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1. Computational result

Table S1 The energy level of frontier molecular orbits for [0;SnCH,CH,COOCH;]*~ and Si;W,o-Co

Energy for HOMO Energy for LUMO
[0;SnCH,CH,COOCH;]* —4.591 eV —0.005 eV
Si; W»-Co —5.994 eV —4.324 eV

2. Crystal structure figures

Figure S1 ORTEP drawing of Si;W;o-Co-SnRCOQOCH; with thermal ellipsoids at 30% probability (All water
molecules, K, Na and H atoms were deleted for clarity)

Figure S2 ORTEP drawing of Si;W;o-Mn-SnRCOOCH; with thermal ellipsoids at 30% probability (All water
molecules, K, Na and H atoms were deleted for clarity)
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Figure S3 The packing arrangement of the polyoxoanions in Si;W19-Co-SnRCOOCH; (a) and Si, W1o-Mn-

SnRCOOCH; (b) along a, b, ¢ axes, respectively (All H, K and Na atoms, the isolated [C(NH,);]" cations and

crystal water molecules existed in the interspaces are omitted for clarity)

3. Selected bond lengths and angles

Table S2 Selected bond lengths (A) and angles (°) for Si;W;9-Co-SnRCOOCH;

Bond Length (A) Bond Length (A) Bond Length (A)
W1-019 1.717(12) W8-09 1.908(11) W15-058 2.338(10)
W1-010 1.821(10) W8-013 1.912(11) W15-031 1.945(11)
W1-013 1.910(10) W8-047 1.933(10) W16-023 1.703(11)
W1-037 1.921(10) W8-060 2.365(10) W16-030 1.883(11)
W1-02 2.097(10) W9-038 1.753(13) W16-029 1.896(10)
W1-011 2.267(11) W9-032 1.764(11) W16-057 1.917(13)
W2-040 1.717(11) W9-012 1.950(10) W16-067 1.935(11)
W2-045 1.881(10) W9-O14 1.966(10) W16-033 2.316(9)
W2-037 1.920(11) W9-024 2.102(10) W17-069 1.721(11)
W2-017 1.924(11) W9-062 2.232(10) W17-03 1.894(10)
W2-030 1.981(10) W10-064 1.701(11) W17-041 1.912(11)
W2-011 2.283(9) W10-026 1.817(10) W17-046 1.912(11)




W3-035
W3-02

W3-029
W3-047
W3-056
W3-060
W4-053
W4-01

W4-041
W4-043
W4-025
W4-05

W5-051
W5-04

W5-018
W5-028
W5-068
W5-022
W6-039
W6-020
W6-08

W6-063
W6-04

W6-058
W7-054
W7-049
W7-043
W7-07

W7-044
W7-05

W8-065

W8-06
Bond
019-W1-011

010-W1-02
02-W1-011

1.725(11)
1.832(10)
1.929(10)
1.954(10)
1.966(12)
2.317(10)
1.718(12)
1.746(11)
1.921(10)
1.927(11)
2.126(12)
2.249(11)
1.699(12)
1.877(10)
1.888(10)
1.902(11)
1.947(12)
2.294(10)
1.737(12)
1.835(11)
1.943(11)
1.947(10)
1.949(10)
2.319(11)
1.762(11)
1.772(11)
1.916(11)
1.933(11)
2.110(11)
2.249(10)
1.691(11)

1.908(11)
Angle (°)
167.1(4)
168.6(5)

80.6(4)

W10-050
W10-0O56
W10-O6

W10-060
W11-055
W11-027
W11-012
W11-09

W11-026
W11-062
W12-052
W12-025
W12-031
W12-03

W12-028
W12-022
W13-059
W13-024
W13-050
W13-016
W13-057
W13-033
W14-036
W14-034
W14-07

W14-063
W14-048
W14-058
W15-015
W15-044
W15-048

W15-08
Bond
065-W8-060

09-W8-047
047-W8-060

1.909(11)
1.948(12)
1.980(11)
2.303(10)
1.737(11)
1.757(11)
1.924(11)
1.927(12)
2.139(10)
2.231(9)

1.729(10)
1.818(11)
1.890(11)
1.976(11)
1.981(11)
2.313(10)
1.717(12)
1.834(10)
1.905(11)
1.956(11)
1.966(11)
2.322(10)
1.714(11)
1.848(10)
1.887(11)
1.929(12)
1.945(11)
2.342(10)
1.714(11)
1.828(12)
1.920(11)

