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Fig. S1 SEM (A, C, E, and G), EDAX (B, D, F, and H), and elemental composition of 

MWCNTs (A and B), NiS-(0.1)@MWCNTs (C and D), NiS-

(0.5)@MWCNTs (E and F), and NiS (1.0)@MWCNTs (G and H). 

Element Weight % Atomic %

C K 47.44 62.95

O K 30.70 30.58

S K 2.36 1.17

Ni K 19.50 5.29

NiS-(0.1)@MWCNTs

Element Weight % Atomic %

C 35.49 52.04

O 33.72 37.13

S 6.39 3.51

Ni 24.40 7.32

NiS-
(0.5)@MWCNTs

Element Weight % Atomic %

C 28.92 46.64

O 31.95 38.67

S 6.52 3.94

Ni 32.61 10.76

NiS-
(1.0)@MWCNTs

Element Weight % Atomic %

C 79.57 83.84

O 20.43 16.16

O
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Fig. S2 FESEM images of A) MWCNTs, B) NiS-(0.1)@MWCNTs, C) NiS-

(0.5)@MWCNTs, and D) NiS-(1.0)@MWCNTs  

A) B)
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Fig. S3 HR-TEM images of A) MWCNTs, B) NiS-(0.1)@MWCNTs, C) NiS-

(0.5)@MWCNTs, and D) NiS-(1.0)@MWCNTs. Inset shows the SAED 

pattern of the same. 
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Fig. S4 A) LSV curves representing the mass activity of a) MWCNTs, b) NiS-

(0.1)@MWCNTs, c) NiS-(0.5)@MWCNTs, d) NiS-(1.0)@MWCNTs, e) Ni-

S@MWCNTs-500, and f) RuO2.  

B) Bar graph showing the mass activity at 1.6 V vs. RHE. 
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Fig. S5 A) Tafel slope for a) GC/NiS-(0.1)@MWCNTs, b) GC/NiS-(0.5)@MWCNTs, 

c) GC/NiS-(1.0)@MWCNTs, d) GC/ Ni-S@MWCNT-500, and e) RuO2.  

B) Bar diagram of the Tafel slope values for the respective electrodes.   
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Fig. S6 A) Tafel slope of a) MWCNTs, b) NiS(0.1)@MWCNTs, c) 

NiS(0.5)@MWCNTs, d) NiS(1.0)@MWCNTs, e) Ni-S@MWCNTs-500, and 

f) Pt-C (20%), and B) bar diagram depicting the value of Tafel slopes of the 

corresponding material. 
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Fig. S7 CV responses (A, C, E, and G) at different scan rates in the non-faradaic 

region and the plot of scan rate vs. current density (B, D, F, and H) for NiS-

(0.1)@MWCNTs (A and B), NiS-(0.5)@MWCNTs (C and D), NiS-

(1.0)@MWCNTs (E and F), and Ni-S@MWCNTs-500 (G and H). 
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Fig. S8 The LSV responses before and after the 5000 continuous CV cycles at A) Ni-

S@MWCNTs-500 and B) Pt-C (20%) in O2 saturated environment. 
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Fig. S9  The 1000 continuous CV cycles recorded at Ni-S@MWCNTs-500 in 1.0 M 

KOH at the scan rate of 300 mVs
-1

. 
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Fig. S10  XRD patterns of Ni-S@MWCNTs-500 coated on an ITO glass plate, before 

and after the OER catalysis.  

 

 

 

 

 

 

 

 

 

 

20 40 60

*  NiOOH

*

*

In
te

n
s
it

y
 /
 a

.u
.

*

2  / degree

 After OER

 Before OER

 ITO plate



12 

 

0 400 800 1200

A)

S
 2

p

N
i 
2
p

O
 1

s

C
 1

s

 

Binding energy / eV

In
te

n
s
it

y
 /
 a

.u
.

280 285 290 295 300 305

C 1sB)

K

K

In
te

n
s
it

y
 /
 a

.u
.

Binding energy / eV

 Experimental data

 Fitted data

 Shierley background

 C=C

 C-C

 C-O

 O-C=O

528 530 532 534 536 538 540

O 1sC)

Binding energy / eV 

 
In

te
n

s
it

y
 /
 a

.u
.

 Experimental data

 Fitted data

 Shierley background

 C=O

 Ni-O

 C-O

850 860 870 880 890

Sat.Sat.

2p
1/2

2p
3/2

D) Ni 2p

 Binding energy / eV

In
te

n
s
it

y
 /
 a

.u
.

 Experimental data

 Fitted data

 Shierley background

 Ni
+2

 Ni
+3

 Ni
+2

 Ni
+3

160 164 168 172 176

E) S 2p

 

 
In

te
n

s
it

y
 /
 a

.u
.

Binding energy / eV

 Experimental data

 Fitted data

 Shierley background

 2p
3/2

 2p
1/2

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S11 A) XPS survey spectra of Ni-S@MWCNTs-500 after the OER catalysis, with high-resolution scan for B) C 1s, C) O 1s, D) Ni 2p, 

and E) S 2p together with the respective de-convoluted spectra. 


