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Table S1. Selected bond lengths (A) and bond angles (°) of 1-3.

Compound 1

Znl1-034 1.866(13) Culi-05 2.270(14)
Zn1-037 1.841(13) Cu2-02 1.936(13)
Zn1-035 1.856(14) Cu2-042 2.015(13)
Zn1-036 1.893(13) Cu2-041 2.246(13)
Cul-N1 2.022(17) Cu2-N3 1.969(17)
Cul-N2 1.974(18) Cu3-043 1.943(18)
Cul-051 1.968(14) Cu3- 044 1.974(17)
Cul-O5! 2.270(14) Cu3- 045 2.268(17)
Cul-O1 1.976(13) Cu3-N5 1.974(18)
035-Zn1-036 108.6(6) 02-Cu2-N5 92.8(7)
035-Zn1-034 107.9(6) 02-Cu2-N6 152.4(16)
037-Zn1-036 108.3(6) 02-Cu2-N7 105.2(18)
037-Zn1-035 111.1(6) 02-Cu2-N8 94.2(10)
037-Zn1-034 109.5(6) O1-Cul-O5! 109.4(5)
034-Zn1-036 111.4(6) 0O1-Cul-N1 154.3(6)
02-Cu2-042 88.0(5) 051-Cul-0O1 86.4(6)
02-Cu2-041 101.2(5) 051-Cul-0O5 88.0(6)
02-Cu2-N3 93.9(7) 0O51-Cul-N2 176.5(7)
02-Cu2-N4 169.5(6) 051-Cul-N1 97.8(6)
042-Cu2-041 89.7(5) N2-Cul-O1 95.7(6)
N3-Cu2-042 169.8(6) N2-Cul-O5! 88.6(6)
N3-Cu2-041 99.7(6) N2-Cul-N1 81.6(7)
N3-Cu2-N4 83.0(7) N1-Cul-O5! 96.1(6)
N4-Cu2-042 93.3(6) N6-Cu3-N5 81.4(7)
N4-Cu2-041 89.2(6) N6-Cu3-044 95.3(8)
Symmetry codes: (i) —x+1, -y, —z+1.

Compound 2

Zn1-040 1.901(17) Cul-041 1.95(2)
Zn1-038 1.903(16) Cu2-043 1.98(2)
Zn1-039 1.891(15) Cu2-044 1.97(2)
Znl1-037 1.906(17) Cu2-N3 2.02(3)
Cul-022 1.967(18) Cu2-042 2.33(3)
Cul-N1 2.04(2) Cu2-N4 1.98(3)
Cul-N2 2.00(3) O17-Culi 2.24(2)
Cul-O17! 2.24(2)

040-Zn1-038 111.0(7) 039-Zn1-040 107.7(7)
040-Zn1-037 109.2(7) 039-Zn1-038 109.7(7)
038-Zn1-037 110.2(7) 039-Zn1-037 109.1(7)
022-Cul-N1 169.3(8) 043-Cu2-N3 168.6(10)
022-Cul-N2 94.0(9) 043-Cu2-042 94.7(11)




022-Cul-0O17 102.1(7) 044-Cu2-043 91.4(10)
N1-Cul-O17 87.7(8) 044-Cu2-N3 94.4(10)
N2-Cul-Nl1 80.1(11) 044-Cu2-042 89.4(11)
N2-Cul-O17i 98.8(9) 044-Cu2-N4 175.6(10)
041-Cul-022 88.2(8) N3-Cu2-042 95.2(11)
041-Cul-Nl1 95.4(10) N4-Cu2-043 92.7(10)
041-Cul-N2 165.9(11) N4-Cu2-N3 81.8(10)
041-Cul-O17 94.4(10) N4-Cu2-042 88.7(11)
Symmetry codes: (1) —x+1/2, y—1/2, z; (i1) —x+1/2, y+1/2, z.

