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1. Preparation of MXene

The reaction taking place at the time of etching can be simplified by the following equations:

Moy TiAlCoy 31 =5 MO TiICo L AIF 43 /2(Ho) D oo, (1)

Equation (1) describes the selective removal of the Al layer from the Mo,TiAlIC, MAX phase
during HF etching, leading to the formation of Mo,TiC, and AlF; accompanied by hydrogen
evolution. The freshly exposed Mo,TiC, surfaces are highly reactive and readily undergo
surface functionalization in the etching environment. As represented by Equation (2),
interactions with HF, water, and dissolved oxygen result in the formation of surface termination
groups (—F, —OH, and —-0O), yielding Mo,TiC,Tx rather than a truly bare MXene. These
terminations play a critical role in governing the chemical reactivity, wettability, and
electrochemical behavior of the resulting MXene. Thus, the etching process intrinsically
couples MAX phase exfoliation with simultaneous surface termination, producing a chemically
functionalized layered material.

2. Calculation of supercapacitance

1.1. From CV curve: The specific capacitance (Cy,) was calculated from electrochemical

cyclic voltammetry curves by using the following equation:

2V,

jg 1(V)dv

absolute area under the CV curve 0

C,p(CV) = : ; =
potential sweep rate X 2 X working potential window 2 Xr XV,

where the integral part in the numerator represents the area under the CV curve, ‘r’ is the

sweep rate, and ‘V’ is the working potential window.
1.2. From CD curve: The specific capacitance (Cy,) was calculated from galvanostatic

charge/discharge curves by using the following equation:

I
_ Mass normalised current _ (E)
P slopeof V~t curve (AV)

At



where ‘I’ is the applied constant current, m is the mass of the sample deposited on the Ni

foam, AV/At is the slope obtained from the charge-discharge curve.

2.Result:
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Figure S1: EDS of Pristine Mo, TiC,Ty MXene
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PFigute 83: XRD pattern of Mo, TiC,Tx MXene powder (black line) and irradiated MXene at
an ion fluence of 3x10'¢ ions.cm (red line) for 20 range from 5° to 14°.
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Figure 84: XPS Spectra of pristine and irradiated Mo.TiCTy MXene, (a-b) C 1s (c). A
comparison of Fluorine spectrum in pristine and 10 keV Ar" ions irradiated Mo,TiC,Ty at a
fluence of 3 x 1016 ibJem =,
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Figure SS. UV-visible absorption spectra and inset Tauc plots for both pristine and irradiated
Mo, TiC,Tx MXene
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Figure S6: TRI3DYN Simulation result of Mo,TiC,T, MXene for Pristine (a) and after 10
KeV Ar* irradiation at ion fluence of 1x10'6 ions.cm?(b) and 3 <106 ions.cm™(c).
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Figure S7: I-V characteristies of pristine sample (Black) and 5 KoV Ar* ion irradiated at two
different ion fluence of 1+10'¢ jons.cm? (Blue) and 310" jons.cm(Red)
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Figure S8: Cyclic voltammetry graph of ion beam modified Mo,TiC,Tx electrode
irradiated at 4 X 100 ions.cm2 at different scan rate (b) CV graph of ion beam
modified Mo, TiC, T, electrode irradiated at 3 X 10'%ions.cm2and 4 X 10'®ions.cm2
(scan rate= 100 mV/sec)(c) GCD graph of ion beam modified Mo,TiC,T electrode
irradiated at 4 X 10'8jons.cm= (d) Comparison of specific capacitance of ion beam

modified Mo, TiC,T, electrode irradiated at 3 X 10'%ions.cm?and 4 X 10'%ions.cm=2.
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Figure S9: Capacitive and diffusive rate (%) as a function of scan rates for pristine (a) and
irradiated (b) Mo,TiC, MXene.
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Figure S10: Comparison of Zeta potential measurements of pristine and irradiated Mo, TiC,
MXene.
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Figure S11: Electrochemical performance of the Mo,TiC,Ty MXene-based symmetric

supercapacitor device. (a) Cyclic voltammetry curves recorded at scan rates of 10100 mV s™'.

(b) Galvanostatic charge—discharge profiles at current densities of 0.5-4 A g'. (c¢) Specific

capacitance as a function of applied current density. (d) Nyquist plot recorded over a frequency

range of 0.1 Hz to 100 kHz; inset shows the equivalent circuit used for impedance data fitting.

(e) Capacitance retention over 1500 charge—discharge cycles at 4 A g'. (f) Ragone plot

comparing the energy density and power density of the device.



Figure S12: Performance demonstration of the fabricated device in series.
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Figure S13: Plan-view FESEM image of pristine (a, b) and irradiated (c, d) Mo, TiC,T,
MXene/Ni foam before and after 10,000 cycles.
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Figure S14: Raman spectra of irradiated Mo,TiC,T, MXene/Ni foam after 10,000

cycles showing phase stability.
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Figure S$15: XPS spectra of irradiated Mo,TiC,T, MXene after long charge—

discharge cycling, showing binding energies corresponding to (a) C1s (b) Mo 3d,
(c)O1s(d) Ti2p (e) F 1s (F) K 2p. The presence of K 2p peaks may arise due to

defects trap at active sites as well as within the layers, confirming the

adsorption/intercalation of K* ions.



Table S3:

Comparative Table of Mo, TiC,T, MXene-Based Supercapacitor Electrodes:

standing film)

Material Specific | Measurement | Electrolyte | Cycling Reference
Capacit | Condition Stability
ance
Pristine 964Fg' | 1Ag! 1 M KOH 55% after | This work
Mo, TiC, Ty 10,000
(multilayer) cycles
Ion-beam- 187Fg' |1Ag! 1 M KOH 80% after | This work
irradiated 10,000
Mo, TiC, Ty (this cycles
work)
Pristine 310Fg! | 5mV s - >5,000 Hakim et al.,
Mo, TiC, Ty (free- cycles 2023 [1]
standing film)
Ni-intercalated 682Fg! | 5mVs! >5,000 Hakim et al.,
Mo, TiC, T (free- cycles 2023 [1]
standing film)
Pristine 670F g | 2mV s KOH - Ali et al,
Mo, TiC, Ty 2022 [2]
Sn**-intercalated | 670F g!' | 2mV s™* KOH High Ali et al,
Mo, TiC, Ty retention 2022 [2]
over
10,000
cycles
Pristine 425Fg!' | SmV s™! 1 M KOH - Alahmadi et
Mo, TiC, Ty al., 2024 [3]
Delaminated <I00F |2mVs! 3MKOH |- Bin et al,
Mo, TiC, Ty (free- g 2024 [4]




Table S4:

Parameters obtained from the EIS data.

Parameters Pristine Irradiated
R () 4.9803 3.1853
Rs(Q) 0.65867 0.68226

C, (F) 7.1543 X 103 7.919 X 103

The following equation used to calculate capacitance from EIS data:

Cl = Qol/n X Rct(l—n)/n
where Qo and n are constant phase element (CPE) parameters from EIS fit; R, = charge-
transfer resistance (2)
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