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Fig. S1 SEM images of (a) pristine catkin, (b) CMTs-600, (c) CMTs-800, (d) 

NCMTs-800, (e) Co3O4/CMTs-800, (f) Co3O4/NCMTs-700, (g) Co3O4/NCMTs-800, 

(h) Co3O4/NCMTs-900.
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Fig. S2 (a) XRD survey and (b) Raman of the Co3O4/NCMTs-X (X = 700, 800, 900)

Fig. S3 Typical SEM images of Co3O4/NCMTs-800 materials and corresponding 

elemental mapping images of C, N, O and Co.
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Fig. S4 the high-resolution Co 2p XPS spectrum of NCMTs-800 and CMTs-800.
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NCMTs-800 (BET:324.15 m2/g)
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Co3O4/CMTs-800 (BET:464.17 m2/g)
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Co3O4/NCMTs-800 (BET:470.10 m2/g)
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Co3O4/NCMTs-900 (BET:349.63 m2/g)
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Fig. S5 The nitrogen adsorption-desorption isotherms and the corresponding pore-size 

distribution of the CMTs-800 (a), NCMTs-800 (b), Co3O4/CMTs-800 (c), 

Co3O4/NCMTs-700 (d), Co3O4/NCMTs-800 (e) and Co3O4/NCMTs-900 (f).
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Fig. S6 CV curves of (a) Co3O4/NCMTs-800 and (b) Pt/C in N2/O2-saturated 0.1 M 
KOH solution at a scan rate of 50 mV/s.
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Fig. S7 Linear sweep voltammetric (LSV) curves of (a) Co3O4/NCMTs-800 and (b) 

Pt/C for ORR in O2-saturated 0.10 M KOH before and after 3000 cycles.



Fig. S8 SEM (a, b) and TEM (c, d) images of Co3O4/NCMTs-800 after 3000 cycles 

ORR stability test.
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Fig. S9 The CVs of the (a) Co3O4/NCMTs-800 and (b) Pt/C in O2-saturated 0.10 M 

KOH without and with 1.0 M CH3OH.



Table S1 XPS results for CMTs-800, NCMTs-800, Co3O4/CMTs-800 and 

Co3O4/NCMTs-800

a: The total N content (at.%) in the CMTs-800, NCMTs-800, Co3O4/CMTs-800 and 

Co3O4/NCMTs-800 determined by XPS elemental analysis, respectively.

b: The percentage of pyridinic-, pyrrolic-, graphitic- and oxidied-type nitrogen for the 

doped N

Table S2 Textual parameters of the materials

Sample  N content [at.%]a  Pyridinic N [%]b  Pyrrolic N [%]b  graphitic N [%]b  oxided N [%]b

CMTs-800      0.43             32.53          8.43            48.19           10.85            

NCMTs-800     3.87             52.06          10.80           27.95           9.19               

Co3O4/CMTs-800   0.73             31.28          9.92            46.36          12.44                

Co3O4/NCMTs-800   1.81             53.64          7.60            31.16           7.60              

Sample       BET surface       Average pore       Total pore    

area [m2 g-1]        diameter [nm]    volume [cm3 g-1] 

CMTs-800        291.96             4.04              0.18

NCMTs-800        324.15             5.27              0.26

Co3O4/CMTs-800     464.17             5.47              0.26

Co3O4/NCMTs-700     454.42             5.48              0.27

Co3O4/NCMTs-800     470.10             7.39              0.29

Co3O4/NCMTs-900     349.63             11.32              0.35



Table S3. Comparison of electrochemical activity of Co3O4/NCMTs-800 to the other 

reported ORR catalysts in alkaline electrolyte



Table S4. Comparison of electrochemical activity of Co3O4/NCMTs-800 to the other 
reported OER catalysts in alkaline electrolyte



Table S5. Comparison of electrochemical activity of Co3O4/NCMTs-800 to the other 
reported HER catalysts in alkaline electrolyte



Table S6. Comparison of the electrocatalytic performance of the Co3O4/NCMTs-800|| 

Co3O4/NCMTs-800 electrode pair for two-electrode overall water splitting with that of 

reported non-precious metal electrocatalysts and precious metal electrocatalysts tested 

under similar conditions.
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