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Appendix A 

Supporting information 

A.1. Differential plot of intensity versus binding energy of deconvoluted XPS 

spectra 

 

Figure A1: Differential plot of intensity versus binding energy (a) Ni 2p, (b) Co 2p, (c) 

O 1s of CNO and CNOG, and (d) C 1s spectra of CNOG 

Figure A1 displays the differential plots of intensity versus binding energy of the 

deconvoluted peaks of Ni 2p, Co 2p, O 1s and C 1s spectra of fig. 3.10. The binding 

energy of the deconvoluted peaks in fig. 3.10 can be obtained from their corresponding 

differential plots in fig. A1 
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A.2. Kinetic behaviour of MXene and NiCo2O4/NiO/MXene (CNOT) 

supercapacitor electrode 

The kinetic behaviour of the electrodes MXene and NiCo2O4/NiO/MXene (CNOT) are 

studied to know the contribution of the charge storage mechanisms, namely, diffusion 

controlled faradaic process, and non-diffusive capacitive process by using the following 

Power’s law (equation A1): 

𝐼(𝑉) = 𝑎νb                                                                                                                       (A1) 

where, 𝐼(𝑉) and ν represent the current density at a fixed potential value and scan rate, 

respectively. 𝑎 and 𝑏 are two adjustable parameters [1, 2, 3]. The slope of 𝑙𝑜𝑔𝐼(𝑉) vs. 

𝑙𝑜𝑔ν gives the value of b. When 𝑏 value is equal to 0.5, then the storage mechanism is 

dominated by diffusion controlled process. Whereas, 𝑏 value equals to 1 suggests surface 

capacitive process. Dunn in their work [4] reported that when 𝑏 value lies very close to 

0.5, i.e. 𝑏 = 0.55, it indicates intercalation of electrolyte ions. However, when b lies in 

the range of 0.8-1, the undergoing process is dominantly surface capacitive. The 

quantitative contribution of each mechanism can be calculated by using the following 

relation (equation A2): 

𝐼(𝑉) = 𝑘1ν + k2ν1/2                                                                                                          (A2) 

where, 𝑘1ν and k2ν1/2 signify the capacitive and diffusive contribution of current, 

respectively, ν is the scan rate at which 𝐼(𝑉) is noted, and 𝑘1 and k2 are constants. The 

plot of  
𝐼(𝑉)

ν1/2 vs. ν1/2 gives the values of 𝑘1 and k2. The slope gives the 𝑘1 value, whereas 

k2 is the intercept. 

A.2.1. Analysis of MXene electrode 

The logarithm of current density of MXene is plotted as a function of logarithm of scan 

rate and presented in fig. A2a. The anodic 𝑏 value is 0.68, whereas the cathodic 𝑏 is 0.55. 

The presence of both capacitive and diffusive process is revealed from the 0.68 slope 

value. On the other hand, the cathodic slope of 0.55 suggests the intercalation of 

electrolyte ions into the MXene nanosheets. The contribution ratio of capacitive and 

diffusive process is obtained at the scan rate (50-170) mV/s as shown in fig. A2b. It is 

observed from fig. A2b that with increase in scan rate the capacitive contribution 

increases from 21% (50 mV/s) to 33% (170) mV/s, whereas the vice-versa is observed 
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for the diffusive process. At higher scan rate, the electrolyte ions do not get enough time 

to reach the active sites and initiate the redox reactions, as a result of which the diffusive 

current reduces. The capacitive current contribution out of the total current is visualized 

at 50 mV/s, as displayed in fig. A2c. 

Figure A2: For MXene electrode: - (a) Plot of log (current density) vs. log (scan rate) in 

the range (10-200) mV/s and (30-200) mV/s for anodic and cathodic current density, 

respectively, (b) Relative contribution of capacitive and diffusive mechanism at scan 

rates (50-170) mV/s, (c) total current and capacitive current contribution at 50 mV/s scan 

rate. 

A.2.2. Analysis of NiCo2O4/NiO/MXene (CNOT) electrode 

As presented in fig. A3a, CNOT exhibits both the surface capacitive and diffusive 

controlled mechanism of charge storage as the anodic and cathodic 𝑏 value is 0.77 and 

0.81, respectively at high scan rate (30-200) mV/s. However, the 0.81 cathodic slope 

indicates the dominance of capacitive process at high scan rate.  
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Figure A3: For CNOT electrode: - (a) Plot of log (current density) vs. log (scan rate) in 

the range (30-200) mV/s for anodic and cathodic current density, respectively, (b) 

Relative contribution of capacitive and diffusive mechanism at scan rates (3-7) mV/s (c) 

Relative contribution of capacitive and diffusive mechanism at scan rates (30-100) mV/s, 

(d) total current and capacitive current contribution at 50 mV/s scan rate. 

At low scan rate (3-7) mV/s, the capacitive current (as displayed in fig. A3b) dominates 

the diffusive current due to the presence of MXene nanosheets. Similarly, at higher scan 

rate (as observed in fig. A3c), the capacitive current increases with increase in scan rate. 

The percentage of diffusion current reduces at higher scan rate, as the electrolyte ions do 

not get ample time to reach the active sites and initiate the redox reactions. On 

deconvoluting the CV of CNOT at 50 mV/s (fig. A3d), we observe that maximum 

percentage of the total current is contributed by capacitive process. Thus, in 

nanocomposite CNOT capacitive current dominates and the contribution of capacitive 

current of CNOT is higher than pristine MXene nanosheets due to the synergistic 

contribution from each individual component. 
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