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Powder X-ray Diffraction (PXRD)

Powder XRD patterns were obtained using a Bruker D8 Advance X-ray diffractometer
with (A (CuKa) = 1.5405 A) radiation.

Fourier Transform Infrared Spectroscopy (FTIR)

The materials were recorded on KBr disk using a Nicolet NEXUS 670 spectrometer
between 400 and 4000 cm!.

Thermogravimetric Analyses (TGA)

They were carried out on a TA Instruments STA499 F5 thermobalance with a 100
mL-min! flow of nitrogen; the temperature was ramped from 20 °C to 800 °C at a rate
of 10 °C-min".

Single-crystal X-ray Diffraction (SCXRD)

A suitable crystal of (Ti,0Cu,)s, and (Ti;¢Cu,).s were mounted in a Hampton cryoloop
with Paratone® N oil cryoprotectant. Intensity data collections were carried out at T =
150 K with a Bruker D8 VENTURE diffractometer equipped with a PHOTON 100
CMOS bidimensional detector using a high brilliance IpS microfocus X-ray Mo Ka
monochromatized radiation (A = 0.71073 A) and Cu Ka monochromatized radiation
(A= 1.54178 A). With the aid of Olex2, the structure was solved with the ShelXT
structure solution program using Intrinsic Phasing and refined with the ShelXL
refinement package using Least Squares minimization. Further details about of the
crystal structure determinations may be obtained free of charge via the Internet at
https://www.ccdc.cam.ac.uk/ CCDC 2277134 and 2277142.

UV-Vis absorption spectra (UV)

Solid state UV-Vis absorption spectra were acquired on a Carry 5000
spectrophotometer, in which the range of wavenumber was setted at 200 to 800 nm.
Liquid UV absorption spectra were acquired on UV-5000PC (METASH), in which the
range of wavenumber was setted at 250 to 800 nm.

Cyclic Voltammetry (CV)

Cyclic voltammetry (CV) experiments were carried out at room temperature in CHCl;
on an electrochemical station (CHI 660E, China). All CV experiments were performed



using a glassy carbon (GC) electrode with a diameter of 3 mm as the working electrode.
The electrode surface was polished routinely with 0.05 um alumina—water slurry on a
felt surface immediately before use. The counter electrode was a Pt wire and the
reference electrode was a Ag/AgCl (KCl-saturated).

Linear sweep voltammetry (LSV)

Linear sweep voltammetry (LSV) experiments were carried out at room temperature on
an electrochemical station (CHI 660E, China). The two crystals were ground to a
thickness of 0.07 cm and a diameter of 0.8 cm, and then copper wires were fixed to the
crystals using conductive silver glue. The samples were left overnight for testing.

Materials and reagents

All starting materials and regents were purchased from commercial suppliers and used
without further purification. salicylic acid and Ti(O’Pr)4 were purchased from Energy
Chemical. CuCl,-2H,0O (AR), and CH;0H (AR) were purchased from Sinopharm
Chemical Reagent Co., Ltd., China.

Synthesis and Experimental Section.

The synthesis of [HyTiioCuz(p2-0)6(3-0)2(sal)s(OCH3)16]
(TimCuz)CS:

A total of 17.1 mg of CuCl,-2H,0 (0.1 mmol), 27.6 mg of salicylic acid (0.2 mmol),
and 4 mL of CH;0OH were mixed in a 20 mL glass bottle, and then 31 pL of Ti(O'Pr),
(0.1 mmol) was added. The solution was sonicated for 5 min and then transferred to an
oven at 60 °C for 3 days. After cooling, green crystals were obtained, washed with
EtOH, and then dried at room temperature (yield ~40%).

