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Fig. S1 (a) Photocatalytic experimental apparatus; (b-d) GC7900 gas chromatography calibration curves for 

CO, CH4 and H2.

Fig. S2 The UV-Raman spectra spectra for GCN and MGx (x = 1.0, 2.0, 3.0, 7.5, 15)

Fig. S3 (a-b) SEM images of GCN, (c) The photo of GCN samples; (e-d) SEM images of MG3.0, (f) The 

photo of MG3.0 samples.

Fig. S4 (a) TEM images of carbon nitride nanosheet MG3.0 along with the energy-dispersive X-ray (EDX) 

spectrum.

Fig. S5 (a) H2 evolution for GCN, MG3.0 without HNO3 treatment, MG3.0 with HNO3 treatment; (b) CO2 

reduction for GCN, MG3.0 without HNO3 treatment, MG3.0 with HNO3 treatment.

Fig. S6 (a) XRD patterns and (b) FTIR spectra of MG3.0 before and after the photocatalytic H2 generation.

Table S1 Elemental contents and C/N atomic ratio of GCN and MG3.0 by elemental analyzer.

Table S2 Comparison of H2 evolution rate for the carbon nitride nanosheet and reported carbon nitride 

base photocatalysts.

Section S1 The procedure to achieve the valence band potential (EVB) and conduction band potential (ECB) 

values.

Section S2 The discussion for the preferential formation of CO in the photocatalytic CO2 reduction.
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Fig. S1 (a) Photocatalytic experimental apparatus; (b-d) GC7900 gas chromatography calibration curves for 

CO, CH4 and H2.
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Fig. S2 The UV-Raman spectra spectra for GCN and MGx (x = 1.0, 2.0, 3.0, 7.5, 15)
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Fig. S3 (a-b) SEM images of GCN, (c) The photo of GCN samples; (e-d) SEM images of MG3.0, (f) The 

photo of MG3.0 samples.
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Fig. S4 (a) TEM images of carbon nitride nanosheet MG3.0 along with the energy-dispersive X-ray (EDX) 

spectrum.

Fig. S5 (a) H2 evolution for GCN, MG3.0 without HNO3 treatment, MG3.0 with HNO3 treatment; (b) CO2 

reduction for GCN, MG3.0 without HNO3 treatment, MG3.0 with HNO3 treatment.
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Fig. S6 (a) XRD patterns and (b) FTIR spectra of MG3.0 before and after the photocatalytic H2 generation.
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Table S1 Elemental contents and C/N atomic ratio of GCN and MG3.0 by elemental analyzer.

Samples N (wt %) C (wt %) C/N

GCN 60.274 35.781 0.693

MG3.0 57.083 37.547 0.767
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Table S2 Comparison of H2 evolution rate for the carbon nitride nanosheet and reported carbon nitride base photocatalysts.

Photocatalyst HER / μmol·g-1·h-1 Catalyst dose / mg Cocatalyst dose Reaction solution Light source References

MG3.0 698.4 30 3wt% Pt 90 mL H2O & 10 mL TEOA 300 W Xe lamp 

(>420 nm)

This work

g-C3N4 nanosheet 646 50 1wt% Pt 72 mL H2O & 8 mL lactic acid 12 W LED (420 
nm)

1

CCN-1 529 100 3wt% Pt 90 mL H2O & 10 mL TEOA 300 W Xe lamp 

(>420 nm)

2

5 wt% g-PAN/g-C3N4 370 100 1.5wt% Pt 270 mL H2O & 30mL TEOA 300 W Xe lamp 

(> 400 nm)

3

20%BM/CNNs 563.4 100 3 wt% Pt 90 mL H2O & 10 mL TEOA 300 W Xe lamp 

(> 420 nm)

4

TSCN 630 40 3 wt% Pt 80 mL H2O & 10 mL TEOA 300 W Xe lamp 

(> 420 nm)

5

CN-I1.0 760 50 3wt% Pt 90 mL H2O & 10 mL TEOA 300 W Xe lamp

 (> 420 nm)

6

CN-S2.0 650 50 3wt% Pt 90 mL H2O & 10 mL TEOA 300 W Xe lamp

 (> 420 nm)

7

10 wt% In2O3/g-C3N4 197.5 5 0.5wt% Pt 10 mL H2O containing 0.1 M 
L-ascorbic acid

300 W Xe lamp

 (> 420 nm)

8

CNF-0.5 127.5 100 3wt% Pt 90 mL H2O & 10 mL TEOA 500 W HBO lamp

 (> 420 nm)

9
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CN-20/0D-ZnO 322 100 1wt% Pt 90 mL H2O & 10 mL TEOA 300 W Xe lamp

 (> 420 nm)

10

Ce-CN-5 292.5 50 1wt% Pt 180 mL H2O & 20 mL TEOA 300 W Xe lamp

 (> 420 nm)

11

GCNS 100 100 3wt% Pt 90 mL H2O & 10 mL TEOA 300 W Xe lamp

 (> 420 nm)

12
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Section S1 The procedure to achieve the valence band potential (EVB) and conduction band potential (ECB) 

values.

