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Fig. 1. Calculated total energy for (a) TiO2(101) surface and (b) MoS2 monolayer with different vacuum spaces.
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Fig. 2. Optimized structures: (a) TiO2(101) surface; (b) MoS2 monolayer; (c) TiO2/MoS2 heterojunction.
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Fig. 3. Calculated band gap with different o parameters: (a) TiO2(101) surface; (b) MoS2 monolayer.
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Table 1. Average bond lengths of Cu or/and N doped
anatase TiO2(101) surface after geometry optimization

(unit: A).

TR Ti—O /A Ti—N#/A Cu—Tif/A
4l TiOq 2.001 — —
N &% 1.980 1.995 —
Cu B2 1.905 — 2.479
(Cu, N) 457 1.966 1.914 2.627

A8 4k B (1) Cu/N(3L) £ 2% TiO2(101) 3 1
A1 B 2 MoSq #4 2 tH TiOo/MoSy 7 i &5, F I 6
TiO2/MoSs 5 i 45347 JLAT AL, FLHJZ MoS,
JEFE (h) 1 Cu/N (%) £ 7% TiOo(101) K Il 5 . )=
MoS, 2 8] {1 36 ELFE 5 (D) i 45 R nzk 2 g, 1
4l 1) TiOo/MoSs 7 5 45 11, B /= MoS, I J5 & il
TiO5(101) [ 5 ¥ 2 MoS, 2 8] (¥ 3 B2 2 43 5
Nh=2964 AFID =2891 A. ¥BAENE TG,
MoSs &5 (h) Fl TiO2(101) R TH 5 #JZ MoSy 2 [A]
T E I (D) A K. Cus 42 M1 (Cu, N) LB
7% TiOo /MoSy 7 J5i 5 H HL 2 MoS, B (h) ¥H
Fr K, [ Cu 25 f (Cu, N) B 2k R
TiO2(101) K 1H 5 H.JZ MoS, 2 [A] 1) & H I &5 (D)
FHEE T 4E 1) TiO2 /MoSo 5 it £5 B 2. ik /), X 42 i
TN Co—Ti% /N T Culi T 552 MoS, 2
[i) ) B BE RS, AT 58 T TiO2(101) R 5 52
MoSq 2 I8 FIAH AR /7. 3% 6 55 Jii 45 v i) 28 HL R
5 (D) 352936 48 T B A~ ) BE

© fF— @

(N,Cu)-TiO,

Cu Cu

(a) 4 TiO2; (b) N 4% TiO2(NQO); (c) Cuisit TiO2 (Cu@O);

Fig. 4. Optimized supercell models of anatase TiO2(101) surface: (a) Pure TiO2; (b) N doped TiO2(N@O);
(¢) Cu doped TiO2 (Cu@O); (d) (Cu, N) codoped TiO2 (Cu @QO&NQO).
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#2 B MoSs HIEEE (k) FIHZ MoS2 5 Cu/N(3L)
%2k TiO2(101) RIHZ [H W IEE L (D)

Table 2. Thickness (h) of the MoS> and the vertical
separation (D) between MoS2 and Cu or/and N doped
TiO2 (101) surface.

B h/A D/A

4li TiO2/MoSs 2.964 2.871
N-TiO2/MoS2 3.084 2.771
Cu-TiO2/MoS2 3.104 2.049
(Cu, N)-TiO2/MoS2 3.173 1.552

3.2 GRPATZALRE
N T AR AERIAB T 5 246 & € 1,
FATIRIE AT 2 A5 7 AR RS K R E
FHE:
E: = F(doped) — E(pure) — N — ficu
+ po + pri. (2)
IR B 5 AR R e T A S T
Er = F(doped) — E(pure) — pun — ficu
+ pto + pi, (3)
H 1 E(doped) 1 E(pure) 73 7l % 7~ % 4% & & Al
20 BB Ti02(101) R TH A S BE R, ¥ H ux
R o 5 M T 4 T Na(uw = p(Na)/2) 10,
(o = p(02)/2) M RERE T3 H, Cu MTif

B N HBCR M RS ER B A
M, AT H A E TiME O Mg M, &
FH T AT O AL 5 3598 &2 pri + 2p0 = p(TiOo),
EE Tig T, pr BUHAR T4 %A, ORI1k
FH Npo = (w(TiO2) — pri)/2. EE O %A
T, po MO 7 FHIEEfE & (uo = 1(02)/2),
pri = p(TiOz2) — p(Oz2).

