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1. Supporting Figures
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Fig. S1 XRD pattern of (a) single metal MOF precursor (b) single metal composite material.
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Fig. S2 (a) SEM pattern of ZIF-8 (b) EDS pattern of NiCu-GC.
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Fig. S3 XRD pattern of NiCu-GC.
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Fig. S4 EDS pattern of NiCu-GC-TiO..
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Fig. S5 TEM pattern of NiCu-GC.
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Fig. S6 XPS spectrums of derivatives O 1s.



Fig. S7 Schematic diagram of the dual active sites in the NiCu-GC and the charge transfer

situation.
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Fig. S8 XPS spectra of NiCu-GC-TiO, before and after cyclic reaction.
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Fig. S9 The EIS plot of different materials.
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Fig. S10 Photocatalytic activity of (a) Ni doped materials with different ratios (b) Cu doped

materials with different ratios.
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Fig. S11 Photocatalytic activity test of materials in pure water.
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Fig. S12 Photocatalytic activity of (a) Ni-GC-TiO; (b) Cu-GC-TiO, at different pH.
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Fig. S14 Simulated wastewater photocatalytic activity test (a) different concentration of

ammonia nitrogen (b) different concentration of sulphate
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2. Supporting Tables

Table. S1 Ammonia nitrogen test results after different reaction durations.

NiCu-GC-TiO, Ni-GC-TiO, Cu-GC-TiO,
Time N, NH, NH,
h) NOz' NO3' NOz' NO3_ NOZ_ NO3'
( removal removal removal
pmol/L pmol/L pmol/L. pmol/L pmol/L. pmol/L
pmol/L pmol/L pmol/L
0.5 96.79 0.35 1.05 39.95 0.64 1.21 95.96 2.87 1.13
1 141.15 0.58 2.14 68.89 0.93 2.47 139.37 3.69 2.29
2 166.67 0.75 4.03 89.95 1.32 4.82 169.31 4.27 4.73
4 179.89 1.26 5.52 105.82 2.36 10.85 182.28 7.76 10.15
6 203.60 1.75 6.34 121.69 3.02 15.72 203.70 11.32 15.89
8 231.22 2.30 6.89 145.50 3.75 21.83 231.48 15.86 21.47
10 259.79 2.811 7.23 161.38 4.06 25.99 261.64 19.84 25.31

12 278.49 332 7.47 161.38 4.00 27.63 288.10 23.31 27.13
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Table. S2 Cycle Test Comparison

Percentage of

Catalyst Cycles times Ref.
decline(%)

NiCu-GC-TiO, 5 1 This work
Von-NBCN 5 ~4 [1]
Cu,0@MgO 5 ~9 [2]

Ui0-66(Ce)/BiOBr 5 14.7 [3]
12FLTC/BCN 5 14 [4]
CR-TiO, 3 ~10 [3]
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Table. S3 The results for photocatalytic CO, reduction in recent literature.

Catalyst Reaction condition Product yield Ref.
) ) 10 mL H,O Formate This
NiCu-GC-TiO, ]
1 mM NH;-N 116.2uMin2h  work
2 mL H,O

NiC0204

CoNi-MOF

KGF-10

CTF-BP

NiCo-TiO,

Ni(pbi)(pyS).

Cu-NH,-MIL-125

Cug.05Zn; 95In,S¢
@CQDs-T

7.5 mg [Ru(bpy);]Cl,-6H,O
3 mL Acetonitrile

1 mL Triethanolamine

5 mL CH;CN/H,0
(v/iv=4:1)
0.43 mM [Ru(phen) 5] (PF¢),
0.43 M Triethanolamine

4 mL DMSO
0.1 M BIH

30 mL Acetonitrile

10 mL Triethanolamine

50 mL H,O
0.1 M Na,SOs
0.2 M CsOH

2 mL MeCN/ H,O
2mMeosin Y
400 mM TEOA

18 mL Acetonitrile
2 mL TEOA

50 mL H,O/CH;CN/TEOA
(v/viv=1:3:1)
16.5 mg [Ru(bpy)s]Cl,-6H,0

CO
10.5 mmol g! h!

CcO
1.16 mmol g! h!

Formate
58.8 umol in 5 h

CO

4.60 umol g! h'!
CHy4

7.81 umol g! h!

CH;COOH
22.6 umol g h'!

Formate
~98 umol in 6h

Formate
15.6umol g! h-!

CO
70.69 pmol g! h-!

[6]
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