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Figure S8.  XRD patterns of g-C3N4, CoFe-LDH and CoFe-LDH@g-C3N4 composite materials.

The PXRD patterns of the as-synthesized g-C3N4, CoFe-LDH and CoFe-LDH@g-C3N4 

composites are displayed in Figure S8. The diffraction patterns of pure and composite materials 

match well with the already reported in the literature. 

Figure S9. SEM images of CoFe-LDH (a and b) and CoFe-LDH@g-C3N4 composite (c and d).



The scanning electron microscope (SEM) was performed to analyze the morphological and 

structural features of the CoFe-LDH and CoFe-LDH@g-C3N4 prepared by coprecipitation and 

hydrothermal method. Typical SEM image of CoFe-LDH demonstrates 2D nanosheets-shaped 

structure (Figure S9). It Is observed that the morphology of CoFe-LDH and CoFe-LDH@g-C3N4 

prepared by coprecipitation and hydrothermal method is totally different from solvothermal 

method.

Figure S10. (a) Linear scan voltammogram (LSV) OER curves of CoFe-LDH and CoFe-LDH@ 
g-C3N4 with different methods, and (b) corresponding EIS spectra of CoFe-LDH and CoFe-
LDH@g-C3N4 (10%). 

The electrocatalytic activities of CoFe-LDH and CoFe-LDH@g-C3N4 composites (prepared 

by coprecipitation and hydrothermal method) were measured for both OER and electrochemical 

impedance spectroscopy (EIS) studies with a three electrode electrochemical cell system, as for 

hierarchical CoFe-LDH@g-C3N4 heterostructures. LSV OER curves for CoFe-LDH@g-C3N4 

(10%) prepared by coprecipitation/hydrothermal method, and CoFe-LDH@g-C3N4 (10%) 

prepared by solvothermal method with light irradiation show overpotentials (potential to achieve 

a current density of 10 mA/cm2) of 301 and 270 mV, respectively (Figure S10a). In our opinions, 

an efficient photo/electrochemical performance of composites prepared by solvothermal method 

is highly related to the hierarchical flower-like morphology, which has more exposed active sites 

and high surface area.

To further investigate the conductivity, EIS spectra of CoFe-LDH and CoFe-LDH@g-C3N4 

composites prepared by different methods were performed in the three-electrode system as 

already discussed in detail in main manuscript. Various semi-circles in Nyquist plots at high 



frequency range can be correlated with Rct of the as-synthesized electrocatalysts. Therefore, EIS 

results confirm that the hierarchical CoFe-LDH@g-C3N4 shows a much lower Rct (76 Ω) relative 

to CoFe-LDH@g-C3N4 prepared by coprecipitation and hydrothermal method Rct (143 Ω), 

symbol of its effective electron-transfer behavior during the electrochemical reaction (Figure 

S10b). Excellent photoelectrocatalytic activities of CoFe-LDH@g-C3N4 are attributed to flower-

like hierarchical structure, in which the high surface area and more exposed active sites could 

contribute to the enhancement of light harvesting capability, and facilitate the charge 

transportation within the heterostructure.

Figure S11. SEM images of a physical mixture of CoFe-LDH and g-C3N4 (a and b)

The scanning electron microscope (SEM) was performed to analyze the morphological and 

structural features of the physical mixture. SEM images (Figure S11) reveals that individual 

flower-like CoFe-LDH and g-C3N4 nanosheets are found. SEM images disclose several separated 

clumps (poor dispersion) of g-C3N4 nanosheets on the surface of flower like CoFe-LDH. The low 

dispersion may enlarge the ion transport distance in the nano-scale dimension, which leads to 

decrease of the electrochemical active surface area (ECSA) and hence influence the charge 

transportation for electrochemical water splitting. 



Figure S12. (a) Linear scan voltammogram (LSV) OER curves of CoFe-LDH@g-C3N4 

composite and physical mixture of CoFe-LDH and g-C3N4 nanosheets.

The electrocatalytic activities of CoFe-LDH@g-C3N4 composites and physical mixture were 
measured for OER and results indicate the weak catalytic activity of physical mixture (Figure 
S12).

Table S1. Comparison of OER performance for the CoFe-LDH@g-C3N4 (10%) and recently 

reported materials

Catalyst η(mV
@10 mAcm-2) Electrolyte Substrate References

CoFe-LDH@g-

C3N4
275 1M KOH GCE This Work

CoMn-LDH 
nanosheets

324 1M KOH GCE 1

NiCo LDH 367 1.0 M KOH GCE 2

Co3O4/NiCo2O4 
nanocages

340 1.0 M KOH Ni foam 3

CoSe2 407 1 M KOH CC 4

MnCoP 
nanoparticles

330 1 M KOH GCE 5

NiFe@g-
C3N4/CNT

326 1 M KOH GCE 6

Co4N/CNW/CC 330 1 M KOH GCE 7

N-GRW 360 1 M KOH GCE 8

Ni-Fe-P 217 1 M KOH NF 9

FeNi3N 220 1 M KOH NF 10



Table S2. Comparison of bifunctional catalyst performance built as two-electrode electrolyzers 

in 1 M KOH.

Catalyst Ej=10 mAcm-2 
(V)

Electrolyte Ej=100 mAcm-2 
(V)

References

CoFe-LDH@g-

C3N4

1.55 1 M KOH 1.80 This Work

NiFe LDH 1.70 1M KOH / 11

NiSe NWs 1.63 1.0 M KOH / 12

NiFe/NF 1.64 1.0 M KOH / 13

Ni2P 1.63 1 M KOH / 14

Ni3S2 1.76 1 M KOH / 15

FeNi3N 1.62 1 M KOH / 10

Porous 

NiFe/NiCo2O4/NF
1.67 1 M KOH 2.12 16

NiFeOx/CFP 1.51 1 M KOH 1.80 17

Ni-Fe-P 1.64 1 M KOH / 9

Ni-Fe-P@C 1.52 1 M KOH / 9
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