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The correlation of the Tafel slope, overpotential and current density

The Tafel slope is an important kinetic parameter in the electrolytic water reaction process, which is used to 

express the sensitivity of the reaction pathway and reaction potential relative to the electrode potential1. the Tafel 

slope is an inherent property of the electrode material itself, and the magnitude of the Tafel slope value is closely 

related to the electrolytic water reaction rate in the actual electrolytic water reaction process. in order to make the 

reaction current density ( ) increases, it is necessary to apply a high overpotejntial ( ), the expressions are shown 0j 

below: 
               (Eq. S1)0log( )a b j  

where η is the overpotential, a is a constant, b is the Tafel slope, and  is the exchange current density. In 0j
general, if the overpotential ( ) is smaller, the corresponding current density ( ) grows faster. The current density ( j

) and overpotential can be described by the known Butler-Volmer equation2, 3:j
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In the above equation,  is the current density,  is the exchange current density,  is the charge transfer j 0j 𝛼

coefficient,  is the number of electrons transferred during the electrode reaction,  is the Faraday constant,  is 𝑛 F 

the activation overpotential,  is the ideal gas constant, represents the Kelvin temperature of the reaction, and the R T
charge transfer coefficient is defined as the proportion of electrical energy used to change the electrochemical 

reaction rate, and the charge transfer coefficient is controlled by the electron transfer at the electrode electrolyte 

nterface The charge transfer coefficient is controlled by the electron transfer at the electrode electrolyte interface4. 

Where  is the reduction charge transfer coefficient and is the oxidation charge transfer coefficient. However, a a
in the specific reaction process, the exact reaction mechanism is difficult to determine, and if the reaction mechanism 

has been determined, the charge transfer coefficient can be expressed as follows5:
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In the above equation, n is the total number of electrons transferred in the reaction, γ is the number of electrons 

transferred before the confirmatory step, v is the number of confirmatory steps occurring in one reaction during the 

whole reaction,  is the number of electrons transferred in the confirmatory step and β is the symmetry factor. Then 𝑠
equation (3) is simplified and equation (3) is expressed as follow6:
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The Butler-Volmer equation is the sum of the anodic current density (and cathodic current density. However, 

under high anodic overpotential conditions, the overall current comes mainly from the anodic end, while the 



contribution of the cathodic part is negligible. Therefore, the Butler-Volmerr equation can be simplified as:

                                 (Eq. S6)0 exp anFj j
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The Tafel equation is obtained by converting the above equation into logarithmic functional form, as shown 

below:

 or (Eq. S7)0log( ) log( )j j
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Connection between cyclic voltammetric curves and electrochemically active surface area

The electrochemical active surface area (ECSA) reflects the catalytic reaction area of the catalyst, the number of 

active sites in the catalyst can be obtained from the ECSA. For electrode materials with high catalytic activity, the 

value of ECSA is also larger. Since the bilayer capacitance ( ) of a catalyst is positively correlated with its ECSA, dlC
the size of its ECSA is usually determined based on the  value of the catalyst. The value of  is first dlC dlC
determined by performing cyclic voltammetry tests at different scan rates in the potential range of the non-

electrochemical reaction, and based on the test results, the difference between the corresponding current density at a 

certain potential ( ), where ,  and  are the anodic and cathodic current densities, respectively)7, a cj j j   aj cj
plotted with the scan rate as the variable, and fitted to obtain half of the slope of the line as the  value of the dlC
catalyst. the relationship between ECSA and  can be calculated by the following equation:dlC

(S8)/dl SECSA C C

Where  is the specific capacitance. In order to determine ECSA, the value of the specific capacitance ( ) SC SC
needs to be determined.Where  is the specific capacitance of a flat surface with 1 cm2 of real surface area. Here SC
we assume its value is 40 µF·cm-2 per for the flat electrode8.



Fig S1. SEM images of pristine Co3O4 with different magnifications.

Fig S2.SEM images of pristine g-C3N4 with different magnifications.



Fig S3.SEM images of Co3O4@g-C3N4 composite material with different magnifications.

Fig S4. The EDS spectroscop results of Co3O4@g-C3N4 composites.

Table S1. Quantitative results for C, N, O, and Co in Co3O4@g-C3N4 from EDS.

element wt% wt% sigma At%

C 37.80 0.36 49.72

N 27.10 0.48 30.58

O 14.30 0.24 14.12

Co 20.80 0.24 5.58

Total 100.00 100.00
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Fig S5. The EDS spectroscop results of pristine Co3O4.

Table S2. Quantitative results for O and Co in Co3O4 from EDS.
element wt% wt% sigma At%

O 18.83 0.11 47.02

Co 69.02 0.66 49.79

Total 87.85 96.81
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Fig S6.The EDS spectroscop results of g-C3N4.

Table S3. Quantitative results for C N in g-C3N4 from EDS.
element wt% wt% sigma At%

C 36.11 0.25 39.76

N 63.02 0.26 59.51

Total 99.13 99.27
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Fig S7. High-resolution XPS spectra of (a) C 1s region of g-C3N4 composites, (b) N 1s region of g-C3N4 composites, 

(c) O 1s region of Co3O4.

Fig S8. Cyclic voltammetry curves of (a) g-C3N4, (b) Co3O4, (c) Co3O4/gC3N4, (d) double layer capacitance (Cdl) of 

the catalysts.



Table S4. Summary of electrochemical OER activity of catalyst.
simple Overpotential 

η10 (mV)
Tafel slop 
(mV.dec−1)

Mass loading 
(mg/cm2)

Cdl (mF/cm2) ECSA(mF/cm2)

g-C3N4 N/A 451.01 1.2 0.081 ~2.025
Co3O4 430 132.09 1.4 0.178 ~4.45
Co3O4@g-
C3N4

340 120.92 1.1 2.01 ~50.25

CP 480 215.24 N/A N/A N/A
Pt 600 129.21 N/A N/A N/A

Table S5. OER poteals of the prepared catalysts comparison with some best reported.
Sample Name Potentials η10 [V] Overpotential η10 [V]    References
Co3O4@g-C3N4 1.605 0.340 This Work
Co3O4 1.691 0.430 This Work
*g-C3N4 N/A N/A This Work
RuO2 1.550 0.320 9

IrO2 1.650 0.420 10

Co3O4/N-doped-graphene 1.540 0.310 11

Ni(OH)2 1.590 0.360 12

Co(OH)2@g-C3N4-5 1.550 0.320 10

Co3O4/P-CN 1.658 0.428 13

Co3O4@BP 1.63 0.400 14

Co3O4/MoO3/g-C3N4 1.436 0.206 7

*g-C3N4 did not reach at 10 mA·cm-2 in this work.

Table S6. Peak table of Co3O4@g-C3N4 composites from XPS result.
sample Start 

BE
Peak 
BE

End BE Height 
CPS

FWHM 
eV

Area(P) 
CPS.eV

Area (N) 
TPP-2M

Atomic 

O 1s 544.98 529.95 525.18 82252.74 1.52 181482.74 1051.2 18.48%
C 1s 297.98 288.07 279.18 56209.45 1.44 167453.45 2353.02 41.37%
Co 2p 814.98 780.02 765.18 62258.17 2.88 387578.48 444.32 7.81%
N 1s 409.98 398.61 392.18 92042.41 1.59 203761.62 1839.68 32.34%

Fig S9. SEM images of (a) 500-g-C3N4 nanosheets.(b) 600-g-C3N4 nanosheets.
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