
Eurasian Network for Scientific Information publisher-American ,5201 © tCopyrigh 

 

 
JOURNAL OF APPLIED SCIENCES RESEARCH 

 
ISSN: 1819-544X       EISSN: 1816-157X 

 
JOURNAL home page:   http://www.aensiweb.com/JASR                                                                 2015 December; 11(23): pages 273-279.   

Published Online 31 December 2015.                                                                                                            Research Article 
 

Corresponding Author: Patrick Akata Nwofe, Ph.D, M.Sc (Northumbria, UK), BSc Hons (Nigeria). Department of 
Industrial Physics, Faculty of Science, Ebonyi State University, P.M.B. 053, Abakaliki, 
Ebonyi State, Nigeria.   Tel: +234-9031732450, E-mail: patricknwofe@gmail.com 

A Simple Method for the Determination of the Thermoelectric Behaviour of 

Antimony Trisulphide (Sb2S3) Thin Films 

 

P.A. Nwofe and W.U. Unah 

 
Department of Industrial Physics, Faculty of Science, Ebonyi State University, P.M.B. 053, Abakaliki, Ebonyi State, Nigeria. 
 
Received: 23 October 2015; Accepted: 23  December 2015 

 

All rights reserved AENSI PUBLISHER 5© 201 
 

ABSTRACT 
 

 The thermoelectric behavior of antimony trisulphide (Sb2S3) thin film was investigated based on band structure analysis, figure 
of merit calculation, and Boltzmann transport properties using ab initio thermodynamics simulations on MATLAB software. The results 
indicates that Sb2S3 exhibits thermoelectric performance at temperatures ≥ 600K, which strongly suggests that under appropriate doping 
conditions,  thin films of antimony trisulphide can be utilised in exhaust waste heat recovery applications. The calculated values  for the 
optical constants (energy bandgap) is within the range reported by other experimental research groups, and also consistent with recent 

calculations using similar approaches with density function theory.   
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INTRODUCTION 

 
Recently, research on antimony trisulphide 

(Sb2S3) thin films for applications in different 
devices are reported by different authors [1-2] in the 
literature. In particular, the use of Sb2S3 in  
microwave devices [3], switching devices [4], 
decorative coatings [5] , solar cells [6], and as target 
materials in TV devices [7] has been reported. 
Antimony  trisulphide  belongs to  the  chalcogenides  
group and is widely accepted to exhibit the 
orthorhombic crystal structure [8].  Sb2S3 is earth-
abundant because the constituent materials (Sb and 
S) are naturally abundant. It is worthy of note that Sb 
and S are more environmentally acceptable 
compared to the Cadmuim-related materials used in 
the fabrication of some advanced thin  film solar  
cells, including cadmium telluride  based  solar cell 
devices.  Another  significant advantage  of  
antimony  sulphide  thin  films include the possibility 
of using low-cost and effective deposition technique 
to grow the films. The theoretical investigations on 
antimony trisulphide is very rare in the literature. 
However, using DFT (density functional theory) 

approach, Carey et al [9], recently reported on the 
electronic structure of the antimony chalcogenides 
family with emphasis on their prospects for 
optoelectronic applications. In this study, the 
thermoelectric behaviour of antimony trisulphide is 
presented. The present investigation, is a 
fundamental step for an in-depth understanding of 
the properties of antimony trisulphide chalcogenides 
for increased applications in different device designs.   

 
2. Objectives: 

The major objective of the study is to investigate 
the thermoelectric properties and optical constants of  
antimony trisulphide chalcogenides, using a 
theoretical approach in order to deduce the optimum 
conditions required for maximum utilization of Sb2S3 

in different device applications. 
 

Materials and Methods 
 

The materials used for the experiment included 
Matlab software and existing equations from relevant 
literatures [10]. The equations were then used to 
develop Matlab codes to run the program accordingly 
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to generate the results presented. Useful deductions 
on the thermoelectric behaviour of antimony 
trisulphide were made, in line with existing relevant 
literatures.  

 
3.1. Materials Preparation: 

The materials were prepared as follows: (i) a 
MATLAB code is generated on a M-file, based on 
the established first principle expressions as given 
the literature [10], (ii) the expression parameters for 
the material, as given in conventional data sheet, are 
fitted into the file, (iii) Next, the M-file is uploaded 
to the command window using the “load” command, 
(iv)  The parameters are then plotted using the “plot” 
commands, (v) and  finally, the graphs were 
enhanced using the MATLAB tools and  simulation 
packages. 

   
Results And Discussion 
 

Fig.1, shows the thermopower as a function of 
temperature. It is generally understood that in order 
to determine the thermoelectric behavior of a 
material, a dimensionless quantity, known as the 
Figure of Merit (ZT), is usually defined for such 
material. It is related to the Seebeck coefficient S, the 
electrical conductivity σ, and the thermal 
conductivity κ, by the equation  given in the 
literature [11-12];  

 

κ
σ TS
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=                          (1) 

 
In equation 1, S is the thermopower, or Seebeck 

coefficient, σ is the electrical conductivity, and  κ is  
the thermal conductivity. From equation (1), 
obtaining a high ZT demands a large value of both 
the Seebeck coefficient S and electrical conductivity 
σ, but a minimal value of κ, the thermal conductivity, 
so that the temperature difference T producing  the 
Seebeck coefficient can be maintained [13]. The 
seebeck coefficient (thermopower) S is also defined 
as the ratio of voltage difference to the temperature 
difference between the two sides of the material as 
given equation 2.  
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In equation 2, ΔVs is the change in voltage and 

ΔT is the temperature. The Thermopower S can also 
be expressed in terms of density of states of the 
effective mass of the material m*, as given in the 
literature [11, 14];  
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Where KB is the Boltzmann constant, h is the 

