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Figure S1. Photographic picture of photothermal catalytic reaction devices.
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Figure S2. PXRD patterns of Ni-MOFNs, Co-MOFNs, and NiCo-MOFNs, as 

compared to the corresponding powder pattern.1 
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Figure S3. SEM images of a) Ni-MOFNs, b) Co-MOFNs, and c) NiCo-MOFNs.

Figure S4. TEM image of NiCo-MOFNs.
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Figure S5. TGA curve of a) Ni-MOFNs, b) Co-MOFNs, and c) NiCo-MOFNs in N2 

atmosphere with a heating rate of 5 °C min-1. 
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Figure S6. PXRD patterns of Ni/C、Co/C、NiCo/C, as compared to the corresponding 
powder pattern (Ni, PDF#04-0850, and Co, PDF#15-0806).



7

Figure S7. Raman spectroscopy of the NiCo/C.
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Figure S8. Particle size distribution of NiCo alloy nanoparticles in the NiCo/C.
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Figure S9. Full XPS spectra of Ni/C, Co/C and NiCo/C.



10

Figure S10. XPS spectra of C 1s for Ni/C, Co/C and NiCo/C.
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Figure S11. Mass spectra of 13CO (inset) produced over NiCo/C.
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Figure S12. Temperature changes over Ni/C, Co/C and NiCo/C under light irradiation.
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Figure S13. In situ DRIFTS spectra of NiCo/C catalyst a) under light irradiation, b) at 

290 °C in dark, c) at 290 °C under light irradiation.
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Figure S14. In situ DRIFTS spectra of a) Ni@C, b) Co@C catalysts at 290 °C under 

light irradiation.
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Figure S15. Induced electric field distributions of monometallic and bimetallic 
catalysts (Wave vector direction: x; Direction of polarization: y).
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Figure S16. Induced electric field distributions of monometallic and bimetallic 

catalysts (Wave vector direction: x; Direction of polarization: y).
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Figure S17. Induced electric field distributions of monometallic and bimetallic 
catalysts (Wave vector direction: x; Direction of polarization: y).
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Figure S18. The optimized geometry of participating intermediates on Ni (111). The 

blue, grey, red and white spheres represent Ni, C, O and H atoms, respectively.
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Figure S19. The optimized geometry of participating intermediates on Co (111). The 

purple, grey, red and white spheres represent Co, C, O and H atoms, respectively.
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Figure S20. The optimized geometry of participating intermediates on Ni-Co (111). The blue, 

purple, grey, red and white spheres represent Ni, Co, C, O and H atoms, respectively.
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Table S1. The comparison of catalytic activities with other reported catalysts for photo-thermal catalytic CO2 hydro-
methanation

Catalysis Light 
source

External 
heating 
sources

Reactor 
type

Pressure 
(MPa)

Temperature 
(℃)

CO2:H2

rate
CH4 rate 
(mmol g-1 

h-1)

Selectivity 
(%)

Ref.

Ru/SiO2 300W Xe 
lamp

Yes Flow 0.1 300 1:6 35.1a 99.9 2

8Ni/TiO2 375W IR 
Light

No Flow 0.1 330 1:4 21.8b 99.5 3

8Ni/TiO2 300W Xe 
lamp

No Flow 0.1 198 1:4 6.3a 72.3 3

Ir/Uio-66 200-1000nm 
300W Xe 

lamp

Yes Flow 0.1 250 1:4 19.9b 95.0 4

Ni@SiXNS-
EtOH

- Yes Flow 0.1 300 1:4 100.0a 90.0 5

Ru/TiO2 500 W solar 
simulator

Yes Flow 0.1 300 1:3 69.5b - 6

Ni/Nb2C 300W Xe 
lamp

No Batch/Flow 0.1 321 1:1 72.5b 83% 7

Ru/HxMoO3-y 300W Xe 
lamp

No Flow 0.1 140 1:1 20.8b 100 8

NiCo/C 300-2500nm 
300 W Xe 

lamp
0.1 W/cm2

Yes Flow 0.1 290 1:3 67.8a

55.6b

98.0 This 
work

a(mmol gmetal
-1 h-1)

b(mmol gcatslyst
-1 h-1)
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Table S2. Energy barriers of elementary steps in CO2 hydro-methanation reactions on 
Ni, Co and NiCo(111). 

Entry Species Ni Eabs/eV Co Eabs/eV NiCo Eabs/eV

1 CO2(g) + * → *CO2 0.60 0.56 0.45
2 *CO2 + *H → *COOH -0.23 0.10 0.01
3 *COOH + *H → *CO + H2O -0.81 -0.98 -0.82
4 *CO + *H → *CHO 1.06 0.98 0.82
5 *CHO + *H → *CHOH 0.03 0.54 0.11
6 *CHOH + *H → *CH + H2O -1.18 -1.53 -0.9
7 *CH + *H → *CH2 0.14 0.11 0.04
8 *CH2 + *H → *CH3 0.04 -0.36 -0.52
9 *CH3 + *H → *CH4 -0.49 -0.28 -0.24
10 *CH4 → CH4(g) + * -0.33 0.06 0.06
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