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Table S1: Intensity ratio for various synthesized composite.

Sample ID IG ID/IG

W/C-5 481.33 586.32 0.82

W/C-10 1569.44 1873.8 0.83

W/C-14 3091.32 3664.26 0.84

W/C-18 5302.24 6140.79 0.86

1 Calculation of hydrogen coverage (θH)

The calculation of hydrogen coverage (θH ) is an important step for determining the rate-limiting step.

It is well predicted from the previous studies if hydrogen coverage is high i.e., θH ≈ 1, the reaction

proceeds through the Volmer-Tafel mechanism and the recombination (Tafel) step is the rate-limiting

step.[1, 2] While for low adsorption of hydrogen on the active sites, value of θH=0 and Volmer is the rate

determining step [3]. When θH→1, reaction proceeds through Volmer-Heyrovsky step and Heyrovsky

is rate determining step [4]. The hydrogen surface coverage is calculated by following the procedure

given by Elhamid et. al. [5]. In Tafel region, the rate of proton discharge (ic) is given by:

ic = Fk1CH+(1− θH) exp(
−F

RT
αη) (S1)

= i
′
o(1− θH) exp(

−F

RT
αη) (S2)

Here, i
′
o = Fk1CH+ = io/(1-θeH ), where io is defined as as exchange current density in an equilibrium,

here θeH = 0, CH+ is concentration of hydrogen ions, α is transfer coefficient of HER, F is Faraday’s

constant (C mol−1), k1 is rate constant and η is overpotential. The rate equation for recombination step

and desorption step can be written by taking an assumption of ir = ic

ir = ic = Fk2θ
2
H (for recombination) (S3)

θH =

√
ic

Fk2
(S4)

ir = ic = Fk1θH (for desorption) (S5)

θH =
ic

Fk1
(S6)

After rearranging the equation number S5 and S6 we get [2, 6]

ic exp(
F

RT
αη) = i

′
o(1− θH) (S7)

From Equations S8 and S9, we obtain

ic exp(
F

RT
αη) = i

′
o(1−

√
ic

Fk2
) (S8)

ic exp( F
RT αη) is termed as a charging function. Figure S4, panel (a) describes the behavior of the

charging function with the square root of charging current (
√
ic) for the W/C-14 composite. Here, for

S2



simplicity value of α is to be taken as 0.5. The slope and intercept helps to find the values of io, k1
and k2 and the obtained values of io= 1.17×10−5 (A), k1= 1.16×10−6 cm s−1 and k2= 1.3×10−7 mol

cm−2 s−1. After calculating the values of k1 and k2, the variation of hydrogen surface coverage (θH )

with the potential for desorption and recombination step was shown in panel (b). It is also predicted that

hydrogen coverage θH increase with the potential [3, 5]. As seen from the results, the value of θH→
1 corresponds to intermediate state and hence, it is clear that reaction will proceeds through Volmer-

Heyrovsky and Heyrovsky is the rate determining step.

S3



10 20 30 40 50 60 70 80

0

2

4

6

8

10

12
(b)

 

 

C
ou

nt
s

Particle Size (nm)

(a)WO3

10 20 30 40 50 60 70

0

2

4

6

8

10

12

14

16

18

20
W/C-14

 

 

 

Particle Size (nm)

Figure S1: Particle size distribution histogram for (a) WO3 and (b) W/C-14 composite.

Figure S2: Scanning electron microscope images at different magnifications ((a)-(c)) for W/C-5, ((d)-

(f)) for W/C-10 and ((g)-(i)) for W/C-18.
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Figure S3: High-resolution XPS spectra for W/C-5 sample (a) W 4f, (b) O1s, (c) C 1s and W/C-18

sample (d) W 4f, (e) O1s and (f) C 1s, respectively.
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Figure S4: EPR spectra for composites. (a) W/C-5, (b) W/C-10, (c) W/C-14 and (d) W/C-18.
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Figure S5: Mott-Schottky plots for different samples. (a) WO3, (b) f-MWCNT and (d) WO3/MWCNT

composite (W/C-14).
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Figure S6: (a) The relationship between the charging function and the square root of the cathodic current

and (b) Relation between the hydrogen surface coverage (θH ) and the electrode potential.
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Figure S7: Detailed HER mechanism for WO3/MWCNT based composites.

Table S2: Comparison of electrochemical properties of various samples before and after performing the

stability test.

Sample ID η10 (V) η10 (V) η50 (V) η50 (V) Tafel slope (mV/dec) Tafel slope (mV/dec)

Before After Before After Before After

WO3 -0.64 -0.66 - - 347 391

W/C-5 -0.5 -0.58 - - 241 221

W/C-10 -0.4 -0.46 -0.51 -0.55 179 200

W/C-14 -0.20 -0.29 -0.30 -0.33 70 85

W/C-18 -0.36 -0.43 -0.47 -0.53 125 138
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Figure S8: High-resolution XPS spectra for W/C-14 sample after stability test. (a) XPS survey scan,

(b) W 4f, (c) O 1s and (d) C 1s.
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Figure S9: Scanning electron microscopic images of W/C-14 at different magnification after performing

the stability test.

2 TOF and number of active site calculation

The TOF calculation is done by assuming the oxygen atom as an active site and the general formula is

described below:

TOF =
Number of total hydrogen turnovers/cm2

Number of active sites/cm2
(S9)

With the current density, total number of hydrogen turnovers was calculated as:

NumberofH2 =

(
j
mA

cm2

)(
1C s−1

1000mA

)(
1molH2

2mol e−

)(
6.022× H2molecules

1molH2

)
= 3.12× 1015

H2/s

cm2
per

mA

cm2
(S10)

The number of oxygen atom per unit ECSA was calculated as:

No. of O active sites inWO3/MWCNT

ECSAcm2
=

(wt% of O inWO3/MWCNT )mg

per 1mg of catalystwt
× (catalyst)mg

ECSAcm2

× 1mmol

16mg
× 6.022× 1022 sites

1mmol
(S11)

TOF (s−1) =

(
3.12×1015H2

cm2s
permA

cm2

)
× |current density|mA

cm2

Number of O active site inWO3/MWCNT
ECSAcm2

(S12)
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Figure S10: Cyclic Voltammetry (CV) plots for various electrocatalyst in the potential range of -0.1 V

to 0.5 V at scan rate of 10-100 mV/s. (a) f-MWCNT, (b) WO3, (c) W/C-5, (d) W/C-10, (e) W/C-14 and

(f) W/C-18.
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Figure S11: Comparison of CV at fixed scan rate of 20 mV/s for WO3/MWCNT composites.
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