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METHOD

INTRODUCTION & AIM 

AIM: Synthesis and characterization of NiWSSe by the 
Hydrothermal method for Hydrogen Evolution Reaction (HER) 

Transition metal dichalcogenide-based electrocatalysts

❖ Prepared Samples:

I. NiSSe

II. Ni0.25W0.75SSe 

III. Ni0.5W0.5SSe

IV. Ni0.75W0.25SSe 

20 30 40 50 60 70 80

JCPDS No. 41-1495

In
te

n
si

ty
 (

a
.u

.)

2θ (Degree)

(0
0

4
)

(2
1

0
)/

(1
0

1
)

(2
1

1
)

(3
1

1
)

(2
3

0
)

(3
2

1
)/

(1
1

0
)

(1
0

2
)

(2
1

1
)

(1
0

2
)

(4
0

0
)

(2
2

2
)

(4
2

1
)

(3
3

2
)

(1
0

2
)

(2
1

0
)

(0
0

4
)

(3
1

1
)

(3
1

1
)

(3
1

1
)

(2
3

0
)

(4
0

0
)

(4
0

0
)

(4
2

1
)

(4
0

0
)(a)

(b)

(c)

(d)

JCPDS No. 84-1398

(2
1

0
)/

(1
0

1
)

(2
1

0
)/

(1
0

1
)

(3
2

1
)/

(1
1

0
)

(2
2

0
)

1µm1µm 100nm 100nm

(a) (b)

1µm 1µm100nm 100nm

(c) (d)

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

0.10

0.12

0.14

0.16

0.18

0.20

0.22

0.24

0.26

0.28

P
o

te
n

ti
a
l 

(V
 v

s 
R

H
E

)

log (j) (mA/cm²)

 Ni0.25W0.75SSe

 Ni0.5W0.5SSe

 Ni00.75W0.25SSe

 NiSSe

 54.78 mV dec
-1

 54.84 mV dec
-1

 43.02 mV dec
-1

 57.3 mV dec
-1

0.00 0.01 0.02 0.03 0.04 0.05

0.02

0.04

0.06

0.08

0.10

0.12

0.14

C
u

rr
e
n

t 
d

en
si

ty
 (

m
A

/c
m

²)

Scan Rate (mV/sec)

 Ni0.25W0.75SSe

 NiSSe

1 µF/cm
2

1.65 µ
F/cm

2

Figure 1. X-ray diffraction patterns of (a) 

NiSSe, (b) Ni0.25W0.75SSe, (c) Ni0.75W0.25SSe, 

and (d) Ni0.5W0.5SSe. 

Figure 2. FE-SEM image of (a) and (b) 

Ni0.25W0.75SSe, and (c) and (d) of NiSSe
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Figure 3. Linear sweep voltammetry graphs 

of (a) NiSSe, Ni0.25W0.75SSe, Ni0.75W0.25SSe, 

and Ni0.5W0.5SSe

Figure 4. Tafel plots for NiSSe, 

Ni0.25W0.75SSe, Ni0.75W0.25SSe and 

Ni0.5W0.5SSe 

Figure 5. Electrochemical surface area of 

Ni0.25W0.75SSe and NiSSe

Figure 6. EIS spectra of Ni0.25W0.75SSe, 

Ni0.75W0.25SSe, Ni0.5W0.5SSe, and NiSSe. 

▪ Stability Test

▪ XPS

▪ HRTEM 
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Thus, we concluded that Ni0.25W0.75SSe performed better 

than other prepared electrocatalysts in terms of HER 

activity. Because it has a low overpotential of 138 mV and 

a high ECSA of  175.66 cm2.
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