Compound 3

Zn1-035 1.890(8) Cu2-043 2.018(8)
Zn1-033 1.884(8) Cu2-05! 2.323(8)
Zn1-036 1.845(8) Cu2-N3 1.981(9)
Znl1-034 1.821(8) Cu2-N4 1.985(9)
Cul-039i 1.930(8) O5-Cu2ii 2.323(8)
Cul-0O1 1.946(8) Cu3-042 1.954(9)
Cul-N1 2.003(10) Cu3-N5 1.968(11)
Cul-N2 1.985(9) Cu3-N6 1.998(10)
039-Culi 1.930(8) Cu3-041 1.971(11)
Cu2-02 1.967(8)

033-Zn1-035 112.6(4) 02-Cu2-043 86.4(3)
036-Zn1-035 109.5(4) 02-Cu2-05 103.3(3)
036-Zn1-033 106.0(4) 02-Cu2-N3 94.0(4)
034-Zn1-035 107.5(4) 02-Cu2-N4 171.7(4)
034-Zn1-033 110.6(4) 043-Cu2-05! 84.6(3)
034-Zn1-036 110.7(4) N3-Cu2-043 167.5(4)
039ii-Cul-Ol 90.6(3) N3-Cu2-05 107.4(3)
039i-Cul-N1 175.6(4) N3-Cu2-N4 82.3(4)
039ii-Cul-N2 94.9(4) N4-Cu2-043 95.6(4)
01-Cul-N1 93.6(4) N4-Cu2-05 84.9(3)
01-Cul-N2 174.5(4) 042-Cu3-N5 169.0(4)
N2-Cul-N1 81.0(4) N5-Cu3-N6 82.2(4)
042-Cu3-N6 92.5(4) N5-Cu3-041 91.4(5)
042-Cu3-041 91.4(4) 041-Cu3-N6 164.9(4)

Symmetry codes: (i) —x+1/2, y—1/2, —z+1/2; (ii) —x+1, —y+1, —z+1.




Table S2. Continuous shape measures calculation for the Cu?* ions in 1-3.

PP-5 D5, Pentagon 29.895
vOC-5 Cyy Vacant octahedron 2.438
Culinl TBPY-5 Dsy, Trigonal bipyramid 2.509
SPY-5 Cyy Spherical square pyramid 2.030
JTBPY-5 Dsy Johnson trigonal bipyramid J12 5.863
PP-5 Dsy, Pentagon 30.516
vOC-5 Cyy Vacant octahedron 2.269
Culin2 | TBPY-5 Dsy Trigonal bipyramid 2.516
SPY-5 Cyy Spherical square pyramid 2.021
JTBPY-5 D3y Johnson trigonal bipyramid J12 6.912
PP-5 Dsy Pentagon 24.551
vOC-5 Cyy Vacant octahedron 1.954
Cu2in3 TBPY-5 D3y, Trigonal bipyramid 6.251
SPY-5 Cay Spherical square pyramid 1.572
JTBPY-5 Dsy, Johnson trigonal bipyramid J12 9.078

Table S3. The bond-valence sum (BVS) calculations of W, Zn and Cu for 1-3.

Atom Oxidation states Atom Oxidation states Atom Oxidation states
Wi 6.20 W1 5.75 W1 6.17
w2 6.16 w2 6.05 w2 6.06
W3 6.12 W3 5.94 W3 6.14
w4 5.95 w4 6.04 W4 6.08
W5 6.07 W5 5.80 W5 6.18
W6 5.99 W6 5.95 W6 6.20
w7 6.16 W7 6.09 w7 6.02
W8 6.15 W8 6.25 W8 5.99
W9 6.08 W9 6.22 W9 5.97

W10 6.11 W10 6.15 W10 6.00

Wil 6.10 W11 6.15 Wil 6.15

W12 6.13 W12 6.14 W12 6.07
Znl 2.66 Znl 2.35 Znl 2.69
Cul 2.08 Cul 2.04 Cul 1.91
Cu2 2.12 Cu2 2.01 Cu2 2.02
Cu3 2.16 Cu3 1.91




Table S4. Summary of the photocatalytic toluene oxidation over many photocatalysts.