1.930(12)
Angle (°)
175.1(5)
156.8(5)

76.4(4)

W17-068
W17-022
W18-066
W18-014
W18-016
W18-067
W18-017
W18-033
W19-061
W19-021
W19-046
WI19-018
W19-045
W19-042
Sn1-034
Sn1-021
Sn1-020
Sn1-010
Sn1-Cl1
Sn1-042
Col1-032
Col-054
Col-027
Col-0O1
Col-O1W
Col-02W
Cl1-C2
C2-C3
070-C3
071-C3
070-C4

Bond
015-W15-058

048-W15-031
048-W15-058

1.921(12)
2.376(10)
1.709(11)
1.884(11)
1.889(11)
1.921(11)
1.937(12)
2.365(9)
1.716(11)
1.835(11)
1.962(12)
1.964(11)
1.973(10)
2.323(10)
2.061(11)
2.064(10)
2.075(11)
2.085(10)
2.117(19)
2.184(11)
2.034(11)
2.044(11)
2.070(11)
2.090(10)
2.100(14)
2.225(12)
1.518(10)
1.513(10)
1.36(2)
1.20(2)
1.46(3)

Angle (°)
171.9(5)
161.2(5)

75.5(4)




037-W1-011 73.8(4) 06-W8-060 76.4(4) 08-W15-058 71.0(4)
040-W2-011 172.0(5) 038-W9-062 169.6(5) 023-W16-033 172.3(5)
045-W2-030 168.2(4) 032-W9-024 166.3(5) 029-W16-067 162.4(4)
037-W2-011 73.5(4) 012-W9-062 74.3(4) 057-W16-033 72.6(4)
030-W2-011 81.5(4) 024-W9-062 80.2(4) 067-W16-033 76.2(4)
035-W3-060 172.0(4) 064-W10-060 170.4(5) 069-W17-022 176.1(5)
029-W3-047 162.9(4) 050-W10-06 162.5(4) 03-W17-046 156.0(5)
047-W3-060 77.2(4) 056-W10-060 72.0(4) 068-W17-022 75.0(4)
056-W3-060 71.3(4) 06-W10-060 76.6(4) 03-W17-022 75.5(4)
053-W4-05 169.2(5) 055-W11-062 168.7(5) 066-W18-033 176.8(4)
01-W4-025 166.9(5) 027-W11-026 166.5(4) 016-W18-017 157.1(4)
043-W4-05 73.9(4) 026-W11-062 79.7(4) 016-W18-033 76.3(4)
025-W4-05 80.7(4) 012-W11-062 74.8(4) 067-W18-033 75.3(4)
051-W5-022 171.4(5) 052-W12-022 168.0(4) 061-W19-042 176.5(6)
04-W5-068 162.8(5) 031-W12-03 160.6(5) 018-W19-045 164.9(4)
028-W5-022 73.1(4) 03-W12-022 75.7(4) 046-W19-042 82.9(4)
068-W5-022 76.5(4) 028-W12-022 71.3(4) 018-W19-042 81.9(4)
063-W6-04 159.8(5) 059-W13-033 170.3(5) C1-Sn1-042 174.5(6)
039-W6-058 170.6(5) 050-W13-016 161.3(5) 020-Sn1-010 170.3(4)
08-W6-058 71.2(4) 016-W13-033 76.1(4) 021-Sn1-042 75.5(4)
063-W6-058 74.5(4) 057-W13-033 71.7(4) 010-Sn1-042 85.0(4)
049-W7-05 167.9(5) 036-W14-058 172.9(5) 027-Co1-01 177.1(4)
054-W7-044 165.6(5) 034-W14-048 158.1(5) O1W-Col1-02W 176.9(5)
043-W7-05 74.1(4) 063-W14-058 74.3(4) 032-Co1-01 87.3(4)
044-W7-05 79.3(4) 048-W14-058 74.9(4) 032-Col-O1W 87.0(5)
Table S3 Selected bond lengths (A) and angles (°) for Si;W;o-Mn-SnRCOOCH;
Bond Length () Bond Length (A) Bond Length ()
WI1-011 1.733(8) W5-033 1.855(8) W9-025 1.897(8)
W1-035 1.755(7) W5-02 1.915(4) W9-029 1.905(8)
WI1-04 1.914(7) W5-018 1.936(7) W9-013 1.910(8)
WI1-012 1.934(7) W5-019 1.945(7) W9-024 2.359(6)
WI1-06 2.131(7) W5-021 2.290(6) W10-036 1.69(2)
W1-031 2.228(7) W6-05 1.704(8) W10-01 1.944(4)
W2-023 1.710(7) W6-010 1.817(7) W10-026 1.984(8)
W2-08 1.778(7) W6-03 1.924(7) W10-033 2.011(7)




