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Fig. S1. Radiation spectrum of 300 W Xe lamp used in this study as light source.
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Fig. S2. XRD patterns of Ni;Ge,O5(OH), and Niz;Ge,Os(OH),4 after NaBH, solution treatment.



a € @AAN]T Genesis QeNmMaps. sp< “"1:"'_ ':'3"” cledax3? genesis\genmaps.spec ““1;‘:‘:‘0 1115.9’:19
7 Element Wit% A1% 7 Element  Wit% At%
ﬁ.‘ CK 57.29 67.32 ke CK 64.40 78.84
" 1/|ox OK  35.16 31.02 1 - OK 18.81 17.28
|y NIK 0423 01.02 NiE | 0987 0247
SR GeK 03.32 00.64 ha GeK 06.93 01.40
kem | ) Matrix Correction | ZAF kcm| | DKa Matrix Correction ZAF
1 Gel.
e V|- lo.s - HiLa
| 1 0 Gela
‘A |
N L N | wm
\ NiKa
“
\ - Gek|
" KMWM“_’ A= g " HiKb
146 280 380 AW S 6N T Re 20 100 ’ 100 200 300 400 500 600 700 800 900 10
Energy - keV Energy - keV

Fig. S3. EDS analysis of the (a) NizGe,O5(OH), and (b) Ni/NizGe,05(OH),. For NizGe,Os(OH)y,
n(Ni) / n(Ge) = 1.02 / 0.64 = 1.59. For Ni/Ni3Ge,Os(OH)4, n(Ni) / n(Ge) =2.47 / 1.40 = 1.76. The

theoretical atom ratio of Ni:Ge in the Ni3;Ge,Os(OH); and Ni/Ni;Ge,Os(OH), are 1.50 and
n(Ni* ") + n(Ni°)

2
§n(Ni2 ")
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Fig. S4. HR-TEM lattice image of Ni;Ge,Os(OH), after annealing treatment for 1 h at 673 K under

flowing N,.



Fig. S5. HR-TEM image of Ni nanoparticles. Ni nanoparticles were prepared by direct reduction of

Ni(NOj3), by NaBH, solution at 273 K.
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Fig. S6. (a) UV-vis adsorption spectra for Ni nanoparticles and (b) Ni+Niz;Ge,Os(OH),. Ni
nanoparticles were prepared by direct reduction of Ni(NOs), by NaBH, at 273K.
Ni+Ni3Ge,Os5(OH)4 was prepared by mechanical grinding of Ni nanoparticles and Ni;Ge,O5(OH),4
according to the mole ratio of Ni?* to Ni° in Ni/Ni3;Ge,O5(OH),.
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Fig. S7. (a) XRD pattern and (b) Ge 3d XPS spectrum of Ni;Ge,Os(OH), with high crystalline.
Ni3Ge,O5(0OH), with high crystalline was prepared by hydrothermal method (453 K for 12h).



Fig. S8. Crystal structure of Ni;Ge,O5(OH),.
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Fig. S9. Quantitative FT-IR spectrum of Ni/Niz;Ge,Os(OH), and Ni;Ge,O5(OH)s,.
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Fig. S10. Valence-band XPS spectra of Ni/Ni3;Ge,Os(OH),; and Ni;Ge,O5(OH),.
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Fig. S11. Mott-Schottky plots for (a) Ni/NizGe,Os(OH),4 and (b) Ni;Ge,O5(OH), in 0.5 M Na,;SOy
aqueous solution with frequencies of 200 Hz, 500 Hz and 1000 Hz.



Fig. S12. (a) Specific surface area (b) and CO, adsorption quantity for the Ni/Ni;Ge,Os(OH), and
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Fig. S13. (a) Steady-state photoluminescence spectra of

Time (ns)

Ni/Ni3G€205(OH)4 and Ni3GCzO5(OH)4

under the excitation of 470 nm. (b) PL decay traces of Ni/Ni;Ge,Os(OH), and Ni;Ge,O5(OH), and
their corresponding fluorescence lifetimes under the excitation of 470 nm. The inset in Figure S11a

showed the enlarged PL spectrum for Ni/Ni3zGe,Os(OH)s.
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Fig. S14. CO and CHy, yields for Ni/Ni;Ge,Os(OH), under infrared light irradiation for 6 h.




al Nizp bl Nizp Ni2p,,
Ni 2p,,
5 =
Ll 51
2 Z
@ 15%| @ | Ni/Ni,Ge,0,(OH),+Vac. 6h
9 ..2 85%
= = 15%
Ni/Ni,Ge,0 (OH), after reaction
Ni/Ni,Ge, O (OH), +Vac. 6h+CO, ads. 6h
885 880 875 870 865 860 855 850 885 880 875 870 865 860 855 850
Binding Energy (eV) Binding Energy (eV)

Fig. S15. (a) Ni 2p XPS spectra for Ni/Ni3;Ge,05(OH), after reaction. (b) Ni 2p XPS spectra for
Ni/Ni3Ge,O5(OH)4+Vac.6h and Ni/Ni3Ge,O5(OH)4+Vac.6h+CO, ads.6h.
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Fig. S16. (a) Ge 3d and (b) O 1s XPS spectra for Ni;Ge,Os(OH), after reaction. (¢) Ge 3d and (d)
O 1s XPS spectra for NizGe,Os(OH), after vacuum irradiation for 6 h (denoted as
NizGe,Os5(OH)4+Vac.6h) and for Ni;Ge,Os(OH),+Vac.6h after CO, adsorption for 6 h (denoted as
Ni3Ge,O5(OH)4+Vac.6h+CO, ads.6h).
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Fig. S17. (a) Ni 2p XPS spectra for Niz;Ge,Os(OH), after reaction. (b) Ni 2p XPS spectra for
Ni3Ge,05(OH)4+Vac.6h and NizGe,0O5(OH)4+Vac.6h+CO, ads.6h.
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Fig. S18. FT-IR pattern for Ni;Ge,Os(OH),+Vac.6h and Ni;Ge,O5(OH)4+Vac.6h+CO, ads.6h.
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Fig. S19. FT-IR spectra of Ni/Ni;Ge,O5(OH),+Vac.6h and Ni/Ni3;Ge,Os(OH)4+Vac.6h after H,O
adsorption for 6h (denoted as Ni/Ni3Ge,O5(OH),+Vac.6h+H,0 ads.6h).
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Fig. S20. (a) FT-IR pattern of Ni/Ni3Ge,O5(OH)4, Ni/Ni3Ge,Os(OH)4 after reaction,
Ni/Ni3;Ge,Os5(OH),+Vac.6h. (b) FT-IR pattern of NizGe,Os(OH),, Ni3Ge,O5(OH), after reaction,
Ni3G€205(OH)4+VaC.6h.



Table S1. The gas yield of O, of Ni/Ni3;Ge,05(OH), and Ni;Ge,Os(OH),4

Photocatalysts Condition 0, yield (umol g,.1)
Ni/Ni3Ge,05(OH), Visible-light irradiation for 1h 1472
Ni;Ge,O5(OH), under vacuum 37
Ni/Ni3Ge,05(OH), Visible-light irradiation for 6h 1692
Ni;Ge,05(OH), under vacuum 82
Ni/Ni3Ge,05(OH),  Visible-light CO, reduction 897
Ni3;Ge,O5(OH), for 1h 14




