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ABSTRACT

VS, is a member of transition metal dichalcogenides (TMDC) group. Single crystals of vanadium
disulphide were grown by chemical vapour transport technique using iodine as a transporting agent. The
chemical composition of the grown crystals was confirmed with the help of energy dispersive analysis by
X-ray (EDAX). The structural characterization was accomplished by X-ray diffraction (XRD) studies.
Lattice parameters, unit cell volume and X-ray density were calculated using XRD data. The optical
properties of VS, single crystals were observed using UV-visible spectrophotometer. The direct and
indirect band gap of this single crystals were determined from the analysis of the absorption spectrum
near the fundamental absorption edge at room temperature using light parallel to c-axis incident normally
on the basal plane. Both direct and indirect transitions are involved in the absorption process.
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INTRODUCTION

The transition metal dichalcogenides (including disulfide and diselenide) showed a wide variety of
interesting physical properties, such as semiconducting, metallic, superconducting and magnetic
behaviour (Tsuneta et al., 2003; Salman et al., 2007; Soto et al., 2007 and Patel et al., 2012). The
vanadium diselenide single crystals have hexagonal crystal structure and have both direct and indirect
band gap (Patel et al., 2010). Electrochemical reactions of LiVS,, Li,FeS, and LisFeS, were investigated
by using a Li* ion conductive glass, 0.01LisPO4-0.63Li,S-0.36SiS,, as an electrolyte. They showed
excellent electrode performance in the solid electrolyte system (Takada et al., 2000).

However, looking at the important of optical band gap in this materials and because of the fact that no
such information available for this compound, the author have carried out a detailed study on
determination of optical band gap of this material by optical absorption method. The results are discussed
in detail in this paper.

MATERIALS AND METHODS

The single crystals of vanadium disulphide (VS;) were grown by chemical vapour transport technique
using iodine as a transporting agent. The chemical composition of as grown crystals has been confirmed
by using EDAX analysis. The energy dispersive spectrum of as grown crystal of VS, is shown in Figure
1. The stoichiometric proportion and EDAX data are given in Table 1. For X-ray diffraction analysis,
several small crystals were finely grind with the help of an agate mortar and filtered through 100-micron
sieve to obtain grains of nearly equal size. The powder obtained during the growth process was used for
the X-ray diffraction study experiment. X-ray diffractometer (Make: Philips, Model: X’PERT MPD) was
used to obtain the diffraction pattern in which wavelength used was 1.542 A and Cu target X-ray tube was
used as a source and all the measurements were taken with accuracy upto + 0.0025.

The absorption spectrum of as grown crystal was obtained by using UV-VIS-NIR spectrophotometer. For
obtaining this spectrum thin flake of as grown crystal was used. This flake is pasted on a thick black paper
with a cut exposing the crystal flake to the incident light. For reference the replica of the black paper was
used and it cut at exactly the same position as the specimen. This arrangement is necessary because the
crystal size is smaller than that of the sample compartment. Blank glass slides can also use as replica.
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RESULTS

The chemical vapour transport technique is more suitable for obtaining large size single crystals of VS,.
From the Table 1 we can say the stoichiometry of as grown crystals are nearly preserved. The X-ray
diffraction pattern of VS, is shown in Figure 2. The pattern consists of well-defined sharp diffraction
lines, indicating good crystallinity of the specimen. The lattice parameter a, b and c, unit cell volume (V)
and X-ray density (o) were calculated using XRD data and it systematically presented in Table 2.

The absorption spectrum of grown crystal is shown in Figure 3. In this figure, the curves indicated
discontinuous straight line it is quit plausible that they are representing indirect interaband transition
involving the emission or absorption of photons. The interpretations of experimental results, viz the
dependence of absorption coefficient ‘o’ in the term of the direct and indirect transitions is most often
performed with the help of formula derived for three dimensional (3D) crystal their simplest form is as
follows (Pankove, 1975)

For direct band gap chv=Athvo—-E)" 1)
For indirect band gap
ahv =3B, (ho—E, £E,)’ (2)

Here o is absorption coefficient hv is the energy of the incident photon, eg the energy for the direct
transition, Eg’ the energy for the indirect transition and E; the energy of the phonons assisting at indirect

transition. A and B are parameters depending in the more complicated way on temperature, photon
energy and phonon energies Ep.

