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Chemicals and materials 

Graphite paper (99.95%, Qingdao Huarun Graphite Co., Ltd.), 1-buty-3-

methylimidazolium Tetrachloroferrate ([BMIM]FeCl4) (98%, Linzhou Keneng 

Materials Technology Co., Ltd), hydrochloric acid (HCl, 37%), sulfuric acid (H2SO4, 

18 mol/L), melamine (Sinopharm Chemical Reagent Co., Ltd.) Nafion solution (5 

wt%) and Nafion 117 membrane were supplied by Alfa Aesar, carbon paper (Toray 

TGP-H-060, Toray Industries Inc).
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Fig. S1 TEM images of the samples of Fe/G that was prepared by electrochemical 

process of atomic Fe into graphene in the ionic liquid [BMIM]FeCl4. (a, b) before 

washing with HCl, (c, d) after washing with HCl, (e, f) HRTEM images of Fe/G after 

washing with HCl (inset: EELS atomic spectrum of the Fe element of marked area in 

(e)).
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Fig. S2 TEM images of control samples: (a, b) Fe-N/bC, (c, d) Fe-N-G, (e, f) G-N. 

0.15 nm

Fig. S3 HAADF-STEM analysis of Fe-N-G/bC catalyst. Atomic Fe was clearly 

observed in graphene nanosheet.
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Fig. S4 N
2
 adsorption-desorption isotherms and its pore size distribution (right) of Fe-

N-G/bC compared with control sample prepared without using graphene: (a, b) Fe-N-

G/bC and (c, d) Fe-N/bC.
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Fig. S5 TGA spectra in air of (a) Fe-N-G/bC compared with control sample (b) Fe-

N/bC prepared without using graphene.
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Fig. S6 XRD patterns of Fe-N-G/bC sample synthesized with the graphene 

electrodeposited by atomic Fe as the starting material and control sample synthesized 

with blain graphene as the starting material without electrochemical processing. ((a) 

black line: control sample; (b) red line: Fe-N-G/bC sample).

Fig. S7 XPS spectra of Fe-N-G/bC catalyst compared with control samples. (a) XPS 

full spectra of Fe-N-G/bC compared to G-N, Fe-N-G and Fe-N/bC, (b) XPS spectra of 



Fe2p peaks with the deconvolution, (c) XPS spectra of N1s peaks with the 

deconvolution.

Table S1 Atomic ratios (at. %) of C, N, Fe and O elements in G-N, Fe-N-G, Fe-N/bC 

and Fe-N-G/bC based on XPS analysis.

Sample C content
(at%)

N content
(at%)

Fe content
(at%)

O content
(at%)

G-N

Fe-N-G

Fe-N/bC

Fe-N-G/bC

FePc

90.85%

91.95%

90.44%

94.47%

75.71%

4.20%

2.35%

2.82%

2.30%

15.45%

-

0.33%

0.38%

0.52%

3.54%

4.94%

5.37%

6.37%

2.70%

5.29%

Table S2 Atomic contents of pyridinic N, Fe-Nx, graphitic N, quaternary N and 

oxidized N based on fine scan of N 1s of XPS.

Sample Pyridinic N
(at%)

Fe-Nx
(at%)

Graphitic N
(at%)

Quaternary N
(at%)

G-N

Fe-N-G

Fe-N/bC

Fe-N-G/bC

FePc

Oxidized N
(at%)

2.08%

0.80%

0.83%

0.81%

14.03%

-

0.73%

1.10%

1.00%

1.42%

0.35%

0.34%

0.22%

0.14%

-

0.87%

0.16%

0.31%

0.15%

-

0.90%

0.31%

0.35%

0.19%

-
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Fig. S8 FE of H2 at different potentials on Fe-N-G/bC, Fe-N/bC, Fe-N-G and G-N 

catalysts.

Table S3 Comparison data of the CO2RR catalytic performances of various materials 

reported in the literature (references listed in the following) with this work of Fe-N-

G/bC catalysts.

Catalyst Electrolyte
Maximum

FECO

Experimental
conditions

Fe-N-G/bC

Fe-N-G/bC

NCNT

NCNT-3-700

NG

Fe-N-C

Fe-N-C

Ni-N-G

This work

This work

[1]

[2]

[3]

[4]

[5]

[6]

0.1 M KHCO3

0.1 M KHCO3

0.1 M KHCO3

0.5 M NaHCO3

0.1 M KHCO3

0.1 M NaHCO3

0.1 M KHCO3

0.1 M KHCO3

95.8%

84.3%

80%

90%

85%

91%

80%

90%

-1.3 V (SCE)

-1.2 V (SCE)

-0.8 V (RHE)

-0.9 V (RHE)

-0.58 V (RHE)

-0.60 V (RHE)

-0.60 V (RHE)

-0.70 V (RHE)

overpotential Reference

-0.55 V 

-0.45 V 

-0.69 V 

-0.79 V 

-0.47 V 

-0.49 V 

-0.49 V 

-0.59 V 
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Fig. S9 Comparison of the CO2RR catalytic performances of various materials 

reported in the literature (references listed in the following) with this work of Fe-N-

G/bC catalysts.
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Fig. S10 The high-resolution HAADF-STEM images of Fe-N-G/bC catalyst after 

durability test for 12 h: (a) atomic Fe on the graphene and (b) atomic Fe in both the 



nanotubes walls and the interior of the bC; (c) XPS spectra of Fe-N-G/bC catalyst 

after durability test for 12 h: XPS spectra of N1s peaks with the deconvolution and (d) 

XPS spectra of Fe2p peaks with the deconvolution.
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Fig. S11 TEM images of Fe-N-G/bC catalyst synthesized with different mass ratios of 

graphene and ionic liquid [BMIM]FeCl4 (G/IL) in the starting material (a) 1/10 and 

(b) 1/40; XPS spectra of Fe-N-G/bC catalyst with different G/IL ratios, (c, d) XPS 

spectra of  (c) survey and (d) N1s with the deconvolution. 

Table S4 Atomic ratio (at%) of C, N, Fe and O elements in Fe-N-G/bC with different 

mass ratios of graphene and ionic liquid (G/IL) in the starting material based on XPS 

analysis.

Sample C content
(at%)

N content
(at%)

Fe content
(at%)

O content
(at%)

1/10

1/20

1/40

94.56%

94.48%

93.35%

2.04%

2.30%

3.14%

0.43%

0.52%

0.68%

2.97%

2.70%

2.83%



Table S5 Atomic contents of pyridinic N, Fe-Nx, graphitic N, quaternary N and 

oxidized N based on fine scan of N 1s of XPS.

Sample Pyridinic N
(at%)

Fe-Nx
(at%)

Graphitic N
(at%)

Quaternary N
(at%)

1/10

1/20

1/40

Oxidized N
(at%)

0.89%

0.81%

1.12%

0.62%

1.00%

1.05%

0.23%

0.14%

0.23%

0.19%

0.15%

0.34%

0.11%

0.19%

0.39%
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Fig. S12 FE of CO at different potentials of Fe-N-G/bC electrode with different mass 

ratios (1/10, 1/20 and 1/40) of graphene and ionic liquid (G/IL) in the starting 

material.
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