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Figure S1. BJH pore size distributions of NiCo2O4/MWCNT 16 
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 18 

Figure S2: Evaluation of the electrochemical performance of the hybrid nanocomposites in a three-19 
electrode configuration: CV of (a) NiCo2O4 cores, (b) NiCo2O4/PANI, (c) NiCo2O4/MWCNT and (d) 20 
NiCo2O4/r-GO nanocomposites at scan rates of 5 mVs-1 – 50 mVs-1 in an aqueous 3 M KOH electrolyte 21 
solution.   22 

Determination of specific capacitances 23 

Specific capacitance can be calculated from CV plots at different scan rates by the following 24 
relationship: 25 

ܥ = ொ
|(௏మି௏భ)|

                                                          (S1) 26 

 27 
where C is the capacitance (F), V2 the upper voltage (V), V1 the lower voltage (V), and Q the 28 

electric charge (C), which can be calculated by integrating the area enclosed in the rectangular CV 29 
plot. Moreover, Q can be calculated by integrating the area enclosed in the rectangular CV plot by: 30 

ܳ = ଵ
ଶ
∫ ݐ݀(ݐ)݅ = ଵ

ଶ·௩
௧మ
௧భ

∫ ݅(ܸ)ܸ݀௏మ
௏భ

                                    (S2) 31 

assuming: 32 

ݐ݀ = ௗ௏
௩

                                                       (S3) 33 

where i is the current intensity (A), v is the scan rate (V/s), and t is the time (s). The factor ½ is 34 
intriduced to calculate the charge in either the forward or backward scan, and it must be present in 35 
the relationship because the enclosed area accounts for both scans. Finally, the capacitance can be 36 
calculated as: 37 

ܥ =
∫ ௜(௏)ௗ௏ೇమ
ೇభ

ଶ·௩|(௏మି௏భ)|
                                                  (S4) 38 

To obtain the specific capacitances (ܥ௦௣), the following equation was used: 39 
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௦௣ܥ =
஼
௠

                                                        (S5) 40 

where m is the mass (g) of loaded material on electrode[1]. 41 

42 

 43 
Figure S3: Galvanostatic charge/discharge plots at of (a) NiCo2O4 nanocores, (b) NiCo2O4/PANI, (c) 44 
NiCo2O4/MWCNTs, and (d) NiCo2O4/r-GO nanostructured-based electrodes st various current 45 
densities. 46 

Table S1. Comparison of the electrochemical performance of NiCo2O4/MWCNTs and NiCo2O4-rGO 47 
nanocomposites here developed with others previously obtained following different synthetic 48 
procedures. 49 

Electrode 
Material  

Synthesis method 
Electrode 

Specific 
capacitance 

electrolyte Stabilit
y  

Ref. 

CNT@NiCo2O4 Chemical co-
deposition & 
calcination 

1038F/g 
(0.5A/g) 

6 M KOH 100%  [2] 

NiCo2O4/CNT Electrochemical 
deposition 

694F/g 
(1A/g) 

6 M KOH 79.6% [3] 

NiCo2O4–GO Electrodeposition 1078F/g 
(1mA) 

3 M KOH 60% [4] 

RGO-NiCo2O4 Hydrothermal 676F/g 
(5mV s−1) 

6 M KOH ---- [5] 

NiCo2O4@RGO Hydrothermal 737F/g 
(1A/g) 

2 M KOH  94% [6] 
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NiCo2O4@GO Microwave 925F/g 
(1.5A/g) 

2M KOH 94%  [7] 

NiCo2O4–RGO Self-assembled 835F/g 
(1A/g) 

6 MKOH >100% [8] 

NiCo2O4@rGO Dipping and Drying 1125F/g (5 
mA cm−2) 

6 MKOH 90% [9] 

NiCo2O4-rGO Solvothermal 870F/g 
(2A/g) 

2 M KOH 90% [10] 

rGO-NiCo2O4 Solution mixing 385.3C/g 
(1A/g) 

3 M KOH 76% [11] 

NiCo2O4/RGO 
(NCG) 

Reflux method 1186.3F/g 
(0.5 A/ g) 

3 M KOH 97% of [12] 

NiCo2O4-rGO Spray precursor 783F/g 
(1A/g) 

2 M KOH 87.6% [13] 

NiCo2O4-rGO Hydrothermal 1185F/g 
(2A/g) 

2 M KOH 98% [14] 

NiCo2O4/rGO/
CF 

Hydrothermal 931.7F/g 
(1A/g), 

3 M KOH 83.8% [15] 

NiCo2O4/MWC
NT 

Solution Mixing 900F/g 
(1A/g) 

3 M KOH 92% This 
work 

NiCo2O4/r-GO Chornoamperometry 1760F/g 
(1A/g) 

3 M KOH 91% This 
work 

 50 
S2. Obtaining of capacitances from equivalent circuits 51 
To calculate the capacitances of the resulting equivalent circuits, the following equation was 52 

used: 53 

ܥ = (ொబ×ோ)
ோ

భ
೙                                                           (S6) 54 

where ܴ (Ω) is the resistivity, and ܳ଴ (s) and n are related to the CPE as a fundamental circuit 55 
element (see Table S1). To construct Bode and phase impedance plots, the impedance must be 56 
previously calculated by means of: 57 

|ܼ| = √ܼ′ଶ + ܼ"ଶ                                                    (S7) 58 
where	ܼ′ and ܼ" are the real and imaginary parts of impedance, respectively. It is possible to 59 

calculate the capacitance based on the relationship between the impedance |ܼ| and the frequency 60 
by:  61 

ܥ      = 1 ⁄|ܼ|݂ߨ2                                                        (S8) 62 

Table S2: Capacitances and fitting parameters for equivalent circuits of NiCo2O4, NiCo2O4/PANI, 63 
NiCo2O4/MWCNTs, and NiCo2O4/r-GO nanoelectrodes. 64 

 
NiCo2O4 NiCo2O4@PANI NiCo2O4@MWCNT NiCo2O4@r-GO 

R1(Ω) 1.1 0.9 0.87 0.73 
CPE1 [Q0](s) 0.0015 0.0168 0.2340 0.0042 

CPE1 [n] 0.669 0.621 0.524 0.660 
R2(Ω) 1.8 1.8 1.2 1.5 

C1 (µF) 84 1995 120746 312 
CPE2[Q0](s) ---- 0.030 0.305 0.063 

CPE2[n] ---- 0.639 0.904 0.684 
R3 (Ω) ---- 60 15 60 
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C2 (µF) ---- 41832 358311 116143 
Ctotal (µF) 84 43827 90312 118863 

 65 

Figure S4: Nyquist, Phase and Bode plots with corresponding fitted plots for a-c) NiCo2O4 cores, d-f) 66 
NiCo2O4/PANI, g-i) NiCo2O4/MWCNTs, and j-l) NiCo2O4/r-GO nanocomposite-based electrodes 67 
based on equivalent circuits. 68 
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