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ABSTRACT

First-principles calculations based on Density Functional Theory have been
done on the Tin dioxide - [SnO2]. The Orthorhombic structure of Tin diox-
ide has been simulated and the optimized structural parameters have been
found out. Electron Density of States (EDOS) has been computed in the
material using the Electronic structure calculation code of Quantum-
Espresso which gives a Band gap of 1.82 eV. This value is close to the
value exhibited by TCO, NLO and liquid crystalline materials. Dielectric
constant of the material has been computed. The average value of dielec-
tric constant in Tin dioxide comes out to be 8.22. Phonon modes have also
been computed.  2015 Trade Science Inc. - INDIA

INTRODUCTION

Tin dioxide is a highly insoluble, thermally stable
Tin source suitable for glass, optic and ceramic ap-
plications. Tin oxide is a colorless inorganic com-
pound of tin and oxygen and found in two forms, a
stable blue-black form and a metastable red form.
Tin Oxide is also available in pellets, pieces, sput-
tering targets, tablets, films and nano-powder form[1].

Tin dioxide presents specific optical and elec-
trical properties and has a good chemical stability.
These features confer special characteristics to the
SnO2 based materials. SnO2 belongs to the impor-
tant class of transparent conductor oxide (TCO)
materials that combine low electrical resistance with
high optical transparency in the visible range of the
electromagnetic spectrum. These properties are very
much essential for optoelectronic applications such

as light emitting diodes, electrode materials in solar
cells, flat panel displays and transparent field effect
transistors[2].

Tin dioxide is also an oxidation catalyst. Its ac-
tivity and selectivity can be substantially improved
by incorporation of various additives. Another field
in which tin dioxide plays a dominant role is in solid
state gas sensors. A wide variety of oxides exhibit
sensitivity towards oxidizing and reducing gases by
a variation of their electrical properties, but SnO2
was one of the first Oxides that was considered for
this purpose, and still is the most frequently used,
material for this application. Tin dioxide can also
be used as a polishing powder[3].

Tin oxide is most commonly used in glazes
where it acts as an opacifier where it is typically
added in the range of 5-10 percentages. When added
in a specific amount, it will produce an opaque,
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glossy glaze. If used in excess a dull matty glaze is
obtained. Potters have used tin oxide as an opacifier
for hundreds of years[4]. Its applications among oth-
ers include solar energy panels, low-emission
glasses and heat mirrors. Thin films of Tin dioxide
have several technological applications[5, 6].

Thus study of Tin dioxide plays an important role
in understanding its internal structure and to explore
further novel applications of this compound. Any
little modification in the structure and composition
of a material will bring in sufficient changes in the
properties of the material[7, 8]. Thus it is important to
study the structure of the materials and look at the
parameters which can be altered to get a better ma-
terial for technological applications. First-principles
calculation based on Density Functional Theory[9]

has been proved to be an effective tool in the study
of structural, electronic and dielectric properties of
materials[10, 11]. With this in view, an attempt has been
made to look into the structural aspects, Electronic
and Dielectric properties of Tin dioxide using the
First-principles calculations.

Computational details

Several codes are available for the theoretical
structure simulation[12]. The density functional theory
approach has emerged as a well established com-
putational method. It has been widely employed to
arrive at the conformations of a large number of
molecular systems. The practical applicability and
sophistication of DFT is strongly sensitive to the
good choice of exchange�correlation function along

with the appropriate basis set.
Quantum espresso is an integrated suite of Open-

Source computer codes for electronic-structure cal-
culations and materials modelling. It is based on
density-functional theory, plane waves, and
pseudopotentials. Author has used plane wave self
consistent field (PWSCF)[13] implementation of den-
sity functional theory (DFT), with a Local density
approximation (LDA)[14] to exchange correlation
energy of electrons and ultrasoft pseudopotentials[15],
to represent interaction between ionic cores and va-
lence electrons. Kohn-Sham wave functions were
represented with a plane wave basis with an energy
cutoff of 50 Ry and charge density cutoff of 250 Ry.

