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Density function theory on the electronic structure property of
anatase TiO, doped by N or C with different percents
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Abstract; Formation energy, crystal structure and electronic structure of C, N doped anatase TiO, are
calculated based on the density functional theory of plane-wave ultrasoft pseudoptential. Results indicate
that, due to doping of the C or N atoms in anatase TiO,, the lattice distorts obviously. The substitution of
C tends to Ti site while N tends to O site. All the substitutions lead to the red shift of the optical
absorption and increasing coefficient of light absorption. When N concentrations are 2 08% and 3. 13% in
N-doped TiO, , the highest photocatalytic activity is obtained, while it is 2 08% for C-doped one.
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Table 1 Formation energies E;,., of different doped TiO,
N@O N@Ti cC@O C@Ti
Eftom /eV 4, 37 7. 51 6. 51 5. 27
2 3 o
2 , 2X2X1 TiO,
a=b=7 577 A, ¢=9 541 A,
L o )
. N*~ O*~ , N
Ti-N Ti-O ., C7
0 16 A, Ti'* 0 68 A,
C Ti Cc-O Ti-O (1 961 A)
, 1242 A, .
TiO, o
2 TiO,
(A)

Table 2 Lattice parameters and average bond lengths of the

doped TiO, after geometry optimization (in A)

a b c Ti-O Ti-N C-O

Pure 7. 577 7.577 9. 541 1. 976
N@O 7. 603 7. 570 9. 508 1. 980 2. 008

C@Ti 7.786 7. 786 9. 389 1. 961 1 242
2.1 N TiO,
, N@O
TiO, , 1 2,
N O ,

O-Ti-N N O
(Eg) (Im-
CBM) ; 3, 1
2 , N s
4 o
2. 08% (297 eV),

, TiO,
o ’ 1 N TiO,
s o Fig 1 Band structure for N-doped
1 2 , configurations with various doping levels

2 , 313%
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Fig 2 Total DOS of N-doped

configurations with different ratios
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Table 3 Band gaps of N-doped configurations

with different ratio (in eV)

Ratio 1 04% 2. 08% 3.13% 417%
Eg 2. 99 2. 97 3.00 2. 98
Im-CBM 2. 56 2. 53 2. 58 2. 60
N TiO, ,
, 3.
N-2p
, O-2p Ti3d o
,» N ,
N-2p , O-2p N-2p
o TiO,
Ti-3d , o

2.08% 313% N-2p  Ti3d

p-d s Ti-3d
Ti0O, ,
2.08% 3.13% Ti0,
3 N TiO,
. Ti-3d, : N-2p, : O-2p
Fig 3 PDOS for N-doped configurations
N-2p and O-2p are shown with red solid and dash
lines while blue ones indicate the Ti-3d levels
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C Ti
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