
Supporting Information

Selective design of binder-free hierarchical nickel molybdenum 

sulfide as a novel battery-type material for hybrid supercapacitors

Ramu Manikandan,a C. Justin Raj,b Goli Nagaraju,c Myoungho Pyo,a and Byung Chul Kima*

a Department of Printed Electronics Engineering, Sunchon National University, 255, Jungang-ro, 

Sunchen-si, Jellanamdo, 57922, Republic of Korea.                                                                          

b Department of Chemistry, Dongguk University-Seoul, Jung-gu, Seoul-04620, Republic of Korea.

c Department of Chemical Engineering, College of Engineering, Kyung Hee University, 1732 

Deogyeong-daero, Gihung-gu, Yongin-si, Gyeonggi-do 17104, Republic of Korea.

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2019



0.0 0.1 0.2 0.3 0.4 0.5
-0.04
-0.02
0.00
0.02
0.04
0.06
0.08

 

 

Cu
rr

en
t d

en
si

ty
 (A

 c
m

-2
)

Potential (V) vs. Hg/HgO

 5 mV s-1

 10 mV s-1

 20 mV s-1

 30 mV s-1

 40 mV s-1

0 400 800 1200 16000.0

0.1

0.2

0.3

0.4

0.5

 

 

Vo
lta

ge
 (V

) v
s.

 H
g/

Hg
O

Time (s)

 40cyc@NMS-Ni
 50cyc@NMS-Ni

I - 4 mA cm-2

(a) (b)

(c) (d) 0 400 800 1200 16000.0

0.1

0.2

0.3

0.4

0.5

 

 

Vo
lta

ge
 (V

) v
s.

 H
g/

Hg
O

Time (s)

 4 mA cm-2

 6 mA cm-2

 8 mA cm-2

 10 mA cm-2

 12 mA cm-2

 15 mA cm-2

 18 mA cm-2

 20 mA cm-2

4 6 8 10 12 14 16 18 200.0

0.5

1.0

1.5

2.0

2.5

3.0

 

 

Ar
ea

l c
ap

ac
ity

 (C
 c

m
-2
)

Current density (mA cm-2)

 50cyc@NMS-Ni
 40cyc@NMS-Ni

Figure S1. a) CVs of 50cyc@NMS-Ni electrode measured at different scan rates, b) GCD curves 

of the 50cyc@NMS-Ni electrode measured at various current densities, c) GCD curves of the 

40cyc@NMS-Ni, and 50cyc@NMS-Ni electrodes at a current density of 4 mA cm-2, and d) The 

variation of areal capacity values of the 40cyc@NMS-Ni, and 50cyc@NMS-Ni electrodes with 

respect to different discharge current densities (4, 6, 8, 10, 12, 15, 18, and 20 mA cm-2).
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Figure S2. Nyquist plots with fitted curve of a) bare@Ni-foam, b) 10cyc@Ni-NMS, c) 
20cyc@Ni-NMS, d) 30cyc@Ni-NMS, and e) 40cyc@Ni-NMS samples.



Figure S3. Cycling stability of 40cyc@NMS-Ni electrode in three-electrode system.
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Figure S4. Nyquist plots with fitted curve of (a) before, and (b) after 5,000 cycles at a current 
density of 15 mA cm-2 of 40cyc@Ni-NMS sample.