However, for the analysis of the experimental results obtained at constant temperature, equations (1) and
(2) are sufficient and they are most often used while interpreting results on absorption spectra obtained
from semiconducting materials. The exponent ‘r’ in the above equations depends upon whether the
transition is symmetry allowed or not and the constants A and B will assume different values for the
allowed and forbidden transitions. For indirect transitions the detailed form of equation (2) (Elkorashy,
1986; Vlachs et al., 1976) is given as,

, B,( 1 , r
a, Z{ ( j(E E! +k) + E(WJ(E—EQ—M)} @A)

Where B, and B,; are coefficients associated with absorption and emission of if phonon. E the photon
energy, Eé the indirect energy gap and & is a phonon equivalent temperature defined by the equation,

9i = EPI 4)

k
Where E,; being the i" phonon energy and k is the Boltzman constant.

In these cases the density of states is a constant independent of the energy and the expressions showing
the dependence of o in terms of direct and indirect transitions get modified (Elkorashy, 1986) as

a=A(v—E,) ©)
For direct transition and

a, Z{ ( j(E E'+k9)+B(ﬁ)(E—E;—ka)} ©6)

For Indirect Transition (Goldberg et al., 1975)
The graph of (ahv) ¥ and (ahv) 2 vs hv are as shown in Figures 4 & 5 respectively. Using this graph we
can determine the indirect as well as direct band gap respectively for VS, single crystals. The dependence
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of the derivation & (ahv) “*/8hv on hv has been shown in Figure 6. It can be clearly seen that the
derivation are step function of energy with four steps well defined in the rang E;< E < E,, E; < E < Ej,
Es< E < Esand E4;< E. Form Figure 6, we can also determine the indirect band gap using the formula of

Eg!:E1+E4:E2+E3 )
2 2
and the phonon energies are calculated by using question (8).
ep=F B and gy BB 8)
2 2

The values of direct band gap, indirect band gap and phonon energy and phonon equivalent temperature
are presented in Table 3.

Table 1: The EDAX data of VSe; single crystals

Elements Stoichiometric proportion Wt % From EDAX Wt %
V 44.27 44.19
S 55.73 55.81

Table 2: The crystallographic data of VS, crystals

Parameter Result
a=b(A) 3.38
c(A) 12.28

X-ray Density (gm/cc) 1.57
Volume V(A)* 121.49

Table 3: The optical parameters for VS, single crystals

Parameter VS,
E. (eV) 1.32
E, (eV) 1.37
Es (eV) 1.43
Es (eV) 1.48

E, (C) (V) 1.40

E, (E) (eV) 1.396
Ep (eV) 0.08
Ep (eV) 0.03
0, (K) 928.02
0, (K) 348

Eq (e V) (Direct) 1.444
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Figure 1: EDAX spectrum for VS, single crystals
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Figure 2: X-ray diffractogram for VS, single crystals
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Figure 3: UV absorption spectrum for VS, single crystals
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Figure 4: The graph of (ahv)
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Figure 5: The graph of (ahv)’ — hv for determination of direct band gap of VS, single crystals
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Figure 6: The graph of 8(ahv)*? /8hv— hv for VS, single crystal
Conclusion

The single crystals of vanadium disulphide were successfully grown by chemical vapour transport
technique. The X-ray diffraction analysis indicated that the grown crystal possesses hexagonal crystal
structure. The vanadium disulphide single crystals have both direct and indirect band gap. The accurate
analysis of the data has shown that the indirect transition represented by the absorption curves is indirect
allowed involving two different phonons. The energies of these phonons have been determined.
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