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Figure S1. Schematic of synthesis of Ni3N nanosheets. 
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Figure S2. Photocatalytic CO2 hydrogenation in light and dark experimental setup, (a, b) Photograph of 
the experimental setup, and (c) interaction of gas flow with the catalyst powder in the crucible. 
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Figure S3. (a,b) SEM and (c-f) TEM images of Ni3N nanosheets. 
 

 
 

 
 
Figure S4. HRTEM images of Ni3N nanosheets. 
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Figure S5. Additional (a,b) SEM images; (c-f) HRTEM images of Ni3N nanosheets.  
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Figure S6. EDS spectrum of Ni3N nanosheets (bottom) and respective SEM image (top). 
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Figure S7. (a) SEM image and (b,c) line profile plots of line-1 and line-2 in a; (d,g) AFM images and 
(e,f,h,i) respective height profiles along the red and green lines. e & f for image d, and h & i for image g.    
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Figure S8. Electric field enhancement in Ni3N nanosheets by (a) y-polarized and (b) x-polarized light 
excitation (400-1100 nm), using finite-difference time-domain (FDTD) simulation. The dielectric 
constants of Ni3N was not known and hence we used the dielectric constant of ZrN (Adv. Photonics Res. 
2021, 2, 2100178) to estimate the electric field in Ni3N. 
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Figure S9. Temperature Programmed Reaction (TPReaction) of Ni3N nanosheets. (a,c,e) TCD signal 
and (b,d,f) mass spectra of various products, formed at different temperature ranges, (a,b) 120 – 240 
°C, (c-d) 240 – 325 °C, (e-f) 325- 475 °C; (g) Thermogravimetric analysis (TGA) of Ni3N nanosheets.  
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Figure S10. Measurement of electrical resistivity of Ni3N nanosheet. (a) Ni3N pellet, (b) resistivity 
measurement by fluke multimeter. 
 
Calculations:  
 
 
 

 

 

 

 

 

 

 

 

Resistivity Formula: = 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅(𝑜𝑜ℎ𝑚𝑚) × 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴�𝑚𝑚2�
𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙ℎ(𝑚𝑚)

 

                                     = 66.2 × 3.14 × (0.1 ×10−3)2 

(13 × 10−3)   
     

                                     =  207.8 × 10−8

13 × 10−3    
 

                                     =  16.0 ×  10−5 𝑜𝑜ℎ𝑚𝑚 𝑚𝑚  
  

Conductivity            =  1
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅

 

                                    =  1
16.0 × 10−5 𝑜𝑜ℎ𝑚𝑚 𝑚𝑚 = 𝟔𝟔. 𝟐𝟐𝟐𝟐 × 𝟏𝟏𝟏𝟏𝟑𝟑 𝑺𝑺 𝒎𝒎−𝟏𝟏 
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Figure S11. (a) Photocurrent measurement of a Ni3N nanosheet in a light on-off cycle using a xenon lamp 
(400- 1100 nm) under an external bias of 100 mV, (b,c) experimental setup for photocurrent measurement. 
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Figure S12. (a) AFM height profile image, (b) KPFM potential image of the Ni3N nanosheets, (c) Line 
map (shown in red) of potential from image (b). 

 
         The calculated work function of Ti/Ir tip is 4.96 eV 

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑖𝑖𝑖𝑖 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 (𝑊𝑊𝑊𝑊𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑):  𝜑𝜑𝐷𝐷    = (4.96 − 0.375) 𝑒𝑒𝑒𝑒 = 4.585 𝑒𝑒𝑒𝑒 
                     

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑖𝑖𝑖𝑖 𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑡𝑡 �𝑊𝑊𝑊𝑊𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑡𝑡�:  𝜑𝜑𝐿𝐿    = (4.96 − 0.381) 𝑒𝑒𝑒𝑒 = 4.579 𝑒𝑒𝑒𝑒 
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Figure S13. Photocatalytic CO production rate by Ni3N nanosheets as a function of (a) total flow and (b) 
ratio of CO2:H2 at a total flow of 77 mL min-1. Error bars: Calculated from data of at least three repeated 
experiments. 
 

 

 
Figure S14. Setup for measuring the catalyst bed temperature using thermocouple touching the catalyst 
surface, irradiated with 400-1100 nm light using xenon lamp at 2.5 W cm-2. 
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Figure S15. (a) Temperature as a function of the intensity measured by IR thermal imaging camera (FLIR 
A6700sc), (b) temperature profile of the sample having 1 cm diameter irradiated with 400-1100 nm light 
using xenon lamp at 2.5 W cm -2. 
 
