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A B S T R A C T 

Nowadays, dispersion correction applied on layered semiconductors is a topic of interest. Among the known 
layered semiconductors, SnS2 polytypes are wide gap semiconductors with a van der Waals interaction be
tween their layers, which could form good materials to be used in photovoltaic applications. The present 
work gives an approach to the SnS2 geometrical and electronic characterization using an empirical dispersion 
correction added to the Perdew-Burke-Ernzerhof functional and subsequent actualization of the electronic 
charge density using the screened hybrid Heyd-Scuseria-Ernzerhof functional using a density functional 
code. The obtained interlayer distance and band-gap are in good agreement with experimental values 
when van der Waals dispersion forces are included. 

1. Introduction 

The SnS2 presents a Cdl2 layered type structure, and also has 
polytypism [1,2] in which the perpendicular stacking of the layers is 
different in each polytype. Intra-layer bonds are rather strong due to 
the covalent nature within, thus the van der Waals (vdW) interaction 
among the layers is weaker than that of the intra-layer bonds. This 
phenomenon permits a deformation of the structure by using a slightly 
strong force [3-6], which can be translated as a phase equilibrium 
named polytypism. It is reported that the 2H polytype is the most stable 
when the synthesis occurs at low temperature, 18R at medium temper
ature and 4H when the synthesis temperature is above 800 °C [7,8], 

Low cost and easy synthesis routes in SnS2 [9] make the possibility 
of using this material in different applications among which is the use 
of SnS2 as a photovoltaic material [10-12] and in this area recently 
SnS2-4H doped with V had been proposed as an intermediate band 
material for solar cells [13], 

In this work the 2H and 4H SnS2 polytypes are theoretically stud
ied and compared using Density Functional Theory (DFT) with and 
without the inclusion of a vdW dispersion correction in the calcula
tions. The need of this term will be demonstrated with geometric 
and electronic structure results. 

2. Structure and computational details 

DFT Vienna Ab initio simulation package (VASP) calculations, with 
projector augmented wave (PAW) potentials [14,15] and Perdew-

Burke-Ernzerhof (PBE) Generalized Gradient Aproximation (GGA) 
functional [16] using a 8 x 8 x 6 Monkhorst-Pack grid of k points, in
cluding volume relaxation were made for the SnS2 polytypes. Band 
and projected band calculations were made using the high symmetry 
k point that corresponds to each polytype. The cut-off energy used, 
360 eV, was high enough to evaluate the convergence of each of the 
studied materials. The small energy difference to consider conver
gence was ±l '10~ 3eV, and the energy difference to achieve the 
lowest energy in the system was ± 1 ' 10~7eV. Further calculations 
using the screened hybrid Heyd-Scuseria-Ernzerhof (HSE) functional 
without additional relaxation [17,18] were held to obtain SnS2 2H and 
4H accurate band-gaps. 

Grimme empirical dispersion correction [19] was made using iden
tical s6 = 0.75 parametrization in both the methods PBE and HSE. The 
used cells in each case correspond with the unit cell of each structure, 
taking into account the experimental parameters. These 2H and 4H 
polytypes respectively crystallize in hexagonal P-3ml and P63mc 
space group and the structures are depicted in Fig. la and b. 

3. Results and discussion 

After geometric and electronic convergence of all supercell struc
tures, the resulting geometric a and c lattice parameters within the 
two SnS2 polytypes studied, 2H and 4H and using DFT method with 
and without vdW dispersion correction, can be seen in Table 1. The 
results obtained were corroborated using different sized supercells 
up to hundred of atoms. We can observe in Fig. 1 that the stacking 
of the layers appears along the c parameter of the cells. Furthermore, 
2H and 4H polytypes are identical except for the displacement of the 
second layer in the latter. The interlayer distance is the same in the 
two cases, and the experimental value reported is 0.586 nm. We 



V X' 

Fig. 1 .2x2x2 expansion of the primitive unit cell of 2H (a) and4H (b) symmetry in 
SnS2 polytypes. Interlayer distance (d) can be observed in the 2H case. 

can observe that the best fit of the geometry corresponds with the 
cases that include vdW dispersion correction, comparing with exper
imental values [3]. The calculations without taking into account the 
vdW interactions have an increased c lattice parameter as a result of 
the dismissed weak vdW interaction between the layers (Fig. 2b 
and d), due to the fact that no chemical bonds are attached to the 
layers. Furthermore, the lattice parameter perpendicular to the stack
ing direction is quite well reproduced in GGAcalculations (Fig. 2a and 

c). 
These demonstrate that GGA (without using dispersion corrections) 

gives a volume expansion for the c lattice parameter and the resulting in
teraction between the layers is a repulsion. This tendency is corrected 
using Grimme empirical method after each auto-consistent cycle. For 
the a parameter direction we do not have predominant dispersion forces, 
so both approaches give a similar result. The good agreement found be
tween experimental and computed c parameters when Grimme's correc
tion is introduced means that the possible inadequacy [20] of applying to 
a strongly polar or ionic compound (as is the case here) the original 
Grimme's parameters, which are appropriate for neutral atoms, is not a 
problem in the present case [21], 

