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ABSTRACT 
 
Direct Vapour Transport technique is used for the growth of nickel doped 

tin selenide crystals i.e. SnSeNi0.3. These crystals have important application in 
energy conversion devices. These crystals are structurally characterized by X-ray 
diffraction (XRD). Resistivity variation at high temperature shows the 
semiconducting behavior of these crystals. Hall coefficient measurement and 
thermoelectric power measurements indicates n-type semiconductor behavior of 
SnSeNi0.3 crystals.   
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INTRODUCTION 
 
 The metal dichalcogenides assumed to have layered structure. Among the layered 
compounds, mono and dichalcogenides have been recognized as an ideal model compounds 
for the studies involving surfaces, photoreactions, adsorption phenomena, catalysis, scanning 
tunneling microscopy, spectroscopy and epitaxial growth of thin films. The extremely 
anisotropic character of the layer compounds built in at atomic level dominates all the 
properties of such materials, both mechanical and electrical. We find that SnSeNi0.3 crystals, 
which are very stable and simple compounds. Historically, SnSe was ignored by the 
thermoelectric community1-3, however, their layered and anisotropic crystal structure 
motivate us to explore its electrical transport properties. Tin chalcogenides offer a range of 
optical band gaps suitable for various optical and optoelectronic applications. SnSe is a 
narrow band gap binary 1V–VI semiconductor with an orthorhombic crystal structure. 
Among the uses of SnSe are, as memory switching devices, holographic recording systems 
and infrared electronic devices. SnSe could also be used in the fabrication of 
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photoelectrochemical cells. In this study SnSeNi0.3 crystals have been grown by direct vapour 
transport (DVT) technique. Diffraction of X-rays by crystalline samples is one of the most 
important, powerful and widely used analytical techniques available to materials scientists. 
For most crystalline substances of technological importance, the bulk properties of a powder 
or a polycrystalline solid, averaged throughout the sample, are required; in general a single-
crystal data, even if they can be obtained, are usually of little interest except for 
determination of the crystal structure or for studying some other fundamental physical 
property2. The X-ray powder diffractogram recorded with the help of X-ray diffractometer 
using Cukα radiation. The Hall Effect provides a direct determination of both the sign of the 
majority charge carriers, e.g. electron or holes and their density in a given sample. The 
common method of measuring electrical resistivity is the four-point probe technique. Study 
of thermoelectric power [TEP] measurement of semiconductor provides information about 
seeback coefficient (S) and scattering mechanism. 
 
EXPERIMENT AND RESULT 
 

Growth. To obtain pure crystals from insoluble material it is necessary that the 
material should be transported directly from the source zone to the growth zone due to the 
temperature gradient set across the encasing quartz tube without using any transporting agent 
so authors has grown crystals by using the direct vapour transport technique. 

 
X-ray diffraction (XRD). ‘Rigaku Ultima IV’ recorded the X-ray powder 

diffractogram by using Cukα radiation. For this purpose, many small crystals from each 
group were finely ground with the help of agate mortar and filtered through 106-micron sieve 
to obtain grains of nearly equal size. The values of lattice parameters ‘a ,  ‘b’ and ‘c’, unit 
cell volume and X-ray density obtained from the diffractogram of SnSeNi0.3 crystals as 
shown in Table 1. 

 

Hall Effect. Hall Effect measurements were carried out with the help of "Lakeshore 
7504 Hall measurement system". n-type semiconductor behavior of SnSeNi0.3 crystals 
indicated from the positive sign of the developed Hall coefficient from Hall Effect 
measurement. 

 

High Temperature Resistivity The four-point probe technique is used to determine 
electrical resistivity from ambient to 673 K on the grown crystals using four probe method. 
The behavior of resistivity with respect to temperature is shown in Figure1.The electrical 
resistivity may find a dominance of the neighbor hoping of carriers which results decrease in 
activation energy4-5.The activation energy values(Table 2) were determined from the below 
plots of Figure1 using equation, 
 

Ea � 2.303 � k � slope �eV�                                                    (1) 
 

Where k= 8.602 X 10-5 eV/K, Boltzmann constant. 
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TABLE 1. Evaluated values of lattice parameters, unit cell volume, density, activation energy, 
carrier concentration,  Fermi energy, lattice constant, effective mass, scattering parameter for 
SnSeNi0.3 crystals 
 

Parameters  SnSeNi0.3 

a (A°)  11.51 
b (A°)  4.16 
c (A°)  4.456 
Unit cell volume (A°)3  213.47 
X-ray density (gm/cm3)  2.29 
Fermi Energy (eV)  0.129 
Effective mass (m*)  0.244m0 
Scattering Parameter (s)  2.4802 

 
Thermoelectric power measurement. Thermoelectric power measurements have been 

carried out  from room temperature (303 K) to 543 K. Author has calculated seeback 
coefficient (S), Fermi energy (EF) and scattering parameter(s) from the study of 
thermoelectric power measurement [TEP] of SnSeNi0.3 crystals6. The variation of Seeback 
coefficient with temperature for SnSeNi0.3 is shown in Figure 2. It is observed from the figure 
that both the samples are semiconducting in behavior and n-type in nature, which is also 
confirmed from Hall measurements. 

 

 
FIGURE 1  Plot of Log ρρρρ vs. 1/T (K-1) for SnSeNi0.3 crystal 

 
 

TABLE 2. The values of activation energies for SnSeNi0.3 crystal 
 
 
 
 

Sample Temperature range (K) Activation energy (eV) 
SnSeNi0.3 293-338 0.046 
 343-428 0.109 
 443-533 0.068 
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FIGURE 2 Variation of thermoelectric power (S) with temperature (T) in SnSeNi0.3 crystal 

 
CONCLUSION 
 

SnSeNi0.3 crystals have been successfully grown using direct vapour transport 
technique (DVT). The structural analysis i.e. X-ray diffraction (XRD) shows that SnSeNi0.3 
is layered material with orthorhombic structure as well as its electrical analysis i.e. Four 
probe electrical resistivity, Hall Effect and thermoelectric power (TEP) data shows that 
SnSeNi0.3 is an n-type semiconductor. These semiconductor compounds open up many 
possibilities in the field of semiconductor devices, optoelectronic devices as well as solar 
energy converter. 
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