W2-025
W2-04
W2-032
W2-031
W3-022
W3-032
W3-09
W3-013
W3-017
W3-024
W4-07
W4-06
W4-09
W4-016
W4-028
W4-020

W5-027
Bond
0O11-W1-031

035-W1-06
06-W1-031
012-W1-06
023-W2-031
08-W2-032
04-W2-031
032-W2-031
022-W3-024
09-W3-013
013-W3-024
017-W3-024
07-W4-020
09-W4-016
016-W4-020
028-W4-020

1.918(8)
1.932(8)
2.117(7)
2.246(7)
1.710(8)
1.806(8)
1.923(7)
1.929(7)
1.962(8)
2.321(7)
1.720(8)
1.791(7)
1.889(7)
1.968(7)
1.994(8)
2.313(7)

1.709(7)
Angle (°)
168.3(3)

167.8(3)
80.6(3)
82.9(3)
167.0(3)
166.4(3)
74.0(3)
79.2(3)
171.6(3)
161.5(3)
76.6(3)
71.3(3)
169.1(3)
160.1(3)
76.1(3)
72.13)

W6-017
W6-029
W6-024
W7-015
W7-03

W7-028
W7-019
W7-014
W7-020
W8-034
W8-016
W8-012
W8-018
W8-014
W8-020
W9-030

W9-026
Bond
027-W5-021

02-W5-019

033-W5-021
018-W5-021
05-W6-024

03-W6-029

017-W6-024
029-W6-024
015-W7-020
03-W7-014

014-W7-020
028-W7-020
034-W§-020
016-W8-018
014-W8-020
016-W8-020

1.931(8)
1.941(7)
2.297(7)
1.716(8)
1.871(7)
1.890(8)
1.896(7)
1.952(7)
2.310(7)
1.703(7)
1.887(8)
1.887(8)
1.901(7)
1.908(8)
2.363(7)
1.701(7)

1.866(8)
Angle (°)
174.8(3)

167.5(4)
75.1(3)
82.7(3)
171.4(3)
161.6(3)
72.4(3)
76.1(3)
172.2(4)
161.2(3)
76.3(3)
73.9(3)
176.3(3)
156.7(3)
75.8(3)
76.3(3)

W10-010
W10-021
Sn1-0O1
Sn1-026
Sn1-033
Sn1-Cl
Sn1-010
Sn1-021
Mn1-08
Mn1-035
Mnl-O1W
Mnl-O2W
037-C3
038-C3
038-C4
Cl-C2

C2-C3
Bond
030-W9-024

026-W9-013
029-W9-024
013-W9-024
036-W10-021
01-W10-010
033-W10-021
010-W10-021
C1-Sn1-021
01-Sn1-010
033-Sn1-021
010-Sn1-021

O1W-Mnl1-O2W

08-Mn1-035#1

035#1-Mn1-035
08#1-Mn1-O1W

2.108(7)
2.183(7)
1.944(4)
1.984(8)
2.011(7)
2.082(10)
2.108(7)
2.183(7)
2.102(7)
2.148(7)
2.209(11)
2.254(11)
1.11(3)
1.313)
1.464(10)
1.511(10)

1.499(10)
Angle (°)
175.5(3)

156.8(3)
75.2(3)
75.9(3)
168.4(10)
169.6(4)
74.7(3)
82.5(3)
172.0(18)
169.6(4)
74.7(3)
82.5(3)
178.1(5)
172.0(3)
84.0(4)
87.0(3)

Symmetry transformations used to generate equivalent atoms: #1 x,-y+1,z



Table S4 Hydrogen bonds for Si;,W;o-Co-SnRCOOCH;

