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Figure S1. SEM images of (a) Co@CN, (b) CoIr@CN-0.15, (c) CoIr@CN-0.20, and 
(d) CoIr@CN-0.25.
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Figure S2. HRTEM images of CoIr@CN-0.20.

Figure S3. Nitrogen adsorption-desorption isotherms, and (inset) pore size 
distributions of (a) Co@CN, (b) CoIr@CN-0.15, (c) CoIr@CN-0.20, and (d) 

CoIr@CN-0.25.



Figure S4. XRD pattern of MOF and Ir@MOF.

Figure S5. TGA curves of the MOF and Ir@MOF-x (x = 0.15, 0.20, and 0.25) under 
nitrogen atmosphere.



Figure S6. C 1s XPS of (a) Co@CN, (b) CoIr@CN-0.15, (c) CoIr@CN-0.20, and (d) 
CoIr@CN-0.25.



Figure S7. N 1s XPS of (a) Co@CN, (b) CoIr@CN-0.15, (c) CoIr@CN-0.20, and (d) 
CoIr@CN-0.25.

Figure S8. Ir 4f XPS of CoIr@CN-0.15, CoIr@CN-0.20, and CoIr@CN-0.25.



Figure S9. CVs curve of (a) Co@CN, (b) CoIr@CN-0.15, (c) CoIr@CN-0.20, and (d) 
CoIr@CN-0.25 in 1.0 M KOH for OER.

The corresponding ECSA caculated from Cdl:

ECSA Co@CN =
2.74 𝑚𝐹 𝑐𝑚 ‒ 2
40 𝜇𝐹 𝑐𝑚 ‒ 2

 = 68.50 𝑐𝑚2

ECSA CoIr@CN-0.15 =
5.45 𝑚𝐹 𝑐𝑚 ‒ 2
40 𝜇𝐹 𝑐𝑚 ‒ 2

 = 136.25 𝑐𝑚2

ECSA CoIr@CN-0.20 =
7.37 𝑚𝐹 𝑐𝑚 ‒ 2
40 𝜇𝐹 𝑐𝑚 ‒ 2

 = 184.25 𝑐𝑚2

ECSA CoIr@CN-0.20 =
8.56 𝑚𝐹 𝑐𝑚 ‒ 2
40 𝜇𝐹 𝑐𝑚 ‒ 2

 = 214.00 𝑐𝑚2



Figure S10. XRD pattern of CoIr@CN-0.20 loaded on carbon paper before and after 
the long-term OER reaction in 1.0 M KOH.

Figure S11. SEM images of CoIr@CN-0.20 after the long-term OER reaction.



Figure S12. (a-c) Low-magnification TEM and (d, e) High-magnification TEM 
images of after-OER CoIr@CN-0.20.

Figure S13. XPS spectra of CoIr@CN-0.20 after long-term OER experiment.

Figure S14. (a) Tafel slope calculated from LSV curves and (b) EIS test in 1.0 M 
KOH for HER. 



Figure S15. CVs curve of (a) Co@CN, (b) CoIr@CN-0.15, (c) CoIr@CN-0.20, and (d) 
CoIr@CN-0.25 in 1.0 M KOH for HER.

The corresponding ECSA caculated from Cdl:

Figure S16. XRD pattern of CoIr@CN-0.20 loaded on carbon paper before and after 
the long-term HER reaction in 1.0 M KOH.

ECSA Co@CN =
3.12 𝑚𝐹 𝑐𝑚 ‒ 2
40 𝜇𝐹 𝑐𝑚 ‒ 2

 = 78.00 𝑐𝑚2

ECSA CoIr@CN-0.15 =
3.72 𝑚𝐹 𝑐𝑚 ‒ 2
40 𝜇𝐹 𝑐𝑚 ‒ 2

 = 93.00 𝑐𝑚2

ECSA CoIr@CN-0.20 =
12.75 𝑚𝐹 𝑐𝑚 ‒ 2
40 𝜇𝐹 𝑐𝑚 ‒ 2

 = 318.75 𝑐𝑚2

ECSA CoIr@CN-0.25 =
9.16 𝑚𝐹 𝑐𝑚 ‒ 2
40 𝜇𝐹 𝑐𝑚 ‒ 2

 = 229 𝑐𝑚2



Figure S17. (a-d) Low-magnification TEM and (e) High-magnification TEM images 
of after-HER CoIr@CN-0.20 in 1.0 M KOH.

Figure S18. Tafel slope calculated from LSV curves of Co@CN and CoIr@CN-0.20 
in 0.5 M H2SO4 for HER. 



Figure S19. CVs curve of (a) CoIr@CN-0.20 and (b) Co@CN in 0.5 M H2SO4 for 
HER.

Figure S20. LSV polarization curves of the Co@CN and CoIr@CN-x (x= 0.15, 0.20, 
0.25) for water splitting in 1.0 M KOH solution.