The Synthesis of [H6Ti10CUZ(u2'O)6(M3'O)2(Sal)g (0CH3)18]
(Tilocu2)5p3

A total of 34.2 mg of CuCl,-2H,0 (0.2 mmol), 55.2 mg of salicylic acid (0.4 mmol),
and 8 mL of CH;0OH were mixed in a 20 mL glass bottle, and then 62 pL of Ti(O'Pr),
(0.2 mmol) was added. The solution was sonicated for 5 min and then transferred to an
oven at 60 °C for 2 days. After cooling, yellow crystals were obtained, washed with
EtOH, and then dried at room temperature (yield ~60%).



Structure

Figure S2. The structure of the (Ti;Cu,)sp.
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Figure S3. The structure of the (Ti;gCu,)es.
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Figure S4. The ABAB stacking in (Ti;oCuy)sp.
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Figure S5. The bond lengths (A) of relative Cu-O in (TijCuy)sp.



Figure S6. The bond lengths (A) of relative Cu-O in (TijgCuy)cs.

Figure S7. The angle between selected ligands in (Ti;jgCuy)gp.



Figure S8. The angle between selected ligands in (TijgCuy).s.
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Figure S9. The angle between selected ligands in (Ti;jgCuy)gp.
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Figure S10. The angle between selected ligands in (TijgCuy)s.

Figure S11. The CH---m interaction in (Ti;gCuy)gp.



Figure S12. The CH: - ‘& interaction in (TijgCuy).s.



Table S1. Crystal data and structure refinement for the two compounds.

Compound (Tiy Cuy)y, (Ti;)Cu,),,
Empirical formula C,4Hy,Cu,04,Ti, C;7H4CuO,5Ti
Formula weight 2389.57 1193.78
Temperature/K 150.0 150.0
Crystal system monoclinic monoclinic
Space group P2,/c P2,/c
a/A 16.9694(14) 13.4289(8)
b/A 20.0230(16) 15.1203(9)
c/A 15.9095(12) 23.7368(14)
o/ 90 90
pre 108.640(3) 101.976(2)
v/° 90 90
Volume/A3 5122.1(7) 4714.8(5)
V4 2 4
Peatcd/cm’ 1.549 1.682
wmm! 1.230 8.138
F(000) 2432.0 2428.0

Crystal size/mm?
Radiation
20 range for data collection/®
Index ranges
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / ¢ A=

0.11 x 0.1 x 0.09

Mo Ko (= 0.71073)

4.716 to 55.154

22<h<22,-26<k<26,-19<1<20

96590

11787 [Rjy = 0.0526, Ryigms

int
11787/43/639
1.143

R1=0.1058, wR2 = 0.2654
R1=0.1113, wR2 =0.2684

2.57/-2.05

=0.0306]

0.15 x 0.1 % 0.08
CuKa (L= 1.54178)
9.132 to 137

39028
8617 [Ryy, = 0.0445, Ry
8617/6/629
1.062
R, = 0.0323, wR, = 0.0925
R, = 0.0340, wR, = 0.0978

1.28/-0.85

Table S2. Selected bond lengths (A) and angles (° ) for the two compounds.

(TiwC“z)sp
Cul-023 2.0694(1) Cul-Ol11 2.1819(1)
Cul-O9 1.9589(1) Cul-O14 2.8603(2)
Cul-017 1.9885(1) Cul-Ol15 2.8629(2)
Cul-024 2.7397(2) Cul-021 1.9808(1)
Cul-023-C38 134.655(5) Cul-O11-C33 118.907(5)
(TiypCuy) g
Cul-023 1.9544(1) Cul-O19 2.7080(2)
Cul-0O19 1.9785(1) Cul-09 1.9541(1)
Cul-021 1.9760(1) Cul-0O12 2.8028(1)
Cul-022 2.8415(1) Cul-O14 2.8169(1)
Cul-O19-C18 142.429(3) Cul-023-C35 121.529(4)

-16<h<16,-17<k<18,-25<1<28

=0.0352]



Powder X-ray diffraction (PXRD)

The Powder X-ray diffraction (PXRD) patterns for (Ti;yCu,)es and (Ti;oCuy)s, can
be compared with the simulated pattern obtained from the X-ray single-crystal
diffraction analysis. Their peak positions are in good agreement with each other,
indicating the phase purity of the products. The differences in intensity may be due
to the preferred orientation of the powder samples.
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Figure S13. PXRD pattern of (TijgCuy)cs.

