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Figure S1. Crystalline architecture (a) and layered structure (b) illustration, optical microscopy 

(c) and FE-SEM (d) images of PCB. Purple tetrahedral geometry represents the CoN4 secondary 

unit structure. Inset in (c) shows the corresponding PCB crystal size distribution in term of the 

statistics of 120 samples. 

In the PCB structure, each Co atom is four-coordinated by benzimidazole linkers while each 

linker bridges two Co atoms. The CoN4 secondary unit structures connected by benzimidazole 

linkers make up infinite two-dimensional (2D) sheets interacted by van der Waals forces. 
  



 

 

Figure S2. Optical microscopy (a) and FE-SEM (b) images of M-PCB. Inset in (a) shows the 

corresponding M-PCB crystal size distribution in term of the statistics of 120 samples.  
 

 

Figure S3. STEM image and the corresponding element mapping of M-PCB. 

  



 

 

Figure S4. Magnifying PXRD patterns from 6º to 12º of PCB, M-PCB and M-PCBN, as well as 

the simulated diffraction pattern. 

The diffraction peak at 9.1º is assigned to the (002) plane, which is shown in M-PCBN due to the 

restacking of nanosheets during the preparation process for PXRD measurement. 

 

 

 

Figure S5. TEM images of a piece of M-PCBN. (b) shows the magnification TEM image of the 

red rectangle area in (a). Inset of (b) shows the photograph of M-PCBN in an organic solvent for 

more than four months. 

  



 

 

 

Figure S6. Demonstration experiment for the structural deterioration of PCB microcrystals under 

Fe3+ solution. 

4 mg of PCB was dispersed into 2 mL of iron (III) nitrate nonahydrate methanol solution (10 

mmol L-1). The mixed solution became clear after 30 min, indicating that PCB microcrystals 

were completely decomposed.  
 

  



 

 

Figure S7. TEM images of Fe-benzimidazole (a) and products obtained in control experiments at 

80 ℃ (b) and 110 ℃ (c). (d) Powder XRD pattern of the product obtained in a control 

experiment at 110 ℃ and the standard hematite (blue, JCPDS No. 33-0664) and goethite (red, 

JCPDS No. 29-0713) patterns. 

In the synthesis process of M-PCB, most Fe3+
 

ions coordinated with benzimidazole to form an 

amorphous oligomer as shown in (a). The Fe-benzimidazole oligomer can be removed by 

washing with methanol under ultrasonication.  

In the control experiments, the products obtained at 80 ℃ contain the Fe-benzimidazole 

oligomer and inorganic nanoparticles as shown in (b). By further increasing the reactive 

temperature to 110 ℃, inorganic nanoparticles as shown in (c) can be observed with the 

oligomer disappeared. The crystalline structure of these nanoparticles was confirmed by the 

powder XRD pattern (d), suggesting the presence of two Fe-based oxide phases including 

hematite and goethite. 

  



 

 

Figure S8. Normalized Co K-edge (a) and Fe K-edge (b) XAS spectra for PCB, M-PCBN and 

standard metal foils. 

 

 

 

Figure S9. K2-weighted spectra in K space for PCB, M-PCBN and standard metal foils. Co K-

edge spectra for PCB (a), M-PCBN (b) and Co foil (c); Fe K-edge spectra for M-PCBN (d) and 

Fe foil (e). 

  



 

Figure S10. Top views of OER intermediates: OH* (a), O* (b), and OOH* (c) on p-CoN4. 
 

 

Figure S11. Top views of OER intermediates: OH* (a), O* (b), and OOH* (c) on i-Co-Co. 

Geometric structures of intermediates for i-Co-Fe are same with those for i-Co-Co. 

 

 

Figure S12. Polarization curves for all working electrodes with (a) and without (b) 95%iR 

correction measured under an O2-saturated 1 M KOH electrolyte and recorded at a scan rate of 5 

mV s-1. 

