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Figure S1 Schematic explanation of the synthetic procedure of the molybdenum 
carbide-based catalysts.



Figure S2 XRD patterns of MoO3 and MoO3 nanorods.



Figure S3 Scanning electron microscopy (SEM) images of MoO3 nanorods.



Figure S4 Scanning electron microscopy (SEM) images of MoO3.



Figure S5 XPS spectra for Mo 3d (a), C 1s (b) of α-MoC1-x nanorods catalyst.



 
Figure S6 Cyclic voltammograms of α-MoC1-x, β-Mo2C and
α-MoC1-x nanorods with various scan rates in 0.5 M H2SO4.



Figure S7 Cyclic voltammograms of α-MoC1-x, β-Mo2C and
α-MoC1-x nanorods with various scan rates in 1.0 M KOH.



Figure S8 The TOF values of α-MoC1-x, β-Mo2C and α-MoC1-x nanorods catalysts in 

(a) 0.5 M H2SO4 and (b) 1.0 M KOH solution. 



Figure S9 The XRD patterns of α-MoC1-x nanorods catalyst after stability tests for 

HER in (a) 0.5 M H2SO4 and (b) 1.0 M KOH solution. 



Figure S10 The TEM images of α-MoC1-x nanorods catalyst after stability tests for 

HER in (a) 0.5 M H2SO4 and (b) 1.0 M KOH solution. 



Figure S11 H2-Chemisorption profiles of α-MoC1-x and β-Mo2C.



Figure S12 H2-TPD profiles of α-MoC1-x and β-Mo2C.



Table S1 Summary of representative α-MoC1-x -based HER catalysts in 0.5 M H2SO4.

Catalysts j (mA/cm2) η (mV) Tafel slope Ref

MoxC-0.4 10 48 155 [1]

MoC@C 10 63.6 120 [2]

α-MoC1-x/β-Mo2C 10 78 242 [3]

α-MoC1-x-MoP/C 10 57 173 [4]

α-MoC1-x nanorods 10 60 127 This work



Table S2 ICP results of α-MoC1-x nanorods before and after durability tests

Fresh sample
Used sample in 0.5 M 

H2SO4

Used sample in 1.0 M 
KOH

Mo content (wt. 
%)

46.7 44.9 45.8



Calculated Electrochemically Active Surface Area

AECSA =
electrochemical capacitance

40 μF cm - 2 per cm 2
ECSA

Turnover Frequency Calculations 

The turnover frequency can be calculated by the following formula:

TOF =
no. of total hydrogen turnovers/ cm2 of geometric area

no. of active sites/ cm2 of geometric area
 

The total number of hydrogen turnovers per current density can be calculated by the 
formula:

No. of H2 = (per
mA

cm2)( 1 C s - 1

1000 mA)(1 mol of e
96485.3 C)(1 mol of H2

2 mol of e )(6.022 × 1023H2 molecules

1 mol of H2 ) 

=  3.12 × 1015
H2 s - 1

cm2
per

mA

cm2

Active sites per real surface area:

For α-MoC1-x

active sites = (
8 atoms/unit cell

77.8 Å3/unit cell 
)

2
3 = 2.19 × 1015 atoms cm - 2

real

For β-Mo2C

active sites = (
2 atoms/unit cell

37.2 Å3/unit cell 
)

2
3 = 1.42 × 1015 atoms cm - 2

real

Finally, plot of current density can be converted into a TOF plot according to:

TOF =

(3.12 × 1015
H2 s - 1

cm2
 per

mA

cm2
) × |j|

(active sites per real surface area) × AECSA
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