F F IR

RIEL

Article

ACTA CHIMICA SINICA

DOI: 10.6023/A12090705

R EU M RIA ER-TIO, B E — %R IR R
x| B2 5%

(P ERHEpERE TR dhaT 100190)

WE R T O E 5 2 s P A5 — MBIV, WFF0A SN SR 50 THO, JefiE Ak MRS M p LR, Jlad
WU IAE A SER-TIO(10) A1, A7 S5HRAN TiO,(101)IMAH LA R, TiO,(101)3KIH 1) O Jii5 AL top £ C
JSF TR R SR ) C—O S B, AR, RS A Mulliken FEATHOTHSLSE R BoR, f1 s8R G TiOy(101)
oo T SEAT M) 1 FL A SR R RS, R A L = X R 5 . Sl RS L G IR 70 AL, AE A7 SR -TIOL(101) B
EYIAEIR GIN T 2500 RBEA, A7 88 TiO,(10 DR Ml B b B 2% AE SR IO th B, 2% T REZR RENS N Ve
I RO SR A B S A, AR O PERE A B . RIS A Sl R -TiOL(101) &2 & ) A A Al 407 8 Ll A7 5 -
TiO (10 EWHEAR, B RE ) Soi, AT IO A TERERI 3 .

FEEIA AR A EIE; BB PEIRELTHST; TIO,

First—Principles Study on New Photocatalytic Materials Graphdiyne-TiO,

Liu, Yuanyuan
(Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100190)

Abstract We study mechanism for combinet graphdiyne and graphene on TiO, which can improve the photocatalytic per-
formance of TiO, by density functional theory with dispersion corrections (DFT-D) methods. Because of the different lattice
parameters of graphdiyne, graphene and TiO,(101), we used (1 X 1) graphdiyne supercell with (1 X4) TiO,(101) supercell to
built the graphdiyne-TiO,(101) composite, and (2X6) graphdiyne supercell with (1X5) TiO,(101) supercell to built the
graphene-TiO,(101) composite. In detail, as the strong adsorption between carbon atom and the TiO, support, numbers of
new high electron delocalization C—O covalent bonds were formed by O atom in TiO, surface and atop C atom in graphdi-
yne. While for the graphene-TiO,(101) composite, the equilibrium distances between graphene and TiO, are so large that
even the nearest C atoms were far as 2.869 A to the TiO, planes, indicating the weak interaction between graphene and TiO,
surface. The electron density, electron density difference were analyzed, the result shown that the graphdiyne combined with
TiO,(101) surface is beneficial to the charge transfer. The Mulliken charge population shows that the graphdiyne or graphene
surface has a positive Mulliken charge, forming large opposite interface dipole at the interface, leading to a strong built-in
electric field throughout the superlattice, which can resist the possibility of electron-hole recombination. Since the magnitude
of charge accumulation in graphdiyne is larger than graphene surface, stronger electrons capture ability of graphdiyne-
TiO,(001) composite could be expected compared to graphene-TiO,(001) composite. The electronic band structure shown
that in the graphdiyne-TiO,(101) composite, numbers of isolated energy levels were localized in the band gap which can
reduce the electronic excitation energy from the isolated energy levels to the conductive band. The graphene-TiO,(101)
composite had no isolated energy level appeared in the band gap. The graphdiyne-TiO,(101) composite has a lower valence
band position than the graphene-TiO,(101) composite ones, means compared with graphene composite, graphdiyne compos-
ite always shows higher oxidation ability, which induce a higher photocatalytic performance.

Keywords graphdiyne; graphene; first principles calculation; TiO,
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Figure 1 Optimized structure of the composite

(a) and (c) are the front view and vertical view of GD-TiO,(101) composite
respectively; (b) and (d) are the front view and vertical view of GR-TiO,(101)
composite respectively
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Figure 2 Charge density map of the composite
(a) GD-TiOy(101), (b) GR-TiO,(101)
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Figure 3 Electron density difference plots of the composites interfaces
(a) GD-TiO(101), (b) GR-TiO,(101). Isosurface values for electron density
difference plots are —0.08 and 0.08 ¢/A°, where the accumulation and deple-
tion of electrons are represented in blue and yellow, respectively, red, green
and gray sphere represent O, C and Ti atoms respectively. (¢) The Mulliken
charge of GD or GR surface in the composites
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Figure 4 The band structure and partial density of states for the composites

(a) The band structure of GD-TiO,(101), (b) The partial density of states for GD-TiO,(101), (c) The band structure of GR-Ti0,(101), (d) The partial density of states
for GR-TiO,(101). The fermi energy is set as zero, the red lines in the band structure represented CBM and VBM position of the composite
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Table 1 The calculated Fermi energy, valence band (VB) and conduc-
tion band (CB) position of the composites (eV)

Band gap Fermi energy VB CB
GD-TiO,(101) 2.28 —5.44 —7.67 —5.39
GR-TiO,(101) 0.95 —5.70 —5.70 —4.75
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Table 2 The super cell parameters and mismatch of the composites

alA bIA /A Mismatch/%
GD-TiO,(101) 9.85 16.71 25 3.82
GR-TiOy(101) 10.02 21.98 25 3.17
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