AN [E 45 2% 1 BT B R T R Re T B 45 A
RIPTR, B/t Bk 208 T A 51
TiO2(101) REB L. EEREG B R0 B, 1
BB R B IR B TiOo(101) F1H 102 5 1 (FE L H
ol =X VA BRI 0 A1 Sl o = VA B R S G N
N EALE) AR N2 R B TR JE 4
P28 5 . 1 TiO9(101) 2 1 (1) T )2 77 75 i
RLELAY 9 9 2 K0 3 (AR O TR, I8 43 5l 1F 5 3L
B TE 8 RE A5 Cu AN 5 67 S A7 #5201l o 2 A 3
A O JR PR RGRE /. Rk, 30 Cu@o,
N@O & & ¥ B & AL O JR 7 HIC A7 5043 ) A 2 A
ST AR TS RAE R, T Cu/N(EE) B4
1) TiO2(101) R, £ & TiA K%M F, CuO fl
NQO kT B RE I /N T HAh B 22tk R, L
AR 4 (b) f1E 4 () s, 1E& O FIAEKIAEE
™, Cu@Ti M EFATE e i /N T HAR B Ik R 45
RRWP, EETIZMFET, OBTHEAESHEN MCu
AR, TAEE O %M T, TidFHEA % Cu
UK. X T Cu F1 N LB H) TiO2(101) KIH

#3 Cu/NGEL) BARRMBIED TiO2(101) R Cu/N(FL) B4 1 TiO2 /MoSy 75 45 [ ik L B Ak
Table 3. Defect formation energy of Cu or/and N doped anatase TiO2(101) surface and TiO2/MoS2

heterostructure.

Ty A E BRIGTE RLHE / eV TiOy MoSs 1516 5 BRIETE RE eV
Ti-rich O-rich Ti-rich O-rich
Cu@Ti 11.997 —2.355 Cu@Ti 11.558 —2.795
Cu@O —5.123 2.054 Cu@O —5.786 1.390
N@Ti 17.153 2.801 N@Ti 17.388 3.035
N@O —1.869 5.308 N@O —2.064 5.112
Cu (IH]Bg) —2.130 Cu ([HIBR) —1.843
N ([EJBE) 4.711 N ([AIBR) 4.676
Cu@Ti&N@Ti 17.405 10.229 Cu@Ti&N@QTi 26.702 —2.003
Cu@Ti&N@O 10.120 2.943 Cu@Ti&N@O 9.437 2.260
Cu@O&N@Ti 9.861 2.685 Cu@O&N@QTj 9.938 2.761
Cu@O&N@O —9.146 5.708 Cu@O&N@O —9.157 5.196
Cu&N ([AIRR) 0.547 Cu&eN ([AIRE) 0.193
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Abstract

Anatase titanium dioxide (TiO2) has attracted much attention due to its excellent photocatalytic properties. How-
ever, the band gap of anatase TiO2 is 3.2 €V, which can absorb only about 4% of the ultraviolet light (A < 400 nm).
Molybdenum disulfide (MoS3) is a new layered two-dimensional compound semiconductor, and it has been widely studied
for its preferably optical absorption and photocatalytic properties. Moreover, the high recombination rate of photoexcited
electron-hole of monolayer MoS; leads to low photocatalytic efficiency. In this work, based on Heyd-Scuseria-Ernzerhof
(HSEO06) hybrid density functional theory, the geometric structure, electronic structure, optical properties, charge trans-
fer and effect of pressure on structure of Cu/N doped TiO2/MoS, heterostructures are systematically studied. The
interface interaction between anatase TiO2(101) surface and monolayer MoSz shows that TiO2 and MoS; form a van der
Waals heterostructure. The defect formation energy is calculated to demonstrate that Cu@QO&N@QO is the most stable
codoping site. The result of the density of states shows that the band gap of TiO2/MoS2 heterojunction is 1.38 €V,
which is obviously smaller than that of the pure anatase TiO2(101) surface (2.90 e€V). The band gap of Cu/N doped
TiO2/MoS; heterojunction obviously decreases, and an impurity band provided by Cu 3d orbitals appears in the forbid-
den band, which leads to the decrease of the photon excitation energy and the enhancement of the optical absorption
capacity. The z-y planar averaged and three-dimensional charge density difference of Cu/N doped TiO2/MoS; are also
calculated. It is found that there are electrons’ and holes’ accumulation in the doped anatase TiO2(101) surface and the
single layer MoSz, showing that the Cu/N doping can effectively reduce the recombination of the photoexcited electron
hole pairs. Calculated optical absorption spectra show that Cu/N doped TiO2/MoS: system has obvious improvement
in the absorption of visible light. In addition, we calculate the geometrical, electronic and optical absorption spectra
of TiO2/MoS2 heterojunction under different pressures. The results show that the appropriate increase of pressure can
effectively improve the optical absorption properties of heterojunction and Cu/N doped TiO2/MoS; heterojunction and
TiO2/MoS2 heterojunction can effectively improve the optical properties of the material. These findings are helpful in

understanding the photocatalytic mechanism and relevant experimental observations.
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