JTournal of Engineering and Applied Sciences 6 (1): 18-20, 2011

ISSN: 1816-949%
© Medwell Journals, 2011

First Principles Studies of the Effect of Nitrogen Impurities on the
Energy Gap of Rutile TiO, N, by Pseudopotential Approaches

MR. Benam
Department of Physics, Payam-e-Nour University, Mashhad, Iran

Abstract: We have studied the electrical properties of rutile TiO, N, compound which x is the fraction of Ni
unpurities and was chosen to be 0.0625, 0.125, 0.25 and 0.5. In the calculations, we have adopted a
pseudopotential and supercell approach based on the Density Functional Theory (DFT) with GGA
approximation for the Exchange-correlation potential as implemented in SIESTA code. We have calculated the
band structure and Density of State (DOS) and therefore, the changes of the energy gap of this compound with
nitrogen substitution in oxygen sites. The quality of the used pseudopotential was tested by comparing the
calculated band structure and DOS using Full Potential Linear Augmented Plane Wave (FP-LAPW) and
pseudopotential methods. The result shows that the energy gap of Ti0O, N, has decreases considerably due
to the appearing of the N-2p orbitals in the bottom of the energy gap which is in good agreement with the recent
experimental researches about the red shift of the threshold absorbance frequency of this compound which has
made 1t an interesting photocatalysis in the visible spectrum of the solar radiation.
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INTRODUCTION

Recently TiO, has attracted a lot of interest in the
sclentific community due to its important and vital
applications mn industry. Because, it has very high
attractive index it can be used as a pigment in painting,
coating, ink, plastic and a lot of other things that use
pigments (Whitehead, 1983).

One of the most important of its properties is its
photocatalytic activity which first was observed by
Fujishima and Honda (1972). Tts photocatalytic activity
can be employed for self cleaning and disinfecting under
exposure to UV radiation (Mills ef af., 1993). It also can be
used to decompose NO, in exhaust gases and
environmental purification
generating electric energy (Gratzel, 1983; Fujishima et af.,
2000), killing bacteria by antibacterial activity of
photocatalytic titanium dioxide (Wong et al., 2006).

Although, it has a lot of application but its
photocatalytic activity 1s limited due to thus fact that it
works as a catalysis in UV radiation which firstly comprise
a small fraction of radiation of solar spectrum and

splitting of water for

secondly will limit its application for outdoor using. One
way for immproving its photocatalytic activity and benefit
from the visible light of solar radiation and therefore,
indoor applications is doping it with other elements.
Among the huge mumber of metal and non-metal elements,
doping with nitrogen in a variety of routes has been
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Fig. 1: The umt cell of rutile T10,

widely reported by researchers in recent years (Zaleska,
2008; Nie et al., 2009; Bianchi et al., 2009; Liuet al., 2009).
Nearly in most of this researches, it has been pointed out
that the photo absorbance threshold energy of N-doped
Ti0, has been decreased with respect to pure samples
which means that doping with nitrogen have caused a red
shift mn its absorbance region.

Titamum dioxide (T10,) crystallizes in several crystal
structures which the most well-known of its crystals are:
rutile (tetragonal), anatase (tetragonal) and brookite
(rthombohedral) structures (Burdett ef al., 1987).
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Rutile structure which is the subject of this study is
the most abundant and thermodynamically stable form of
the 3 mentioned forms. It has tetragonal symmetry with
P4/mnm space group (Wyckoff, 1948). The umit cell of
rutile TiO, has been shown in Fig. 1. There are 6 atoms in
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its unit cell including 2Ti and 40 atoms. The purpose of
this research is theoretical studying of the effect of the
effect of mirtogen murities on the band gap of rutile
titamum dioxide by pseudopotential approaches which
will be decribed in the study.
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Fig. 2: Converging total energy with respect to (a) Kgrid cut off and (b) Energy Mesh cutoff
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Fig. 3: Total density of state of pure and N-doped rutile T1i0, N,
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Fig. 4. Contribution of partial orbitals in total DOS of
N-doped rutile T10, N,

