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Fig. S1  Photocurrent-voltage characteristics of DSSCs based on the doped TiO, photoanodes under
illumination AMI1.5. ((C4H¢0)sTa, (C4HoO)sNb, and (CH;CO,);Sb are tantalum butoxide, niobium
butoxide, and antimony triacetate, respectively. The optimized molar ratios of Ta, Nb and Sb to Ti were
1:100. The molar ratio of F to Ti in TiO,-F, TiO,-Ta/F, TiO,-Nb/F, and TiO,-Sb/F samples was 0.75:100.
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Fig. S2 The general transmission line model of DSSCs.
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Fig. S3  Calculated total and partial density of states (DOS) for surfaces of anatase. (a) clean (101); (b)
clean (001); (c) F terminated (101); (d) F terminated (001). The insets are the clean surface and F adsorbed

surface models for anatase.
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Table S1

the DSSCs based on these samples.

Comparison of different doping element for TiO,/SnO,/ZnO and photovoltaic performance of

Doping . Injection  Transport  Electron Dye
Ref. CB shift . L . n (%)?
element efficiency rate Lifetime loading
DSSCs based on doped-TiO, photoanode
! wor 1 ! 6.64/7.42
2 weor positive ! 0 3.37/4.2
3 wor 1 1 1 4.14/8.71
4 Zn2t 1 1 5.18/5.73
3 Mg?* positive 1 1 — 6.35/7.12
6 Mg?* negative 1 ! -
7 Vst 1 ! ! 6.01/6.81
8 Ce*/Ce3  positive 1 — 6.4/7.12
9 Sb3* positive 1 1 — 7.36/8.13
10 R 1 43/5.2
1 Ag+ ! 1 1 4.74/6.13
12 Zn** negative 1 6.7/7.6
13 Zn?* 1 0.58/4.63
14 Zn2* negative 1 {(1sun) 7.8/8.3
negative 1 1(0.1sun) 6.2/7.6
15 Tas* 1 4.8/6.7
16 Nb ! 1 2.40/3.21
17 Nb 1 1 1 6.8/8.0
18 Nb positive 1 1 6.6/7.8
19 Nb 1 0 o
20 Nbs* 1 1 1 7.4/8.1
21 Eu’* negative 1 2.60/3.43
2 Cu? negative 1 5.8/8.1
3 Cr3 negative 1 7.1/8.4
24 Zr+ negative 7.0/8.1
2 Ni negative 1 1 1 5.2/6.75
26 Li* 0 1.96/2.60
b Sn*/F- negative 1 1 — 7.22/8.89
b Ta>* positive 1 ! — 7.22/8.3
b Ta>*/F- positive 1 1 — 7.22/8.78
b Nb>* positive 1 ! — 7.22/8.4
b Nb>*/F- positive 1 1 — 7.22/9.02
b Sb3* positive 1 1 ! — 7.22/8.36
b Sb3*/F- Positive 1 0 — 7.22/8.87
b F- ! 0 — 7.22/8.31
2 B3 positive 1 0 3.02/3.44
26 So* positive 1 1 5.56/6.91
27 F- 1 0 — 5.62/6.31
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28 I 1 1 4.9/7.0
2 N 1 ! 7.14/8.32
30 N 1 7/8
31 Zr+/N 1 0 1 9.6/12.62
32 N/F- positive 1 1 1 6.71/8.20
DSSCs based on doped-SnO, photoanode
33 Sb3* 1 2.8/3.5
34 Mg?* 1 0 1 0.85/2.03
3 Zn** negative 1 1 1.13/4.15
36 Zn2* 1 ---/3.00
37 N negative 1 1 1.07/2.31
DSSCs based on doped-ZnO photoanode
3 Eu’* positive 1 1 ! 1 4.5/5.7
39 Mg2* negative 1 1 1.97/4.11
40 A 1 1 0.205/0.298
4l Sn* 1 1 1.49/1.82
a2 B3 1 1 4.1/7.2
= N3- 1 1 0.67/2.64
44 N3- 1 2.2/5.0
& I 1 2.3/4.5
46 F- 1 1 1.04/3.43

aPhoton-to-electron conversion efficiency of DSCs with pure TiO; and the doped TiO,.

bData in our work.

¢t increase; |, decrease; —, no change.

Table S2  Flat band potential (Eg,) and donor density (Vy) of TiO, and the doped TiO, films

Samples  Eg/Vvs. SCE Ny (x10¥)/cm™
TiO, -0.530 0.93
TiO,-Sn -0.577 1.18
TiO,-F -0.515 0.90
TiO,-Sn/F -0.575 1.17
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Table S3 Photovoltaic characteristics of the DSSCs based on TiO, and the doped TiO, photoanodes.

. Jse (MA cm” Voe Dye loading
Samples Doping sources 5 FF n (%) 5 5
) (mV) (x107 mol cm™)
None 14.82+0.11  686+7 0.71+0.01 7.22+0.10 1.14+0.04
TiO,-Ta (C4Hg0)sTa 17.53+010 667+6 0.71+0.01 8.30+0.10 1.14+0.05
TiO,-Ta/F  (C4HyO)sTa+TiF4,  17.92+0.10 690+6 0.714+0.01  8.78+0.12 1.10£0.05
TiO,-Nb (C4Hy0)sNb 17.71+012  668+7 0.71+£0.00 8.40+0.12 1.13+£0.05
TiOp-Nb/F  (C4HoO)sNb+TiF,  18.28+0.12  695+7 0.714+0.01  9.02+0.11 1.16+£0.04
Ti0,-Sb (CH3CO,);5Sb 17.82+011  670+5 0.70+£0.02 8.36+0.11 1.15+0.03
TiO,-Sb/F  (C4HsO)sNb+TiF,  18.05+0.14 702+7 0.70+0.02 8.87+0.15 1.12+0.04
TiO,-F TiF, 16.67+0.11 70245 0.71+0.01 8.31+0.11 1.16+0.04
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