1% £ 2 #

Journal of Ceramics

Vol.38 No.4
Aug. 2017

$£38% F4MH
2017 £ 8 A

DOI: 10.13957/j.cnki.tcxb.2017.04.013

Fi2%. NIBZAF+NESZNaNbO:iY B F M A S i L MR Y
E—IEHIEBEFR

sk, AR, BB, rE
(LB R PORVRRSE 15 TR, LU0 B 3334035
2R SRS R A%, LR B 250100)

B ASCRHZETEEZ RSN S — R R TRBA: . NS AYHIF-NIEBANaNbO B iR Zhi) . FEERE . BT
ZERFIA AN B . A RARIHE . NS RIS A NaNDbO, ) % & RS, H LS it ik ARk . FIB 44T RE
RAEFNBL, BRI TNS S, WP s AN IINGB AR . FIBAHE S I A T Nb 4dByEor G iaas
BRI T 0.46 eV; NBZENTE EATER T G IRIIN 2p 2%, il Rl WOETER; FNFHB AR T
F. NSRRI S, HEAESRIVEILEIFEE ), HARA WREERT W T ALK .

X WL, F+NSERAy SRR, AR BRETE KRS

hESHES: TQI74.75 XEFEEM: A XEHS: 1000-2278(2017)03-0511-07

First Principles Study on the Electronic Structure And Potocatalytic
Properties of F-doped, N-doped and F+N Codoped NaNbO:;
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(1. Department of Material Science and Engineering, Jingdezhen Ceramics Institute, Jingdezhen 333403, Jiangxi, China; 2. State Key
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Abstract; The crystal structure, electronic structure, formation energy and relative positions of F-doped, N-doped and F+N codoped NaNbO,
were investigated employing the first principle method based on the density functional theory. The study results of the crystal structure
indicate the lattice distortion and expansion of F-doped, N-doped and F+N codoped NaNbO,. The formation energy of F+N codoped NaNbO,
is lower than that of N-doped NaNbO,, which indicates that the concentration of the N impurity in the host lattice can be enhanced in the
presence of F doping. For F-doped NaNbO,, the low shift of the conduction band is only 0.46 eV without altering the valence band. While for
N-doped NaNbO,, N doping creates a partially occupied impurity band in the band gap of the host due to electron deficiency on N 2p levels,
which makes the light absorption shift to visible region. The F+N codoping can eliminate the local trapping, which improves the carrier
mobility. Hence, F+N codoped NaNbO, would be a promising visible-light-driven photocatalyst for water splitting.
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Tab.1 Calculated lattice parameter, volume (V) and defect formation energy (£,) for pure and doped NaNbO,

NaNbO3 o A b/ A o A B/ v/ v/ A3 E, feV
Pure 5.563 5.648 15.554 90 90 488.687
N doped 5.541 5.610 15.804 90.241 90.035 90.386 494.012 4.00
F doped 5.580 5.629 15.655 90.020 89.959 91.450 491.562 ~0.34
F+N
5.601 5.665 15.694 88.978 90.004 91.548 497357 2.79
codoped
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Fig.2 Electronic densities projected onto (1-10) plane of pure and
doped NaNbO,
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Fig.3 Electronic densities projected onto (001) plane of pure and
doped NaNbO,
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Tab.2 Bond populations of pure and doped NaNbO,
NaNbO, F—-doped N—doped F+N codoped
bond
length/ A population length/ A population length/ A population length/ A population
OI1-Nbl 2.157 0.42 2.030 0.61 2.084 0.49 2.006 0.60
O1-Nb2 1.88 0.83 1.959 0.68 2.010 0.75 2.008 0.61
0O5-Nbl 1.993 0.68 1.959 0.71 1.886 0.84 2.032 0.63
06-Nbl 1.989 0.68 1.955 0.72 2.197 0.45 2.109 0.55
09-Nbl 1.879 0.85 1.965 0.69 1.908 0.77 2.037 0.57
09-Nb2 2.173 0.42 2.038 0.62 2.111 0.47 1.970 0.68
O13-Nb2 1.993 0.68 1.956 0.72 1.878 0.86 1.967 0.73
0O14-Nb2 1.989 0.68 1.961 0.71 2.194 0.45 2.139 0.52
O17-Nbl 1.88 0.83
O17-Nb2 2.157 0.42
N-Nbl 2.065 0.68 1.811 1.31
N-Nb2 2.010 0.76 2.141 0.59
F-Nbl1/Nb5 2.179 0.25 2.191 0.27
F-Nb2/Nb6 2.195 0.25 2.222 0.25
O18-Nbl 2.173 0.42 1.934 0.68 2.028 0.58 2.339 0.25
O18-Nb2 1.879 0.85 1.923 0.69 1.961 0.67 1.882 0.84
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Fig.4 Band structures of pure and doped NaNbO,, here the black
solid line and red dashed line correspond to spin-up and —down
bands, respectively
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