 
 

 
Figure S16. Ion counts of products of photocatalytic CO2 hydrogenation in a mass spectrometer (MS), (a) 
CO, (b) CH4. 
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Figure S17. Characterization of Ni3N nanoparticles, (a-c) TEM images of Ni3N nanoparticles, (d) PXRD 
pattern, (e) absorption spectra of Ni3N nanosheets and Ni3N nanoparticle, (f) N2 sorption isotherm of Ni3N 
nanoparticles.  
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Figure S18. Characterization of Ni3N nanosheets after photocatalytic CO2 hydrogenation, (a,b) TEM 
images, (c) Dark field image of Ni3N nanosheets and corresponding EDS mapping (d) Ni and (e) N, (f) 
PXRD pattern, XPS spectra expanded in the region of (g) Ni 2p3/2, and (h) N 1s. 
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Figure S19. Ions signal of CO during Ni3N nanosheets catalyzed reaction of (a) CO2 + H2 , (b) CO2 + D2 
in dark and (c) CO2 + H2, (d) CO2 + D2 in light.  
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Figure S20. Characterization of Ni3N nanosheets, (a) SEM, (b) EDS spectrum after TPReaction, and (c) 
SEM, (d) EDS spectrum after TGA; (e) PXRD of Ni3N after TPReaction and TGA.   
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Figure S21. (a) Photocatalytic CO2 hydrogenation by Ni3N nanosheets after treating it at different 
temperatures. SEM images of Ni3N nanosheets heated at (b) 400 oC, (c) 500 oC, and (d) 600 oC. Error 
bars: Calculated from data of at least three repeated experiments. 
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Figure S22. SEM images and EDS of Ni3N nanosheets heated at (a,b) 400 oC, (c,d) 500 oC, and (e,f) 600 
oC, for 1 h in argon atmosphere. 
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Figure S23. (a) UV-Vis spectra showing the conversion of Fe3+ to Fe2+ as a function of irradiation time 
for Ni3N using 6 mM K3[Fe(CN)6]. (b) Magnified UV-Vis spectra around 419 nm. (c) Pseudo-first-order 
plot of ln(A/A0) against reaction time for Ni3N. 
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Figure S24. (a) UV-Vis spectra showing the conversion of Fe3+ to Fe2+ as a function of irradiation time 
for Ni3N using 9 mM K3[Fe(CN)6]. (b) Magnified UV-Vis spectra around 419 nm. (c) Pseudo-first-order 
plot of ln(A/A0) against reaction time for Ni3N. 
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Figure S25. (a) UV-Vis spectra showing the conversion of Fe3+ to Fe2+ as a function of irradiation time 
for Ni3N using 12 mM K3[Fe(CN)6]. (b) Magnified UV-Vis spectra around 419 nm. (c) Pseudo-first-order 
plot of ln(A/A0) against reaction time for Ni3N. 
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Figure S26. Absorption spectra of sonicated Ni3N suspensions in ethanol, as-synthesized sample (left) 
and sample heated at 300 oC (right). 

 

 

 
 

 

Figure S27. Left: Kinetic traces monitored at the indicated wavelengths in the legend for the as-
synthesized Ni3N sample, photoexcited at 500 nm (power=10 mJ/pulse). Right: Kinetic traces monitored 
at the indicated wavelengths in the legend for the as-synthesized Ni3N sample saturated with CO2, 
photoexcited at 500 nm (power=10 mJ/pulse). The observed dynamics are the same in both cases. 
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Figure S28. Left column: Spectra monitored at the indicated times in the legend for the heated Ni3N 
sample, photoexcited at 500 nm (power=10 mJ/pulse). Right column: Spectra monitored at the indicated 
times in the legend for the heated Ni3N sample saturated with CO2, photoexcited at 500 nm (power=10 
mJ/pulse). Note how the latter is characterized by a l arger positive offset at the beginning (the first row, 
left and right). 
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Supplementary Note 1. The calculation of the quantum efficiency  of the photocatalytic CO2 
hydrogenation process 

Quantum Efficiency is defined as:  

 

𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (%) =  
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐶𝐶𝐶𝐶 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑝𝑝𝑝𝑝𝑝𝑝 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑝𝑝ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑝𝑝𝑝𝑝𝑝𝑝 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
×  100 

 

The no. of absorbed photons per unit time, Nphoton is calculated from the emission spectra of Xe lamp and 
absorption spectra of Ni3N.  