D-H..A d(D-H) (A) d(H...A) (A) d(D...A) (A) <(DHA) (°)
N1-HI1A...024 0.86 221 2.972(18) 148.2
N1-HI1A...026 0.86 2.40 3.00(2) 127.5
N1-HIB...051#8 0.86 2.05 2.896(18) 168.8
N2-H2A...024 0.86 2.29 3.035(19) 145.3
N2-H2A...038 0.86 2.47 3.163(19) 137.8
N2-H2B...063#6 0.86 2.02 2.86(2) 165.6
N3-H3A...036#6 0.86 2.15 2.991(19) 166.0
N3-H3B...068#8 0.86 2.02 2.872(17) 170.8
N4-H4A...065#9 0.86 2.18 3.02(2) 163.6
N5-H5A...02#3 0.86 2.46 3.206(19) 145.8
N5-HSA...030#3 0.86 227 2.915(19) 131.4
N5-HS5A...037#3 0.86 2.47 3.142(18) 135.6
N5-H5B...040 0.86 2.17 2.983(19) 157.3
N6-H6A...02#3 0.86 2.46 3.21(2) 146.4
N6-H6A...019#3 0.86 2.56 3.28(2) 142.5
N6-H6B...047#9 0.86 2.06 2.91(2) 172.3
N7-H7A...052#1 0.86 2.08 2.924(19) 168.4
N7-H7B...044 0.86 2.08 2.894(18) 157.9
N8-HSA...O12#4 0.86 2.23 3.038(19) 156.5
N8-HS8B...049 0.86 2.14 2.98(2) 167.6
N9-H9A...028#1 0.86 2.13 2.986(19) 172.0
N9-H9B...O12#4 0.86 2.52 3.266(19) 146.4
N9-H9B.. N1#4 0.86 2.61 3.20(2) 126.4
N10-H10A...O31#1 0.86 2.40 3.18(2) 150.9
N10-H10B...025 0.86 227 3.08(2) 156.8
N11-HI1A...055#4 0.86 2.27 3.05(3) 159.6
N11-H11B...053 0.86 2.46 3.22(3) 147.7
NI12-HI2A...014W#1 0.86 2.34 3.12(3) 150.9
N12-H12B...04#1 0.86 2.58 3.20(2) 130.0
N12-HI12B...08#1 0.86 251 3.29(2) 151.1
N13-H13A...046 0.86 2.65 3.30(2) 133.2
N13-H13A...061 0.86 2.13 2.93(2) 153.9
N13-H13B...04W#9 0.86 2.34 3.09(3) 145.6
N14-H14A...02943 0.86 2.56 3.30(2) 144.6




N14-HI14A...035#3 0.86 2.45 3.21(2) 147.4

N14-H14B...023#3 0.86 2.51 3.06(2) 122.0
N14-H14B...061 0.86 2.38 3.12(2) 145.6
N15-HI5A...019#9 0.86 2.51 3.00(2) 117.7
NI15-HI5A...035#3 0.86 231 3.10(3) 152.4
N15-H15B...04W#9 0.86 2.20 2.99(3) 151.7

Symmetry transformations used to generate equivalent atoms: #1 -x+1,-y+1,-z+1; #2 -x+2,-y+1,-z+1
#3 -x+1,-y,-z+2; #4 -x+2,-y,-z+1; #5 x,y+1,z; #6 x,y-1,z; #7 x-1,y+1,z; #8 x+1,y-1,z; #9 x-1,y,z

Table S5 Hydrogen bonds for Si;W--Mn-SnRCOOCH;

D-H..A d(D-H) (A) d(H..A) (A) d(D...A) (A) <(DHA) (°)
N1-HIA...O5#4 0.86 2.65 3.098(15) 113.4
N1-HIB...03 0.86 2.61 3.241(14) 131.6
N1-H1B...09 0.86 2.61 3.333(15) 141.9
N1-H1B...017 0.86 2.37 3.105(15) 143.8
N2-H2A...06#3 0.86 223 3.054(14) 161.1
N2-H2B...09 0.86 2.30 3.090(14) 153.7
N3-H3A...011#3 0.86 2.18 2.968(18) 151.6
N4-H4A...07 0.86 2.11 2.938(15) 161.5
N4-H4B...032#3 0.86 2.11 2.926(16) 157.4
N5-H5B...08W 0.86 2.20 3.02(4) 157.6
N5-H5B...08W#2 0.86 2.52 3.29(4) 149.9
N5-H5A...028 0.86 2.09 2.946(15) 174.6
N6-H6A...023#3 0.86 2.18 3.034(19) 173.8
N7-H7A...O845 0.86 2.10 2.938(13) 164.6
N7-H7B...025#1 0.86 2.33 3.097(14) 149.2
N7-H7B...030#1 0.86 2.58 3.259(15) 137.1
N8-HSA...026#1 0.860(10) 2.29(3) 3.145(15) 171(16)

Symmetry transformations used to generate equivalent atoms: #1 x,-y+1,z; #2 -x,y,-z-1; #3 -x+1/2,-y+1/2,-z;

