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Table S1 Crystallographic data for BHU-1

Empirical formula C36H335CoMo4N40;;
Formula weight 1321.39
Crystal system triclinic

Space group P-1
a(A) 12.6447(13)
b (A) 13.9655(13)
c(A) 14.9485(14)
a(°) 63.048(2)
B(°) 67.079(2)
v (°) 69.823(2)
V (A3) 2121.2(4)
Z 2
D, (g/cm?3) 1.984
M (mm1) 1.616
F(000) 1246.0
Reflections collected 12226
Unique reflections 7502
Rint 0.0364
GOF 0.971
R2[1>=20(1)] 0.0424
wR," (all data) 0.0989
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Table S2 Bond lengths [A] and angles [°] for BHU-1

Co(1)-0(4)#2 2.024(4) 0(1)-Co(1)-N(1)#3 94.83(17)
Co(1)-0(1) 2.100(4) 0(1)-Co(1)-N(3)#4 88.90(18)
Co(1)-0(3) 1.993(4) 0(3)-Co(1)-O(4)#2 122.61(17)
Co(1)-0(2) 2.363(4) 0(3)-Co(1)-0(1) 89.74(17)

Co(1)-N(1)#3 2.164(5) 0(3)-Co(1)-0(2) 146.56(17)

Co(1)-N(3)#4 2.203(5) 0(3)-Co(1)-N(1)#3 92.97(17)

0(4)#2-Co(1)-0(1) 146.74(16) 0(3)-Co(1)-N(3)#4 88.01(17)
0(4)#2-Co(1)-0(2) 88.58(16) N(1)#3-Co(1)-0(2) 98.50(16)
O(4)#2-Co(1)-N(1)#3 91.25(17) N(1)#3-Co(1)-N(3)#4 176.15(19)
O(4)#2-Co(1)-N(3)#4 85.09(17) N(3)#4-Co(1)-0(2) 82.64(16)
0(1)-Co(1)-0(2) 58.18(15)

Symmetry code for BHU-1: #2-X,2-Y,1-Z; #3-1+X,+Y,14Z; #+X,+Y,-1+Z

Table S3 Bond Valence Sum (BVS) calculations of all Mo, Ni and selected O atoms in BHU-1

1-BVS
Mol 5.96 o1 1.78
Mo2 6.03 02 1.64
Mo3 6.02 03 1.86
Mo4 5.85 04 1.86

Col 1.82

Table S4 The reported complexes based on POMs and viologen ligands

Compound Dimension Ref
Co,(bpdo)s(H,0)e](a-GeW1,040)}-4H,0 1D [1]
[Cos(bpdo)s(H,0)15][Coa(H20),(B-0-PW5034),]-bpdo-10H,0 2D
[Cu2(CPBPY)4(H0)2][PW1,040] [OH]-6H,0 2D [2]
[Cu(H,0)5(CPBPY),(CuHPW1,034)]-7H,0 1D [3]
(Bpyen)»(Mog05)]-2H,0 0D [4]
[(Pbpy)2(Mo0g026)]-4H,0
[Ag'(bmypd )o5(B-M05O26)0.5] 2D [5]
[Ag'y(bypy)a(HSiIW1,040),]- 14H,0 oD
[Ag'(bypy)(y-M0g026)o.5] 2D
[Cu(PBPY);[SiW1,040] 1D [6]
(MeaNH,)3[PW11Zn040] oD (7]
[6-M0gO¢](L)2-2H,0 oD [8]
[(AVZ*)(p-AV)(EuW10036)]n"2nH,0 1D [9]
(AVZ)[H,W1,040]-5H,0 oD



(C14H11N40)2[M0gO 6] oD [10]
{[Co,(bpd0)4(H,0)6](0-GeW1,040)}+4(H,0)}, 1D [11]

