
1

Band gap modified boron doped NiO/Fe3O4 nanostructure 

as the positive electrode for high energy asymmetric 

supercapacitor

Sanjit Saha, a,b Milan Jana, a,b Partha Khanra, c Pranab Samanta, a,b Hyeyoung Koo, d Naresh 

Chandra Murmua,b and Tapas Kuila a*

a Surface Engineering & Tribology Division, CSIR-Central Mechanical Engineering 

Research Institute, Durgapur -713209, India

bAcademy of Scientific and Innovative Research (AcSIR), CSIR-CMERI Campus, 

Durgapur-713209

cSoft Innovative Materials Research Centre, Korea Institute of Science and Technology 

(KIST), Jeonbuk 565905, South Korea

d  Soft Innovative Materials Research Centre, Institute of Advanced Composite 

Materials, Korea Institute of Science and Technology (KIST), Jeonbuk 565905, South 

Korea

----------------------------------------------------------------------------------------------------------------

* Correspondence to Tapas Kuila. Tel.: +91-9647205077; Fax: 91-343-2548204 

E-mail address: tkuila@gmail.com  (Tapas Kuila) 

-------------------------------------------------------------------------------------------------------------

Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2015

mailto:tkuila@gmail.com


2

 

Figure S1. XRD plot of F1N2, FN and F2N1.

The peaks at 2θ = 30.05, 35.47, 43.02, 57.03 and 62.35o were related to the Fe3O4 (JCPDS 

card 65-3107). 1,2,3 The peaks related to the 38.19, 44.07 and 78.04 o were related to the NiO 

(JCPDS card 71-1179). 4,5,6 The relative intensity of NiO related peaks increased (for FN and 

FN2) with increasing the concentration of NiSO4 in the precursor. The most intense peak of 

Fe3O4 at 2θ =35.47o was related to the (311) plane.2 The NiO showed the most intense peak 

at 44.07 o related to the (200) plane.4
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Figure S2. High resolution FE-SEM image of (a) F1N1, (b) FN and (c) F2N1.
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Figure S3. CV of solo Fe3O4, NiO and FN (NiO/ Fe3O4 composite) at 10 mV s-1 scan rate.
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Figure S4. CV of (a) F2N1, (b) FN and (c) F1N2 at different scan rate. The CV was 

measured in three electrode system with 6 M KOH electrolyte.

Figure S5. Retention of specific capacitance of F1N2, FN and F2N1 with scan rate. F2N1 

has only 25% capacitance retention at a scan rate of 200 mV s-1 compare to 10 mVs-1. FN 

shows and F1N2 show 43 and 52 % capacitance retention at a scan rate of 200 mV s-1.
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Figure S6. The UV-visible absorption spectra of F1N2B, F1N2B1, F1N2B2 and F1N2B3. 

F1N2 represents the multi metal composite without boron doping. The concentration of boron 

increases for F1N2B1, F1N2B2 and F1N2B3 respectively. 
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Figure S7. (a) FE-SEM and (b) TEM image of F1N2B2. 

Figure S8. (a) The CD of F1N2B2 at different current density and (b) the variation of 

specific capacitance of F1N2B2 with different current density. 
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Figure S9. Variation of specific capacitance of ASS with (a) scan rate and (b) current 

density.

Relation between diffusion time constant and activation energy

The Warburg impedance (W) is arise due to the diffusion and can be represented by the 

equation

(1)
T

T
R Wj

Wj
WW


tanh



 Where WR is the Warburg resistance and WT is the Warburg diffusion time constant. [7]The 

WR and WT can be obtained from the ZView software.

The diffusion path (L) and the diffusion time constant (WT) are related by the equation

(2)TDWL 22 
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Where D is the diffusion coefficient. [8,9] 

The activation energy (Ea) can be calculated from the electrical conductivity (σ) following 

the equation

 (3)







RT
EA aexp

Where A, R and T denote frequency factor, activation energy, gas constant, and absolute 

temperature, respectively. [8,9]  Ea can be calculated from the slope of the ln(σ) vs. 1/T plot

(4)SlopeREa 

Slope being negative the activation energy will be positive. [9] 

The jump frequency (η) of an atom and the diffusion coefficient within the solid are related 

by the equation 

(5)2aBD 

Where B is the coordination factor and a is the lattice parameter of the solid. [7]

The jump frequency (η) depends on the activation energy (Ea) by the equation
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Where h is the Plank constant and K is the Boltzmann constant. [7]

From equation 5 and 6 
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