 

𝑁𝑁𝑝𝑝ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 =  �
𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ×  𝐼𝐼% ×  𝐴𝐴% × 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 × 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑝𝑝ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 (𝐸𝐸𝑝𝑝ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜)  ×  𝑁𝑁𝐴𝐴

1100 𝑛𝑛𝑛𝑛

𝜆𝜆=400 𝑛𝑛𝑛𝑛

 

 

In photocatalytic CO2 hydrogenation by Ni3N, light intensity was varied on 1 cm2 area. I% is the 
percentage of the light intensity of Xe-lamp at a specific wavelength and A% is the absorption 
percentage of the catalyst at that specific wavelength. Time is 1 h (3600 sec) and NA is the Avogadro 
constant.    

The average single photon energy is given by: 

𝐸𝐸𝑝𝑝ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 =  
ℎ𝑐𝑐
𝜆𝜆

 

In this equation, h is the Plank constant 6.626 × 10-34 m2 kg s-1, c is the speed of the light in a vacuum (3 
× 108 m s-1), and λ (meter) is the wavelength of the photon.   
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Table S1. Comparison of Photocatalytic CO2 + H2 reaction using both Plasmonic and Semiconducting Photocatalysts. 

S. 
No. 

Catalyst Photocatalytic Conditions Reactor 
Type 

Temperature Product 
Yield  

(mmol gcat-1 
h-1) 

Product 
Selectivity 

(%) 

Ref. 

1 Ni3N Nanosheets P: 1 atm, L: Xenon lamp, 400-1100 nm, 
3.006 W/cm2   

Flow  199 °C CO : 1212 
CH4   : 0 

99 
0 

This 
work 

2 Ni@p-SiO2 P: 1 atm, L: Xenon lamp, 2.8 W/cm2  Flow 550°C CO: 2100 
CH4: 1400 

60 
40 

3  

3 Ni12P5/SiO2 P: 1 atm, L: Xenon lamp, no filter 0.8 
W/cm2 
 

Flow  not given CO   : 13.5 
CH4   : NR 

99.8 
0.2 

4  

4 Nb2C/Ni P: 1 atm, L: Xenon lamp, 1.5 W/cm2
 

 
Batch 300 °C CO   : 250 

CH4   : 1250 
16.6 
83.4 

5 

5 In2O3-x P: 30 psi, L: Xenon lamp, 2 W/cm2 Batch 300 °C CO   : 238.8 
 

100 6  

6 Au/TiO2 P: 3.5 bar, L: Solar simulator, AM 1.5 
1.44 W/cm2 

Batch   150°C CO   : 160 
CH4   : 10.5 

93.8 
6.2 

7  

7 Au/TiO2 P: 110 psi, L: Visible light, 0.5216 
W/cm2 

Batch  400°C CO   : 159 
 

100 8 

8 Cu2O P: 15 psi, L: Xenon lamp, 4 W/cm2 Batch  322°C CO   : 70.3 
 

100 9 

9 Fe@C P: 0.7 atm, L: Xenon lamp Batch   450 °C CO   : 26.1 100 10  

10 Ni/N-CeO2 P: 1 atm, L: Xenon lamp Flow   350 °C CO   : 20.9 
CH4   : 0 

100 
0 

11 
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11 FeO–CeO2 P: 1.77 atm, L: Xenon lamp,  2.2 W/cm2 Flow   ~ 450 °C CO   : 20 
 