Integration over Brillouin zone was sampled with a
Monkhorst-Pack scheme[16] with appropriate k point
mesh and occupation numbers were smeared using
Methfessel-Paxton scheme[17] with broadening of
0.03 Ry. The structure was relaxed to minimize en-
ergy.

RESULTS AND DISCUSSION

In the present study, the orthorhombic unit cell
of Tin dioxide was first built using �Avogadro�[18].
The structure was allowed for geometric optimiza-
tion. Later, atomic positions of the geometrically
optimized structure have been used in the plane wave
self consistent field calculations.

The structure was relaxed with different values
of lattice parameters. Optimized values of lattice
parameters thus arrived at through minimization of
energy are; 4.911Å, b=5.058Å and c=3.189Å. �scf��

calculation was done using the final atomic posi-
tions obtained after relaxing the structure using the
program �pw.x� of Quantum espresso. Completely

relaxed structure of the unit cell was visualized us-
ing the program �XcrySDen�[19] and the structure as
viewed along X, Y and Z axes are given in Figures
1, 2 and 3 respectively. The bond lengths and bond
angles in the relaxed structure of Tin dioxide have
been tabulated in TABLES 1 and 2. Closer values
of lattice parameters have been observed by Baur
et. al., in tetragonal structured SnO2[20, 21].

EDOS calculation

Electron Density of States (EDOS) has been

Figure 1 : Structure of unit cell as viewed along X axis
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computed using Electronic structure calculation code
of Quantum espresso and is shown in Figure 4. The
band gap comes out to be 1.82 eV. This value is
close to the value shown by TCO, NLO and liquid
crystalline materials[22-24]. Experimental measurement
has shown that it has a direct band-gap with width
equal to 1.814 eV. H. Salehi et. al., have found a
value of 2.2 eV as the band gap in case of cubic
phase of Tin dioxide[25]. A band gap of 3.6 eV has
been observed in case of Rutile structured Tin diox-
ide[26].

Thus, nature of the properties of the SnO2 crys-
tals depend on the structure and also on different
kind of defects and impurities that are present in
structure of this material. These defects could affect
its structural, electronic, optical and dielectric prop-
erties.

Dielectric constant and phonon modes

Dielectric constant of the material has been com-
puted and it comes out to be 9.87, 8.32 and 6.49
along X, Y and Z axes respectively and the average
value comes out to be 8.22. Similar values of di-
electric constant have been observed by Schleife et.

al.,[27]. The computed phonon modes at the gamma
point range from 33 cm-1 to 663 cm-1 showing that
the simulated structure is stable.

CONCLUSIONS

Band gap in case of Tin dioxide is found to be
1.82 eV. This value is close to the value shown by
TCO, NLO and liquid crystalline materials. Hence
the possibility of finding liquid crystalline nature in
mixtures containing Tin oxide can be explored. The
value of estimated Band gap is confirming that the
material can be used for TCO applications. The av-
erage value of dielectric constant in Tin dioxide
comes out to be 8.22. The computed phonon modes

Figure 2 : Structure of unit cell as viewed along Y axis

Figure 3 : Structure of unit cell as viewed along Z axis

Bond Bond length (Å) 

O � Sn 2.16 

O � Sn 2.09 

O � Sn 2.16 

O � Sn 2.09 

O � Sn 2.16 

 Bond angle (Deg) 

O � Sn � O 91.1 

O � Sn � O 88.8 

O � Sn � O 91.2 

O � Sn � O 88.8 

Sn � O � Sn 130.4 

TABLE 1 : Bond lengths in tin dioxide

TABLE 2 : Bond angles in tin dioxide

Figure 4 : Electronic density of states in tin dioxide
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at the gamma point range from 33 cm-1 to 663 cm-1

showing that the simulated structure is stable.
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