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Figure S1 Digital Photograph (a), XRD patterns (b), SEM (c, d) and TEM (e, f) images of rGO-based 

(CoFe@rGO) precursor.

Figure S2 The SEM images of CoFeO@N/S-rGO (a) and CoFe@N-rGO (b).
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Figure S3 Particle size distribution curves for the CoFeO@N/S-rGO and CoFe@N-rGO samples 

calculated from the TEM images. For the measurement of particle size, over 200 particles were 

measured using nanomeasurer.
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Figure S4 (a) TEM and (b) SEM image, and (c) SEM image and the corresponding EDS mapping images 
of CoO@N/S-rGO.

Figure S5 (a) TEM and (b) SEM image, and (c) SEM image and the corresponding EDS mapping images 
of Co@N-rGO.
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Figure S6 (a) TEM and (b) SEM image, and (c) SEM image and the corresponding EDS mapping images 
of CoNiO@N/S-rGO.

Figure S7 (a) TEM and (b) SEM image, and (c) SEM image and the corresponding EDS mapping images 
of CoNi@N-rGO.



6

Figure S8 XPS survey spectra (a, d), C 1S (b, e), and O 1s (c, f) CoFeO@N/S-rGO and CoFe@N-rGO, 

respectively.

Table S1 Surface composition of the samples determined from XPS.

Sample C (at. %) O (at. 

%)

N (at. 

%)

S (at. %) Co (at. 

%)

Fe (at. %)

CoFeO@N/S-

rGO

82.7 6.09 1.82 2.82 2.26 4.6

CoFe@N-rGO 89.08 5.4 3.37 / 0.87 1.28

Table S2 Surface composition of N-based species determined from XPS.

Sample pyridinic N

(at. %)

pyrrolic 

N

(at. %)

graphitic N

(at. %)

oxidized 

N

(at. %)

CoFeO@N/S-

rGO

0.84 0.80 0.08 0.1

CoFe@N-rGO 1.2 0.78 0.89 0.5
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Figure S9 (a) The XRD of CoFeO@N/S-rGO-700 and CoFeO@N/S-rGO-900. (b) The XRD of CoFe@N-

rGO-700 and CoFe@N-rGO-900.

For comparison, the samples were also annealed at various temperatures of 700 and 900 °C, 

respectively. The obtained samples annealed in N2 were named as CoFeO@N/S-rGO-700 and 

CoFeO@N/S-rGO-900 while the samples annealed in NH3 were named as CoFe@N-rGO-700 and 

CoFe@N-rGO-900, respectively. For the XRD pattern of CoFeO@N/S-rGO-700 (Figure S9a), the typical 

diffraction peaks can be indexed to the diffraction of CoFe2O4 (JCPDS 22–1086) in addition to the 

broad peak for rGO, which are similar to that of the CoFeO@N/S-rGO. The CoFeO@N/S-rGO-900 

sample exhibits the strongest diffraction peaks, suggesting improved crystallinity. The CoFe@N-rGO-

700 sample exhibits the similar XRD pattern with that of CoFe@N-rGO (Figure S9b). However, in 

addition to the broad peak at around 24.5°, CoFe@N-rGO-900 also exhibits a diffraction peak at 43.1°, 

which is ascribed to the diffraction of the CoFe crystalline particles (JCPDS 65-6829). The results 

indicate that the increased temperature is beneficial to improve the crystallinity.
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Figure S10 SEM images of (a, c) and TEM image (b, d) of CoFeO@N/S-rGO-700 and CoFe@N-rGO-700, 
respectively. SEM images of (e, g) and TEM images (f, h) of CoFeO@N/S-rGO-900 and CoFe@N-rGO-
900, respectively.

As shown in Figure S10, the samples annealed in 700 °C exhibit porous structure composed with 

interconnected rGO sheets and lots of nanoparticles are dispersed on the rGO sheets. However, both 

CoFeO@N/S-rGO-900 and CoFe@N-rGO-900 exhibit much larger particles. The results suggest the 

obvious aggregation at the higher annealing temperature of 900 °C.



9

Figure 11 Linear sweep voltammetry (LSV) curves of CoFeO@N/S-rGO-700, CoFeO@N/S-rGO, 
CoFeO@N/S-rGO-900, CoFe@N-rGO-700, CoFe@N-rGO and CoFe@N-rGO-900 for OER (a) and HER (b) 
in 1.0 M KOH at a scan rate of 5 mV s-1.

With increasing the annealing temperature from 700 to 800 °C, the samples obtained at 800 °C exhibit 

the enhanced catalytic activities to OER and HER, respectively. However, further increasing the 

temperature to 900 °C, CoFeO@N/S-rGO-900 and CoFe@N-rGO-900 exhibit the poorer catalytic 

activities in comparison with CoFeO@N/S-rGO and CoFe@N-rGO. The aggregation (Figure S10) is 

likely to decrease the active surface area and results in the poor catalytic activity. The results suggest 

that CoFeO@N/S-rGO and CoFe@N-rGO have superior catalytic activities.
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Figure S12 Linear sweep voltammetry (LSV) curves of N/S-rGO, N–rGO for OER (a) and HER (b) in 1.0 
M KOH at a scan rate of 5 mV s-1.

Figure S13 (a) Polarization curves of CoNiO@N/S-rGO and CoNi@N-rGO for OER in 1.0 M KOH at a 
scan rate of 5 mV s-1. (b) Corresponding Tafel plots. (c) Polarization curves of CoNiO@N/S-rGO and 
CoNi@N-rGO for HER in 1.0 M KOH at a scan rate of 5 mV s-1. (d) Corresponding Tafel plots.
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Table S3 Summary of overall-water-splitting performance in 1 M KOH of some recently well-
developed non-noble electrocatalysts.

Catalysts

Anode  Cathode

Mass loading

(mg·cm-2)

electrolyte E j10
[a]

(V)

Durability

(h)

References

CoFe@N-rGO // CoFeO@N/S-rGO 0.5 1 M KOH 1.63 100 This work

SNCF-NR 3 1 M KOH 1.68 30 Ref. 1

NESSP // NESS / 1 M KOH 1.74 139 Ref. 2

Ni3FeN/r-GO-20 0.5 1 M KOH 1.60 100 Ref. 3

CoP/NCNHP 0.4 1 M KOH 1.64 36 Ref. 4

Ni3S2 nanosheet 1.6  1 M KOH >1.7 150 Ref. 5

MoS2/Ni3S2 Heterostructures 9.7 1 M KOH 1.56 10 Ref. 6

NiFe/NiCo2O4 / 1 M KOH 1.67 10 Ref. 7

Ni2P//NiO / 1 M KOH 1.65 30 Ref. 8

cobalt selenide/NiFe 4 1 M KOH 1.67 10 Ref. 9

NiCo2O4//Ni0.33Co0.67S2 0.3 1 M KOH ` 1.73 20 Ref. 10

Co2B-500//Co2B-500/NG 5 3 M KOH 1.81 30 Ref. 11

Mo2C/CS 0.4 1 M KOH 1.73 100 Ref. 12

CoFe/NF film / 1 M KOH 1.64 50 Ref. 13

Co5.47N NP@N-PC 4.5 1 M KOH 1.62 / Ref. 14

NiNx//CoNi(OH)x / 1 M KOH 1.64 0.17 Ref. 15

NiFe-P//NiFeOx / 1 M KOH < 1.60 24 Ref. 16

[a] E j10 indicates the voltage required to afford an water-splitting current density of 10 mA cm-2.
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