085201. 

[11] T. Thonhauser, Influence of Negative Pressure on Thermoelectric Properties of Sb2Te3, Solid State Commun., 

Vol. 129, 2004, pp. 249, https://doi.org/10.1016/j.ssc.2003.10.006. 

[12] T. J. Scheidemantel, J. O. Sofo, Towards a First Principles Determination of Transport Coefficients, in 

Chemmistry, Physics and Materials Science of Thermoelectric Materials: Beyond Bismuth Telluride, Edited by 

M. G. Kanatzidis, T. P. Hogan, S. D. Mahanti (Kluwer Academic/Plenum Publishers, New York, 2003). 

[13] N. B. Brandt, M. Yu Lavrenyuk, N. Ya Minina, A. M. Savin, W. Kraak, R. Herrmann, Thermal E. M. F. 

Anomalies Due to Axial Compression and the Band Structure of Bi1-xSbx (x = 0.27) Alloys Phys. Status Solidi b, 

Vol. 143, 1987, pp. 601, https://doi.org/10.1002/pssb.2221430220. 

[14] Y. T. Tseng, G. X. Tessema, M. J. Skove, The Effect of Elastic Strain on the Resistance Anomaly and the 

Thermopower of NbSe3 Solid State Commun., Vol. 94, 1995, pp. 867, https://doi.org/10.1016/0038-

1098(95)00140-9.  

https://doi.org/10.1016/S0022-3697(97)00242-4
https://doi.org/10.1103/PhysRevB.68.085201
https://doi.org/10.1016/j.ssc.2003.10.006
https://doi.org/10.1002/pssb.2221430220
https://doi.org/10.1016/0038-1098(95)00140-9
https://doi.org/10.1016/0038-1098(95)00140-9

