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Scheme S1 Synthesis procedure of the ligand ONO (4,8-dihydroxyquinoline-2-carboxylic acid).
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Fig. S1 FTIR spectra of the single TiO, NPs and its hybrid materials (Ru(N3)(ONO)/TiO,, RuN3/TiO, and
ONO/TiO;) with 0.25wt% loading amount.
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Fig. S2 UV-Vis absorption spectra and calibration curve of the Ru(N;)(ONO) in DMF solutions with

different concentrations.
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Table S1 Actual Ru(N;)(ONO)-loading amount of the hybrid materials with different additive amounts

Additive amount / wt% 0 0.05 0.13 0.25 0.50 0.10
Actual amount / wt% 0 0.04 0.10 0.20 0.37 0.71
(a) E = 4 5‘“ . Survey (b) Ru 3p
g = g2 - 4843
s = « gl B Ru 3p,,
g S I é
=~ (B} =- el N
= Ru(N_)(ONO)/TiO, = e bt
.y - z s, ~ Ru(N )(ONO) (light)
iy = £ s
'z g g7 z H
T Ru(N)ONO g ‘_E 484.4

TiO,

800 600 200

hay

Ru(N )(ONO)

1200 1000 400 0
Binding energy / eV Binding energy / eV
(©) RuN (ONO) Cls&Ru3d
RuN (ONO) (light)
R\ 2847
= !
]
&
E Ru 5(1“
= 281.1; :280.8
= i
—

1
291 288

1 1 1
285 282 279

Binding energy / eV
Fig. S3 (a) Survey XPS spectra of the TiO, NPs, Ru(N3)(ONO) complex and 0.25wt% Ru(N3)(ONO)
/Ti0,. High-resolution Ru 3p (b) or C 1s & Ru 3d (c) XPS spectrum of the Ru(N3)(ONO) complex in dark

or under 300 W Xe-lamp illumination for 15 min.
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Fig. S4 GC-MS chromatograms of CO/CH,4 produced from the photocatalyt
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Ru(N;)(ONO)/TiO; hybrid material and 13CO, (a) or '2CO, (b) gas as the carbon source.

S2

26

28

ic CO,RR system containing



100

L --“‘—\—l

& =

e | z £

I & Z

e ._] \n:/
] S o 2 7
g [ 9 5 E
Z 40F ‘5 =
R 2 2
o 20 = =
@ | =
of e
L ~

=20

Varipus photocatalysts
Fig. S5 CO selectivity of TiO, NPs, 0.25wt% hybrid materials and Pt loaded (Ru(N3)(ONO)/TiO,.
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Fig. S6 (a) DRS spectra of the Ru(N3)(ONO)/TiO, before/after the photoreaction. (b) UV-Vis spectra of

the Ru(N3)(ONO) in DMF solutions desorbed from the Ru(N;)(ONO)/TiO, before/after the photoreaction.
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Fig. S7 High-resolution Ti 2p (a), O 1s (b), N 1s (c) and C 1s (d) XPS spectra of the Ru(N;)(ONO)/TiO,
before and after the 12 h photoreaction.
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Fig. S8 Cyclic voltammogram of the Ru(N3)(ONO) complex in DMF solution at room temperature.
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Fig. S9 UV-Vis DRS spectrum (a) and its Tauc plot (b) of the (Ru(N3;)(ONO) complex.
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Fig. S10 VB XPS spectrum of the (Ru(N3)(ONO) complex.
Table S2 Electrochemical data of the Ru(N;)(ONO) complex
Complex E./Vvs. E.q/V vs. Eoo/ HOMO<“/V LUMO?/V vs.
P SCE SCE eV vs. NHE NHE
Ru(Il) complex 0.78 (Oxd,) —0.62 (Red)) 2.59 0.99 -1.60

@ Calculated with EHOMO = _(on + 471) eV. b Calculated with ELUMO = (EHOMO + E(),()) eV.

S4



(@) [RuN)©ONO) —omin | (b) [TiO
1.5- ’ _ - = -5 min 1.5F

Abs / a.u.

0.0

0.0

——0 min
— = -5 min
= =10 min

15 min

—
=== 30 min

240 270 300 330 360 390 420
Wavelength / nm Wavelength / nm

Fig. S11 UV-Vis absorption spectra of the NBT solution containing Ru(N;)(ONO) complex (a) or TiO,

NPs (b) in dark or under Xe-lamp irradiation.

240 270 300 330 360 390 420

(@)  fruN)©ONO) —omin | (b) frio, e —— 0 min
= = -5 min 4 - = -5 min
150 —~—-10 min 1508 —~—-10 min
15 min 15 min
----- 20 min ====- 20 min
wo 25 min 100+ 4 25 min

Abs / a.u.

Fluorescence intensity / a.u.
174]
=
T
n
[—]
T

=]

OF

1 1 1 L il L L 1 1
360 390 420 450 480 360 390 420 450
Wavelength / nm Wavelength / nm

Fig. S12 Fluorescence spectra of the TA solution containing Ru(N3)(ONO) complex (a) or TiO, NPs (b)

in dark or under Xe-lamp irradiation.
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Fig. S13 The fs-TA spectra in NIR region of (a) Ru(N;)(ONO) in MeCN:CH;0H (95:5) purged with Ar
gas for 15 min and (b) 0.25wt%Ru(N3)(ONO)/TiO, in MeCN:H,O (95:5) purged with CO, gas for 15 min.

Excitation with 400 nm light (200 pW).
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Fig. S14 Jablonski diagram for the photoinduced dynamics of Ru(N3)(ONO) complex in acetonitrile.
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