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Experimental

3 g guanosine and 570 μL sulfuric acid were dissolved in 35 mL deionized water in an oil bath 

at 80 °C, and then 1 g, 2 g and 3 g ammonium molybdate were added respectively. The solution 

was transferred to a polyteflon reactor and then placed in a stainless steel shell at 180 °C for 12 h. 

After cooling to room temperature, the samples were filtered through a Brinell funnel by 

deionized water, and then dried and ground at 80 °C. Samples after grinding were labeled as HTC-

Mo-Guo-1, HTC-Mo-Guo-2, HTC-Mo-Guo-3 according to the amount of ammonium molybdate 

respectively. HTC-Mo-Guo-1, HTC-Mo-Guo-2, HTC-Mo-Guo-3 were annealed under a H2/Ar 

(volume content of H2: 5%) atmosphere. It was heated to 800 °C for 2 h at a heating rate of 5 °C 

/min. After cooling down to room temperature, samples after pyrolysis were labled as Mo-Guo-1, 

Mo-Guo-2, Mo-Guo-3 which were obtained from HTC-Mo-Guo-1, HTC-Mo-Guo-2, HTC-Mo-

Guo-3 respectively.

Electrochemical test 

The three-electrode system was used for HER testing, with 4.0 mm glassy carbon electrode as 

the working electrode, Ag/AgCl (saturated KCl) electrode as the reference electrode, and graphite 

rod as the counter electrode. The electrode potential of the reference electrode at 25 oC is 0.1989 

V. According to Nernst equation and the selection of three electrodes, the obtained potential 

should be converted into the electrode potential of reversible hydrogen electrode by the following 

formula:
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E (RHE) =E+0.1989+0.0591pH

The sample preparation method was as follows: 3.0 mg sample was weighed and dispersed in 300 

μL absolute ethanol and 100 μL deionized water, then 40 μL Nafion solution of 5 wt% was added, 

and then ultrasonic treatment was carried out for 15 min. Then 5.5 μL of the mixed solution was 

evenly added to the surface of the working electrode, and then placed in the drying oven for 

drying. Then the loading capacity of the active material on the working electrode is about 0.3 

mg·cm-1.

Polarization curve test

Polarization curves were tested using 1 M KOH and 0.5 M H2SO4 as electrolytes, and linear 

scanning voltammetry was used at a scanning rate of 5 mV·s-1. The LSV curves were obtained for 

iR drop compensation. The solution resistance required for iR drop compensation is measured by 

AC impedance method.

Tafel curve test

The Tafel equation, η=a+blgj, describes the semilog relationship between the overpotential (η) 

of hydrogen evolution reaction and the current density (j) of the reaction. Therefore, through the 

measurement of the polarization curve, we took the current density as the abscess coordinate and 

the overpotential as the ordinate coordinate to make the curve to get the Tafel curve, and 

calculated the slope of the curve to infer the possible reaction process.

Electrochemical Active Area Test (ESCA)

The electrochemical active area was measured by cyclic voltammetry in 1 M KOH solution to 

calculate the double layer capacitance value. The CV curves of the samples at different scanning 

rates were measured by gradually increasing the scanning rate from 20 mV·s-1 to 200 mV·s-1.

Electrochemical AC Impedance spectroscopy (EIS)

The surface electron transfer resistance of the characterized material was measured by AC 

impedance method in 1 M KOH solution. The overpotential in the test was set to 100 mV, with a 

frequency range from 100,000 Hz in the high frequency region to 0.01 Hz in the low frequency 

region and an amplitude of 10 mV.



Figure S1. SEM images of Mo-Guo-2.

Figure S2. (a) SEM images of Mo-Guo-1, (b) SEM images of Mo-Guo-3.

Figure S3. (a) -(b) TEM images of Mo-Guo-2, (c) -(d) HRTEM of Mo-Guo-2.



Figure S4. SEM images of (a) HTC-Mo-Guo-1, (b) HTC-Mo-Guo-3.

Figure S5. (a)HAADF of Mo-Guo-2 at 2 h and EDS mapping of Mo, C, N and O.



Figure S6. (a)HADDF of Mo-Guo-2 at 12 h and EDS mapping of Mo; C; N and O.

Figure S7. The cyclic voltammetry curve of Mo-Guo in the sweep speed range of 20 mV·s-1-200 
mV·s-1. (a) Mo-Guo-1, (b) Mo-Guo-2, (c) Mo-Guo-3.

Table S1. Textural properties of Mo-Guo samples.

Samples
BET Surface Area

(m2·g-1)
Vtotal

(m3·g-1)
Vmeso

(m3·g-1)
Vmicro

(m3·g-1)

Mo-Guo-1 48.14  0.074  0.007  0.063

Mo-Guo-2 43.82  0.065  0.004  0.055

Mo-Guo-3 21 0.023 0.003 0.017



Table S2. HER Performance of Various Mo-Based Electrocatalysts under alkaline condition.
Samples PH Tafel slope/mV η10 (mA cm2) Reference

Mo2N/Mo2C/C 14 62 79 This work
Mo2C@NCS 14 83 147 1

Mo2C-NCSs 14 115 140 2

Mo2C@NC/Mo2C-12 14 38 86 3

MoC-Mo2C 14 42 120 4

Fe3C-Mo2C/NC 14 92 170 5

Fe3C-Mo2C/NC 14 57 180 6

Mo2C microparticles 14 54 190 7
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