Table S1. Loading amount of Co and Ir in Co@CN, CoIr@CN-0.15, CoIr@CN-0.20, 
and CoIr@CN-0.25 characterized by ICP-MS.
Sample Co (w%) Ir (w%) Molar ratio of Ir and Co
Co@CN 24.57 0 0
CoIr@CN-0.15 47.46 2.55 0.0165
CoIr@CN-0.20 47.31 2.69 0.0175
CoIr@CN-0.25 42.56 2.66 0.0192

Table S2. BET data analysis of Co@CN, CoIr@CN-0.15, CoIr@CN-0.20, and 
CoIr@CN-0.25 samples.
Sample Specific Surface Area 

(m2 /g) 
Pore Volume 
(cm3 /g) 

Average Pore Size (nm) 

Co@CN 276.46 0.1991 2.8801



CoIr@CN-0.15 95.931 0.054529 2.2737
CoIr@CN-0.20 111.95 0.06389 2.2829
CoIr@CN-0.25 128.62 0.067928 2.1125

Table S3. Mass ratios of various elemences in Co@CN, CoIr@CN-0.15, CoIr@CN-
0.20, and CoIr@CN-0.25 determined by XPS.
Sample Co (w%) Ir (w%) C (w%) N (w%) O (w%)
Co@CN 10.32 - 64.79 10.89 9.69
CoIr@CN-0.15 3.35 6.74 70.77 3.62 15.52
CoIr@CN-0.20 4.69 12.21 64.73 5.34 13.03
CoIr@CN-0.25 4.61 14.35 62.75 5.87 12.43

Table S4. Tafel slope, Exchange current densities (jo), and Relative jo of all tested 
samples for OER.

Samples Tafel slope
(mV dec-1)

jo (mA cm-2) Relative jo

CoIr@CN-0.25 103.0 0.733 28.19
CoIr@CN-0.20 64.7 0.857 32.96
CoIr@CN-0.15 114.1 0.202 7.77

Co@CN 131.1 0.026 1.0
the commercial RuO2 164.8 0.025 0.96

Table S5. Tafel slope, Exchange current densities (jo), and Relative jo of all tested 
samples for HER in 1.0 M KOH.

Samples Tafel slope
(mV dec-1)

jo (mA cm-2) Relative jo

CoIr@CN-0.25 131.4 16.21 29.47
CoIr@CN-0.20 123.8 20.40 37.09
CoIr@CN-0.15 172.2 7.07 12.85

Co@CN 180.1 0.55 1.0
the commercial Pt/C 81.6 33.11 60.2

Table S6. Comparison of OER performance for CoIr@CN-0.20 with other reported  
carbon-based materials in the 1.0 M KOH. 
Catalyst Electrode Overpotential at 

10 mA cm-2 (mV)
Tafel 
slope
(mV dec-1)

Reference 

CoIr@CN-0.20 CP 269 61.4 This work
Co3O4/CN HNPs GCE 280 59 1
Fe-Co-CN/rGO-700 GCE 308 38 2
hcp-Co@NC GCE 290  68.2 3
Co-CN hybrids CP 287 63.8 4
Ir/CN GCE 265 35 5
CoOx@CN GCE 260 - 6
RuNi1Co1@CMT CC 299 83 7



Co@Ir/NC-10% GCE 280 73.8 8
C@NiCo nanospheres GCE 330 157 9
CoP(MoP)-CoMoO3@CN GCE 296 105 10
Co@N-CNTF GCE 350 61.4 13

Table S7. Comparison of HER performance for CoIr@CN-0.20 with other reported  
carbon-based materials in the 1 M KOH or 0.5 M H2SO4. 
Catalyst Electrode Electrolyte Potential at 10 

mA cm-2 (mV)
Tafel slope
(mV dec-1)

Reference 

CoIr@CN-
0.20

CP 1 M KOH 70 123.8 This 
work

CoIr@CN-
0.20

CP 0.5 M 
H2SO4

25 24.1 This 
work

Fe-Co-
CN/rGO-700

GCE 1 M KOH 215 54 2

hcp-Co@NC GCE 1 M KOH 90 90.7 3
RuNi1Co1@
CMT

carbon 
cloth

1 M KOH 78 77 7

Co@Ir/NC-
10%

GCE 1 M KOH 121 38 8

C@NiCo 
nanospheres

GCE 1 M KOH 105 106 9

CoP(MoP)-
CoMoO3@C
N

GCE 1 M KOH 198 95 10

G@Co-W-P GCE 1 M KOH 102.3 61.2 11
G@Co-W-P GCE 0.5 M 

H2SO4 
91.5 40.7 11

IrCo@NC-
500

GCE 1 M KOH 45 80 12

IrCo@NC-
500

GCE 0.5 M 
H2SO4 

24 23 12

Co@N-
CNTF

GCE 1 M KOH 226 - 13

Co@N-
CNTF

GCE 0.5 M 
H2SO4

220 - 13
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