Catalyst Substrate  T/°C  Light Solvent Oxidant  Conv. Sel. Ref.
source /% /%
p-BWO 1 mmol RT >400nm CH;CN O, 97 91 1
WO5/TiO, 50 umol  RT >300nm CH;CN O, 50 50 2
CdsS 0.2 mmol 60 visible CH;CN O, 13 52.5 3
light
Bi,WOg 8 mmol RT visible none 0, 0.5 95 4
light
Nb,Os-N 0.1 mmol 40 455 nm CH;CN O, 1.56 96 5
NbBA 1 mmol 30 uv none 0O, 27 54 6
45 visible none 0O, 15 70
light
Fe-UiO-66 50 umol RT UV CH;CN O, 70.1 19.3 7
Compound3 1 mmol RT >420nm CH;CN O, 17.3 97.6 This work
RT: room temperature; BA: benzyl alcohol.
Table SS. Photocatalytic oxidation of toluene under different catalysts.
Entry Catalyst t’h Atm Conv. (%) | Sel. (%)
1 (Me4N)[ZnW,040]-9H,0 | 12 0, 2.3 25.0
2 [Cu(bipy)(H,0);]-(NO3), | 12 0, <1 -
=[O ~ Compound 1 4 (b) - Compound 2
- .

Fig. S1 Energy dispersive X-ray spectroscopy (EDS) of 1 (a), 2 (b) and 3 (c), respectively.



(b)

| 1 | — ¢
L 2.80 % Compound 1 e i Compound 2
95 o5
2 =
[0} 20 (G
~ ~ 90
85
82°C 851 E 133 °C
80 : !
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Ti°C T1°C
(c)
| . t
100 Compound 3
95 4
xR
O
& 90
851 L 132°C
S .
0 100 200 300 400 500 600

T/°C

Fig. S2 TGA curves of 1 (a), 2 (b) and 3 (c), respectively.

The thermogravimetric analysis (TGA) of compound 1 (Fig. S2a) shows that it went through a
weight loss of 2.80 % in the temperature range of 25-82 °C, corresponding to the weight loss of
six free lattice H,O molecules (calc. 2.87%); this result is consistent with the content of H in free
lattice water by elemental analysis. After that, its framework started to collapse with a series of
complicated weight losses. For compound 2-3, the thermogravimetric (TG) behaviors are very
similar to each other. Herein only the TG behavior of 3 is described as the representatives. TGA of
3 (Fig. S2¢) shows that it went through a weight loss of 2.40 % in the temperature range of 25—
132 °C, corresponding to the weight loss of five free lattice H,O molecules (calc. 2.44%); this
result is also consistent with the content of H in free lattice water by elemental analysis. Then, its

framework kept stable until approximately 270 °C. After that, its framework started to collapse

with a series of complicated weight losses.



Fig. S3 Coordination geometries of Cul and Cu2, respectively, of compound 3.
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S4 UV-vis diffuse reflectance spectra of 1 (a) and 2 (¢) respectively, diffuse reflectance

UV-vis-NIR spectra of K-M functions versus energy (eV) of 1 (b) and 2 (d).
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Fig. S5 Absorption spectra of RhB solution in the presence of 1 under visible light.
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Fig. S6 Absorption spectra of RhB solution in the presence of 2 under visible light.
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Fig. S7 Absorption spectra of RhB solution in the presence of 3 under visible light.
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Fig. S8 PXRD patterns of 3 after (red) photocatalytic degradation of RhB and its simulated

one (black).



Fig. S9 Photocatalytic degradation of RhB by 1 in the presence of different radical scavengers.
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Fig. S10 Photocatalytic degradation of RhB by 2 in the presence of different radical
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