  



 

Figure S13. (a) Photographs of S-10, S-20, S-30 and S-40 (from left to right) after 

ultrasonication. TEM images: (b) S-10, (c) S-30 and (d) S-40. 

The exfoliated samples are labeled as S-10, S-20 (M-PCBN in the main text), S-30 and S-40, 

which correspond to the different molar ratio of feeds at 10% (1 mM), 20% (2 mM), 30% (3 

mM) and 40% (4 mM) of Fe(NO3)39H2O with a constant concentration of Co(NO3)26H2O (10 

mM) in the synthesis steps. Figure S13a shows the photographs of products after exfoliation. The 

exfoliation rates of S-10, S-20 (M-PCBN), S-30 and S-40 were ~9.1%, ~25%, ~17.5% and 

~3.2%, respectively. Because trivalent Fe ions can attack the CoN4-based MOF structure, excess 

Fe ions lead to a decreased exfoliation rate during the ultrasonic process. The Fe content in S-10, 

S-20 (M-PCBN), S-30 and S-40 were calculated to be 2.21 wt%, 4.14 wt%, 5.33 wt% and 6.89 

wt%, respectively, by ICP-OES. When the less concentrated Fe precursor was used, the TEM 

image of S-10 shows that insufficient metal oxide nanoparticles are embedded on the MOF 

matrix (Figure S13b). By increasing the concentration of the Fe precursor, the TEM image of S-

30 shows similar results with S-20 (M-PCBN) (Figure S13c). When an excessively concentrated 

Fe precursor was added, the size of metal oxide nanoparticles increased and the yield of resultant 

product declined (Figure S13d). 

  



 

 

Figure S14. Polarization curves for S-10/CC, S-20/CC (M-PCBN/CC), S-30/CC and S-40/CC 

without iR correction measured under the 1 M KOH electrolyte and recorded at a scan rate of 5 

mV s-1. 

S-10/CC exhibits the highest overpotential of 266 mV at a current density of 10 mA cm-2, while 

the others achieve similar results with overpotentials around 240 mV at 10 mA cm-2. When the 

low concentration of Fe precursor is used, the formed metal oxide nanoparticles and created 

active interfaces are insufficient in the resultant S-10 and thus its OER activity is lower than the 

others. On the contrary, S-30/CC and S-40/CC exhibit nearly identical polarization curves with 

S-20/CC (M-PCBN/CC), confirming that the active interface is saturated when the molar ratio of 

the Fe precursor exceeds 20% and the Fe sites in the metal oxide are inactive. 

  



 

Figure S15. EIS for pristine carbon cloth (a), PCB/CC (b), M-PCB/CC (c) and M-PCBN/CC (d). 

 

 

 

Figure S16. Polarization curves for PCB, M-PCB and M-PCBN deposited on copper foam (a) 

and glassy carbon electrode (b) with 95%iR correction measured under an O2-saturated 1 M 

KOH electrolyte and recorded at a scan rate of 5 mV s-1. 

  



 

Figure S17. SEM images of PCB (a,d), M-PCB (b,e) and M-PCBN (c,f) deposited on carbon 

cloth before (a-c) and after (d-f) the CV cycle test. XRD patterns of PCB (g), M-PCB (h), and M-

PCBN (i) deposited on carbon cloth before and after the CV cycle test. 

 

 
Figure S18. High-resolution XPS spectra for M-PCBN/CC before and after the electrochemical 

OER test: (a) Co2p and (b) Fe2p. 

  



 

Figure S19. Cyclic voltammetry (CV) curves for PCB (a), M-PCB (c) and M-PCBN (e) 

deposited on a glassy carbon electrode and measured in a potential window of 0.3-0.4 V (versus 

Hg/HgO) with different scan rates from 20 to 120 mV s-1. The corresponding linear relation of 

the charging current density differences at 0.35 V (versus Hg/HgO) against scan rates for PCB 

(b), M-PCB (d) and M-PCBN (f). 