Table 1 
Lattice parameters of SnS2 2H and 4H using different methods. 
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Fig. 2. Evolution of lattice parameters a, c for 2H (subflgures a and b) and 4H 
(subflgures c and d) polytypes respectively through relaxation calculations. 

We also have obtained the band diagrams (Fig. 3) of the two polytypes 
using GGA-PBE (Fig. 3a and c) and GGA with dispersion correction 
(PBE + D2) (Fig. 3b and d). The effect of the Grimme dispersion correction 
in the band dispersion is only related with a decreased energy of each 
band relative to the upper edge of the valence band, but the shape of 
the dispersion remains similar. Furthermore after the geometry optimiza
tion with PBE and PBE + D2, the HSE update of the density matrix was 
obtained and included also the dispersion correction HSE + D2. 

As can be expected HSE corrects the PBE band-gap. The effect of 
vdW correction in HSE calculations is similar to what happens in 
PBE calculations. We found a decrease in band energies and the 
shape of the bands remains the same. These results can be seen in 
Fig. 3. An interesting observation relates to the dispersion curves in 



SnS2 4H PBE SnS22H HSE06 

r KH Ar ML A 

SnS2 4H PBE 

d) 

> 

LU 

LLI 

r KH Ar ML 

SnS24H HSE06 

r MK TA LH A r M K r A L H A 

obtained results are overestimated in comparison to the experiment 
due to the lack of dispersion correction which corrects the stacking 
distance. If we combine both HSE and vdW dispersion corrections 
(HSE + D2), theoretical band-gaps agree quite well with experimental 
data. 

4. Conclusions 

The dispersion corrections were applied for the 2H and 4H SnS2 

layered polytypes. The resulting lattice parameters and the indirect 
and direct band-gaps were obtained using PBE and HSE functionals. 
Interlaying spacing results are in good agreement with experimental 
values when dispersion force corrections are applied, including both 
this effect and the HSE functional gives the best agreement of the 
computed band gap with experiment. Band dispersions along the 
main directions for the different functionals are compared with re
sults adding a vdW correction. The shape and width of the bands re
main nearly unchanged and we found a decrease in energy for the 
corrected bands relative to the valence band upper edge. 
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Fig. 3. Energy band diagrams of SnS2 2H (subflgures aandb) and4H (subflgures c and 
d) polytypes, with (dashed lines) and without dispersion correction (solid lines). Com
parison of PBE (subflgures a and c) and HSE (subflgures b and d) method results. 

the segment between the f point and point A, which is the direction per
pendicular to the layers; in this segment the bands are not flat (as would 
be expected for a purely 2D system without electronic overlap between 
layers) even in the GGA-optimized geometry which yields a large 
interlayer separation, implying that also in this latter case there is signif
icant electronic interaction between layers. As could be expected, the 
band dispersion in this segment increases significantly when the layers 
approach due to the inclusion of the van der Waals effect. All these results 
can be seen in Fig. 3. 

In Table 2 we show the obtained direct and indirect band-gaps {Eg4ir 

and Egind) for the 2H and 4H SnS2 polytypes with the PBE and HSE func
tionals and with and without applying the Grimme method. Theoretical 
band-gaps are compared with experimental results. As is expected PBE 
results underestimate the band-gaps in both systems and this problem 
is not solved with a dispersion correction which allows us to obtain 
good geometrical results. HSE calculations correct band-gaps but the 
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Table 2 
Direct and indirect energy gaps (experimental value in parentheses) in SnS2 2H and 4H 
polytypes. Egind is respectively calculated from f-L and f-M transition for 2H and 4H 

SnS2 Method EgMd PBE (eV) t-gjnd HSE (eV) t-gtdir HSE (eV) 

DFT 1.50 2.37 (2.18 [22]) 3.17 (2.56 [23]) 
DFT + D2Crimme 1.32 2.20 (2.18) 2.80 (2.56) 
DFT 1.30 2.28 (1.89 [22]) 3.04 (2.43 [23]) 
DFT + D2Crimme 1.05 1.97 (1.89) 2.73 (2.43) 

2H 

4H 