MATERIALS AND METHODS

In the calculation, we have used siesta code based on
density-functional theory DFT within the local-density
approximation LDA. Fully self-consistent Kohn-Sham
functional was performed. Troullier-Martins pseudo-
potentials were used to represent the nuclei plus core
electrons. We made a 2x2x2 supercell of the umt cell
which contamn 48 atoms and then substituted some of the
O atoms by N impurities. Tn this way, we made the
nitrogen doped rutile TiQ, N, compound with x is the
fraction of Niand was chosento be 0.0625, 0.125,0.25,0.5.
There 13 two mmportant parameter n SIEAT code which
should be optimized correctly for saving time and also to
have an acceptable precision in calculations. These
parameters are Kgrid cutoff and Mesh cutoff energy
where their optimized values were chosen from
converging total energy to be 10A" and 300 Ry,
respectively (Fig. 2).

RESULTS AND DISCUSSION

The calculated Density of State (DOS) of the pure
and N-doped rutile TiO, N, has been shown in Fig. 3. As
1t 1s obvious from the Fig. 3, doping with nitrogen has
caused some energy levels emerge i the bottom of the
energygap. These levels are belonging to the N-2p orbital
of nitrogen impurities which is obvious from the
calculated total DOS diagram of the N-doped rutile
Ti0, N, (Fig. 4).

CONCLUSION

We see that with increasing the percent of
substituted atoms, the threshold energy, i.e., the minimum
energy which a photon should have inorder to produce
one electron-hole pair in the valance and conduction band
decreases with respect to pure samples. Therefore, doping
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titanium dioxide with Nitrogen will cause a shift in its
absorbance spectrum from UV to the visible light region.

ACKNOWLEDGEMENTS

The researchers wish to thanks from Payam-e-Nour
University for their support and also from the scientific
society of STESTA developer for their help during using
the code.

REFERENCES

Bianchi, C.I.., G. Cappelletti, S. Ardizzone, S. Gialanella,
A Naldom, C. Oliva and C. Pirola, 2009. N-doped
TiO2 from TiCl3 for photodegradation of air
pollutants. Catalysis Today, 144: 31-36.

Burdett, J.K., T. Hughbanks, G.J. Miller, ITW. Ir
Richardsen and I.V. Smith, 1987. Structural-electronic
relationships in inorganic solids: Powder neutron
diffraction studies of the rutile and anatase
polymorphs of titanium dioxide at 15K and 295K.
J. Am. Chem. Soc., 109: 3639-3646.

Fujislima, A. and K. Honda, 1972. Electrochemical
photolysis of water at a semiconductor electrode.
Nature, 238: 37-38.

Fuyjishima, A., TN. Rao and D.A. Tryk, 2000. Titanium
dioxide photocatalysis. J. Photochem. Photobiol.
C: Photochem. Rev., 1: 1-21.

Gratzel, M., 1983, Energy Resources Through
Photochemistry and Catalysis. Academic Press,
New York, pp: 588.

Liu, G., X. Wang, 7. Chen, HM. Cheng and G.Q. TLu, 2009.
The role of crystal phase in determining
photocatalytic  activity of  mitrogen  doped
T102. T. Colloid Interface Sci., 329: 331-338.

Mills, A., RH. Davis and D. Worsley, 1993, Water
purification by semiconductor photocatalysis. Chem.
Soc. Rev., 22: 417-425.

Nie, X, 5. Zhuo, G. Maeng and K. Sohlberg, 2009. Doping
of TiO, polymorphs for altered optical and
photocatalytic  properties. Int.  J. Photoenergy,
2009: 1-22.

Whitehead, T, 1983. Titanium Compounds, Tnorganic.
In  Kuk-Othmer Encyclopaedia of Chemical
Technology, M. Grayson (Ed.). 3d Edn.,, Vol 23,
Wiley, New York, pp: 131.

Wong, M.S.,, W.C. Chu, D.S. Sun, H.S. Huang and
TH Chen et al, 2006, Visible-light-induced
bactericidal activity of a nitrogen-doped titanium
photocatalyst against human pathogens. Applied
Environ. Microbiol., 72: 6111-6116.

Wyckoff, R W., 1948. Crystal Structure. Vol. 1, John Wiley
and Sons, New York, pp: 254.

Zaleska, A., 2008. Doped-Ti02: A review. Recent Patents
Eng., 2: 157-164.