Table S5 Conversion and selectivity of the oxidation of CEES to CEESO in every 1 min and under

different solvents

Entry H,0, Catal. Solvent Light Time Conv. Sele.
(mmol) (umol) (min) (%) (%)

1 0.5 4 C,HsOH  Visible 5 98 97
2 0.5 4 CHsCN Visible 5 10 67
3 0.5 4 CH,Cl, Visible 5 9 14
4 0.5 4 C,HsOH  Visible 1 38 86
5 0.5 4 C,HsOH Visible 2 67 92
6 0.5 4 C,HsOH  Visible 3 84 94
7 0.5 4 C,HsOH Visible 4 92 95
8 0.5 4 C,HsOH  Visible 5 98 97

Table S6 The concentration of Co ions in the solution after the photocatalytic reaction

Cycles Co ions concentration (ppm)
1 0.223
2 0.275
3 0.237
d) Co2p 780.7 ¢V b) Mo 3d 2324 eV
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Fig. S1 The XPS spectra of 1: a) Co 2p, b) Mo 3d, c) O 1s and d) N 1s.
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Fig. S2 The EPR spectrum of BHU-1.

The high resolution XPS spectra for Co 2p appear at 780.7 and 796.7 eV corresponding to Co
2p3/; and Co 2py/; and obvious shake-up satellite features for Co 2p;/, and Co 2p;;, were also
observed at 785.9 and 801.9 eV, respectively [12, 13]. The peaks of Mo 3d at 235.6 eV and 232.4
eV are assigned to Mo 3ds;, and 3ds, orbitals of Mo®* [14]. The O 1s state always contains low
binding energy peak (LP) and high binding energy peak (HP) centred nearly at 530.4 and 531.4 eV
[15]. The XPS N 1s spectra can be divided into 398.0 eV, 399.3 eV, which may be related to the N
of pyridine and quaternary ammonium salt, the extra small peak at 401.9 eV corresponds to the
nitrogen atom of the pyridyl radical with the EPR spectrum has a typical weak signal for the
bipyridinium radical [16-19].
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Fig. S3 Two types of coordination modes of bcbpy ligand: a) mode I, b) mode II.

Fig. S4 The hydrogen-bond [C5-H5+:-011: 2.982(10) A] interaction between [0-MogO,6]* clusters
and [Co,(bcbpy)g]**.
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Fig. S6 IR spectrum of BHU-1.
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Fig. S7 Comparison of the experimental and simulated PXRD patterns of BHU-1.
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Fig. S8 TG and DTG curves of BHU-1.
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Fig. S9 UV-Vis-NIR absorption spectrum of BHU-1.
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Fig. S10 Mott-Schottky plot of BHU-1.
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Fig. S11 EIS Nyquist plots of the BHU-1 in 0.5 mol/L Na,SO, solution under visible light irradiation.
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Fig. $12 The conversion and selectivity of CEES to CEESO after 3 cycles.
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Fig. S13 The a) IR and b) PXRD spectra of BHU-1 before and after 3 cycles for the oxidation of CEES.
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Fig. 14 Absorption spectra of the reduction of Cr,0,% a) in the dark and b) without C,HsOH.
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Fig. S15 The a) Co, b) O, c) Mo, d) N XPS spectra of BHU-1 before and after photoreduction.
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Fig. S16 The decolorization rate of RhB under visible light irradiation after 3 cycles.
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Fig. S17 a-c) Absorption spectra of the MB solution in the presence of BHU-1 under full spectrum,
visible, and NIR light irradiation, respectively.
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Fig. S18 Absorption spectra of the RhB solution in the presence of C,HsOH under the visible light
irradiation.
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Fig. S19 a-c) The linear plot of In(cy/c) vs. reaction time (t) of CEES, Cr(VI) and RhB. d) Absorption
spectra of the reduction of Cr,0,% under visible light irradiation every 5 min.
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Fig. S20 EPR spectra of DMPO-adducts: a) ‘O, and b) -OH for BHU-1.
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