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1. Experimental section

Figure S1: Schematic representation of the synthesis of fluorine-doped β-Ni(OH)2.
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Table S1: The concentration and the weight percentage of NiSO4, KOH, NH4F, and 

Ti3C2MXene that were used for synthesis.

2. Results and discussion

Table S2: Lattice parameter analysis of bare and F-doped Ni(OH)2.

Sample 
code

Plane 2θ Crystallite size
(nm)

d-space
(nm)

NT-0 100 33.084 12.709 2.7055
NT-0 101 38.546 6.9882 2.3338
NT-1 100 33.11 12.535 2.7034
NT-1 101 38.569 6.804 2.3324
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Figure S2. XPS survey spectra of bare Ni(OH)2 (NT-0) (a) and F-doped Ni(OH)2-Ti3C2 (NT-
3) (b) samples.

Sample code NiSO4 (M) KOH (M) NH4F (M) Ti3C2 MXene (wt%)
NT-0 0.1 0.5 - -

NT-1 0.1 0.5 0.02 -
NT-2 0.1 0.5 0.02 1
NT-3 0.1 0.5 0.02 3
NT-4 0.1 0.5 0.02 5



Figure S3. (a) Zeta Potential analysis of F- Ni(OH)2; (b) Zeta Potential analysis of F- 
Ni(OH)2/ Ti3C2.
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Figure S4: Microstructural analysis of bare β-Ni (OH)2; (a-b) FE-SEM of bare Ni(OH)2; (c) 
EDS spectra of; Elemental mapping (d) Ni; (e) O; (f) C.
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Figure S5 Elemental mapping (a) combined of all elements; (b) Ni; (c) O; (d) F; (e) Ti; (f) C; 
and (g) EDS spectra of NT-3 Sample.

2.1. Formulas used to calculate the electrochemical parameters.

Randles-Sevcik equation,

                                     ip= 2.69×105. n3/2. A. C. D1/2 ν1/2 (cm2. s-1)                              ---------- (1)

ip – peak current, n-number of electron transfer, C- concentration of electrolyte, D – diffusion 
coefficient, v – scan rate.
                                   
For the asymmetric full-cell fabrication the masses of the positive and negative electrodes have 

been retrieved from the given relation,



                                             ----------- 

𝑚 +

𝑚 ‒
=

𝐶 ‒ × 𝑈 ‒

𝐶 + × 𝑈 +

(2)

Where m+, m- are the masses of the positive and negative electrodes, U-, U+ is the potential 

window of the positive and negative electrode, and C-, C+ are the capacitance values of the two 

electrode materials. The specific capacitance, specific energy, and specific power have been 

calculated using the given formulas.

                                          Specific capacitance (Cs)  (F g-1)           ----------- (3)
=

𝐼Δ𝑡
𝑚Δ𝑉

Where I is the discharge current in amperes(A), t is the discharge time in seconds(s), m is 

the active electrode material, V is the voltage window, and Cs is specific capacitance.

For specific energy, 

                                       Specific energy (Es) (Wh kg-1)              ----------- (4)
 =

1
2

.
𝐶𝑉2

3.6
 

C is the specific capacitance, and V is the cell voltage. 

The specific power of the device has been calculated by using the formula,

                                            Specific power(Ps) =  (W kg-1)           ----------- (5)                             
 
Δ𝐸
Δ𝑡

× 3600

Where E is the specific energy of the device, and t is the discharge time.
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Figure S6. Band Bending Diagram of F-Ni(OH)2, Ti3C2, and F-Ni(OH)2-Ti3C2 from cyclic 
voltammetry technique. 
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Figure S7. Cyclic voltammetry curves of (a) NT-0, (b) NT-1, (c) NT-2, and (d) NT-4 electrodes 
at 1-5 mV s-1 scan rates. 
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Figure. S8. Dunn method of (a) NT-0, (b) NT-1, (c) NT-2, (d) NT-4 electrodes @ 1 mV 
s-1.
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Figure S9. Scan rate vs. contribution graph of (a) NT-0, (b) NT-1, (c) NT-2, (d) NT-4 
electrodes from Dunn method.
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Figure S10. Specific capacity vs. voltage profile for the (a) NT-0, (b) NT-1, (c) NT-2, and (d) 
NT-4 electrodes at various current densities.
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Figure S11: Electrochemical analysis of AC||PVA-KOH||AC supercapacitor; (a) CV analysis 
of AC||PVA-KOH||AC supercapacitor at various scan rates. (b) GCD analysis of AC||PVA-
KOH||AC supercapacitor at various current densities. (c) Specific capacitance vs. current 
density profile of AC||PVA-KOH|||AC supercapacitor. (d) EIS analysis of AC||PVA-KOH|||AC 
supercapacitor.  
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Figure S12: (a) shows the potential window determination graph of AC||PVA-KOH||NT-0 
supercapacitor @ 30 mV s-1; (e) CV analysis of AC||PVA-KOH||NT-0 at different scan rates 
of 10-100 mV s-1; (c) GCD analysis of AC||PVA-KOH||NT-0 at different current density @ 1-
4.5 A g-1.
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Figure S13: Cycle stability analysis of an AC||PVA-KOH||NT-3 supercapacitor at 3 A g-1 
current density. 
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Figure S14: Post X-ray Photoelectron Spectroscopy analysis of NT-3 electrode after 20,000 
GCD cycles. (a) Survey spectra, Deconvoluted XPS spectra of (b) Ni 2p, (c) O 1s, (d) F 1s, (e) 
Ti 2p, (f) C 1s.

Table S3: The comparison of electrochemical performance of nickel hydroxide and activated 
carbon-based supercapacitors. 

S.No Device configuration Specific 
capacitance

Current 
density

Energy 
density

Power 
density

Cycle 
stability

Ref.

1 AC||NiNF@TBC-5 945 F g-1 1 A g-1 58 Wh 
kg-1

826 W kg-1 94% after 
1000 cycles 

at 1 A g-1

1

2 AC||Gr/ZnO/Ni(OH)2 545.5 mF cm-2 1 A cm-2 65 μWh 
cm-2

0.75 mW 
cm-2

92.7% after 
1000 cycles 

2
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