Exp
—— Sim

Intensity

Sadha i aome
T

10 20 30 40 50
20/degree
Figure S14. PXRD pattern of (TijoCuy)sp.



Fourier Transform Infrared Spectroscopy

(FTIR)
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Figure S15. IR spectra of (TijgCuy)cs.
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Figure S16. IR spectra of (TijgCuy)gp.



Thermogravimetric analyses (TGA)
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Figure S17. Thermogravimetric analysis trace of (TijgCuy)es.
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Figure S18. Thermogravimetric analysis trace of (TijgCuy)sp.

The thermogravimetric tests with heating rate of 10 °C / min in nitrogen atmosphere

show continuous weight loss from room temperature to 300 C,corresponding to the



elimination of coordinated solvent molecules, after which the structures begin thermal
decomposition.

UV-Vis absorption spectra (UV)
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Figure S19. Solid-state UV—vis absorption spectrum of (Tij¢Cu,),, and (TijgCuy),s.
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Figure S20. Tauc plots of (Ti;¢Cuy)sp and (TijgCuy).



Electrochemistry

The electrochemical properties of (Ti;joCuz).s and (TijgCu,)s, were determined in
CHCI; solution with 0.1M TBA-PF. Electrochemical station (CHI 660E, China) was
used to perform all the electrochemical experiments at room temperature via the
conventional three-electrode electrochemical cell consisting of a platinum wire as
the counter electrode, a Ag/AgCl (KCl-saturated) as the reference electrode, and a
Glassy carbon electrode as the working electrode. As is shown in Figure S21 and
Figure S22, (Ti;¢Cuy). displays two pairs of reversible redox peaks in the potential
range of 0 V to 1400 mV, these peaks were attributed to the redox process of the
Ti'"V and Cu" centres. The cyclic voltammetry curves of (Ti;pCu,).s and (Ti;pCuy)sp
show oxidative peaks at + 0.77 V and + 1.17V, and reductives peak at + 0.67 V and
+1.05 V, which corresponds to the redox couple of Cu(Il) and Ti (IV), respectively.
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Figure S21. Cyclic voltammogram of (Ti;oCu,). at a scan rate of 50 mV s 1.
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Figure S22. Cyclic voltammogram of (Ti;gCuy)sp at a scan rate of 50 mV s
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Figure S23. The conductance of blank ranging from -0.2 to 0.2 V.



Photocatalytic CO, reductions activity measurement

Photocatalytic reduction of CO, was performed in a 250 mL quartz reactor with as-
prepared crystal. Photocatalyst (10mg) was added into the mixed solution which
contains H,O (38 mL), acetonitrile (4 mL) and triethanolamine (TEOA, 4 mL) as an
electron donor and [Ru(bpy);]Cl,*6H,0 as a photosensitizer. After degassing with
high-purity CO, to remove dissolved O, for 30 min. Light source is the xenon (Xe)
lamp (300 W, CEL-HXF300-T3, CHINA EDUCATION AU-LIGHT, China). The
reaction temperature was controlled at 303 K by using the cooling water circulation.
The gas products analyzed by gas chromatograph (FULI GC9790II gas chromatograph,
China) with flame ionization detector.

