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Preparation and Mechanism of N-Doped TiO, Powders
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Abstract: N-doped TiO, powers have been prepared using tetrabutyl titanate and urea. The properties of phase/

size/absorbance were characterized by means of X-ray diffraction (XRD), transmission electron microscopy (TEM),

UV-Vis absorption spectroscopy. The results indicate that particle size of N-doped TiO, decreased and the

absorption effect increased greatly. In order to prove the experimental results, we studied the doping mechanism

using DFT. The band gap has been decreased effectively because of doping. Compared with substitutional N-

doped Ti0,, interstitial N-doped TiO, is more beneficial to the light absorption.
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Fig.1 XRD patterns of TiO, (a) pure TiO,; (b) N-doped
TiO, (n/ny=1)
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Table 1 Lattice parameter of pure and N-doped TiO,

Lattice parameter / nm Pure TiO, N-doped TiO, (ny/nx=1) Theoretical value
a 3.782 8 3.794 4 37852
¢ 9.520 2 9.571'1 9.5139

P2 AL BRI ST HL B IR (a) 40 SRR S (b) BB A AL BR (i / na=1)
Fig.2 TEM images of TiO, (a) pure TiO,;(b) N-doped TiO; (ny/nyx=1)
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Fig.5 Models of N-doped TiO, (a) substitutional N (b)

interstitial N
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Table 2 Variations of lattice parameter and volume

Pure TiO,

Substitutional N-doped TiO,

Interstitial N-doped TiO,

Lattice parameter

Lattice parameter Lattice parameter

Expansion rate Lattice parameter Expansion rate

alnm 3.739 3.761
b/ nm 3.739 3.740
¢ /nm 9.500 9.460
20/ () 132.811 133.086

0.593% 3.744 0.132%
0.036% 3.748 0.233%
-0.420% 9.552 0.550%
0.207% 134.029 0.917%
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Table 3 Calculation of different formation energy

Oxygen enrichment

Titanium enrichment

Formation energy / eV

N, NO N, NO
Substitutional N-doped 5313 4910 0.161 -5.396
Interstitial N-doped 4.206 3.802 4.206 -1.350
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Fig.6  Band structure of substitutional N-doped TiO, (a)
state density; (b) the pattern of molecular orbital;
(¢),(d),(e) molecular orbital of three impurity levels
from above to below (total and partial density of
states, Ti3d, O2p, N2p signed with different color,

black, red, green and blue respectively)
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Fig.7 Band structure of interstitial N-doped TiO, (a) state

A

density; (b) the pattern of molecular orbital; (c)
molecular orbital of two impurity levels; (d)
molecular orbital of two energy levels under
valence band (blue: low level; green: high level)
(total and partial density of states, Ti3d, O2p, N2p
signed with different color, black, red, green and

blue respectively)
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Fig.8 UV-Vis simulative absorption of different
N-doped TiO,
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