#4 -x+1/2,-y+1/2,-z-1; #5 -x+1,-y+1,-z



4. Chemical and physical characterizations
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Figure S4 The simulated and experimental XRPD patterns of Si;W19-Co-SnRCOOCH; (a) and Si,W;o-Mn-
SnRCOOCH; (b)
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Figure S5 The IR spectrum of Si;W19-Co-SnRCOOCH;
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Figure S6 The IR spectrum of Si;W;,-Mn-SnRCOOCH;

As shown in Figures S5 and S6, compounds Si;W;9-Co-SnRCOOCH; and Si,W;9-Mn-
SnRCOOCHj; have similar IR spectra. Take Si;W19-Co-SnRCOOCH; for example, the peaks at
2929 and 2848 cm! are attributed to the organic group —CH,, and the v(N-H) peaks lie in the
3247-3186 cm™! region.[S! The v,i(COO") vibration and v(COQO") appears at 1718-1640 cm™'. The
peaks at 1002, 956, 893(sh), 869 and 748 cm™! can be ascribed to the characteristic vibrations of

Vas(Si=0,), vas(W=04), v(W/Sn-0y), and v(W-0,) of POMs, 52331 respectively (O, and Oq4 represent
9



tetrahedral and terminal O atoms, and O, and O, represent corner-sharing and edge-sharing O
atoms). The characteristic W/Sn—O,, asymmetric stretching vibration splits into two peaks (893 and
869 cm™!), which suggests that the POM subunits have a typical bivacant asymmetric structures.54
The appearance of a peak at 470 cm™! is assigned to the stretching vibration of Sn—O bond. Peaks at
553 ecm™! and 599 cm™! may be due to the antisymmetric and symmetric vibration peaks of Sn—C
bond.!S3] A peak at 3427 cm! is assigned to be lattice water molecules. All the results indicate the
presence of the estertin group and the POM framework in compounds Si;W;9-Co-SnRCOOCH;

and Si;W;o-Mn-SnRCOOCH;, which are in good agreement with the single crystal structural
analysis.
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Figure S7 TG curves of Si;W;9-Co-SnRCOOCH; (a) and Si; W1o-Mn-SnRCOOCH; (b)
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Figure S8 IR spectra of Si;W;9-Co-SnRCOOCH; (a) and Si;W15-Mn-SnRCOOCH;; (b)
after heating at 800 °C in air

As seen from the IR spectra of Si;W19-Co-SnRCOOCHj; (a) and Si;W1o-Mn-SnRCOOCH; (b)
displayed in Figure S8, the characteristic peaks of —CH, and —COO at 2925-2855 cm™! and
1632—1382 cm™! respectively still remained, and the peaks of Sn—O at 479-474 cm™! and the peak
of Sn—C at about 626 cm™! also can be seen, and the characteristic vibrations of POMs within 775-

1120 cm™ still exist, indicating that the introduction of TM and OM enhances the stability of the
two POM anions.

10
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Figure S11 UV-vis absorption spectra of multilayer films (Si;W19-Co-SnRCOOCHj;/Ti0,), (a), (Si;W19-Mn-
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absorbance at 242 nm vs the number of layers

o 5 10
m

(PSS/Ti0,)4 (c) films assembled on silicon substrate

20

(Inset) Relationship of

12



&=

w
L

Photocurrent Density / pA em™
— )

==

(@) (Si,W,,-Mn-SnRCOOCH /Ti0,), 5 >0
] Light off « 2.5
=
lLiighton el 520
.P — .;
£ ﬂ m [ £ 1.5
- -
[ ; § 1.0-
=
i 5051 -
A 000 :
1 2
: 00Time /s 00 M Number of bilayers
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Figure S14 Periodic on/off photocurrent response of (PSS/Ti0,), films (rn = 1-5) recorded in 0.1 mol L-! Na,SO,
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Figure S15 The recycle of (Si;W19-Co-SnRCOOCH;/Ti0,),, (Si;W1o-Mn-SnRCOOCH;/Ti0,)4 and
(PSS/Ti0,), composite films in photoelectrocatalysis in 0.5 mol L™! methanol
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Table S6 The redox potentials of frontier molecular orbitals of Si;W19-Co-SnRCOOCH; (TM = Mn, Co)

and TiO,
LUMO/CB (vs. NHE) HOMO/VB (vs. NHE)
Si,W1e-Co-SnRCOOCHj5 041V 345V
Si, W1o-Mn-SnRCOOCH; 042V 35V
TiO, 0.5V 27V
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