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by a hydrothermal reaction. (b) TEM image of CoO-G.
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Figure S2. Electrochemical impedance spectra of N-Co@G performed at open circuit

potential and » = 200 mV vs RHE from 100 kHz to 0.1 Hz.
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Figure S3. (a) CVs measured in a non-Faradaic region (= 50 mV vs open circuit potential)

at different scan rates from 100 to 10 mV s™. (b) The cathodic (black) and anodic (red)

charging current measured at 0.09 V vs RHE plotted as a function of scan rate. The

double layer capacitance is taken as the average of the absolute value of the slope of the

linear fits to the data.
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Figure S4. XPS survey spectra of the control samples of Co@G and NG.
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similar morphologic characteristics to N-Co@G, with small nanoparticles decorating on
the graphene sheets and each individual nanoparticle has core-shell structure with Fe

encapsulated in carbon layers.
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Figure S6. XPS spectra of N-Fe@G, showing the presence of C, O, N and Fe elements.
The Fe is in metallic form and the N has three different species of pyridinic, pyrrolic and

quaternary configurations.
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Figure S7. Raman spectra of N-Co@G and N-Fe@G. The spectra show the characteristic
D and G bands for carbon, which are associated with the disordered carbon and sp*-

hybridized graphitic carbon, respectively. The similar intensity ratio of D to G band in

these two samples indicates the similar degree of the carbon crystallinity.
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Figure S8. Polarization curves tested in alkaline solution of the corresponding samples in

Figure 4d near the onset overpotential region.
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Table S1. Comparisons of the HER electrocatalytic activities of N-Co@G under acidic

conditions with some representative HER catalysts recently reported.

zgls'cfg@lfq,z 0.5MH,S0,  5mVs? 70mv 265 mv This work

(z:ngpF;i':nT_f 0.5MH,SO,  50mV st 50 mv 260 mv 1
Fe%%%)zlg NN 0amms0,  2mvst 70 mv 290 mv 2
MoP e Egp(ﬂf 8S  05MH,s0, 2mvst 40mv 125 mv 3
Ween 3g°g';§es 05MH,SO,  10mV st 100 mv 170 mv 4

%%SJQR;O,Z 0.5MH,SO,  2mvV st 100 mv 150 mv 5
De;;‘;t';g:tmgsz 0.5MH,SO,  5mV st 120 mv 190 mv 6

250(')\A:chm'2 IMH,50,  1mVs?! 100 mv 215 mv 7

L 402)/Iﬁz]ccm-2 IMH,50,  1mvs?! 100 mv 215 mv 7

1%%'\';?2'”?2 0.5MH,SO,  5mvV st NA 240 mv 8
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Table S2. Comparisons of the HER electrocatalytic activities of N-Co@G under alkaline

conditions with some representative HER catalysts recently reported.

Onset Overpotential to

Catalyst Loading Electrolyte  Scan rate overpotential  deliver 10 mA cm?2 Reference

N-Co@G 285 MOCM? (1M NaOH 5mVs? 70 mv 337 mv This work
Co-NRCNTs 280 ug cm-2 1M KOH 50 mV s1 50-100 mV 370 mV 1
MoB 2500 pg cm2 1M KOH 1mvst 100 mV 225 mVv 7
Mo,C 800 ug cm2 1M KOH 1mvst 100 mV 190 mV 7
CoggMo, 4N, 240 pg cm2 0.1M KOH 5mV st NA 300 mv 9
C;N, on FTO NA 0.1M KOH 25mV st 100 mV NA 10
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