97 12  

12 Rh/Al 
Nanoantenna 

P: 1 atm, L: Solar simulator, 11.3 
W/cm2 

Batch   200°C CO   : 15 
CH4   : 550 

3 
97 

13  

13 Au/TiO2 P: 1 atm, L: Hg lamp, UV light, 0.150 
W/cm2 

Flow  100°C CO : 4.144 
CH4:0.000006 

~ 100 14 

14 2% Ag–0.5% 
Au/TNWs 

P: 0.2 bar, L: Xenon lamp, 0.150 W/cm2 
 

Batch  not given CO : 1.813 
CH4: 0.035 

97.7 
1.86 

15 

15 Pd@Nb2O5 P: 1 atm, L: Xenon lamp,  2.1 W/cm2 Flow  ~ 470 °C CO : 1.8 
 

100 16  

16 Rh/Al2O3 P: 1 atm, L: UV LED (365 nm), 3 
W/cm2 
 

Flow  350°C CO : 1.8 
CH4: 21.6 

7.7 
92.3 

17  

17 Ag-NPs/TiO2 
NWs 

P: 1 atm, L: Hg lamp, visible light, 20 
mW/cm2 

Flow  100°C CO : 0.983 
CH4: 0.00973 
CH3OH:0.013 

~ 98 18 

18 Al@Cu2O P: 1 atm, L: Supercontinuum laser, 400-
859 nm, 10 W/cm2  

Flow  160°C CO : 0.36 
 

100 19  

19 Ni/SiO2·Al2O3 P: 1 atm, L: Solar simulator Batch  150°C CO   : 0.392 
CH4   : 13.64 

2.8 
97.2 

20  

20 In2O3-x(OH)y 
nanorod 

P: 14.1 psi, L: Xenon lamp, 160 
mW/cm2  

Flow  200°C CO : 0.2462 100 21  

21 Ni-Au/SiO2 P: 1 atm, L: Laser (520 nm), 684 W/cm2 
 

Flow  450°C CO : 0.18 
CH4: 0.16 
 

53 
47 

22  
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22 Pt/NaTaO3 P: 40 kPa, L: Xenon lamp, 2 W/cm2 Batch   not given CO   : 0.134 
 

99 23  

23 Hydride-
terminated nano-
silicon  

P: 27 psi, L: Xenon lamp, 1.5 W/cm2 
 

Batch   150 °C CO   : 0.083 
CH4   : 0 

100 
0 

24 

24 Cu/Pd/HyWO3-x 

 
P: 1 atm, L: Xenon lamp, 2 W/cm2 
 

Flow   250 °C CO   : 0.041 100 25 

25 Palladium-
decorated  
silicon–hydride 

P: 27 psi, L: Xenon lamp, 1.5 W/cm2 
 

Batch  170°C CO  : 0.00001 
CH4  : 0 

0 
100 

26  

26 FL-LDHs/Ru P: 1 atm, L: Xenon lamp, 1 W/cm2 
 

Flow   350 °C CO   : 0 
CH4   : 40 

0 
100 

27  

27 RuO2 on silicon 
photonic crystal 

P: 1 atm, L: Xenon lamp, 2.2 W/cm2 
 

Flow  150°C CO   : 0 
CH4   : 4 

0 
100 

28  

28 Ni-BTO P: 4 atm, L: Xenon lamp, 0.293 W/cm2 
 

Batch   350 °C CO   : 0 
CH4   : 103.7 

0 
100 

29  

29 Ru/Silicon 
Nanowire 

P: 15 psi, L: Xenon lamp, 1.45 W/cm2 
 

Flow  93 °C CO   : 0 
CH4   : 0.74 

0 
100 

30  

30 Graphene Supp. 
NiO/Ni 

P: 1.3 atm, L: Xenon lamp, 0.2236 
W/cm2 
 

Batch  200°C CO   : 0 
CH4   : 0.642 

0 
100 

31  

31 Ni/CeO2 P: 1 atm, L: Xenon lamp, 0.5 W/cm2 Flow   250°C CO   : 0 
CH4   : 2.5 

0 
100 

32  

32 Ti-IPA MOF P: 1 atm, L: Xenon lamp, 0.23 W/cm2
,  Batch   200 °C CO   : 0 

CH4   : 0.033 
0 
100 

33  



30 
 

33 RuO2/STO  P: 1.3 bar, L: Xenon lamp, 0.108 W/cm2 
 

Batch   150°C CO   : 0 
CH4   : 14.6 

0 
100 

34  

34 Ag25 Clusters P: 1 atm, L: Xenon lamp, 420-780, 
0.183 W/cm2 

Batch  100°C CO   : 0 
CH4   : 0.029 

0 
100 

35 
 

35 Ni/Al2O3·SiO2 P: 1 atm, L: LED lamp, 2.2 W/cm2  
 

Batch  225°C CO : 0 
CH4: 35 

0 
100 

36  

36 Rh/TiO2 P: 1 atm, L: UV LED (365 nm), 2.73 
W/cm2  

Flow  282°C CO : 0 
CH4: 0.028 

0 
100 

37 

37 SA Ni/Y2O3 P: 1 atm, L: Xenon lamp,  2 W/cm2 Flow  ~ 300 °C CO : 0 
CH4: 7.5 L m-

2 h-1 
 

0 
100 

38 

* Pressure (P), Light Source (L), Temperature (T), Reactor (R),. In unit mmol gcat
-1 h-1, cat is active site amount. 
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