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The Computational equations

According to the equation (1), the gravimetric specific capacitance of an electrode material can
be expressed as follow:

At
Co=—"—"" 1
¢ mAV D

where I is the current density, t is the discharge time, m is the mass of the active material and V
is the potential window.
The charge/discharge process is dominated by diffusion or capacitance behavior can be
qualitatively analyzed by the following equations:
i=ab’ (2)
log i= bxlogv + log a 3)
where i is the current, v is the scan rate and a is a constant. The slope b is obtained by fitting log i
and log v. If the b value is close to 0.5, this suggests a linear diffusion-controlled process, while
values close to 1.0 represent a capacitive-controlled behaviour.
The contribution rate of capacitance at a specific scan rate can be quantitatively calculated by the
following equation:
i(V)=ky + kv'? 4)
where the capacitive contribution (k;v) and the linear diffusion-controlled contribution (k).
The overpotential () was calculated using the following equation:
n(V)=E(V vs. RHE)-1.23 V (5)
considering O,/H,0 equilibrium at 1.23 V vs. RHE.
Tafel equation was derived by fitting the linear portion of the tafel plots and the tafel slope was

used to evaluate of the OER activities of the investigated catalysts:
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n(V)=blog(j/jo) (6)
where # is the overpotential, b is the Tafel slope, j is the current density and j, is the exchange

current density.
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Table S1 Phsicochemical parameters of the MXene-Fe composites.

Samples BET (m? g!) D (nm) V (em3 gh)
MXene-Fe-1 12.2 11.38 0.034
MXene-Fe-2 41.3 6.84 0.104
MXene-Fe-3 61.8 7.74 0.176
MXene-Fe-4 44 .8 8.83 0.113

S3



Table S2 Summary of the specific capacitance, overpotential, Tafel slope and Cy for different

composites measured in 1.0 M KOH.

Specific

Samples capacitance Ny (MV) Tafel sloge Cq (mF cm?)
N (mV dec)
Fg)

Ti3C, Ty 46.0 470 71.6 0.35
MXene-Fe-1 170.6 340 68.0 0.735
MXene-Fe-2 289.0 300 65.1 0.785
MXene-Fe-3 368.0 290 76.1 0.86
MXene-Fe-4 172.6 470 133.0 0.795

S4



Table S3. Comparison of supercapacitive performance of the Ti;C,Ty-Fe composite and the

related Ti3C,T-based electrodes in literatures.

Samples Voltage window Electrolyte Specific capacitance Ref.
TisC,Ty/Fe-3 1.1~03V 1 M KOH 1Agl,368F g This
work
Ti;C,-foam -1~-05V 1 M KOH 5mVsl! 1227F g! S1
V,C -1.1~-0.6 V 1 M KOH 2mV sl 184 F g! S2
Ti3C, Ty -0.8~0 V 6 M KOH 1Ag!, 197 F g'! S3
Fe;04 -0.2~0.25 V 3 M KOH 2mV st 101 F g! S4
MnO,-Ti;C, -1~-04V 6 M KOH 5mVs! 140 F g'! S5
PANI@TiOy/TisC, Ty 1~03V 1 M KOH 1Ag! 1089F g! S6
TizCoTy-AP* -1~-0.4V 1 M KOH 03Ag! 175F g'! S7

PVP-Mn/ak Ti3C2
PVP-Ni/ak Ti;C,

03Ag!, 1546F g!

1.1~-04 V 1 M KOH 03Ag!, 167.5F g!
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MoOs/Ti0,/Ti;C, Ty -1~-03V 1 M KOH 2mV sl 162 F g'! S9
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Table S4 The detailed values of impedance in Fig 6c. Rs: resistivity of solution; CPE-T:

Constant phase element-T; CPE-P: Constant phase element-P; Rct: resistivity of charge transfer.