Planck constant, n is the carrier concentration and e 
is the electron charge [15]. The effective mass of a 
material, on the other hand, refers to the mass that 
the carrier seems to carry in the semi-classical model 
of transport in a crystal. As seen from equation 3, 
large effective mass enhances the figure of merit.  
Effective mass is also related to the carrier scattering 
time t, as  [14] 

µ
et

m =∗              (4) 

 
Where μ is the mobility of the carrier and e is the 

carrier charge. Thus carrier scattering time t, also 
affects ZT. Equation (3) also shows that high carrier 
concentration (n) does not improve the ZT of a 
material at high temperature T since ZT is 
proportional to (1/n)2/3.  In Fig. 2, the thermopower is 
given along the orthorhombic stibnite lattice 
parameter (a = 11.021), the X-axis, over low and 
high temperature ranges for the impurity levels 
indicated. A thermopower of close to 300μV/K is 
achieved at the minimum carrier concentration 
(0.005 holes/unit cell) from about 500K and above. 
This is in agreement with the experimental report of 
other authors [16].  It has been reported that 
thermalization (heating) of Sb2S3 affects its structural 
characteristics and consequently the transport 
properties can be changed [17]. At low temperature, 
Sb2S3 exists in amorphous form with indirect 
bandgap energy of 1.53 eV [18]. At about 500 K on 
heat treatment however, the surface morphology of 
Sb2S3 experiences an annealing effect which results 
in the minimization of the crystal imperfections [19-
20]. This result is confirmed by Ubale et al, [21] 
whose experiment showed that higher thermal energy 
increase the crystallinity of Sb2S3 thin films. Also, 
the enhanced thermopower at minimum carrier 
concentration at higher temperatures as shown on 
Fig. 3, verifies the inverse relationship between 
thermopower and n at such temperatures as indicated 
in equation 3.  At lower temperatures however 
(below 100 K), the thermopower increases with 
increase in carrier concentration as shown. This 
suggests a semiconductor behavior, since the 
conductivity of a semiconductor at low temperatures 
increases with carrier concentration (as more 
electron-hole pairs are formed), but not at higher 
temperatures, due to the suppression of the electron-
hole pairs by the high lattice vibrations at such 
temperatures. Fig. 3 gives the thermopower 
described by the lattice constants (a = 11.021Å, b = 
3.797Å, c = 10.783Å) along the X, Y, and Z 
directions respectively, at 800K. A stable 
thermopower of about 300μV /K was obtained in the 
range of 0.001-0.01 holes/unit cell in the Y-direction. 
This suggests that the thermoelectric properties of the 
material can be tailored by controlling the extent of 
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doping on the nanoscale range. This agrees with the 
nanostructural principle that when the extent of a 
solid is reduced in one or more directions, the 
physical, magnetic, electrical, and optical properties 
can be dramatically altered [22]. In Fig. 3, the 
negative thermopower values suggest that the 
material is a p-type. 

 Fig. 4 gives, in arbitrary units, the doping 
dependence of σ/t at 300K and 800K in the directions 
indicated, where σ is the electrical conductivity and t 
is the scattering time. Fig. 5 shows the variation of 
σ/t for Sb2S3 in the given doping range at average 
room temperature (300K). At uniform scattering time 
t, electrical conductivity increases with carrier 

concentration as typical for semiconductors at low 
temperatures. The logarithmic scale on both axes 
confirms the variation of the log of resistivity with 
the inverse of temperature [23]. 

Figs. 6-7, show the thermal energy bandgap for 
Sb2S3 as obtained from the simulation results.  As 
indicated in Fig. 6, a bandgap of 1.60 eV  was 
obtained at a temperature of 300 K.  This value is in 
agreement with the value of the energy bandgap 
obtained from experimental reports by other research 
groups [24-30]. Moreso, the energy bandgap of 1.885 
eV obtained for Sb2S3 at 800K as indicated in Fig. 7, 
is consistent with literature reports [26-28].

   

 
 

Fig. 1: The thermopower as a function of temperature for given carrier concentrations along the X-axis  (the 
impurity concentrations are given in terms of hole doping in holes per unit cell). 

 
 

 
 

Fig. 2: Thermopower as a function of hole doping along X, Y, and Z axes at 800K. 
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Fig. 3: Thermopower as a function of temperature at given carrier concentrations along the X-axis (impurity 

concentrations are given in terms of electron doping in electron/unit cell). 
 

 
 
Fig. 4: Electrical conductivity – scattering time ratio as a function of hole doping along the directions x, y, z at a 

temperature of 300 K.    
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Fig. 5: Electrical conductivity – scattering time ratio as a function of hole doping along the directions x, y, z at a 
temperature of 800 K. 

 

 
Fig. 6: Thermal energy bandgap of antimony trisulphide at 300K 
 



278                  P.A. Nwofe and W.U. Unah, 2015 /Journal Of Applied Sciences Research 11(23), December, Pages:273-279 
 

 

 
Fig. 7: Thermal energy bandgap of antimony trisulphide at 800K  

 
Conclusion: 

Our approach involves showing that the 
material, Sb2S3, has large and stable Seebeck 
coefficient beyond a sufficiently high annealing 
temperature (> 500 K) and moderate carrier 
concentrations. We also show that the thermal 
transport properties may be suppressed through 
nanostructuring to enhance the figure of merit. 
Future work involving more advanced modern 
approach such as density functional theory, 
pseudopotential packages like WIEN2K, ABINIT, 
BIGDFT, GASTEP, CP2K, CPMD,  OPENMX, 
PASRSEC, Quantum ESPRESSO and  VASP, will 
enhance better understanding of the properties.  
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