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Abstract TiO., a kind of inorganic metal oxide semiconductor material, has been widely utilized. It is
becoming a research hotspot to improve photocatalytic activity and photoelectric conversion property of TiO,
through incorporation of impurities. The electronic structure and optical properties of N doped, Cu doped and
N-Cu co—-doped rutile TiO, are studied by using plane wave pseudopotential method of first—principles based
on density functional theory. The results show that with N and Cu co—doped TiO., new impurity energy levels
would be formed in band gap of TiO. due to the synergistic effect of 2p electrons of N and 3d electrons of Cu.
Among them, one of impurity levels is in steady-state, the another level is in metastable state. It is favorable
for decreasing the transition energy of electron and effective separation of photoproduced electrons— hole
pairs, which largely improve the photocatalytic activity of TiO.. The curve of optical absorption coefficient of
N-Cu co—-doped TiO, has larger red shift in the visible region than that of N doped TiO,and Cu doped TiO., and
the reflectivity of N-Cu co—doped TiO; also increases.
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Fig.1 Super cell of rutile TiO, and doping positions of N and Cu
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Table 1 Distance between N and Cu and energy

Distance /nm N-Cuy, N-Cus N-Cuc N-Cuy N-Cug N-Cur N-Cue N=Cuy Energy /eV
Position 1 1.147 1.029 1.034 0.901 1.147 1.029 1.034 0.901 -118806.350
Position 2 1.026 0.892 0.898 0.741 1.324 1.223 1.227 1.118 -118806.343
Position 3 1.011 1.089 0.797 0.894 1.171 1.239 0.993 1.073 -118806.348

2.2 HEFE
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B AR N = 1) X4l TiO, BAN B2 B Cu B 2 A N-Cu JL 4B 2% 4 21 41 HH TiO, 1Y b M5 A5 100 0F 47 45 4 14k
B Ak 35 B SRS B Sk 2% 107 eV, fh AR N B 717N T 0.02 GPa, BN R 152 A KT 0.03 eVinm;2) R GGA
14 J5% 15 )5 B (PBE)IZ R EAT1H 55 5 3) 15 2 & f AR B R (1 25 &5 B8 L RB Y 45 4 B2 8 %5 ) (PDOS) L Hi fif 2% &
DA Bt 2 M 0T (6 45 A HL bR B0 2E I R ORI B R A, S 5 M F T 02 0 28°2p° N 2572p° (T
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Table 2 Lattice constant of rutile TiO, compared with those obtained from experiment and theory

Theory Proposed
Experiment
Result Deviation Result Deviation
a /nm 0.4594 0.4608 0.30% 0.4596 0.04%
¢ /nm 0.2959 0.2956 -0.10% 0.2961 0.07%
cla 0.6441 0.6415 -0.40% 0.6443 0.03%

SERIEAL G AR R WL 30 T NTEAR 171 pm BOR T 07242 140 pm, [A] B Cu®2E 48 72 pm L HE
KT Ti" £ 42 68 pm, I LAIB 2% I JiL 0] (9 °F- X S BT M A 15 K, 3B 2405 AR I IR B T I ik .
3 N AR R WG T35 K

Table 3 Average bond length of different doped systems

Bond /nm Pure TiO, N-doped Cu—doped N-Cu co—doped
Ti-0 0.1966 0.1976 0.1969 0.1971
Ti-N - 0.1978 - 0.1979
Cu-0 - - 0.1972 0.1975

525 7 B R J 7R R S A B IR . 0 25 4 AR 0L T4 2 T T
f Bt B A A L0 TS ST M D DRI 45 B/ S A ) . LT 1
. THA AT AR
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Table 4 Binding energy of different doped systems

E. leV E, . leV Epo, = Eppa 1€V
Pure TiO, -119084.895 -9.598 0
N-doped -118917.883 -9.510 -0.088
Cu—doped -118975.020 -9.711 0.113
N-Cu co—doped -118806.350 -9.612 0.014
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Fig.3 PDOS and partial enlarged drawing of TiO.. (a) Pure TiOs; (b) N doped; (c) Cu doped; (d) N-=Cu co—doped
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Fig.5 Dielectric functions of TiO.. (a) Pure TiO»; (b) N doped; (c) Cu doped; (d) N-Cu co-doped
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Fig.6 Optical absorption coefficient and reflectivity of pure, N doped, Cu doped and N=Cu co—doped TiO,
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