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Table S1 Crystallographic data of ZnPOM.

Ki10[Zns(H20)2(PW9034)2]- 24(H20)

Formula

K10Zn4O91.50P2W1sHa7

Formula weight 5535.09
p/ mm! 26.967
Deate./ g em™ 4.449
Crystal System Monoclinic
Space Group P2i/n
Colour White
a/A 12.283(3)
b/A 21.373(4)
c/A 15.622(3)
a/° 90
p/° 92.27(3)
v/° 90
V /A3 4097.9(15)
Z 2
R(reflections) 0.0484
wR: 0.0977
Parameter 578
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Fig. S1 The Tyndall effect of 30 uM ZnPOM solution in 0.1 M KHCO:s.
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Fig. S2 XPS analysis of ZnPOM. (a) Survey scan, (b) Zn 2p3, (c) K 2p, (d) W 4f, and (e) O 1s
spectra of ZnPOM.

S3



Absorbance

1 ] 1 1 1 1

L 1 " ' A P P L " 1 L
1300 1200 1100 1000 900 800 700 600 500 400

Wavenumber / cm™

Fig. S3 FT-IR spectrum of ZnPOM in KBr pellet.
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Fig. S4 EXAFS analysis of ZnPOM and CuPOM: (a) the respective EXAFS spectra, (b)
comparison of the distances between Zn (or Cu) and the nearest neighbouring elements in ZnPOM

(or CuPOM).
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Fig. S5 *'P NMR spectrum of ZnPOM in D20 solution.
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Fig. S6 Synthetic pathway and structure of TIr3.
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Fig. S7 Apparent quantum yield of photocatalytic CO2RR using ZnPOM and/or TIr3.
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Fig. S8 CV analysis of the respective component in 0.1 M KHCOs3 saturated with Ar or CO»: (a)
no component, (b) ZnPOM only (30 uM), (c) TIr3 only (30 uM), and (d) both of them dissolved

in 0.1 M KHCO:s.
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Fig. S9 Absorbance spectra of the respective solutions. The concentration of each component was

maintained as a constant: 30 uM CuPOM, 0.1 mM TIr3, and 0.05 M Na,SO3 in 0.1 M KHCO:s.
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Fig. S10 Optimization of photocatalytic CO2RR conditions using ZnPOM, TIr3, and Na>SOs. (a)
Amounts of CHs produced with different concentrations of ZnPOM. The concentrations of TIr3
and Na>SO; were kept constant at 0.1 mM and 0.05 M, respectively. (b) The amount of CHy4
produced with different concentrations of Na;SO3. The concentrations of ZnPOM and TIr3 were

kept constant at 30 uM and 0.1 mM, respectively.
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Fig. S11 Recycling test of photocatalytic CO2RR system under visible light irradiation during 2

hours.
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Fig. S12 The effect of ZnPOM on photochemical CO2RR using TIr3 and Na>SOs: open symbols
and dotted lines, with ZnPOM; closed symbols and solid lines, without ZnPOM.
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Fig. S13 Photochemical CO2RR using CuPOM. (a) Product yields and (b) selectivity of CO2RR
products over time. Photochemical CO2RR was carried out in 0.1 M KHCOs saturated with CO»
under the following conditions: 30 uM CuPOM, 0.1 mM TIr3, and 0.05 M Na,SOs.
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Fig. S14 Photochemical CO2RR using POMs with different metal ions such as Zn, Co, Cu, and
Ni (ZnPOM, CoPOM, CuPOM, and NiPOM, respectively). Photochemical CO2RR was carried
out for 2 hin 0.1 M KHCOs saturated with CO» under the following conditions: 30 uM POM, 0.1
mM TIr3, and 0.05 M NaxSOs.
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Fig. S15 Stern-Volmer plot for the quenching of TIr3 by ZnPOM.
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Table S2 Comparison of performance for CO2RR to CHs4 using various catalysts.

Catalysts Reaction medium CH4 production yield / pmol g! Ref.
g-C3N4 H>O vapor 2.55 S1
TiO: Isopropyl alcohol 1.2(5h) S2
Cu/TiO2 CO:z saturated H2O 0.024 umol g h! S3
CuO-TiO2 H20 vapor 2.1 pmol g' h! S4
Cu complex/P-25 H20 vapor 7 (24 h) S5
AuwHRTSO COz and H20 vapor 5.9 umol g h! S6
ZnPOM CO; saturated 0.1 M KHCO3 4.16 (6 h) This work
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Table S3 Comparison of rate constants and bimolecular rate constants in various photocatalytic

systems.
Bimolecular rate
Rate constants, kq Target
constant, Ksv System Ref.
D) reaction
M5
Ru(bpy)s**
#1 1.2x10° (2.1£0.4) x 10° Py OER® S7
+ RuPOM + NazS>0s
Ruthenium complex
8 x 106 8 x10° .
+ Keggin POM
#2 N.Ab S8
Ruthenium complex
21 x 106 21 x 10°
+ Dawson POM
Ru(bpy)s**
#3 N.A. 2.8 x 101 (bpy) HER® S9
MnPOM + TEOA
[Tr 2 (dtbb [PFe
#4 N.A. 2.7 %1010 bpy): (dibbpy)] ] HER® S10
+NiPOM + TEOA
Ir 2(dtbb PFe
#5 N.A. 4.1 x 101 [Ix(ppy)2(dtbbpy)I[FFe] HER® S11
+ CuPOM + TEOA
[r(2pq)2(bpy)][C1]: TIr3
#6 5.84 x 107 1.76 x 10! CO2RR This work
+ ZnPOM + Na2SO3

30xygen evolution reaction
"Not available

‘Hydrogen evolution reaction
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