Samples Element Value
Ry 1.365
CPE-T 0.055976
MZXene-Fe-1 CPE.P om0l
R 18.78
Ry 1.39
MXene-Fe-2 CPE-T 0.030362
CPE-P 0.70702
Re 6.624
Ry 1.31
MXene-Fe-3 CPE-T 0.081123
CPE-P 0.55656
Re 3.913
Ry 1.523
MXene-Fe-4 CPE-T 0.024338
CPE-P 0.68198
R 24.67

Table S5 Comparison of OER performance of the Ti;C,Ti-Fe composite and the related

Ti;C,Tx-based electrocatalyst in literatures.
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Samples Mo Tofel slope (mV dec!)  Electrolyte Ref.
Ti;C,T,-Fe-3 290 mV 65.1 1 M KOH v{(‘)‘r‘;
Co-LDH@Ti;C, Ty 340 mV 82 1 M KOH S10
Ti3C,Tx-CoBDC 410 mV 48.2 0.1 M KOH S12
1T/2H MoSe,/Mxene 340 mV 90 1 M KOH S13
BP/MXene 360 mV 64.3 1 M KOH S14
Co**-Ti3C, Ty 425 mV 63.5 1 M KOH S15
Co/N-CNTs@Ti;C, Ty 411 mV 79.1 0.1 M KOH S16
CoP@Ti5C, 320 mV 59 1 M KOH S17
CoP/Ti;C, MXene 280 mV 954 1 M KOH S18
CoFe-LDH/MXene 319 mV 50 1 M KOH S19
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Fig. S1 XRD patterns of Ti3AlC, and Ti;C, Ty samples.
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Fig. S2 (a) SEM (b) AFM (c) TEM (the inset shows the corresponding diffraction pattern) and (d)

HRTEM images of Ti;C,Ty nanosheet with corresponding height profile.
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Fig. S3 Nitrogen gas sorption isotherm at 77 K (a) and (b) corresponding pore size distribution

of MXene-Fe-1, MXene-Fe-2, MXene-Fe-3 and MXene-Fe-4.
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Fig. S4 High-resolution XPS spectra for (a) C 1s, (b) F 1s of Ti;C,Tx and MXene-Fe-3 samples,

respectively.
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Fig. S5 (a) CV curves of the Ti;C,Ty at scan rates of 2 to 200 mV s™! in a potential window of -
1.0 ~-0.3 V. (b) GCD curves of the Ti;C,Ty at current densities of 1 to 15 A g™! in a potential

window of -1.0 ~-0.3 V.
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Fig. S6 GCD curves of the (a) MXene-Fe-1, (b) MXene-Fe-2, (¢) MXene-Fe-3 and (d) MXene-

Fe-4 at current densities of 1 to 15 A g! in a potential window of -1.1 ~-0.3 V.
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Fig. S7 (a) Specific capacities as a function of discharge current densities calculated from the
GCD curves. (b) Nyquist curves of Tiz;C,T,, MXene-Fe-1, MXene-Fe-2, MXene-Fe-3 and

MXene-Fe-4 electrodes, inset showing high-frequency parts of the EIS spectra for these samples.
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Fig. S8 Electrochemical performance of the MXene-Fe-3 with the different mass of the active
substance. (a) CV curves at 10 mV s™! and (b) GCD curves at 1 A g!, (¢) Specific capacities as a

function of discharge current densities calculated from the GCD curves and (d) Nyquist curves,
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inset showing high-frequency parts of the EIS spectra for these samples.
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Fig. S9 Electro-catalytic property tests of the MXene-Fe-3 with the different mass of the active

substance. (a) LSV curves and (b) Nyquist plots of the above electrodes measured at a potential

of 1.50 V vs. RHE.
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Fig. S10 Cyclic voltammograms (CVs) of (a) Ti;C,Ty, (b) MXene-Fe-1, (c) MXene-Fe-2, and (d)

MXene-Fe-4 at various scan rates.
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Fig. S11 SEM image of MXene-Fe-3 after OER stability test in 1 M KOH.
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Fig. S12 High resolution XPS spectra of the MXene-Fe-3 before and after OER test: (a) C 1s, (b)

O 1s, (c) Ti 2p and (d) Fe 2p.
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