The empirical equations of the EVB and ECB of a semiconductor material,

EVB = χ - Ee + 0.5Eg; ECB = EVB - Eg,

where χ is the absolute electronegativity of carbon nitride semiconductor, which is the 

geometric average of the absolute electronegativity of the constituent atoms (≈4.55 eV). Ee is 

the energy of free electrons on the hydrogen scale (≈4.5 eV), and Eg is the band gap energy of 

the semiconductor. 

Section S2 The discussion for the preferential formation of CO in the photocatalytic CO2 reduction.

As we all know, photocatalytic CO2 reduction to different products (e.g., CO, CH4, 

HCOOH, CH3OH, CH3CH2OH, etc.) requires different reduction potentials as listed in 

equations (1-5) 13-14. Noted that the reduction potentials can be comparable to the proton 

reduction (6) and are less negative than the conduction band potential of carbon nitride. It 

seems to be that these reactions are feasible. 

𝐶𝑂2 +  2𝑒 ‒  +  2𝐻 +  →𝐶𝑂 +  𝐻2𝑂               𝐸 0
𝑟𝑒𝑑𝑜𝑥 =  ‒ 0.53 𝑉         (1)

𝐶𝑂2 +  2𝑒 ‒  +  2𝐻 +  →𝐻𝐶𝑂𝑂𝐻                   𝐸 0
𝑟𝑒𝑑𝑜𝑥 =  ‒ 0.61 𝑉         (2)

𝐶𝑂2 +  6𝑒 ‒  +  6𝐻 +  → 𝐶𝐻3𝑂𝐻 +  𝐻2𝑂          𝐸 0
𝑟𝑒𝑑𝑜𝑥 =  ‒ 0.38 𝑉          (3)

𝐶𝑂2 +  8𝑒 ‒  +  8𝐻 +  → 𝐶𝐻4 +  2𝐻2𝑂            𝐸 0
𝑟𝑒𝑑𝑜𝑥 =  ‒ 0.24 𝑉          (4)

2𝐶𝑂2 +  12𝑒 ‒ +  9𝐻2𝑂 → 𝐶2𝐻5𝑂𝐻 +  12𝑂𝐻 ‒     𝐸 0
𝑟𝑒𝑑𝑜𝑥 =  ‒ 0.33 𝑉          (5)

  2𝐻 +  +  2𝑒 ‒  → 𝐻2                              𝐸 0
𝑟𝑒𝑑𝑜𝑥 =  ‒ 0.41 𝑉          (6)

However, CO2 reduction is a proton-assisted transfer of multiple electrons, involving a 

series of elementary reaction steps. For example, the pathway for CO2 reduction to methane 

(CH4) involves eight elementary reaction steps as listed in equations (7-14) 15. 

𝐶𝑂2 +  𝑒 ‒  → ∙ 𝐶𝑂 ‒
2                                                         (7)
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∙ 𝐶𝑂 ‒
2  +  𝑒 ‒  +  𝐻 +  →𝐶𝑂 +  𝑂𝐻 ‒                                           (8)

𝐶𝑂 +  𝑒 ‒  → ∙ 𝐶𝑂 ‒                                                          (9)

∙ 𝐶𝑂 ‒  + 𝑒 ‒  +  𝐻 +  →𝐶 +  𝑂𝐻 ‒                                             (10)

𝐶 +  𝑒 ‒  +  𝐻 +  → ∙ 𝐶𝐻                                                    (11)

∙ 𝐶𝐻 +  𝑒 ‒  + 𝐻 +  → 𝐶𝐻2                                                  (12)

𝐶𝐻2 +  𝑒 ‒  +  𝐻 +  → ∙ 𝐶𝐻3                                                 (13)

∙ 𝐶𝐻3 +  𝑒 ‒  +  𝐻 +  → 𝐶𝐻4                                                (14)
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