  



 

Figure S20. Polarization curves normalized by ECSA for PCB/CC, M-PCB/CC and M-

PCBN/CC. 

 

Table S1. Fitting parameters of EXAFS curve for PCB, M-PCBN, Co and Fe foils. 

Sample Path C.N. R (Å) σ2×103 (Å2) ΔE (eV) R factor 

Co foil Co-Co 12a 2.50±0.01 6.3±0.2 8.0±0.3 0.001 

M-PCBN 

Co-N/O 3.4±0.5 2.01±0.01 7.4±2.0 -1.4±1.6 

0.013 

Co-C 2.7±1.3 2.97±0.05 7.9±6.9 3.0±3.6 

PCB 

Co-N 4.3±0.3 2.00±0.01 4.5±0.6 4.9±0.8 

0.002 

Co-C 6.9±1.5 2.95±0.02 9.7±2.6 2.7±1.5 

Fe foil 

Fe-Fe 8a 2.46±0.01 4.8±1.4 5.4±2.2 

0.004 

Fe-Fe 6a 2.84±0.02 5.6±2.5 4.6±3.6 

M-PCBNb 

Fe-O 5.7±0.7 1.96±0.01 11.0±1.8 -5.2±1.8 

0.005 

Fe-Fe/Co 4.6±1.3 3.09±0.02 12.8±3.1 7.2±2.4 

aThe coordination number (C.N.) is fixed according to the corresponding crystal data. 
bThe fitting results show the inexistence of an Fe-N coordination mode. 

  



 

Table S2. Comparison of electrocatalytic activity of the recent electrocatalysts for OER. 

 

Electrocatalysts Electrolyte Substrate a 

[mV] 

Tafel slope 

[mV/dec] 

Ref. 

M-PCBN 1 M KOH Carbon cloth 

Cu foam 

Glassy carbon electrode 

232 

185 

266 

32 This 

work 

Co3O4C-NA 0.1 M KOH Cu foil 290 70 S1 

Sigle-unit-cell CoSe2 sheet 1 M KOH Glassy carbon electrode 270 64 S2 

Co3O4 nanosheet 1 M KOH Carbon paper 270 46 S3 

NiCo-UMOFNs 1 M KOH Glassy carbon electrode 

Cu foam 

250 

189 

42 S4 

(Ni,Co)0.85Se@NiCo-LDH 1 M KOH Carbon cloth 216 77 S5 

CoFe2O4/C NRAs 1 M KOH Ni foam 220 45 S6 

Fe3-Co2@GC 0.1 M KOH Glassy carbon electrode 255 43 S7 

NiFe-MOF array  0.1 M KOH Ni foam 240 34 S8 

NiFe LDH-NS@DG10 1 M KOH Glassy carbon electrode 210 52 S9 

CoFe LDHs-Ar 1 M KOH Glassy carbon electrode 266 38 S10 

CS-NiFeCu 1 M KOH Ni foam 180 33 S11 

Ni-Fe LDH hollow prisms 1 M KOH Glassy carbon electrode 280 49 S12 

Au/NiFe LDH 1 M KOH Ti mesh 237 36 S13 

FeOOH2nm/LDH 1 M KOH Glassy carbon electrode 174 27 S14 

O-Co3O4 1 M KOH Ni foam 220 49 S15 

Fe-Co-P 1 M KOH Glassy carbon electrode 252 33 S16 

CoFeZr oxides/NF 1 M KOH Ni foam 248 54 S17 

NiCoFe@NiCoFeO NTAs/CFC 1 M KOH Carbon cloth 201 39 S18 

Co@N-CS/N-HCP@CC 1 M KOH Carbon cloth 248 68 S19 

Co3S4/EC-MOF 1 M KOH Carbon cloth 226 132 S20 

CoBDC-Fc-NF 1 M KOH Ni foam 178 51 S21 

aThe overpotential  was measured at the current density of 10 mA/cm2.  
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