Photoelectrochemical (PEC) measurements were performed on an electrochemical
workstation (CHI 660E, China) in a standard three-electrode cell using a Pt wire and an
Ag/AgCl electrode (saturated KCIl) as the counter and reference electrodes,
respectively. The working electrode was prepared on fluorine-doped tin oxide (FTO)
glass with its boundary being protected by Scotch tape. The as-synthesized powder (2
mg) was dispersed into 0.4 mL of C2HsOH under sonication for 30 min to obtain a
colloidal dispersion. The dispersion was drop-casted onto the FTO glass. After natural
air drying, the uncoated part of the FTO glass was isolated with epoxy resin glue.
Na,SO,aqueous solution (0.2 M, pH = 6.8) was used as an electrolyte. A solar simulator
was utilized as a light source for the measurements.
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Figure S24. Transient photocurrent response of ((TijgCu,)s, (black) and (TijgCuy)es
(red).
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Figure S25. GC analysis of the gaseous reaction products for (Ti;oCu;).s (black) and
Control Group (no photosensitizer, red ) by using the FID. The amount of gas product

is calculated from the peak area.
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Figure S26. GC analysis of the gaseous reaction products for (Ti;0Cu,)s, (black) and
Control Group (no photosensitizer, red) by using the FID. The amount of gas product

is calculated from the peak area.
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Figure S27. UV spectra of the (Ti;9Cu,)s and (T1;0Cuy)s, in chloroform after a week.



Table S3. Comparison of the activity of photocatalytic CO, reduction between the
catalysts in this work and those reported in the literatures.

. Sacrificial Activity
Entry Catalyst Light source agent Product (umol-g'-h") Refs
Cu,0@Cu@Ui | 300 W Xe 1
1 O-66NEL lamp TEOA CcoO 20.9
2 Cu,0-111-Cu® 30? W Xe None CcO 78.4 2
amp
. . 300 W X
3 | TiO,@Bi;MoOy lamp © None Co 30.6 3
100 W X Cco 109.33
4 ZnTCPP/TiO, ¢ TEOA 4
lamp
CH, 9.94
5 | 15% P(Cu)/TiO, | 0(1) WXe | None co 37.21 3
amp
Four UV
6 Bi,WO4/TiO, illumination None CH, 1.06 6
6 W lamps
0.5 Ag-0.5 300 W X €O 13.19
.5 Ag-0. e ;
7 Cu,0/Ti0, lamp None
CH, 1.74
NH,-MIL-125- | 300 W Xe .
8 Ni 1%/Ti lamp TEOA co >
NH,-MIL 300 W X o 825
9 atandl © | TEOA 9
125(111) lamp
CH, 1.01
Co 273
300 W Xe 0
10 | CuO,@p-ZnO lamp TEA CH, 17.9
C,H, 2.7
1| | CuNCs@MOF- | 300 W Xe TEOA o 1 B
801 lamp
12 CuCo,0,-400 | 00 WXe TEOA CcoO 229 12
lamp
13 Cw/TiO, 300WXe | None Co 15.27 13
lamp
14 Cu/CeO,, 300WXe | \one co 1.65 14
lamp
15 0-Fe,0,/Cu,0 | 00 W Xe None CcoO 3.34 15
lamp
33% wtCo- 300 W Xe B
16 MOF/Cu,0 Jamp None CO 3.83




CO 3.47
17 Cu’/Ce0,-TiO, 300 W Xe None CH, 1.52 17
lamp
C,H, 4.51
Cu/CsPbB 300 W X o 1.6
18 WASLD.OL5- W Xe None 18
Cs4PbBry lamp
CH, 13.4
19 SiWoNiy 300 W Xe TEOA CO 15.3 19
lamp
LED light
20 C016-V4 ( A =450 TEOA CO 1.04 20
nm)
. 300 W Xe
21 Vi2Bi1s = Ni Jamp TEOA CcO 3.2 21
Ti;(C 300 W X o 24 Thi
22 ( 110 u2)cs € TEOA 18
lamp work
CH, 11
. 300 W Xe This
23 (T110Cuy)sp lamp TEOA CH, 11.5 work

TEOA: Triethanolamine, TEA: Triethylamine, TIPA: Triisopropanolamine.
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